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ABSTRACT

Computer science and digital media are playing an increasingly important role in
schools and education. In Austria, the subject ’‘Computer Science’ has been anchored
in the 9th grade for many years. Additionally, the subject 'Basic Digital Education’
is introduced in the first years of secondary education. More and more countries
start to teach related topics in the early years of education. For this reason, a
number of curricula, educational standards and competency models for computer
science and related topics in primary and secondary schools have emerged in recent
years. Due to the many different school systems and organizational structures, the
documents differ in several aspects. Some of them are described in great detail, while
others only give hints about the content to be taught. Also, the basic theory can
be different although most models rely on outcome-based education. If teachers,
curriculum developers and researchers base their work on more than one specific
curriculum, they have their difficulties in the identification of important concepts of
computer science related topics. The differences of the educational models make a
comparison a complex task as well.

The graph-based approach presented in this dissertation provides a possible solu-
tion to analyze and compare curricula and to identify central competencies as well
as suitable learning paths. For the approach seven selected curricula, educational
standards, and competency models are mapped to individual graphs. The nodes
represent the learning outcomes, called competencies, and the edges show two dif-
ferent types of dependency relations between them: ezpands and requires. Based
on graph-theoretic metrics resulting graphs are analyzed and compared. Centrality
measures are used to determine central competencies. Competencies which occur in
similar form in different curricula act as linking points to combine the individual
graphs to one generic model of competencies called Generic, Graph-Based Model for
Competencies (GGBMC). With this model it is possible to display learning paths
for targeted competencies and optimize them for different purposes.

In addition to the graph-based approach software tools are presented which auto-
matically support the necessary steps to identify relations between competencies and
to combine individual graphs. These tools are based on the linguistic features of the
competency formulations and natural language processing. To enable the evaluation,
organization and application of the approach an online platform called Graph-based



i Abstract

Environment for Competency and Knowledge-Item Organization (GECKOEI is de-
veloped and with the project Lakeside I'T-Curriculum a use case for the graph-based
approach is presented. In the first phase a curriculum for kindergarten and the first
years of education is developed based on learning paths in the GGBMC. The results
are discussed and evaluated by educators.

It turns out that the graph-based approach serves successfully for the purpose
of analyzing and comparing curricula and their learning outcomes. Additionally, it
supports the identification of central competencies and the determination of learning
paths for different situations. The developed software tools automatically support
the time consuming process of generating and organizing the model and provide an
online platform to apply the it.

https://gecko.aau.at


https://gecko.aau.at

ZUSAMMENFASSUNG

Informatik und digitale Medien spielen in Schule und Ausbildung eine immer wichtigere
Rolle. In Osterreich ist das Fach 'Informatik’ seit vielen Jahren in der 9. Schulstufe
verankert. Zusatzlich wird das Fach 'Digitale Grundbildung’ in den ersten Jahren
der Sekundarstufe eingefiihrt. Immer mehr Lander beginnen mit verwandte Themen
in den ersten Jahren der Ausbildung. Aus diesem Grund sind in den letzten Jahren
eine Reihe von Lehrplanen, Bildungsstandards und Kompetenzmodellen fiir Infor-
matik und verwandte Themen in den Primar- und Sekundarschulen entstanden.
Aufgrund der vielen unterschiedlichen Schulsysteme und Organisationsstrukturen
unterscheiden sich die Dokumente in mehreren Aspekten. Einige davon sind sehr
detailliert beschrieben, andere geben nur Hinweise auf die zu vermittelnden Inhalte.
Auch die grundlegende Theorie kann unterschiedlich sein, obwohl die meisten Mod-
elle auf ergebnisorientierter Bildung beruhen. Wenn Lehrer, Lehrplanentwickler und
Forscher ihre Arbeit auf mehr als einen spezifischen Lehrplan stiitzen, haben sie ihre
Schwierigkeiten bei der Identifizierung wichtiger Konzepte von Themen der Infor-
matik. Die Unterschiede der Bildungsmodelle machen auch einen Vergleich zu einer
komplexen Aufgabe.

Der in dieser Dissertation vorgestellte Graph-basierte Ansatz bietet eine mogliche
Losung, um Lehrplane zu analysieren, zu vergleichen und zentrale Kompetenzen
sowie geeignete Lernpfade zu identifizieren. Fiir den Ansatz werden sieben aus-
gewahlte Lehrplane, Bildungsstandards und Kompetenzmodelle auf einzelne Graphen
abgebildet. Die Knoten stellen die Lernziel, Kompetenzen genannt, dar und die Kan-
ten zeigen zwei verschiedene Arten von Abhéangigkeitsbeziehungen zwischen ihnen:
expands und requires. Basierend auf graphentheoretischen Metriken werden die re-
sultierenden Graphen analysiert und verglichen. Zur Bestimmung von Zentralen
Kompetenzen werden Zentralititsmafie verwendet. Kompetenzen, die in dhnlicher
Form in verschiedenen Lehrplanen vorkommen, dienen als Verkniipfungspunkte, um
die einzelnen Graphen zu einem generischen Kompetenzmodell namens Generic,
Graph-Based Model for Competencies (GGBMC) zu kombinieren. Mit diesem Mod-
ell ist es moglich, Lernpfade fiir gewiinschte Kompetenzen darzustellen und fiir ver-
schiedene Zwecke zu optimieren.

Zusétzlich zum graphenbasierten Ansatz werden Softwarewerkzeuge vorgestellt,
die automatisch die notwendigen Schritte zur Identifizierung von Beziehungen zwis-
chen Kompetenzen und zur Kombination einzelner Graphen unterstiitzen. Diese



iv Zusammenfassung

Werkzeuge basieren auf den sprachlichen Merkmalen der Kompetenzformulierungen
und des natural language processing. Um die Bewertung, Organisation und An-
wendung des Ansatzes zu ermoglichen, wird eine Online-Plattform namens Graph-
based Environment for Competency and Knowledge-Item Organization (GEC’KOE]
entwickelt. Mit dem Projekt Lakeside IT-Curriculum wird ein Anwendungsfall fiir
den graphenbasierten Ansatz vorgestellt. In der ersten Phase wird ein Curriculum
fiir den Kindergarten und die ersten Ausbildungsjahre auf der Basis von Lernpfaden
im GGBMC' entwickelt. Die Ergebnisse werden von den Padagogen diskutiert und
ausgewertet.

Es zeigt sich, dass der graphenbasierte Ansatz erfolgreich zur Analyse und zum
Vergleich von Lehrplanen und deren Lernergebnissen dient. Dariiber hinaus un-
terstiitzt er die Identifizierung von zentralen Kompetenzen und die Bestimmung
von Lernpfaden fiir verschiedene Situationen. Die entwickelten Software-Tools un-
terstiitzen automatisch den zeitaufwendigen Prozess der Erstellung und Organisa-
tion des Modells und bieten eine Online-Plattform, um es anzuwenden.

2https://gecko.aau.at
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1. INTRODUCTION

1.1 Motivation

Information technology and with it computer science and digital media have a deep
impact on today’s society. Our daily life is affected by these technologies and with
that also the education sector. Computer science is playing an increasingly impor-
tant role in schools and education. This is also reflected by the development and
introduction of computer science, computing, informatics, or digital competence (a
differentiation of the terms is provided in section related curricula in Europe and
around the world ([Sch15], [oECECIT]). The countries follow different approaches
to incorporate these topics in schools and more and more introduced computer sci-
ence related topics as mandatory subjects already in primary school. For instance
in Switzerland the curriculum for ’Media and Informatics’ starts with kindergarten
and ends with the 9th school grade. It is competency based and contains competen-
cies to be reached in an own subject as well as competencies which are incorporated
into other existing subjects [Leh14]. Due to the many different school systems and
organizational structures, a number of curricula, educational standards and compe-
tency models for computer science education in primary and secondary schools have
emerged in recent years. In Austria, the subject 'Informatics’ has been anchored
in the 9th school grade (5th year of secondary education) for many years. For ex-
perts, just one year offers too little time to accommodate important areas of this
field of expertise. For this reason, in Austria the new compulsory subject 'Basic
digital education” was introduced in fall 2018 [MPB17]. The exact implementation
is planned by schools individually but at least two hours per week for one school
year are mandatory requirements and must be fulfilled. The subject may last from
5th till 8th school grade (1st to 4th year of secondary education) and can be im-
plemented as an own subject or be included in existing subjects [BB18]. Covered
topics are based on dz’gikom]ﬂ a model for digital competencies [MPB17]. As in
many countries, no official curriculum for computer science related topics exist and
many approaches, activities and materials are made available through projects and
initiatives of universities or third-party providers. For example, the Computer Sci-
ence Teachers Association (CSTA,E] in the US, or the German Informatics Society

Lhttps://digikomp.at/
2https://www.csteachers.org/
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(GI /E] developed several versions of standards for computer science. Other initiatives
like the Bebras contesﬁ offer a playful, quiz-like approach to many topics related to
computer science. Additionally, the European Computer Driving License (ECDL E
examines the students’ competencies in various application software. This plethora
of different specifications and offers makes it difficult for teachers, curriculum devel-
opers and researchers to identify important concepts of computer science and to put
them together for their respective situations, such as lessons in class. In addition,
comparisons and the search for intersections between curricula and projects, due to
the obvious differences, are a complex task for which a possible solution based on
'normalization’ of competencies and the use of graphs is proposed in this disserta-
tion. The main objectives can be summarized with (a) to introduce a technique
and framework for comprehensibly evaluating the different curricula, standards and
competency models, and (b) to prepare the ground for individually forming a com-
puter science-curriculum in primary and lower secondary schools. Connected to
this objectives the resulting research questions are formulated and described in the
following section.

1.2 Research Questions

As an important element of curricula, the learning outcomes in form of compe-
tencies and standards are in the focus of the research. This work uses the term
‘competencies’ as general term to refer to the defined learning objectives in selected
curricula, educational standards and competency models (described and argued in
sections and . For this approach it is assumed that not all competencies
in an educational model (curriculum, educational standards or competency model)
have the same importance or priority. Some are more important to make the model
work. These more important competencies are called central competencies which
are a major part of the following main research question for this dissertation:

RQO: How can relevant central competencies for computer science edu-
cation in primary and secondary school be identified and covered?

As the element central competencies is very important for the aims of this work, their
identification is crucial. For this purpose, and to formally compare different edu-
cational models, a graph-based approach is developed. It represents competencies
as nodes and their dependencies as the edges of a graph. Based on graph-theoretic
methods central nodes can then be identified. Those competencies on which most
other competencies depend can for example be considered as central. In addition,

3https://gi.de/
4 https://www.bebras.org/
Shttp://ecdl.org/
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paths can be calculated which cover these central nodes most efficiently. Which
path is the most efficient depends on the requirements that e.g. teachers have in
their teaching. This question, like the whole dissertation, is limited to the first years
of education, i.e. kindergarten, primary school and the first years of secondary
school. The main research question is answered with the help of the following four
subquestions.

RQ1: Which relevant competency models, educational standards, curric-
ula and additional third-party projects or initiatives for computer science
in primary and secondary education (in the Austrian context) exist?
For the approach of the dissertation information about educational models is essen-
tial. Therefore this aspect is covered by the first subquestion. To answer it, relevant
literature is collected and investigated. Especially references from related literature
are considered to be relevant. Also, discussions and informal interviews with experts
and teachers in this field of study are used to get insight information. Regional as-
pects are also taken into account. The results from this research question are a list
and a detailed description of of relevant educational models.

RQ2: To what extend is it possible to (semi-)automatically generate
graph representations of curricula?

The transfer from the original curricula, educational standards, or competency mod-
els to their graph representation needs a lot of time and work. Also, the evaluation
of dependency relations between competencies, which is done by experts, consumes
a lot of time resources. With different tools based on graph databases and natural
language processing this process can be supported. The question to what extend
this is possible is answered by testing these tools and evaluating their results with
the help of available data.

RQ3: How and to what extend can curricula specifications be compared
based on graph-theory and is it possible to identify central competencies?
The graph representations of the educational models open new possibilities of com-
parison. Different metrics from graph-theory are used to gather information of the
focus, structure, or complexity of the curricula, educational standards, and com-
petency models. In a further step, the very similar competencies are identified to
analyze similarities and differences between the different educational models. To an-
swer this question the approach is applied to a set of selected curricula, educational
standards, and competency models and the results are described in detail. These
results show the new possibilities of this approach and also point out the limits.

RQ4: What is an optimal combination of competencies and competency-
clusters to cover central competencies?



4 1. Introduction

Using the results for RQ3, the graph representations of the selected models are com-
bined to one generic graph model for computer science education, called Generic,
Graph-Based Model for Competencies (GGBMC). This combination is based on very
similar competencies from different curricula, educational standards, and compe-
tency models which are used as linking points of the different graph representations.
Within this generic model different combinations of competencies are determined
and presented. It is used to generate learning paths for target competencies which
include all competencies necessary to reach the desired level. The optimal com-

binations are calculated with the help of different metrics and measures used in
RQ3.

1.3 Approach and Methods

This dissertation is based on a combination of different methods, which will lead to
a poly-methodological work. As a first step, sources are searched and collected for
information on curricula, educational standards, competency models, projects and
initiatives related to computer science in primary and secondary education. The
basis for the further procedure is laid down by a structured summary and presenta-
tion of the data obtained through literature work. Within the individual curricula
or projects, for example, relations are established between individual elements, such
as between two competencies, in order to use them to create dependency graphs (di-
rected graphs) for existing curricula, educational standards and competency models
using the graph database neo4ff

The relations between the elements are evaluated by experts for correctness and
completeness. In the revision phase, the relations within the curricula, educational
standards and competency models are presented to experts. The empirically col-
lected data is validated and the relations in the graphs are corrected accordingly.
In order to obtain a general model, elements from the individual, selected curricula,
educational standards and competency models are combined to form a graph. This
enables a comparison of the interdependencies between different curricula.

Developed tools ( Graph-based Environment for Competency and Knowledge-Item
Organization (GECKO E) to support the necessary process in this research are tested
and their results evaluated based on the results from manual analysis. Several
metrics and methods from information retrieval are used to test the possibilities
and limits of the automated approaches.

With the objective of a final evaluation, the graph-based approach is applied to
create a curriculum for a local kindergarten project. Based on these experiences,
the functionality and benefits of the approach are evaluated and included in the

Shttps://neodj.com/
"https://gecko.aau.at
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dissertation as an empirical evaluation. Additionally, the automated determination
of learning paths based on graph-theoretic metrics is evaluated using the results
from the project.

Initial data are collected through research work in various sources. In order to
analyze the selected curricula, they are mapped using a graph database (neo4j).
The properties of the individual elements can be collected and evaluated by a pre-
cise analysis of the data. The graphic representation form and the graph-theoretical
approach open up new possibilities for describing, analyzing and comparing curric-
ula, educational standards, competency models as well as projects and initiatives.
In this work, for example, central competencies are to be defined as those compe-
tencies whose representative nodes in the graph have an outer degree greater than
the upper quartile of the outer degrees of all nodes of these graphs. Accordingly,
these are those competencies with the highest number of dependent competencies
within a competency model. Other information that can be obtained through this
approach would include, for example, the number of nodes without dependencies,
sub-graphs on different subject areas, cross-thematic dependencies, the interrela-
tionship of competencies or the occurrence of cycles. An analysis of the resulting
data should enable the optimization of the Generic, Graph-Based Model for Com-
petencies (GGBMC). Further data is collected, validated and incorporated into the
first versions in the respective revision phases. The expertise will be obtained from
secondary school computer science teachers, primary school teachers with an interest
in computer science and researchers in the field of computer science didactics.

1.4 Structure of the Document

This dissertation is structured into four parts which form its main body. Each of
the parts I, II, III, and IV consists of two to three chapters. Part I has the title
"Theory and Background’ and explores the theory behind the educational models,
first definitions, as well as descriptions of relevant curricula, educational standards,
and competency models. In part II, the approach to analyze and compare the ed-
ucational models is presented including results from these processes. Additionally,
results for the Generic, Graph-Based Model for Competencies (GGBMC) are dis-
cussed. Therefore, this part II is called A Graph-based Approach’. Part 111, named
‘Implementation’, covers documentations of developed tools as well as results from
their evaluation. It also includes the description and analysis of the kindergarten
project which is based on the graph-based approach. Part IV is called Future Work
and Conclusion’ and contains possible future application and development for the
approach and the supportive tools. It summarizes the conclusions from the indi-
vidual chapters. In the following paragraphs the parts are explained in more detail
including a description of the chapters.
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Overview of Part I - Theory and Background

Part I contains the two chapters|[3, [Theoretical Background and [3, [Educational Mod
leld As its title indicates, chapter [2| covers the theoretical background of standards-
and competency-based education. The approaches from different countries are de-
scribed and compared. Especially, cases from German- and English-speaking coun-
tries are part of this discussion. Resulting, relevant elements are defined as they are
used in this dissertation. Additionally, with Bloom’s revised taxonomy a possible
way to categorize competencies into complexity-levels is described. A term differ-
entiation in the area of computer science and digital literacy is also part of chapter

Chapter |3] presents results from related literature research and describes several
approaches of comparing computers science related curricula, educational standards,
and competency models for early education. It highlights similarities and differences
between these approaches and the one developed for this dissertation. Some elements
like a categorization system for computer science education are even adopted for the
GGBMC. Based on the information from literature research, the selection process
of educational models is discussed. Crucial factors are described to explain the
selection, and the results from this process are presented. For further investigation, a
comparison of the educational systems is included followed by a detailed description
of the selected curricula, educational standards, and competency models. Finally,
some first basic results from the comparison of the models are presented.

Overview of Part II - A Graph-based Approach

Part II consists of the three chapters [{] [A_ Graph-Based Approach] [3 [Comparisorl
lof Different Educational Modeld, and [6]. [Identification of Central Competencies and
[Learning Paths in the GGBMC, In the first section of chapter 4| the mathemat-
ical theory is covered and the required constructs are formally defined. Related
work concerning graph representations of curricula is discussed and compared to
the graph-based approach of this dissertation. Results from this research lead to a
formal description and definition of the graph-based model. The process of gener-
ating the graph representations presented in detail showing some examples of the
steps taken. Finally, the process to combine the single graph representations to one
Generic, Graph-Based Model for Competencies (GGBMC) is discussed step by step.
For each of the steps several examples are given.

Chapter [5] starts with a discussion of related work for the analysis and compar-
ison of graph-based curricula representations. In the following graph-based metrics
are described which add information about e.g. focus, central competencies, struc-
ture, or complexity of educational models. First results are presented in form of a
comparison of basic values like number of nodes and relations. Identified central
competencies are part of the comparison as well, and the results are shown in form
of examples. The graph structures are discussed using different criteria like possi-
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ble entry points for teaching or not related competencies. The selected educational
models are also compared by their foci and the distribution of their competencies
over categories.

In chapter |§| the Generic, Graph-Based Model for Competencies (GGBMC) is
analyzed in detail. One of the basic elements are the intersector nodes which play,
as linking points, an important role in this analysis and the basic metrics from the
previous chapter are used as well. Known centrality measures are applied to the
GGBMC to identify central competencies. Additionally, the construct of learning
paths are discussed and possible applications within the GGBMC' are presented.
The used methods are described and an exemplary use case is shown.

Overview of Part III - Implementation

Part III contains the three chapters [7 [Graph-Based Environment for Competency
land Knowledge Ttem Organization] [§ [(Semi-)Automated Identification of Competen
[cies_and Relationd, and [9 [Project "Lakeside IT-Curriculum] Chapter [7] documents
the Graph-based Environment for Competency and Knowledge-Item Organization
(GECK Oﬂ a web-based tool to organize graph representations of curricula and to
enable expert evaluations and learning path determination. The tool is described
by its general user interface, the user roles, and some sample use cases. Screenshots
help the reader to get an overview of the interface. Also, the technology behind the
system as well as the system’s architecture are briefly explained. Some challenging
features are discussed and the solutions are presented.

In chapter [§| additional tools to support the process of graph generation are
presented and evaluated. The results from a linguistic analysis of the competency
formulations lead to approaches to generate relations between competencies, to cat-
egorize competencies, and to combine competencies based on natural language pro-
cessing. Necessary theory for this development is included as well as a documen-
tation about the data preparation called preprocessing. The approach to determine
dependencies between competencies within the educational models uses similarity
measures of the competency formulations. Its results are evaluated using manually
added dependency relations. Two different approaches show possibilities to auto-
matically support categorization of the competencies. The results are compared
to the opinions of experts which enables an evaluation. Finally, the approach to
combine competencies from all selected educational models, which is also based on
similarity measures, is discussed.

Chapter [9] describes a use case of the graph-based approach in form of a project
to develop a continuous computer science and digital education curriculum starting
in kindergarten till the end of secondary education. This curriculum is based on
learning paths which are determined by the means of the approach presented in this

8https://gecko.aau.at
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dissertation. The process of learning paths determination is explained and examples
of the results are presented. To evaluate the results, the assessment of the resulting
curriculum by the participating educators is presented. These results also enable an
evaluation of the automated generation of learning paths based on different metrics.

Overview of Part IV - Future Work and Conclusion

Part IV consists of the chapters [10. and [11]. [Conclusior] Chapter
describes additional possibilities to enhance the presented approach as well as the
supportive tools. In the final chapter [11|the conclusions of the chapters are collected
and summarized and the research questions are answered.



Part I

THEORY AND BACKGROUND






2. THEORETICAL BACKGROUND

2.1 Introduction

Over the years a lot of different educational approaches came up and new ones
replace older ones. In most cases it is a regional dependency, which one is used at
which moment. In European regions competency-based education is popular at the
moment, and curricula are developed based on this theory (e.g. [Lehl4]). In the
USA educational standards have been fostered over years. The term ’educational
models’ refers to all these different approaches and is used as an generic term.

This chapter includes important definitions and differentiation of terms and ap-
proaches from education theory. As the different educational models differ in several
aspects, they also share a lot of similarities, which make a comparison of these mod-
els possible. This is shown in the sections [2.3] and where competency- and
standards-based education in different regions are described.

Analyzing educational models needs a way of categorization. Bloom’s taxon-
omy is a popular and frequently used theory to classify learning objectives into
complexity-levels. In section the possible connection between Bloom’s taxon-
omy and the different educational models is described.

In section the field of interest is discussed. Over the last years a lot of terms
related to computer science subjects in schools became popular. Besides computer
science or informatics, also digital literacy or digital competence are used. As this
work is focusing on computer science related educational models, a clear definition
for all of these terms is necessary.

2.2 Definition of Curriculum

Although in countries all over the world curricula are developed to build a general
framework for education there exists a broad discussion about the exact meaning of
the term and what a curriculum should include [Kel04]. Several definitions of the
term ’curriculum’ differ in some aspects. Kelly [Kel04, p. 8] sees the curriculum in
a very broad sense:

Definition 2.1 (Curriculum 1). The curriculum is the totality of the experiences
the pupil has as a result of the provision made.



12 2. Theoretical Background

This definition considers different aspects and dimensions of a curriculum and
gives a lot of freedom for interpretations. An additional definition comes from

Glatthorn et al. [GBWBIS, p. 3]

Definition 2.2 (Curriculum 2). The curriculum is a set of plans made for guiding
learning in the schools, usually represented in retrievable documents of several levels
of generality, and the actualization of those plans in the classroom, as experienced
by the learners and as recorded by an observer; those experiences take place in a
learning environment that also influences what is learned.

Here a division between the guidance of learning in form of retrievable documents
and the actions and experiences in the classrooms are visible. Following Glatthorn
et al., those retrievable documents consist of five components [GBWBI5, p. 6]:

e a rational for the curriculum

e the aims, objectives, and content for achieving those objectives
e instructional methods

e learning materials and resources

e tests or assessment methods.

For this dissertation the aims, objectives and the content are of interest, and there-
fore the term ‘curriculum’ will be used to refer to the ’set of plans made for guiding
learning’ and especially to the formulated learning objectives.

Besides different education systems, also the handling of national curricula dif-
fers. Not all countries develop national curricula or if they do, they do not have to
be compulsory for federal states. In countries without national curricula for certain
subjects, third party associations develop educational models in form of standards
or competency models.

2.3 Standards-Based Education

One problem in defining standards, standards-based education or competency and
competency-based education is the different use and understanding of these terms
in international literature [SW12, [KHROS, KMMO0S|. Generally, educational stan-
dards in international context can be seen as learning outcome norms or 'normative
requirements used to manage education systems [KABT04]. Great Britain is an
exception as their 'standards’ represent the actual level of performance reached by
the students. In addition to the basic understanding, standards can also differ in
various other aspects, e.g. whether they are input- or output-oriented or in their
formulation [KAB™04]. So, in the next sections, the development of standards-based
and competency-based education as relevant for this dissertation, will be discussed.
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2.3.1 Educational Standards in English-Speaking Countries
Standards-Based Education in the United States

In the United States’ history of education the so called ’standards-based educational
reform’ was a result of people’s and policy’s dissatisfaction with the knowledge and
skills of their students. Following their opinion, the students in their country would
not be able to compete with those from other countries. Higher standards for all
students should be the solution for this situation [McMO08]. The standard-based
approach is a form of outcome-based education (OBE) [SW12], which has its origins
in the 1950s and was renewd and part of major discussions in the 1980s [MDE13].
OBE was characterized by one of its leading representatives William Spady [Spa94)
p. 191] as

Definition 2.3 (Outcome-based education). a comprehensive approach to organiz-
ing and operating an education system that is focused on and defined by the successful
demonstrations of learning sought from each student.

Spady further defines outcomes [Spa94), p. 191] as

Definition 2.4 (Outcome). learning results that are clearly demonstrated at or af-
ter the end of an instructional experience. Outcomes can take many forms (from
simple to complex) depending on the content, competencies, performance contexts,
and consequences embodied in their definition.

One point of Spady’s approach has to be mentioned, as he does not consider
wews or affective factors like attitudes, motivation, confidence, and self-concept in
his definition of outcomes. He perceives them as essential ingredients to demonstrate
successful learning but not as outcomes on their own [Spa94]. This exclusion caused
some criticism of Spady’s approach [MDEI13]. In the same publication the term
'standard’ is used and described [Spa94], p. 192] as

Definition 2.5 (Standards 1). the set of qualities or measures by which perfor-
mance, skills, or other types of knowledge is judged. These measures can vary along
a set of dimensions, including objective-subjective, absolute-relative, substantive-
comparative.

In this definition qualities and measures play a major role. In form of competency-
based education OBE became important in higher education especially for medical
education [MDET13].

For lower levels of education standards were considered to be the answer for the
many problems. Horn defines standards [HJ04, p. 1] as

Definition 2.6 (Standards 2). conceptual or factual criteria representing knowledge,
skills, or attitudes that are established by an authority.
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Here, the focus lies on criteria coming from the authority. As there is no con-
sensus about a clear definition of standards, there is no consensus of what standards
should focus on. So, content standards, performance standards, and opportunity-to-
learn standards were described and developed [Rav95, [KMMOS, McMOS].

e Content standards (also curriculum standards): define essential knowl-
edge, understandings, and skills [McMOS]

e Performance standards: define degrees of mastery or levels of attainment;
describe what kind of performance represents inadequate, acceptable, or out-
standing accomplishment [Rav95]

e Opportunity-to-learn standards: define the availability of programs, staff,
and other resources that schools, districts, and states provide so that students
are able to meet challenging content and performance standards [Rav95].

It has to be mentioned, that these three types of standards are related to each
other, like e.g. content standards describe what should be taught and performance
standards to which level it should be learned [Rav95].

After the controversy concerning standards and standards-based education in the
United States, no nationwide standards were developed. Instead all states worked
on their own standards for selected subjects and levels inlcuding "binding guidelines
for the learning outcomes students are expected to reach’ [KMMOS].

Educational Standards in Australia

In Australia, education and with it also the development of curricula or educational
standards fall into the responsibility of the state. With a document from the Aus-
tralian’s educational ministers in 2008 called "Melbourne Declaration on Educational
Goals for Young Australians’ a starting point for standards-based reforms were set
[Lam16]. The aim behind this call for reform was to establish teaching standards,
curriculum content standards, as well as student performance standards.

As part of the Australian curriculum for each subject and level achievement
standards are formulated to describe the learning outcomes |Ausl3]:

Achievement standards for each learning area or subject describe the
learning expected of students at each year level or band of years. FEach
achievement standard is described in two paragraphs. Typically, the first
paragraph describes what students are expected to understand, and the
second paragraph describes what students are expected to be able to
do having been taught the curriculum content. The set of achievement
standards for each learning area or subject describe a broad sequence of
expected learning.
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2.3.2 Educational Standards in German-Speaking Countries

Learning from the reform in the United States German-speaking countries also
started to develop concepts for a standards- as well as competency-based educa-
tion. Here Germany was in a leading position and Austria and Switzerland based
their work on their results [KMMOS]. In an expertise from Klieme et al., educational
standards are defined as follows [KABT04, p. 15]:

Definition 2.7 (Standards 3). Educational standards articulate requirements for
school-based teaching and learning. They identify goals for pedagogical work, ex-
pressed as desired learning outcomes for students. FEducational standards thereby
translate into concrete terms the educational mission of schools offering a general
education.

Educational standards, as conceived of in this report, draw on general educational
goals. They specify the competencies that schools must impart to their students in
order to achieve certain key educational goals, and the competencies that children or
teenagers are expected to have acquired by a particular grade. These competencies
are described in such specific terms that they can be translated into particular tasks
and, in principle, assessed by tests.

In the given definition a focus on learning outcomes in form of competencies can
be found. The expertise describes three components which are of major interest for
the development of these standards:

1. Social and pedagogical goals: educational goals give general information
about the knowledge, abilities, skills, attitudes, values, interests and motiva-
tions, and form the basis for educational standards.

2. Structure of competencies: educational standards formulate educational
goals in form of competency requirements, which are organized in competency
models. These models represent different aspects, levels and processes of de-
velopment of the competencies and are based on scientific work from didactics
and psychology.

3. Test development concepts and methods: tasks and assessment pro-
grams based on formulated learning outcomes are needed to measure, which
competency level students have reached.

Furthermore, seven characteristics of good educational standards are discussed:

1. Subject-specificity: Educational standards relate to a specific content area
and set out the basic principles of the discipline and/or of the subject in clear
terms.
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2. Focus: The standards do not cover the entire range of the content area or
subject in all its ramifications; rather, they concentrate on a core area.

3. Cumulativity: Educational standards relate to competencies that have been
developed by a certain point in a student’s learning biography, and therefore
target cumulative, systematically integrated learning.

4. Binding for all: They communicate minimum requirements that are ex-
pected of all learners. These minimum standards must apply to all students,
regardless of school type.

5. Differentiation: The standards do not simply set a ’bar’, however. Rather,
they distinguish between competency levels above and below or prior and
subsequent to the achievement of the minimum standard, thus casting light
on the learning process and facilitating both the further specification of levels
and the differentiation of profiles representative of the additional requirements
of a state, a school or a type of school.

6. Comprehensibility: The educational standards are formulated in clear, con-
cise and understandable terms.

7. Feasibility: The requirements represent a challenge for students and teachers,
but can be fulfilled with reasonable effort [IKKABT04].

As Klieme and Merki compare educational standards from Anglo-American coun-
tries with those from German-Speaking countries, they consider educational stan-
dards from German-Speaking countries as performance standards inlcluding parts
of content standards [KMMOS]. Performance standards are compared to test scores
and content standards to learning goals and content [KABT04]. Although several
international standards do not base on competencies and competency models, some
of them are developed in a way that they can be interpreted as competency models,
as Kliem et al. [KABT04] show.

The German discourse of educational standards started with the bad results in
the first PISA phases and resulted in measures to improve the quality of education
in 2001 [Her13]. Since 2003, national educational standards for the subjects Ger-
man and Mathmatics have been developed for primary and secondary education.
There exist standards for a foreign language for the whole secondary level, where in
lower secondary education (middle school) also standards for biology, chemistry and
physics are defined. They are defined for students of the ages ten, fifteen, sixteen
and nineteen [KMKI§].

The development of educational standards in Switzerland was scientifically con-
ducted and followed by empirical tests [KMMO08] with the major goal of the "harmo-
nization of obligatory school’ [dKEE1S]. It started 2005 with the definition of basic
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competencies and competency models. 2011 the first national educational standards
for their school language, a foreign language, mathematics, and natural science were
presented and describe the basic competencies of the students in the age of eight,
twelve and fifteen. These standards influenced the development of different curricula
in all cantons in Switzerland [dKEE1S].

In Austria, educational standards were tested in form of a pilot study in sev-
eral selected schools [KMMOS8] and introduced in 2008. They follow the view of
Herzog [Her13] and understand educational standards as ’a certain uniformity in
the conditions under which students are taught’ [WSBP17]. As the standards focus
on the acquirement of basic competency, they support the nation-wide implemen-
tation of competency orientation. In connection with the standards, competency
models for subjects German (reading and writing) and mathematics were developed
for the ages nine to ten and thirteen to fourteen. For the subject English there are
standards and a competency model for the thirteen to fourteen years old students
[Bun18b, Bunl8al.

2.3.3 Comparison

As the standards movement started in the USA and German-speaking approaches
learned from their problems, they share a common basis. So for both it is important
to define educational goals that should be reached at a given age and that these
goals can be measured. Standards in German-speaking countries can be compared
to performance standards and also to some extent to content standards, again shar-
ing several elements [KMMO§|. On the other hand standards in German-speaking
countries are based on competencies and competency models which is not the case
in English-speaking approaches. But, in some international cases, like the Princi-
ples and Standards for School Mathematics of the National Council of Teachers of
Mathematics published in 2000, the standards can be interpreted as competency
models [KABT04]. This fact enables the comparison of existing standards of differ-
ent countries with each other.

2.4 Competencies in Education

2.4.1 Competency-Based Education in English-Speaking Countries

In English-speaking countries competency-based education has a long history. But
nontheless it is difficult to find definitions of ‘competency’ or ’competency-based
education’. That is because of spelling and interpretation differences. Especially
the understanding and usage of the term ’competency’ is ambiguous [Dorl0] and its
definition underlies a lot of discussions, not only because in the English-speaking
world a distinction between the terms ‘competency’ and ‘competence’ is made.
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Competence or Competency

In various dictionaries for the English language the terms ‘competency’ and ‘com-
petence’ are used synonymously (e.g. Cambridge Dictionary onlindﬂ). However,
following relevant literature, differences in the geographical use and also in the
meaning of these two terms can be found. The term ’competence’ with the plu-
ral ’competences’ is primarily used in the English discussion, while in Australia the
term ‘competency’ with the plural ‘competencies’ occur more frequently [Hel07]. A
possible distinction of the meaning can be to define competence, in a wider or more
holistic perspective, as capacity, and comptency, in a narrower or more atomistic
perspective, as disposition needed to handle concrete situations [Car93]. For the
field of human performance technology a clear differentiation between competency
model and competence model is essential [Teo06]. Where competency refers to char-
acteristics needed for successful performance |[Dub98|, ‘competence equals worthy
performance that leads directly to the most efficient accomplishment of organiza-
tional goals” [Teo06l p. 28]. A compareable and very clear distinction comes from
Sainz et al. [SGGAT10] in the field of knowledge management in electronic systems
engineering. They define competence [SGGAT10, p. 366] as

Definition 2.8 (Comptence 1). the specific level of knowledge, skills, experience,
etc. necessary to carry out a defined function

and competency as

Definition 2.9 (Competency 1). the description of the knowledge, skills, experience,
etc. mecessary to carry out a defined function.

In general, it is hard to find a consent about the distinction of the two terms.
That is why they are often used as synonyms [Hel07]. In this dissertation the term
‘competency’ will be used to refer to the in the next sections defined concept.

Competency-based Education

As mentioned above, in English-speaking countries competency-based education has
its roots in outcome-based approaches and is well-established in higher education.
The interest for it is rising, considering the movements towards online courses. But
again, there neither exists a general valid definition of competency nor of competency-
based education [Burl6]. Le et al. use competency-, mastery- and proficiency-based
education interchangeable with competency education, but distinguish them from
standards- and outcome-based education [LWS14]. So, Jones et al. provide in their
report for the U.S. Department of Education from 2002 following definitions for
central concepts [JVP0O2, p. 7]:

Lhttps://dictionary.cambridge.org/
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e Skills, Abilities, and Knowledge are developed through learning experi-
ences, broadly defined to include school, work, participation in community
affairs, etc. (although the Competency-Based Initiatives project is focusing
on formally organized postsecondary education learning processes).

e Competencies are the result of integrative learning experiences in which
skills, abilities, and knowledge interact to form bundles that have currency in
relation to the task for which they are assembled.

They point out that it is important to distinguish between skills, abilities, knowl-
edge, and competencies which are often used as synonyms. As shown in Fig. 2.1} a
hierarchy of these concepts demonstrates their differences.

ASSESSMENT OF _
PERFORMANCE | Demonstrations |
) A
ACQUIRED SKILLS, \
ABILITIES, AND ! !
KNOWLEDGE Competencies
[} )
Integrative Leaming Experences
DEVELOPED IN THE r !
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Fig. 2.1: Hierarchical relationship of skills, knowledge and competencies [JVP02,
p. 8]

The distinction between skills, knowledge, and competencies is described as ‘skills
and knowledge are acquired through learning experiences’, but the ’different combi-
nations of skills and knowledge that one has acquired define the competencies that an
individual possesses’ [IVP02, p. 8]. Klein-Collins highlights the differences of learn-
ing outcomes and competencies, two terms that are again often used interchange-
ably [KC12,[Burl6]. Following several definitions, learning outcomes “include specific
skills and knowledge, but competencies are at a higher categorical level’ [KCI12l p. 9].
Competencies can be applied in more than one specific situation, can be demon-
strated and measured, and define different levels of competency. To Klein-Collins
competency frameworks 'provide a meaningful description of what a postsecondary
degree means in terms of actual student learning’ [KC12].
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The main characteristics of competency-based education are summarized by Van
der Horst and McDonald [VAHM97] (see also [Burl6]):

e explicit learning outcomes with respect to the required skills and proficiency

flexibility in time for skill mastery

a variety of instructional methods to facilitate learning

criterion-referenced testing to validate the intended outcomes

certification based on the demonstrated learning outcomes

adaptable content to ’ensure optimum learner guidance’ [Burl6]

2.4.2 Competency-Based education in German Discussion

The definition of essential terms within this field of study is, because of its inde-
pendent development within several research fields, also a matter of discoures in
German speaking regions [Hel07, [Dorl0]. Because of the high amount of different
definitions, this dissertation considers only selected approaches, which are frequently
cited in educational contexts. A distinction between the concepts knowledge, skills,
and competencies seems necessary, too.

Definition of Competency

In the German discussion concerning educational research fields, one of the most
cited definitions for competency was published by psychologist Franz Weinert [Wei01b].
The development of national curricula and educational standards in Austria, Ger-
many and Switzerland is based upon Weinert’s definition [WSBP17, [KABT07, Leh14],
which describes competencies as

Definition 2.10 (Competency 2). the cognitive abilities and skills possessed by or
able to be learned by individuals that enable them to solve particular problems, as well
as the motivational, volitional and social readiness and capacity to use the solutions
successfully and responsibly in variable situations.

The given definition seems very ambigous as besides cognitive competence it fur-
ther considers motivational, volitional, and social aspects of competence which are
often not covered in educational standards [K1i04]. However, these aspects are not
included in recommendations published again by Weinert [Wei99, WeiOla] which
focus on the cognitive aspect and adds the needs of a specific context (see also
[KMMHOT]). Following Weinert, the reduction to the cognitive level limits the con-
cept of competence to ‘learned knowledge, skills and corresponding meta-knowledge’
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and is recommended for comparison of school-based performance. This can be com-
pared to the definition of competence by the European Commission [otEUILS| in
connection with their recommendations concerning key competences for lifelong
learning, where ’competences are defined as a combination of knowledge, skills and
attitudes’. Weinert defines knowledge, skills and meta-knowledge as follows [Wei99,
p. 35]:

Definition 2.11 (Knowledge 1). Knowledge is the body of understood information
possessed by an individual or by a culture.

Definition 2.12 (Skill 1). Skill is
1. an acquired aptitude,

2. an ability to perform complex motor and/or cognitive acts with ease, precision,
and adaptability to changing conditions.

Definition 2.13 (Meta-knowledge). Meta-knowledge (meta-competencies) is
knowledge about knowledge and deals with the cultural and individual repertoire of
rules and reqularities for the proper use of the available knowledge:

1. declarative meta-knowledge
2. procedural meta-knowledge

The European Commission [otEUILS], in connection with their recommendation
concerning key competences for lifelong learning, understands knowledge, skills and
attitudes as follows [otEUILS]:

Definition 2.14 (Knowledge 2). Knowledge is composed of the facts and figures,
concepts, ideas and theories which are already established and support the under-
standing of a certain area or subject.

Definition 2.15 (Skill 2). Skills are defined as the ability and capacity to carry
out processes and use the existing knowledge to achieve results.

Definition 2.16 (Attitude). Attitudes describe the disposition and mind-sets to
act or react to ideas, persons or situations.

Where knowledge and skills are similarly defined, meta-knowledge and attitude
represent two different concepts. For Weinert the knowledge about own abilities
is one of the three main components of competency. The European Commission
considers the behavior of individuals to be important in the context of competency.

Based on Weinert’s recommendations Klieme and Leutner [KL06, KABT07] pre-
sented their working definition of competencies [KHROS, p. 9] as
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Definition 2.17 (Competency 3). context-specific cognitive dispositions that are
acquired by learning and needed to successfully cope with certain situations or tasks
in specific domains.

One of the aims behind Weinert’s definition is to enable a large-scale assessment
of learning outcomes, so measurability should be improved [KHROS, [D6r10]. Wein-
ert’s definition cited above can be seen as a holistic view of competency, as a general
and cross-contextual disposition, allthough the context aspect is added in other
publications. Another perspective would be a cumulative one, where competency
is perceived as single and context-related capabilities. In the discussion of suitable
measurements for competency this second perspective earned a lot of attention and
interest [HelOT].

Subcompetencies and Competency Cluster

A further important definition for this dissertation are subcompetencies. Klieme et
al. use this term in their expertise without defining it [KABT04]. But in the Ger-
man version of their expertise they use "Teilkompetenzen’ [KABT07] which means
'subcompetencies’, and translate into ’components of competency’ [KABT04]. They
further connect subcompetencies with different proficiency levels of competency.
Winther uses the term ’subcompetencies’ (again the German noun ’Teilkompeten-
zen’), again not giving a definition, to describe how competency areas can be struc-
tured [Winl0]. In the same context also the term 'competency cluster’ (translation
from the German word 'Kompetenzbiindel’) appears, which describes a measurable
element of a concrete demanding situation. This measurable element can also be a
single competency [Winl(]. Following the meaning of ’cluster’ and the usage of the
term 'competency cluster’ it seems to refer to a set of competencies. So subcompe-
tencies and competency cluster describe a similar situation. On the one hand one
competency consists of several subcompetencies, and on the other hand a compe-
tency cluster consists of several competencies. As some competency formulations
in educational documents like e.g. a curriculum or standards seem to include more
than one measurable component, in this dissertation these components will be called
‘subcompetencies’ and the following working definition, combining the two described
uses of the term, will be used:

Definition 2.18 (Subcompetency). Subcompetencies are measurable components of
competency and describe different proficiency levels of a competency or a competency
area.

Finding all subcompetencies of a formulated competency needs a detailed anal-
ysis of its requirements.
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Competency Models

Following the expertise of Klieme et al., competency models have the purpose to
connect between “abstract (curricular) educational goals and concrete pools of tasks’.
So they provide learning outcomes for a subject that students should reach at a given
age or school level as well as the routes to knowledge and skills” which should be
based on scientific findings [KABT04]. For different purposes different aspects or
components of competency are of interest and take a major role in competency
assessment and testing. Three major types of competency models were developed
[Win10]:

e Competency structure models (or component models) in a norma-
tive sense describe (cognitive) requirements of a specific subject that learners
should have to solve problems and exercises [KABT04, [SP06]. On the one
hand this should be done by defining competency domains, which represent
essential ideas and principles of a discipline, and by structuring these domains
into smaller subcompetencies. These subcompetencies can follow taxonomies
like Bloom’s revised taxonomy from Anderson and Krathwohl [AKO1, Win10].

e Competency level models (or proficiency models) describe levels of
competency with the major goal to enable the measurement of an individ-
ual’s level of competency [KABT04]. These levels of competency can have
various characteristics. For instance it can be distinguished by a cumulative
construction or a structural change. In the case of cumulative construction
achieved competencies are integrated into higher levels, whereas during struc-
tural change once reached competencies are replaced by ’'qualitative different
competencies’ [Abs07].

e Competency development models have a focus on the process of the com-
petency development. Based on developmental psychology findings they define
structures and development processes of competencies in a specific subject area
[Win10].

2.4.3 Comparison

A comparison of the international approaches for competency-based education turns
out to be extremely difficult for various reasons. One reasons is related to the fo-
cus of this dissertation, which lies on lower education, whereas competency-based
education in the English-speaking context only appears in research for higher edu-
cation or vocational training. In the German-speaking discussion a clear distinction
is made between competencies for education and for vocational training [KKABT04].
Although there are some common elements for the definition of competencies or
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competency-based education [Hel07], for lower education different terms are pre-
ferred like for instance ’skills’ [Dorl0]. It seems that in several cases like lower
education, a comparison between competency models and educational standards is
the only possibility one. That is given by the fact, that there are no competency-
based models for computer science in lower education in English-speaking countries.

2.4.4 Conclusion

In most German-speaking regions in the context of lower education Weinert’s def-
inition of competency [WeiOlb| (see definition is used. This is a very general
view of the concept of competency. Klieme et al. (see definition build their
definition on that of Weinert, but go a bit more into detail and limit the concept to
a specific domain [KHRO§|. For the analysis and comparison of educational models
in the domain computer science, definition by Klieme et al. includes the needed
limitations. A further argument is that Klieme et al. consider selected standards
as comparable to their understanding of competency models [KABT04]. Therefore,
within this work, the definition by Klieme et al. is used.

2.5 A Taxonomy for Standards and Competencies

Learning objectives and related taxonomies have a long research tradition. Bloom’s
taxonomy [BEFTH6] is a popular example and well known in educational context.
Taxonomies are special frameworks helping to arrange elements or categories fol-
lowing a defined continuum [AKOI]. That means they support the identification of
learning sequences in combination with specified learning objectives. Indeed these
learning objectives are related to standards or competencies. So in the next sec-
tions at first the concepts of learning objectives, standards and competencies will
be compared, and then Bloom’s revised taxonomy will be discussed as it also can
be applied to standard- or competency-formulations.

2.5.1 Learning Objectives, Standards and Competencies

The goals of the learning process were always an important factor in education and
learning objectives should give clear information about them for each subject. One
of the most popular and influential definitions of learning objectives goes back to
B.J. Bloom and reads as follows:

‘explicit formulations of the ways in which students are expected to
be changed by the educative process’ [BEFT50]
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This means that learning objectives ’indicate what we want students to learn’ or
represent 'intended student learning outcomes’ [AKO1]. Anderson et al. further
describe that learning objectives contain two essential elements [AKO1]:

e a verb to describe the intended cognitive process
e a noun to describe the expected knowledge of students

In terms of specificity three different levels of learning objectives can be distin-
guished:

1. global objectives: broad, complex, and multifaceted learning outcomes, en-
compassing several more specific learning objectives

2. educational objectives: more specific, focused, and delimited than global ob-
jectives, but more general than day-to-day classroom instructions

3. instructional objectives: very specific, day-to-day learning outcomes

A comparison of these levels and their main characteristics can be found in Tab. 2.1}

Following Anderson et al., educational standards also fit into these level of ob-
jectives. Depending on aspects like the generality of a standard, if the standard
statement includes multiple topics, or if the process is not clearly defined within the
standard, standard statements can be categorized into the mentioned levels [AKO1].

Tab. 2.1: Characteristics of the different learning objective levels [AKOI]

Level of objective

Global Educational Instructional
Scope Broad Moderate Narrow
Time needed One or more Weeks or Hours or
to learn years months days
Purpose of Provide vision Design Prepare
function curriculum lesson plans
Example of  Plan a multiyear Plan units of  Plan daily activi-
use curriculum (e.g. instruction ties, experiences,

elementary reading) and exercises
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The definitions of standards (see section state that they formulate long term
objectives. This would place them in the context of global objectives.

Also in the German-speaking discussion, with a strong relation between stan-
dards and competencies, their connection to learning objectives is of interest. Learn-
ing objectives can therefore be seen on a compareable level with content standards
[KABT04| or standards as an extension of learning objectives [Mes06]. In the context
of standards Messner describes the specification of learning objectives as follows:

In this new understanding, determining learning objectives means
clarifying the competencies in the form of subject-specific situations and
minimum requirements and deciding which are to be mastered by the
pupils.

This means that in educational standards or competency models, the learning objec-
tives take the form of competency formulations. Following the definitions of learning
objectives and competencies it seems that competencies have a more general char-
acter, where learning objectives can either be very general or very detailed [Stel0).
Learning objectives can describe a unit in detail, as it is also mentioned in the levels
of objectives by Anderson et al. in form of the instructional objectives [AK01]. Con-
sequently, learning objectives can also include very specific knowledge of a subject
area.

Studies like the Program for International Student Assessment (PISA) and the
Trends on International Mathematics and Science Study (TIMSS) are based on
taxonomies which can be compared to Bloom’s approach [Hel(7].

2.5.2 Bloom’s Revised Taxonomy

Since the work of Bloom in the 1940s his taxonomy for educational objectives in-
fluenced different developments or scientific studies in the field of education. It
differentiates between cognitive, affective, and psychomotor domain.

e Cognitive domain: includes objectives which deal with the recall or recog-
nition of knowledge and the development of intellectual abilities and skills.

e Affective domain: includes objectives which describe changes in interest,
attitudes, and values, and the development of appreciations and adequate
adjustment.

e Psychomotor domain: includes manipulative or motor-skill area [BEFT56].

Bloom’s taxonomy focuses on the cognitive domain, which is most relevant for test
and curriculum development, and describes six levels of objectives which are ar-
ranged in the following order [BEFT56, p. 201]:
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1. Knowledge involves the recall of specifics and universals, the recall of meth-
ods and processes, or the recall of a pattern, structure, or setting.

2. Comprehension refers to a type of understanding or apprehension, such that
the individual knows what is being communicated and can make use of the
material or idea being communicated without necessarily relating it to other
material or seeing its fullest implications.

3. Application represents the use of abstractions in particular and concrete
situations.

4. Analysis represents the breakdown of a communication into its constituent
elements or parts such that the relative hierarchy of ideas is made clear and/or
the relations between ideas expressed are made explicit.

5. Synthesis represents the putting together of elements and parts to form a
whole.

6. Evaluation represents judgments about the value of material and methods
for given purposes.

This specific ordering is important because each level represents the prerequisite for
the next level. In a revised version of the cognitive domain of Bloom’s taxonomy
by Anderson et al. [AKOI] the names of the categories were changed into verbs
and the last two were rearranged. So the fifth category changed from synthesis to
evaluate and the sixth category became create instead of evaluation. Tab. shows
the six categories of the revised taxonomy including a short description as well as
the cognitive processes and alternative names for each of them.

The alternative names give a more detailed view of each of the cognitive pro-
cesses. Anderson et al. also added a knowledge dimension to Bloom’s taxonomy
including the four levels factual knowledge, conceptual knowledge, procedural knowl-
edge and metacognitive knowledge. The sequence of the four levels represent, as the
cognitive levels, that the levels are prerequisite to the next levels [AKO1].

A. Factual knowledge: the basic elements students must know to be acquainted
with a discipline or solve problems in it

B. Conceptual knowledge: the interrelationships among the basic elements
within a larger structure that enable them to function together

C. Procedural knowledge: how to do something, methods of inquiry, and cri-
teria for using skills, algorithms, techniques, and methods
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Tab. 2.2: The cognitive process dimension adapted from [AKOI]

Category and Alternative Name
Cognitive Process

1. Remember: retrieve relevant knowledge from long-term memory
1.1 recognizing identifying
1.2 recalling retrieving

2. Understand: construct meaning from instructional messages, including oral,
written, and graphic communication

2.1 interpreting clarifying, paraphrasing, representing, translating
2.2 exemplifying illustrating, instantiating

2.3 classifying categorizing, subsuming

2.4 summarizing abstracting, generalizing

2.5 inferring concluding, extrapolating, interpolating, predicting
2.6 comparing contrasting, mapping, matching

2.7 explaining constructing, models

3. Apply: carry out or use a procedure in a given situation
3.1 executing carrying out
3.2 implementing using

4. Analyze: break material into its constituent parts and determine how the
parts relate to one another and to an overall structure or purpose
4.1 differentiating  discriminating, distinguishing, focusing, selecting

4.2 organizing finding, coherence, integrating, outlining, parsing, struc-
turing
4.3 attributing deconstructing

5. Evaluate: Make judgments based on criteria and standards
5.1 checking coordinating, detecting, monitoring, testing
5.2 critiquing judging

6. Create: put elements together to form a coherent or functional whole;
reorganize elements into a new pattern or structure
6.1 differentiating  discriminating, distinguishing, focusing, selecting
6.2 organizing finding, coherence, integrating, outlining, parsing, struc-
turing
6.3 attributing deconstructing
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D. Metacognitive knowledge: knowledge of cognition in general as well as

awareness and knowledge of one’s own cognition [AKOI]

Together the knowledge and cognitive dimension result in a the well known table

shown in Tab. [2.3]

Tab. 2.3: The Taxonomy Table [AKOT]

The
knowledge
dimension

The cognitive process dimension

1.

Remember

2.
Understand

Apply

4.
Analyze

5.

Evaluate

6.

Create

A.

Factual

knowledge

B.

Conceptual

knowledge

C.

Procedural

knowledge

D.
Meta-
cognitive

knowledge

The classification process described by Anerson et al. follows a clear structure.
It is based on grammatically correct learning objectives, which have to contain a
predicate (verb) and an object (noun). The verb indicates the level within the cog-
nitive dimension and the noun can be used to determine the knowledge dimension.
Although Anderson et al. provide a list of action verbs to enable a classification,
they clarify that verbs like 'describe’ can be classified into different levels depending
on the situation. So in some cases it is necessary to know the intention of the writer
of a learning objective to correctly classify it [AKOL]. A similar situation can occur
with nouns which makes an automatic classification impossible [Stel0)].
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Following Hellwig both understandings of competency, the cumulative and also
the holistic view, can be represented in Bloom’s taxonomy. From the cumulative
perspective competencies of at least partial independent character can be defined
on each level. A holistic view requires that all taxonomy levels are accomplished
to achieve a competency. This second view seems to be more in Bloom’s intention,
since he saw the respective level as a prerequisite for the following dimension [Hel07].

2.6 Computer Science and Digital Literacy

In a lot of countries computer science and digital literacy are combined in one
subject or curriculum [Schi5]. That is not surprising as both are related to each
other, although digital literacy represent practical skills and not a scientific area like
computer science [EolE16]. In this section the terms ’computer science’ and ’digital
literacy’ will be clarified and distinguished.

2.6.1 Computer Science, Computing, Informatics

Defining the term Computer Science (CS) needs an additional clarification of the
used terminology. Whereas Computer Science is a common term in the US, in
Europe the term Informatics is used broadly and also Computing Science can be
found [EolE16]. Formerly, also Information and Communication Technology (ICT)
was a common term in education, with the varying meaning from ’teaching basic
concepts’ to ’application of systems’ [HABT11]. The UNESCO curriculum from
2002 defines Informatics (Computing Science) as follows [Duc02, p. 12]:

Definition 2.19 (Informatics and Computing Science). The science dealing with
the design, realization, evaluation, use, and maintenance of information processing
systems, including hardware, software, organizational and human aspects, and the
industrial, commercial, governmental and political implications of these.

Further Informatics Technology is defined [Duc02) p. 13]:

Definition 2.20 (Informatics technology). Informatics technology is defined as the
technological applications (artifacts) of informatics in society.

And finally, Information and communication technology (ICT) is described as
[Duc02, p. 13]:

Definition 2.21 (Information and communication technology (ICT)). Information
and communication technology, or ICT, is defined as the combination of informatics
technology with other, related technologies, specifically communication technology.
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The UNESCO curriculum combines all these three definitions into the term ICT
which 'will be used, applied and integrated in activities of working and learning on
the basis of conceptual understanding and methods of informatics’ [Duc02), p. 13].
This is a very general definition and includes a lot of aspects of this research field.
In the report of the Joint Informatics Europe and ACM Furope Working Group on
Informatics Education from 2013 the terms Informatics and Computer Science are
used synonymously and are defined as follows [EolE16, p. 3:

Definition 2.22 (Computer Science and Informatics). Computer Science/Infor-
matics covers the science behind information technology. Informatics is a distinct
science, characterized by its own concepts, methods, body of knowledge and open is-
sues. It has emerged, in a role similar to that of mathematics, as a cross-discipline
field underlying today’s scientific, engineering and economic progress.

Based on referenced publications [Duc02, [HAB™11), [EoIE16] this work will rely
on the definitions from the UNESCO curriculum (see definitions [2.19 [2.20] and
2.21)) and use Computer Science, Computing Science, and Informatics synonymously

as proposed by the Joint Informatics Europe and ACM Europe Working Group
[EolE16].

2.6.2 Digital Literacy and Digital Competence

The impact of information technology on today’s society and education makes it
necessary to teach topics like correct handling or possible consequences concerning
these technologies in schools. Teaching these skills is often a major part of CS
classes in school [EolE16, [Sch15] and the terms Digital Literacy or also Digital
Competence became popular to describe them. Although the two terms are often
used synonymously they have different meanings [SHLA1S].

In 2006 the European Commission published the recommendations on key com-
petences for lifelong learning and defined their fourth key competence digital com-
petence as follows:

Digital competence involves the confident and critical use of Information
Society Technology (IST) for work, leisure and communication. It is un-
derpinned by basic skills in ICT: the use of computers to retrieve, assess,
store, produce, present and exchange information, and to communicate
and participate in collaborative networks via the Internet [otEU06].

Martin and Grudziecki follow this definition and regard digital competence ’as an
underpinning element in digital literacy’ [MGO06]. They define three levels of digital
literacy [MGO6, p. 255]:

1. Digital competence (skills, concepts, approaches, attitudes, etc.)
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2. Digital use (professional/discipline application)

3. Digital transformation (innovation/creativity)
Overall they define digital literacy as follows [MGO6, p. 255]:

Definition 2.23 (Digital literacy). Digital Literacy is the awareness, attitude and
ability of individuals to appropriately use digital tools and facilities to identify, ac-
cess, manage, integrate, evaluate, analyse and synthesize digital resources, construct
new knowledge, create media expressions, and communicate with others, in the con-
text of specific life situations, in order to enable constructive social action; and to
reflect upon this process [MG00).

Consequently, a strong relationship between the concepts of digital competence
and digital literacy is shown and described as ’digital literacy involves the successful
usage of digital competence within life situations’ [MGOG].

A further definition with high impact was presented in connection with the DIG-
COMP framework for Developing and Understanding Digital Competence in Europe
[Fer13]:

Digital Competence can be broadly defined as the confident, critical
and creative use of ICT to achieve goals related to work, employability,
learning, leisure, inclusion and/or participation in society. Digital Com-
petence is a transversal key competence which enables acquiring other
key competences (e.g. language, mathematics, learning to learn, cultural
awareness). [Ferl3]

The DIGCOMP framework [CVP17] includes five competence areas which also give
an insight of what digital competence represents.

1. Information and data literacy

2. Communication and collaboration
3. Digital content creation

4. Safety

5. Problem solving

Recently also the recommendations on key competences for lifelong learning were
revised and aligned with the DIGCOMP and the competence areas [otEUILS| p. 4].
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Definition 2.24 (Digital competence). Digital competence involves the confident,
critical and responsible use of, and engagement with, digital technologies for learning,
at work, and for participation in society. It includes information and data literacy,
communication and collaboration, digital content creation (including programming),
safety (including digital well-being and competences related to cybersecurity), and
problem solving [otEU18].

This work refers to Martin and Grudziecki’s definition for digital literacy (see
definition [MGO6] and to the definition for digital competence (see definition
from the European Commission from 2018 [otEU1§].

These definitions show the relations between digital literacy, digital competence
and also computer science as the use of information processing systems is included
in computer science [Duc02]. Therefore, in some cases topic-overlaps make an exact
differentiation difficult.
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3. EDUCATIONAL MODELS

3.1 Introduction

The masses of different official educational models as well as third-party initiatives
and projects complicate a selection of relevant approaches to be included in the
study for this dissertation. As different reports show [Schi5l ECECIT], a lot of
countries implement computer science related subjects in their curricula and more
and more introduce these topics in primary education.

So, in section relevant literature for curricula in primary education is sum-
marized, to get information about educational models for computer science. It is
followed by section that describes the selection process for curricula and educa-
tional standards, which is based on previously analyzed related work.

Before the curricula are described in section[3.5] a look is taken at the educational
systems of the respective countries in section 3.4}

3.2 Research on Computer Science Related Models for Primary
Education

During the last years the research interest for computer science in primary education
increased noticeably. That is also reflected by the number of published literature
concerning this field of study. The majority of these articles or books focuses on one
special newly developed curriculum and explains them in detail. For instance, in
the influental article 'Restart: The Resurgence of Computer Science in UK Schools’
Brown et al. desribe the situation of the subject Computing in the national cur-
riculum in the United Kingdom, discussing different issues and changes to previous
approaches [BSCH14]. Berry elaborates in his online resources 'Computing in the
national curriculum - A guide for primary teachers’ [Berl3] and ’Quickstart Com-
puting Primary Handbook’ [Berl5] on the curriculum for the subject Computing
in England. He gives insights to each topic of the curriculum with additional on-
line resources and several hints how they can be taught to primary school children.
Similar to the publication of Brown et al. Falkner et al. describe the background
and development-process of the Australian curriculum for the subject Digital Tech-
nologies [FVE14]. In the article "The Australian Digital Technologies Curriculum:
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Challenge and Opportunity’ they discuss the Australian National Curriculum and
the different strands it includes. Further the curriculum is compared to the national
curriculum for computing in England. The article also contains a literature study to
get information about possible concepts and methods for the subject Digital Tech-
nologies [FVE14]. An overview of the global situation of K-12 education is given
by Hubwieser et al. [HGB™15]. They do not directly compare the curricula but use
articles that discuss the situations in different countries as corpus. There exist only
a few analysis and comparisons of different curricula and standard-models for com-
puter science in primary education. One of them is from Barendsen et al. [BMD™15].
Their article focuses on computer science concepts in K-9 education, discusses curric-
ula, concepts and assessment from different countries and relates concepts to Bebras
tasks, an 'international challenge on Informatics and Computational Thinking’ [oIT].
In their analysis they include the CSTA standards for Computer Science from 2011
[SCF™11], the curriculum from the Computing at School (CAS) working group from
2012 [Com12], the English national curriculum (EN) from 2014 |[Nat14] and Italian
guidelines in form of a working document (IT) from 2010. Concerning the analysis
the content of these documents is grouped into knowledge categories with the help
of open coding [CMMIS]|. These categories are referred as knowledge areas of the
ACM/IEEE Computer Science Curriculum from 2013, representing ’guidelines for
undergraduate degree programs in Computer Science’ [JTFoCCS13a]. The knowl-
edge areas and the knowledge categories can be seen in Tab. 3.1 The occurrences
and distribution of the codes within the curricula documents are calculated and
presented to compare the curricula. These results are shown in Tab. [3.2] Barend-
sen et al. conclude that there is a focus on algorithmic aspects in all documents.
Programming is of similar interest in all four documents, whereas engineering does
not appear in the Italian documents and only very rarely in national curriculum for
England. In the CSTA standards societal aspects are more important than in the
documents. Hardware and networks often appear in the CAS curriculum, whereas
the mathematics aspect is, compared to the others, more strongly represented in the
Italian guidelines [BMD™15]. Additional tasks from the Bebras international com-
petition are analyzed to identify the assessed concepts and the assessment methods
[BMD™15].
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Tab. 3.1: Knowledge categories and referred knowledge areas from the ACM/IEEE
Curriculum [BMD™15]

Knowledge | ACM/IEEE

categories knowledge areas

Algorithms Algorithms and Complexity (AL)

Parallel and Distributed Computing (PD)

Algorithms and Design (SDF/AL)

Remark: concepts about data structures are covered by data
Architecture | Architecture and Organization (AR)

Operating Systems (OS)

System Fundamentals (SF)

Modeling Computational Science (CN)
Graphics and Visualisation (GV)
Data Information Management (IM)

Fundamental Data Structures (SDF/IM)
Engineering | Software Engineering (SE)

Development Methods (SDF /SE)

Remarks: also contains ideas on collaboration;
concepts without an engineering component are
covered by Programming

Intelligence Intelligent Systems (IS)

Mathematics | Discrete Structures (DS)

Networking | Networking and Communication (NC)
Programming | Programming Languages (PL)

Platform Based Development (PBD)
Fundamental Programming Concepts (SDF /PL)

Security Information Assurance and Security (IAS)

Remark: concepts about privacy are covered by Society
Society Social Issues and Professional Practice (SP)
Usability Human-Computer Interaction (HCI)

To design a primary school curriculum for computer science and programming,
Duncan and Bell [DB15] also compared different curricula. There, the main English-
language curricula for the primary school level [DB15], the CSTA K-12 Computer
Science Standards [SCFT11], the English computing curriculum [Nat14, BSCHT4],
and the Australian Digital Technologies curriculum [Ausl13, [FVF14] are considered.
To identify key ideas, they define the following six categories of themes, based on
themes of the chosen curricula and use them as basis for further development [DB15],

p. 2]
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Algorithms:

— articulating a plan for a program
— exploring standard problems such as searching or sorting
— computational complexity (performance)

— design techniques (such as decomposition and abstraction)
e Programming:

— implementing a plan/algorithm, debugging, and testing

— selected programming environments e.g. ’Initial Learning Environments’
(drag and drop), general purpose languages, object oriented programming

— parallel execution

Data representation:

— includes binary representation
— types of data — numbers, text, sound, images etc.
— encoding the data — compression, error correction, encryption

— data structures

Digital devices and infrastructure:

— includes components, such as CPU, memory, data storage devices
— input and output devices

— networks

— cloud computing

— troubleshooting devices and configurations
e Digital applications:

— includes simulation and modeling the real world

— creating digital content (media) such as documents, images, presenta-
tions, web pages, video

— publishing information
— collecting and interpreting data (spreadsheets, databases)

— intelligent systems

e Humans and computers:
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— includes digital citizenship (cybersafety, privacy, intellectual property in-
cluding copyright and licensing, sustainability, ethics, equity, accessibility,
legal responsibilities)

— careers (including diversity)
— project management

— usability

— connection to other fields

— keyboard proficiency

Duncan and Bell show, that these categories correspond to those of other edu-
cational models including the European Digital Competence framework DIGCOMP
[Fer13]. The allocation of the elements of the curricula to the themes shows dif-
ferences and also similarities of the chosen curricula. The Australian curriculum
and the CSTA standards consider the way computers work, like binary numbers or
hardware, in the first years, so with an age of five or six. In England students get
in touch with these topics with eleven years. In all three curricula programming is
a topic from the very beginning. So in the first years students learn about sequenc-
ing and turtle graphics. In the following years selection, also called branching, and
simple iteration, also called repetition, with counted loops are introduced. Iteration

Tab. 3.2: Relative distribution of the knowledge-category-code occurences within
the curricula [BMD™15]

Knowledge

categories CSTA | CAS | EN | IT

Algorithms 16% 23% | 30% | 30%
Engineering 15% 8% | 2% | 0%

Architecture 4% | 17% | 10% | 6%

Society 11% 1% | 6% | 6%

Programming | 10% 11% | 14% | 11%
Intelligence ™% 1% | 0% | 0%

Modeling ™% 0% | 4% | 6%
Mathematics 6% 1% | 2% | 15%
Security 6% 1% | 2% | 2%
Data 2% 16% | 14% | 25%
Graphics 2% 0% | 0% | 0%
Networking 2% 21% | 14% | 0%
Usability 1% 0% | 2% | 0%
Rest 0% 0% | 0% | 0%
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with conditions and textbased programming languages are topics for students aged
eleven and older. Topics concerning safety, ethics or digital content creation are
covered from the first years and are gradually expanded. Algorithms are included in
different ways. On the one hand as the ’design of simple programs’ and on the other
as ’algrithms for standard problems such as searching and sorting’ [DB15]. With
an age of eleven in all three curricula students deal with algorithms for standard
problems, although the Australian curriculum considers them earlier. A topic that
is only covered by the CSTA standards are careers which make use of computing as
well as in computing itself [DB15].

In their publication "Computer science in K-12 school curricula of the 2lst cen-
tury: Why, what and when?’, which is based on discussions of the International
Federation of Information Processing (IFIP) Education Community, Webb et al.
analyzed five curricula to get an overview of the meaning of Computer Science
in the curricula and propose some principles for curriculum design [WDB™17]. A
first termclarification is followed by the detailed description of the chosen curricula.
In a first step they consider the National curriculum for Computing in England
[Nat14l BSCH14], the situation in New Zealand [BAR12l, Bell4], the Digital tech-
nologies curriculum in Australia [Ausl3, [FVE14], the situation in Israel [BWDQO0)],
and the new informatics curriculum in Poland [SK15]. Summarizing the results,
England, Australia and Poland start in early education with elementary school, and
teach ’across the content of computer science, IT, digital literacy and computational
thinking’ [WDBT™17]. It has to be considered, that the balance between those con-
tent areas was not determined during this study. New Zealand and Israel start in
high school, and in Israel 'computer literacy’ is included for all students, computer
science only for some. The following several curricula-reports, which are the CSTA
Computer Science standards [SCET11], a report by the Royal Society in UK [Sod]
and ’'Informatics education: Europe cannot afford to miss the boat’ by the Joint
Informatics Europe & ACM Europe Working Group [EolE16], a general consensus
exists concerning the key concepts and techniques of computer science. Webb et al.
refer to Duncan and Bell [DB15] and their category system. Besides all the content
specific competencies the social aspect is included in the Polish curriculum, with
project based learning and different roles in groups [WDB™17]. Webb et al. pub-
lished their article "Tensions in specifying computing curricula for K-12: Towards
a principled approach for objectives’ in 2018, with an update on the curricula they
analyzed [WBD™18|. Tab. shows the comparison of the now six curricula.

All six countries, Australia, Israel, New Zealand, Poland, UK, and Slovakia, start
in an early stage of education with computer science for all students [WBD™18].

An overview of the global situation of K-12 education is given by Hubwieser et
al. [HGB™T15] and already summarized by Pasterk et al. [PKB19]. This paragraph
is based on the summarization of Pasterk et al.. Hubwieser et al. do not directly
compare the curricula but use articles that discuss the situations in different coun-
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Tab. 3.3: Comparison of six countries [WBD™18|

Entitlement- who is the Starting age for
Theme COMPUTER SCIENCE COMPUTER SCIENCE
curriculum for?
. New curriculum for all From the first year of school
Australia
(about 5 years old)
All must learn Computer Science | Elementary School
Israel ?Lnd technqlogy llteracy'
incorporating computational
thinking
High school subject for seniors From 2018 from the first year
NZ from 2011; all children in of school

primary schools from 2018
High and middle school subject 7 years old
Poland for 20 years. All from 7-11 and
an advanced option from 8-12

Slovakia All from elementary school 8 years old
upwards
All from elementary school 5 years old
UK
upwards

tries as corpus. Following the steps for qualitative text analysis [May15] the corpus
is categorized using the tool MaxQDA. In a further step each category is analysed.
Especially the categories Competencies and Goals are of interest. For the elements
from the Competencies category the verbs are normalized and combined with ad-
verbs and objects. Statements with and or or are divided into two separate ones.
They received 249 competence statements and analyzed knowledge elements like
algorithm considering used verbs in combinations with them. The statements of
the Goals category were paraphrased and split if more than one goal was included.
Then they were combined and again collected under content topics. Afterwards they
compared those new categories and showed which were covered in which countries
[HGB™15]. Concluding, the authors used a manual qualitative analysis approach
to extract, categorize and summarize text passages with different topic foci from
research texts.

3.3 Selection of Curricula and Educational Standards

A lot of countries recently developed or implemented curricula for computer science
related subjects in early years of education. Following the report ’Computing our
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Future’ from the European Schoolnet [Sch15] in the year 2015, Estonia, France,
Israel, Slovakia, Spain and the United Kingdom already offered computer science
related content in primary education. Belgium and Finland planned to integrate it.
As several countries like Germany, Switzerland, Sweden or Slovenia did not partic-
ipate in this report, it does not describe the situation for whole Europe. It either
does not include other international countries like the United States or Australia.
But it confirms that there exist several educational models for computer science
in primary education. Some models come from the government, have an official
character and are included in the hour board of the students. Examples for official
curricula are the 'Lehrplan 217 from Switzerland with the subject called "Medien
und Informatik (Media and Informatics)’ [Leh14] or the Australian Curriculum for
'Digital Technologies’ [Aus13]. Others are developed by non-governmental organiza-
tions to foster school-autonomous programs or support interested teachers. This is
the case for the CSTA (Computer Science Teachers Association) ’'Computer Science
Standards’ from 2011 [SCFT11] and 2017 [CSTTT] as well as the 'Kompetenzen fir
informatische Bildung im Primarbereich (Competencies for informatics education in
primary education)’ from the GI (German Informatics Society) [Ges19].

The selection process for curricula and educational standards for this disserta-
tion was preceded by discussions with colleagues in research and education and by
reading related literature. With these insights of which impact specific educational
models have, a first selection could be made. During the process two aspects were
considered:

e Which international educational models for computer science related subjects
in primary education exist and have the highest impact in the community?

e Which educational models in German language are of interest?

Both aspects are limited due to language restrictions. Considering the first as-
pect, as mentioned above, the curricula and educational standards are in most cases
developed to be read by teachers in the respective country. That means they are
formulated in the country’s own language and rarely translated into other languages.
This situation implies that the educational models, which can be understood by most
people worldwide, have the highest impact. As the English language is one of the
most native-spoken languages and known as world’s 'lingua franca’, the most com-
mon second language learned, educational models written in English language can
be understood by most people. Following related research in the field of computer
science education, the most important English-language curricula are the national
curricula from the United Kingdom and from Australia, as well as the ’Computer
Science Standards’ from the Computer Science Teachers Association (CSTA) of the
year 2011 [DB15]. Consequently, these three models were selected and extended by
the 2017 revised version of the CSTA ’Computer Science Standards’.
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The second aspect considers educational models in German language in particu-
lar and displays the interest on local developments. In Germany there is no national
curriculum. Each state autonomously develops and implements the curriculum but
the German Informatics Society (GI) published their ’Competencies for informatics
education in primary education’ in 2019 which is selected for this study because of
its recency and the focus on computer science topics. In Switzerland the cantons
are responsible for education. But since 2014 21 out of 26 cantons agreed to follow
the collective curriculum called 'Lehrplan 21°. This curriculum includes the sub-
ject 'Media and Informatics’, introduced in the first school year and will be part
of the study for this dissertation. Austria has no computer science related subject
in primary education. But the government offers a competency model for digital
competency called 'digikomp’ to support interested teachers. This model will be
discussed in section and is one of the selected models to be analyzed in part 2.

The selected educational models will be discussed in more detail in the following
sections. But at first the educational systems of the selected countries have to be
compared to ensure that they cover the same age groups.

3.4 Educational Systems

An important aspect while comparing and analyzing educational models are the
corresponding age groups. In this section the main question is to investigate at
which age children go to kindergarten and primary school in the relevant regions.

In Austria (AT), children can start kindergarten in the age of three. The last
year before school is compulsory for all children at the age of five. At the age of six,
they attend primary school (in German ’Volksschule’), which lasts four years. The
first year of primary school represents the first grade, so primary school covers grades
1 to 4. After primary school follows secondary school in form of the New Secondary
School (in German ’'Neue Mittelschule’) or the Academic Secondary School Lower
Cycle (in German ’Allgemein bildende hohere Schule (AHS) Unterstufe’), which
again lasts four years and covers grades 5 to 8. At the age of 14, students have
to choose between several general and vocational secondary schools. Depending on
their choice they finish school with the 12th or 13th grade and an exam (in German
'Matura’) at the age of 18 or 19. Compulsory education ends with the ninth grade
at the age of 15 [Aus14].

The Australian (AU) compulsory education starts at the age of five with the
foundation year intending to prepare students for their first school year. Depending
on the region the foundation year is followed by either six or seven years of primary
school, covering grades 1 to 6 or 7. With the age of twelve or thirteen the students
enter lower secondary school, which lasts three or four years and covers grades 7 or
8 to 10. With the tenth grade, when students are about 16 years old, compulsory
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education ends. The optional senior secondary education lasts two years and covers
grades 11 and 12. It ends with the senior secondary certificate of education or year
12 award at the age of 18 [GualT7].

In Switzerland (CH) kindergarten starts depending on the region at the age
of four or five and is compulsory. It lasts one or two years before primary education
(in German ’Primarschule’) starts at the age of six. Primary school lasts six years
and covers grades 1 to 6. With the age of twelve the students enter lower secondary
school (in German 'Sekundarstufe 1), which lasts three years. After this period the
students are 15 years old and compulsory education ends. At this point students
enter upper secondary education (in German ’Sekundarstufe 2’) and can choose
between general or vocational schools. To help the students in their career choice or
to prepare them for general schools, bridging stages (in German ’Briickenangebote’)
are offered. Schools in upper secondary education last three to four years, cover
grades 10 to 12 or 13, and are attended by students until they are 18 or 19 years
old [Eurlg|. In the new curriculum called "Lehrplan 21’ cycles (in German *Zyklen’)
are defined, which cover three to four grades and define a stage of competency
development. So kindergarten and grades 1 and 2 are summarized to cycle one, cycle
two contains grades 3 to 6, and the first three years of lower secondary education
(grades 7 to 9) belong to cycle 3 [Lehl4].

In Germany (DE), kindergarten can be attended at an age of three. Compul-
sory education starts with the age of six and the first year of primary school (in
German ’Grundschule’). Primary school lasts four years and covers grades 1 to 4.
With an age of ten pupils enter the secondary education, including different school
types (e.g. 'Realschule’, "Hauptschule’, ’Gymnasium’; etc.). The first two years of
secondary education are called orientation stage (in German ’Orientierungsstufe’).
During the orientation stage pupils can switch to another type of school if necessary.
After the orientation stage students attend their lower secondary school for three to
four years until the age of 15 or 16. It is also possible to start a vocational training
with the age of 15. So lower secondary education covers grades 5 to 9 or 10. With
grade 11 the upper secondary education starts with the possibilities of general or
vocational education. It lasts two to three years and students leave compulsory
education with the age of 18 or 19 [Eurl§].

In England (GB) different options before compulsory education exist and may
start before the children are one year old. The compulsory education starts at an
age of five with the first year of primary school. Primary school last for six years
but are divided into key stage 1, containing the first two grades, and key stage
2, containing grades 3 to 6. At the age of eleven the students enter secondary
schools, which last five years and are again divided into key stage 3, grades 7 to
9, and key stage 4, grades 10 and 11. After grade 11 the students are 16 years
old and the compulsory education ends. The two years of general secondary or
vocational secondary education that follow are only ’part-time’ compulsory and can
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be combined with courses at working places. School ends with grade 13 at the age
of 18 [Eurls].

In the United States of America (US) the age to start with compulsory
education depends on the state and varies from five to seven years. Only in 15
states kindergarten is compulsory, but in general children start with kindergarten
at an age of five. After one year in kindergarten children enter elementary school,
which can last from five to 8 years, and therefore cover grades 1 to 5 or 8. This
also means that students can attend elementary school till they are ten or even
thirteen years old. There are different models for the further education, depending
on the time spend in elementary school. A five year elementary school is followed
by a three year middle school, so students are eleven to thirteen years old, and a
four year high school, students are 14 to 17 years old. After attending a six years
elementary school, there exists the possibility to enter a two year middle school,
followed by a four years high school, a three years junior high school, followed by
a senior high school, or a six years junior and senior high school. An eight years
elementary school is followed by a four years high school. Also the maximum age for
compulsory education depends on the state and ranges from 16 to 18 years [Lool8].

Tab. shows an overview of the selected education systems. It compares at
which ages students start with (min age) and leave (max age) kindergarten, primary
and secondary education and the number of grades that are included. Only the
compulsory starting ages are considered.

Tab. 3.4: Comparison of relevant Education Systems

Primary Secondary
Kindergarten Education Education
min max min max min max
age age grades | age age grades | age age grades
AT 5 6 1 6 9 4 10 15-19 | 5-9
AU 5 6 1 6 11-12 | 6-7 12-13 | 16-18 | 3-6
CH 4-5 6 1-2 6 11 6 12 15-19 | 3-7
DE / / / 6 9 4 10 18-19 | 89
GB / / / 5 10 6 11 16-18 | 5-7
US 5 6 1 6 10-13 | 5-8 11-14 | 17 4-7

As Tab. and Fig. show, the starting ages differ only slightly as in four
of the six regions the children start at an age of five with either kindergarten or
primary school. Only in some cantons in Switzerland kindergarten starts at the
age of four and in Germany there is no compulsory kindergarten year, so children
start at an age of six with primary school. There are more differences between the
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Fig. 3.1: Overview of the educational systems of selected countries

ages when primary education ends. In Austria, Germany and some models of the
United States students leave primary schools at an age of ten. Concerning students
in England and some regions of Australia, primary school lasts till they are eleven
years old, in Switzerland and the other regions of Australia till they are twelve years
old. Depending on the chosen model in the United States students can leave primary
school with an age of ten, eleven or thirteen.

In the following section the selected curricula, educational standards and compe-
tency models will be described, based on already published descriptions by Pasterk
and Bollin [PB17b] and Micheuz, Pasterk and Bollin [MPBI17].

3.5 Selected Educational Models

3.5.1 Australia - National Curriculum

In Australia, the curriculum for the new learning area Technologies was presented in
2013 and represented a combination of the two ’distinct but related’ subjects Design
and Technologies and Digital Technologies [FVE14]. Both subjects start with the
first school year called Foundation (F) and end at the tenth grade as an elective
subject. They are divided into levels that represent two school grades. So the levels
F-2, 3-4, and 5-6 cover Australian primary school what means the age range from
five to twelve years. In comparison to the Austrian education system the levels 5-6
already cover the first two grades of lower secondary education. Because primary
education in Australia lasts till grade 5 or 6, these levels are also considered.
Concerning Design and Technologies the main topics are the impact of technolo-
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gies on society and related design topics, whereas Digital Technologies focuses on
the background and the use of information technology. Therefore only the curricu-
lum for Digital Technologies will be discussed in this contribution. The curriculum
includes a sequence of content as well as achievement standards, which define what
students should be able to do after a given period. The standards contain general
learning objectives for the whole learning area Technologies and also more specific
ones for both subjects Design and Technologies and Digital Technologies [Ausl3)].
For analysis only the standards for the learning area Technologies and for the subject
Digital Technologies are considered. Those cover all of the topics from the sequence
of content and add some more objectives. As the standards are not categorized
in the curriculum, they were mapped by the author for comparison. Those, which
could not be mapped directly to a content specification, were categorized into the
categories of the sequence of content.

Overall, the levels F-6 contain 43 achievement standards and 22 content specifi-
cations. 13 standards and 6 specifications belong to level F-2, 15 standards and 7
specifications to level 3-4, 15 standards and 9 specifications to level 5-6. The content
specifications are divided into the two strands Knowledge and understanding and
Processes and production skills. Both strands are further divided into the following
sub-strands, containing the corresponding number of achievement standards and
content specifications:

e Digital systems:

— 3 content specifications

— 4 achievement standards (4 Digital Technologies)

Representation of data:

— 3 content specifications

— 3 achievement standards (3 Digital Technologies)

Collecting, managing and analyzing data:

— 3 content specifications

— 5 achievement standards (2 Technologies, 3 Digital Technologies)

Creating digital solutions by investigating and defining:

— 3 content specifications

— 7 achievement standards (4 Technologies, 3 Digital Technologies)

Creating digital solutions by generating and designing:
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— 2 content specifications

— 8 achievement standards (6 Technologies, 2 Digital Technologies)
e Creating digital solutions by producing and implementing:

— 2 content specifications

— 1 achievement standards (1 Digital Technologies)
e Creating digital solutions by evaluating:

— 3 content specifications

— 9 achievement standards (6 Technologies, 3 Digital Technologies)
e Creating digital solutions by collaborating and managing:

— 3 content specifications

— 6 achievement standards (2 Technologies, 4 Digital Technologies)

Because in this work mainly outcome-oriented approaches are compared, the
achievement standards are used in this case. The level F-2 covers the ages five
to seven and will correspond to level 1 in this discussion. The years 3-4 and 5-6
represent the age range from eight to twelve and will correspond to level 2. The
abbreviation "AC’ will be used to refer to the national curriculum of Australia.

3.5.2 Austria - digikomp

In Austria computer science or digital education is not a subject in primary edu-
cation on its own. For this reason there is no national curriculum, but these exist
suggestions for interested teachers in form of a competency model presented in 2013
by Mulley and Zuliani [MZ13]. It represents the only resource for digital education
or computer science related topics for primary education in Austria. The model fo-
cuses on digital competency but also considers basic concepts of computer science.
Although it does not define 'competency’ or 'competency model’, it is based on the
key competencies for Europe and Digital Competence framework from the EU (Dig-
comp) [Digl3b] and it is assumed that also the understanding of competency has
been adopted. Overall, it contains 49 competencies, but is not divided into different
levels. It covers the four years of primary school with the age range from six to
ten years. The following four major topics or strands are included in the model,
containing the corresponding number of competencies for each strand:

e Information-technology, humans and society: 16 competencies

e Computer-systems - Usage of digital devices and networks: 13 competencies
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e Applications - Digital tools in everyday life: 15 competencies
e Concepts of Computer Science - First steps in informatics: 5 competencies

What distinguishes the digikomp4 model from other approaches is the formu-
lation of the competencies, as they are phrased in the first-person form, how the
following example shows:

[ am able to cite important application areas of information technology
from the living environment. (in German ’'Ich kann wichtige Anwen-
dungsgebiete der Informationstechnologie aus der Lebensumwelt anfiihren.’)
[Dig13b]

This type of formulation appears in other models like the European digital compe-
tence framework DIGCOMP [CVP17], but all other selected approaches use third
person definitions.

Digikomp4 as it is called a 'competency model” does not include all aspects of
a competency model as it does not define difficulty levels like they are described
in 2.4.2] Additionally there is digikomp8 [DigI3c], a digital competency model for
lower secondary education, so grades 5 to 8, and digikompl2 [Digl3a], a digital
competency model for grades 11 and 12. If digikomp4, digikomp8 and digikomp12
are seen as one competency model the three stages can be interpreted as difficulty
levels. So with this bridge a comparison between educational standards is at least
possible.

Another problem with the digicomp4 competency model are very concrete and
specific formulations of some competencies. Klieme et al. mention that '[...] a
competency construct must be sufficiently concrete on the one hand, but should also
not be too narrowly defined on the other, as otherwise simple specialist knowledge
or isolated skills are unnecessarily labelled as competencies’” [KMMHO7]. In some
cases the digikomp4 model seems too concrete to meet the criteria for competencies,
as the following example demonstrates:

I can start and shut down a computer. (in German ’Ich kann einen
Computer starten und herunterfahren.”) [Digl3b]

Since there is no alternative to this competency model in Austria, it is analyzed
and compared in this work despite the open questions. In this dissertation the
abbreviation ‘DK’ will be used to refer to the digikomp4 model.

3.5.3 England - National Curriculum

In 2012 the organization Computing At School (CAS) introduced a curriculum
[Com12], that highly influenced the 2014 established National Curriculum [Nat14]
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BMD™15|. The programmes of study for Computing of the National Curriculum in
England provides content for the new subject Computing replacing Information and
Communication Technology (ICT), which was often related to the use of technol-
ogy instead of learning the concepts of computer science or the creation of software
[BSCH14]. Since this new curriculum, in England computer science is taught com-
pulsory from age five to sixteen. The curriculum is divided into four key stages.
The first two key stages cover the age range from five to eleven years. Looking at
the content defined by the National Curriculum, the following aims can be found:

The national curriculum for computing aims to ensure that all pupils:

e can understand and apply the fundamental principles and concepts
of computer science, including abstraction, logic, algorithms and
data representation

e can analyse problems in computational terms, and have repeated
practical experience of writing computer programs in order to solve
such problems

e can evaluate and apply information technology, including new or
unfamiliar technologies, analytically to solve problems

e are responsible, competent, confident and creative users of informa-
tion and communication technology |[Nat14].

These are a few very general aims, that are hard to compare with more detailed
standards or competencies. Additionally the curriculum defines statements about
the content of the subject Computing. Overall, the program of study for this cur-
riculum contains 16 statements, six in key stage 1 and ten in key stage 2. What has
to be mentioned is, that some of these statements contain more than one knowledge
item. This can be shown by the following example statement from key stage 1:

e Understand what algorithms are; how they are implemented as programs on
digital devices; and that programs execute by following precise and unambigu-
ous instructions. [Berl3]

The whole statement can, for example, be divided into smaller knowledge items
by using the given semicolons like

e Understand what algorithms are.
e Understand how algorithms are implemented as programs on digital devices.

e Understand that programs execute by following precise and unambiguous in-
structions.



3.5. Selected Educational Models 51

If all of the statements would be divided into smaller knowledge items, the cur-
riculum would of course have far more items than the 16 original statements.

The original statements can be categorized into the following three sub-sections,
containing the corresponding number of statements for the key stages one and two:

e Computer Science (CS): 8 statements
e Information Technology (IT): 3 statements
e Digital Literacy (DL): 5 statements [Berl3]

These statements within the National Curriculum reflect the subject content,
containing the prefix "Pupils should be taught to ...” [Nat14]. That means, they are
not outcome-based and hardly comparable to standards or competency formulations.
In his ’Quickstart Primary Handbook’ Berry includes I can ...’-statements in a
knowledge and skills audit form’ [Berld]. These statements also describe smaller
knowledge items compared to the original statements in the curriculum, and can be
used to record learning progress. For one statement in the curriculum, Berry defines
one or more ' can ...-statements. The three following statements have their origin
in the above cited curriculum statement.

e [ can explain what an algorithm is.
e [ can explain how algorithms are implemented as programs on digital devices.

e [ can explain how programs execute by following precise and unambiguous in-
structions.

As these I can ...-statements are better suited for a comparison with outcome-
based approaches, they will be used for further analysis. Because the 'I can ...-
statements represent smaller knowledge items the numbers of statements changed,

as the following list shows.

e Computer Science (CS): 27 statements
e Information Technology (IT): 11 statements

e Digital Literacy (DL): 9 statements [Ber13]

The key stage 1 statements from this curriculum cover the age range from five to
seven years and will correspond in further discussion to level 1. Key stage 2 repre-
sents statements for students that are eight to eleven years old, and will correspond

to level 2. In this dissertation the English national curriculum is abbreviated with
'EC.
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3.5.4 Germany - GI Standards

In Germany the ’Gesellschaft fiir Informatik (GI)” (the German Informatics Soci-
ety) already developed and published educational standards for informatics in lower
secondary eduction in 2008 [Ges08] and also for higher secondary education in 2016
[Ges16]. In the spring of 2019 the standards for informatics in primary education
called 'Bildungsstandards Informatik fiir den Primarbereich’ [Ges19] were presented.
For the first standards for lower secondary education the GI developed a model based
on content and process areas which are strongly related to each other [Ges0§]. For
each of them five areas were defined and can be seen in Fig. [3.2l The competency

model and implement
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Fig. 3.2: Content and Process areas of the GI Standards [Ges08, [Ges19]

expectations (in German 'Kompetenzerwartungen’) for primary education are cat-
egorized into the content areas but are related to at least one process area [Ges19].
They cover the primary education which in most areas of Germany means the first
four years in school that starts with an age of six years and ends with ten years.
The standards are divided into two levels, which the students should master after
the second year and after the fourth year. Overall, 42 competencies are included,
20 for the first two years and 22 for the third and fourth year. The standards define
five content areas with containing a different number of competencies.

e Information and data: 9 competencies



3.5. Selected Educational Models 53

e Algorithms: 7 competencies
e Language and automata: 8 competencies
e Informaticssystems: 9 competencies

e Informatics, humans and society: 9 competencies

These standards are of interest because they have a strong focus on computer
science with only few aspects of digital competency. As the only approach, they
deal with the topic of automata and modeling of automata, representing an impor-
tant area of theoretical computer science. Comparable to the Austrian digicomp,
the GI standards have to be seen as a recommendation [Gesl19]. The competency
expectations for primary education are divided into expectations for the second and
the fourth grade. Because the age range from grade one and two is from six to eight,
the first level of the competencies will correspond to level 1 in further discussion.
The competencies of grades three and four cover the ages from eight to ten and will
correspond to level 2. For the GI standards the abbreviation 'GI’ will be used.

3.5.5 Switzerland - National Curriculum

The curriculum for the German speaking cantons in Switzerland is called 'Lehrplan
21’ (in English 'curriculum 21’), covers primary and lower secondary education and
was presented in 2014. It describes competencies which are based on national educa-
tional standards. Because the cantons have the authority over their school systems,
they were free to accept it or not. Additionally the cantons were allowed to adapt
the original version of this curriculum and therefore 21 of overall 26 cantons accepted
the new curriculum. It contains the subject 'Media and informatics (Medien und
Informatik)’, starting in the first year of primary school. Following the documents
of the curriculum |Leh14] the part called 'media’ focuses on the understanding and
responsible use of media, whereas 'informatics’ includes basic concepts of computer
science and problem solving. All the other subjects are responsible to foster the
application competency needed in their content areas. The curriculum defines three
cycles, which can be compared to levels. The first cycle contains kindergarten and
the school grades one and two, cycle two grades three to six, and cycle three grades
seven to nine. That means the first two cycles cover the primary education which
can last in Switzerland four to six years. In the curriculum seven major competen-
cies and content areas are described, four about the 'media’ part and three about
‘informatics’. For each of this major competencies competency levels, which differ
in complexity and focus and represent steps in reaching the major competency, are
defined and assigned to the cycle they should be learned in. Overall, 44 competency
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levels for cycles one and two exist, 14 for cycle one and 30 for cycle two. The follow-
ing content areas are part of the curriculum, containing the corresponding number
of competency levels for each area:

e Media: Life in media society: 3 competency levels

e Media: Understand media and media products: 7 competency levels
e Media: Produce media and media products: 7 competency levels

e Media: Communicate and cooperate with media: 3 competency levels
e Informatics: Data structures: 7 competency levels

e Informatics: Algorithms: 6 competency levels

e Informatics: Informatics systems: 11 competency levels

Cycle one covers an age range from five to eight years and will therefore cor-
respond to level 1 in this discussion. The second cycle starts with the third year
of primary education at the age of nine and ends after four years with the age of
twelve and will correspond to level 2. As the curriculum is called ’Lehrplan 21’ in
this dissertation the abbreviation 21’ is used for it.

3.5.6 United States of America - CSTA Standards

In the United States of America computer science in primary education as part of
K-12 education was already considered in the first ACM model curriculum for K-12
computer science from 2003 [Tuc03, BMD™15|. It distinguished between the four
levels (1) Foundations of Computer Science, (2) Computers Science in the Modern
World, (3) Computers Science as Analysis and Design, and (4) Topics in Computer
Science. The first level lasted from kindergarten to grade eight, which includes pri-
mary education and contains, besides the use of technologies for learning, topics
like binary numbers, algorithms, and fundamental logic [Tuc03]. Since 2003, this
model curriculum has been revised and new curricula or educational standards for
computer science education in primary and secondary schools have been developed.
In 2011 the CSTA presented the CSTA K-12 Computer Science Standards [SCET11]
which are often referenced in relevant literature [BMD™15, [DBT5, HABT11]. The
CSTA K-12 Computer Science Standards are divided into the three levels (1) Com-
puter Science and Me, (2) Computer Science and Community, and (3) Computer
Science in the Modern World, Computer Science Concepts and Practices, Topics in
Computer Science. Like the ACM model curriculum they start at the kindergarten
and last till the twelfth grade. The standards in the levels K to 6 correspond to the
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age range from five to twelve years. Those levels are again divided into Level K-3
and 3-6 standards. Furthermore, the standards are categorized into the following

five strands, containing the corresponding number of standards for the levels K to
6:

Collaboration: 5 standards

Computational Thinking: 11 standards

Computing Practice and Programming: 16 standards

Computers and Communications Devices: 7 standards

e Community, Global, and Ethical Impacts: 6 standards [SCE™11]

Overall, the levels K to 6 include 45 standards, 16 for levels K-3 and 29 for levels
3-6. During the analysis of this curriculum two pairs of standards were identified,
which are phrased the same or very similar way. The first pair is

Collaboration Grades 3-6:

Use productivity technology tools (e.g., word processing, spreadsheet, pre-
sentation software) for individual and collaborative writing, communica-
tion and publishing activities.

Computing Practice and Programming Grades 3-6:

Use technology tools (e.g., multimedia and text authoring, presentation,
web tools, digital cameras and scanners) for individual and collaborative
writing, communication and publishing activities.

Both standards of the second pair belong to the strand Computing Practice and
Programming and the grades 3-6, but to different substrands:

Using technology tools for the creation of digital artifacts:

Gather and manipulate data using a variety of digital tools.

Data Collection and Analysis:

Gather and manipulate data using a variety of digital tools.
In this work each of the two pairs are counted as one standard, reducing the overall
count of standards to 43, 16 for levels K-3 and 27 for levels 3-6.

The level K-3 represents the age range from five to seven years which will be

displayed by level 1 in the further discussion of this contribution. Level 2 will cover

the ages from eight to twelve years which corresponds to level 3-6 of the CSTA K-12
Computer Science Standards.
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In 2016, these CS standards were revised, based on the in 2016 published K-12
Computer Science Framework [CST16]. These new K-12 Computer Science Stan-
dards were published by the CSTA [CST17] in 2017. The framework includes seven
core practices including computational thinking, which ’describe the behaviors and
ways of thinking that computationally literate students use to fully engage in to-
day’s data-rich and interconnected world’, and five core concepts, which 'represent
major content areas in the field of computer science’ [CST16]. The core practices
are

1. Fostering and inclusive computing culture

2. Collaborating around computing

3. Recognizing and defining computational problems
4. Developing and using abstractions

5. Creating computational artifacts

6. Testing and refining computational artifacts

7. Communicating about computing

In addition, the core concepts of the framework are also used as categories in the new
standards. The CS standards are divided into level 1A with an age range from five
to seven, level 1B with an age range from eight to eleven, level 2 with an age range
from eleven to fourteen, level 3A with an age range from fourteen to sixteen, and
level 1B with an age range from sixteen to eighteen. Considering primary education
levels 1A and 1B are of interest for this work. Level 1A contains 18 and level 1B 21
standards. The distribution of the standards among the concepts is as follows.

1. Computing Systems: 6 standards

2. Networks and the Internet: 3 standards

3. Data and Analysis: 5 standards

4. Algorithms and Programming: 18 standards

5. Impacts of Computing: 7 standards [CST16], [CST17]

Since the 2011 CS standards had a strong influence on the following approaches,
it is included in this work. As also new approaches are of interest, the revised
standards from 2017 have been selected, too. To distinguish between both standards
the version from 2011 is abbreviated with ’"CSTA11’ and the version from 2017 with
"CSTA1T.



3.6. Overview and First Comparison 57

3.6  Overview and First Comparison

The selected educational models differ in several points as they have to consider the
educational system in their countries. So the earliest starting age of students learning
computer science related topics begins with four years (Switzerland). The models
in Australia, England and USA start at five years, and in Austria and Germany at
six years. Most models collect grades to levels (the only exception here is the DK in
Austria). Level one lasts in the national curriculum of Australian and Switzerland,
as well as in the GI standards in Germany, and the CSTA standards from 2017 till
the students are eight years old. In the English national curriculum level one ends
with an age of seven, and in the CSTA standards from 2011 with an age of nine.
Level two ends in the DK, AC and GI at an age of ten, in the EC and CSTA17 at
an age of eleven, and in the 21 and CSTA11l at an age of twelve. An overview of
the comparison is presented in Fig. 3.3l Later levels are also included in the figure
(green fields), but are not part of this work.

Ageofstudents 4 5 6 7 8 9 16 17 |18
DK (AT) dd m
AC (AU) * v, 56 -1
21 (CH) * o 1 m
GI (DE) 3-4 ‘ ‘ | | 8-10‘ 11-12

[ ] ]
| [ [ [ | | | | |
EC (GB) eysagel ks a2 _@
CSTAII (US)
|

L3

|
CSTA17 (US) Level 3A | Level 38

Fig. 3.3: Comparison of covered age-ranges of selected curricula

As the start and end ages differ, also the planed duration of the educational
models differ. The DK and GI cover four years, the AC five years, the EC and
CSTA17 six years, and the CSTA11 seven years. Finally the 21 lasts eight years,
starting with four years. The number of years can be compared in Tab. [3.5, Three
of the models (21, Gi, CSTA17) have the same duration for level one as for level two.
The AC and CSTA11 consider one level more for level one, and the EC considers
two more for level two. In the DK no level separation is done.

Comparing the number of learning objectives again, differences between the mod-
els are visible. Five of the selected models (DK, 21, GI, EC, CSTA11) contain be-
tween 40 and 50 learning objectives. The CSTA17 is very close to that with 39
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Tab. 3.5: Comparison of duration of the selected educational models

DK AC 21 GI EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) |  (US)

2011 | 2017
Duration 4 ) 8 4 6 7 6
Duration level 1 / 3 4 2 2 4 3
Duration level 2 4 2 4 2 4 3 3

learning objectives. The shortest one is the AC with 28 learning objectives. In the
case of the AC, GI and CSTA17 the learning objectives are more or less equally
distributed over both levels. Looking at the 21, the EC and the CSTA11 the num-
bers of learning objectives from the first level are nearly doubled in the second level.
This is shown in Tab. [3.6], where the absolute numbers of learning objectives and
their distribution over the two levels is displayed.

Tab. 3.6: Comparison of the absolute numbers of learning objectives

DK AC 21 GI EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) (US)
Number of 2011 | 2017
Learning objec- 49 28 44 42 A7 43 39
tives
Level 1 learning / 13 14 20 17 16 18
objectives
Level 2 learning | 49 15 30 22 30 27 21
objectives

Because of different duration the numbers of learning objectives relative to the
covered years make a more detailed comparison possible. The numbers can be
found in Tab. It can be seen that the two models DK and GI, with the shortest
duration, define with the most learning objectives per year, 12.3 and 10.5. The
fewest learning objectives per year define the 21, with 5.5, and the AC, with 5.6.
Comparing the relative numbers for level one the differences between the highest,
with 10 in the GI, and the lowest value, with 3.5 in the 21, is noticeable. This is
because level one lasts two years longer in the 21 and level one has a lower number
of learning objectives. In level two the differences are not that high. Here, the DK
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Tab. 3.7: Comparison of the numbers of learning objectives relative to the covered
years

DK AC 21 Gl EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) (US)
Number of 2011 | 2017

Learning objec- | 12.3 5.6 9.5 10.5 7.8 6.1 6.5
tives per year

Level 1 learning / 4.3 3.5 10 8.5 4 6
objectives per

year

Level 2 learning | 12.3 7.5 7.5 11 7.5 9 7
objectives per

year

and GI show the highest values per year.

3.7 Conclusion

Following the research and related literature in the field of computer science in
primary education, seven educational models from six different countries (Australia,
Austria, England, Germany, Switzerland, USA) have been selected. The selection
process was based on several heuristics, such as impact in related work or language
restrictions. After the detailed explanation of the models, there is one competency
model (Austria), one national curriculum based on competencies (Switzerland), four
educational standards (Australia, Germany, USA), and one national curriculum with
additional 'T can ...’-statements (England). As six of the selected models are more
or less based on competency-formulations (comparing competencies and standards
in section and I can ...’-statements are similar to formulations of competency
models (e.g. the Austrian competency model), in this dissertation the generic term
competency is used to refer to the defined learning objectives of the educational
models. After this first comparison of the selected educational models the next
part of this dissertation goes more into detail. In the first chapter the graph-based
approach will be presented considering related work. After that the second chapter
deals with the analysis of the generated graphs and presents results.
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A GRAPH-BASED APPROACH






4. A GRAPH-BASED APPROACH

4.1 Introduction

The approach of this dissertation is based on graph theory, which represents a branch
of mathematics. Graphs are well known and often used concepts of mathematics.
They are used to 'model systems and the relationships between system parts’ [Mar14],
p. 8], and are applied in several fields like social network analysis [New(7]. As
research shows, graphs can also play a role in the representation and analysis of
curricula [POMO07, [Ligl0, [Ste10, Mar12, Mar14]. In this field of study graphs can
be used to visualize relations and dependencies of courses or learning objectives. On
behalf of the mathematical origins of graphs, definitions of basic concepts are needed
to build a basis for later discussions. Because of the limitation of this work, only for
the approach relevant definitions are considered. The definitions and explanations
are included in section [4.2] Section summarizes related work to the application
of graphs in the analysis or comparison of curricula. In section the technical
basis for building the graphs out of single curricula is explained, including some
additional definitions. The process of the graph generation, including the creation
of the relations, is described in section [4.5] Finally, in section the steps needed
to combine the graphs of the selected curricula to one Generic, Graph-based Model
for Competency, including examples for each step, are presented.

4.2 Definitions and Theoretical Background

There exist a lot of different definitions for graphs and related concepts. Graphs
are constructs that connect so called nodes or vertices with each other using edges.
Vertices are often displayed as points and the edges as lines or arrows connecting the
points. The most general version of graphs are undirected which means the edges
have no direction or are bidirectional. Diestel formally defines (undirected) graphs
as follows [Diel6, p. 2J:

Definition 4.1 (Graph). A graph is a pair G = (V, E) of sets such that E C [V]?;
thus, the elements of E are 2-element subsets of V. To avoid notational ambiguities,
we shall always assume tacitly that V N E = (. The elements of V are the vertices
(or nodes, or points) of the graph G, the elements of E are its edges (or lines).
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An example for a graph would be G = (V, E):

V =A{z,y,z,u,v,w}
E= {{:E? 2}7 {y7 Z}’ {Zv u}7 {uv U}’ {u>w}}

In this case the graph has six vertices x,vy, 2, u, v, w, with x and z, y and 2z, z and
u, v and v, and v and w being connected to each other. A possible graphical
representation of this graph is shown in Fig.

Fig. 4.1: Graphical representation of graph G

With the assumption V N E = () loops, which are defined as follows, are avoided
[Mar14l p. 10].

Definition 4.2 (Loop). A loop is an edge that connects a vertez to itself.

Loops in graphs representing course or learning objective dependencies are not
reasonable, because this would be a dependency on itself. Therefore definition
is applied for graphs in this dissertation. When graphs are used to model large
systems, also a partial view of these systems can be of interest. This is also the case
for graphs which represent curricula. Parts of whole graphs are called subgraphs and
are defined as follows [Diel6l, p. 3]:

Definition 4.3 (Subgraph). Let G = (V,E) and G’ = (V', E') be two graphs. If
V' CV and E' C E, then G’ is a subgraph of G (and G a supergraph of G,
written as G' C G. Less formally, we say that G contains G'. If G' C G and
G' # G, then G' is a proper subgraph of G. If G' C G and G’ contains all the
edges xy € E with x,y € V', then G' is an induced subgraph of G; we say that
V' induces or spans G' in G, an write G' =: G[V']. Thus if U C V is any set of
vertices, then G[U] denotes the graph on U whose edges are precisely the edges of
G with both ends in U.

So a subgraph contains only vertices and edges, which are also part of the original
graph. A proper subgraph does not contain all vertices or not all edges of the original
graph.

The number of edges of a vertex represents a measure that is important for this
work and is called the degree [Diel6, p. 5].
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Definition 4.4 (Degree). The degree dg(v) = d(v) of a vertex v is the number
|E(v)| of edges at v; by our definition of a graph, this is equal to the number of
neighbors of v. A vertex of degree 0 is isolated. The number 6(G) := min{d(v)|v €
V} ois the minimum degree of G, the number A(G) = max{d(v)lv € V} its
maximum degree.

With the goal of representing dependencies of learning objectives, the edges of
corresponding graphs need to have a direction. Otherwise the information, which
learning objective is dependent from the other one, would be lost. Thus, directed
edges are required. There exist a lot of types of graphs for different purposes and
some of them can be described as follows [RN10]:

e half-edge graph: a unary edge (i.e. an edge that ’connects’ one vertex) has
limited practical application and is primarily discussed in mathematics.

e directed graph: orders the vertices of an edge to denote edge orientation.
e pseudo-graph: used to denote a reflexive relationship.
e multi-graph: allows multiple edges between the same two vertices.

e simple graph: the prototypical graph, where an edge connects two vertices
and no loops are allowed.

e weighted graph: used to represent strength of ties or transition probabilities.

e vertex-labeled graph: most graphs make use of labeled vertices (e.g. an
identifier).

e vertex-attributed graph: used in applications where it is desirable to ap-
pend non-relational meta-data to a vertex.

e edge-labeled graph: used to denote the way in which two vertices are related
(e.g. friendships, employment, etc.).

e edge-attributed graph: used in applications where it is desirable to append
non-relational metadata to an edge.

For this dissertation relevant types are defined in this or later sections. The following
definition for directed graphs comes from Bang-Jensen and Gutin [BJGOT, p. 2]:

Definition 4.5 (Directed-graph). A directed graph (or just digraph) D consists
of a non-empty finite set V(D) of elements called vertices and a finite set A(D) of
ordered pairs of distinct vertices called arcs. We call V(D) the vertex set and
A(D) the arc set of D. We will often write D = (V, A) which means that V and
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A are the vertex set and the arc set of D, respectively. For an arc (u,v) the first
vertexr uw 1s its tail and the second vertexr v is its head. We also say that the arc
(u,v) leaves u and enters v. The head and tail of an arc are its end-vertices;
we say that the end-vertices are adjacent, i.e. u is adjacent to v and v is adjacent
to u.

So in a digraph the order of the pairs shows the direction. An example for a
digraph would be D = (V, A) [BJGO7]:

V=Az,y,z,u,v,w}

A={{z, 2} {y. 2} {z u}, {u, v}, {u, wh, {w, u}}

Fig. shows the corresponding graphical representation to the example digraph
D. The definition from Bang-Jensen and Gutin does not allow multiple (also called

Fig. 4.2: Graphical representation of digraph D

parallel) arcs, which connect the same vertices in the same direction more then once.
Also loops are not allowed in a directed graph [BJGOT, p. 4].

Definition 4.6 (Directed-pseudograph). When parallel arcs and loops are admis-
sible we speak of directed pseudographs; directed pseudographs without loops are
directed multigraphs.

In some situations the numbers of vertices and edges is of interest. The math-
ematical terms used for this are order and size, as the following definition shows

[BIGO7, p. 2]:

Definition 4.7 (Size). The order (size) of D is the number of vertices (arcs) in
D; the order of D will be sometimes denoted by |D].

For the graph D from the example above shown in Fig. the order and the size
are both 6. Also the number of incoming and outgoing arcs are important. These
are defined by different types of degree [BJGOT, p. 4]:
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Definition 4.8 (In- and out-degree). For a set W C V', the out-degree of W
(denoted by df(W)) is the number of arcs in D whose tails are in W and heads
are in V.—W, i.e. di(W) = |(W,V — W)p|. The in-degree of W, dj,(W) =
(V =W, W)pl|. In particular, for a vertex v, the out-degree is the number of arcs,
except for loops, with tail v. The degree of W is the sum of its out-degree and
in-degree.

As for graphs also for digraphs exist subdigraphs with the following definition
[BJGOT, p. 5):

Definition 4.9 (Subdigraph). A digraph H is a subdigraph of a digraph D if
V(H) C V(D), A(H) C A(D) and every arc in A(H) has both end-vertices in
V(H).

Paths and cycles, which are of interest considering learning objective dependen-
cies, are defined as special cases of walks [BJGOT, p. 10]:

Definition 4.10 (Walk). Let D be a directed pseudograph. A walk in D is an
alternating sequence W = x1a122a2%3...Tp— 10,121 of vertices x; and arcs a; from
D such that the tail of a; is x; and the head of a; is x;11 for everyti =1,2,....k—1. A
walk W is closed if x1 = xy, and open otherwise. The set of vertices {x1, o, ..., 1 }
is denoted by V(W); the set of arcs {aq,aq,...,ar_1} is denoted by A(W). We say
that W is a walk from x1 to xy or an (x1,zy) — walk. If W is open, then we say
that the vertex x, is the initial vertex of W, the vertexr xy is the terminal vertex
of W, and z1 and ) are end-vertices. The length of a walk us the number of its
arcs.

So based on walks, paths are defined as follows [BJGO7, p. 11]:

Definition 4.11 (Path). If the vertices of the walk W are distinct, W is a path. A
path P is an [z, y] -path if P is a path between x andy, e.q. P is either a (x,y)-path
or a (y,x)-path. A longest path in D is a path of mazximal length in D.

Also based on the definition of walks is the definition of cycles [BJGO7, p. 11]:

Definition 4.12 (Cycle). If the vertices of the walk W are xq,xs, ..., Tx_1 are dis-
tinct, k > 3 and x1 = xp, W is a cycle. A longest cycle in D is a cycle of maximal
length in D. When W is a cycle and x is a vertex of W, we say that W is a cycle
through x. In a directed pseudograph D, a loop is also considered a cycle (of length
one).

As paths and cycles are special cases of walks they also inherit their definition of
length. Because of their properties the acyclic digraphs (or directed acyclic graphs)
are popular and well-studied. They follow a simple definition [BJGO07, p. 13]:
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Definition 4.13 (Acyclic-digraph). A digraph D is acyclic if it has no cycle.

As mentioned, acyclic digraphs have special properties. The following theorems
describe a subset of them and have been proven by Bang-Jensen and Gutin [BJGO7,
p. 13-14]. The proofs will not be part of this dissertation.

Theorem 4.1. Fvery acyclic digraph has a vertex of in-degree zero as well as a
vertex of out-degree zero.

Theorem 4.2. Let D be an acyclic digraph with precisely one vertex x (y) of in-
degree (out-degree) zero in D. For every vertex v € V(D) there is an (x,v)-path and
a (v,y)-path in D.

These theorems support later comparison and analysis.

Furthermore, an important unit of measurement for graphs is the number of
connected components, which is part of the following definitions.

For the definition of connected digraphs, the following additional concepts have

to be defined [BJGOT, p. 18]:

Definition 4.14 (Biorientation). For a pseudograph G, a directed pseudograph D is
called a biorientation of G if D is obtained from G by replacing each edge {x,y}
of G by either xy or yx or the pair vy and yx (except for a loop xx which is replaced
by a (directed) loop at x).

So, every directed graph can be understood as an biorientation of an undirected
graph, which is called underlying graph [BJGO7, p. 19]:

Definition 4.15 (Underlying graph). The underlying graph UG(D) of a digraph
D is the unique graph G such that D is a biorientation of G.

If every edge of an undirected graph is replaced by an arc in one direction and
another arc in the other direction, this biorientation is called complete [BJGO7,
p. 19]:

Definition 4.16 (Complete biorientation). For a graph G, the complete biorien-

tation of G (denoted by @) is a biorientation D of G such that xy € A(D) implies
yr € A(D).

With this background knowledge connected graphs can be defined, starting with
strongly connected digraphs [BJGO7, p. 16]:

Definition 4.17 (Strongly connected). A digraph D is strongly connected (or,
Just, strong) if, for every pair x,y of distinct vertices in D, there exists an (x,y)-
walk and a (y, z)-walk. In other words, D is strong if every vertex of D is reachable
from every other vertex of D.
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A strongly connected digraph has exactly one component, following the definition
of a component [BJGO7, p. 17]:

Definition 4.18 (Strong component). A strong component of a digraph D is a
maximal induced subdigraph of D which is strong.

With the help of strongly connected digraphs, the more general connected pseu-
dographs and connected components can be defined [BJGO7, p. 19]:

Definition 4.19 (Connected). A pseudograph G is connegii;ed if its complete bior-

tentation G s strongly connected. Strong components in G are connected com-
ponents, or just components in G.

The definition of connected digraphs is again more general and requires a con-
nected underlying graph [BJGOT, p. 19]:

Definition 4.20 (Connected for digraphs). A digraph is connected if its underlying
graph is connected.

In contrary to strongly connected digraphs, in connected digraphs not every vertex
has to be reachable from every other vertex. That means, in connected graphs
vertices are possible which are not reachable because the directions of the arcs avoid
a walk. During the analysis in this dissertation the dependencies which connect two
or more connected components are of interest and are called bridges [BJGO7, p. 19]:

Definition 4.21 (Bridge). A bridge in a connected pseudograph G is an edge whose
deletion from G makes G disconnected.

The definitions above aim to give a very basic insight into the field of graph-
theory and cover all concepts that are needed to understand related work of this and
the following chapters. Some of the literature discussed in this chapter is not using
mathematical definitions but build its research nonetheless upon graphs. In chapter
[6] further related work is discussed also using the graph-theory based definitions.

4.3 Research on Curriculum Analysis

Taking a look over the borders of primary education, a lot of different approaches
to analyze and compare curricula are to be found. Most of them focus on academic
courses and undergraduate degree programs.

Pedroni, Oriol, and Meyer [POMO7] present a framework to model and com-
pare courses and curricula. Based on previous work of Meyer [Mey06] knowledge
units and connections between them are used to represent courses and curricula.
Knowledge units are distributed into two levels of granularity:
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e atruc (Testable, Reusable Unit of Cognition) is a collection of concepts,
operational skills and assessment criteria [Mey06], meeting five characteristics

[POMOT]:

—_

all components of the truc follow from a central, clearly identified idea;
2. the truc possesses a clear, unambiguous description;

3. the truc includes assessment criteria to judge whether a student has mas-
tered the concepts and skills;

4. included topics span a scope of general interest;
5. the scope is small enough to be covered in one or a small number of
lectures or in a textbook chapter or a few sections

Examples for trucs would be ’object’, 'class’ or ’feature call’.

e a notion represents a single concept or operational skill or a specific facet of
a concept and meet three properties [POMO7]:
1. A notion is part of exactly one truc.
2. It represents a particular view or usage of the trucs to which it belongs.
3. It may have the same name as the truc to which it belongs, in which case

it is said to be the truc’s central notion.

Examples for notions, which are part of the example truc 'feature call’, would
be ’simple qualified feature call’ or return value’.

Notions can be related using one of the two following relation types:

e ’requires’ relation: notion A requires notion B if it is necessary to under-
stand B before A can be understood.

e ’is a’ relation: notion A is a notion B if B refines A. With the ’is a’ relation
notion A inherits all 'requires’ relations from B, but may also add additional
relations.

"Requires’ relations can connect notions of different trucs, so they cross the bound-
aries of the trucs. In this case the following relation between trucs is defined
[POMOT]:

e ’dependency’ relation: a truc A depends on a truc B if at least one notion
in truc A exists that requires a notion that is part of truc B.
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On the contrary ’is a’ relations are not allowed to cross borders of a truc. Notions are
connected to a notions graph using the requires’ and ’is a’ relations as edges and the
notions as nodes. As trucs represent sets of notions they are displayed as clusters of
notions in a so called clustered notions graph, in later publications truc-notion graph
[PM10]. A trucs graph only shows the trucs and their ’dependency’ relations and can
be abstracted from a clustered notions graph. Further a curriculum is defined as a set
of trucs whereas the notions of these trucs are called the set of underlying notions
of the curriculum. Courses are understood as a ’list of notions taught one after
the other’ [POMOT], and again the set of all the notions is called set of underlying
notions of the course. To compare courses or curricula the sets of set of underlying
notions are used. If one contains the set of underlying notions of the other one,
they are compliant. Additional comparison can show intersections, so which notions
courses or curricula have in common, or relative complements, which notions are
included in one set but not in the other [POMOT7]. In later publications Pedroni
and Meyer add cluster as a type of knowledge unit, representing a collection of
trucs and other clusters. With that, clusters cover a whole knowledge area [PM10].
With the application of the framework on object-oriented programming, Pedroni
and Meyer offer interesting insights in the dependency structure of the graphs. In
their analysis, transitive dependencies are considered and the impact of incoming
and outgoing links are discussed. Following their opinion, the number of outgoing
links can give information about ’a truc’s place in a course’ [PM10]:

e trucs with few dependencies will probably appear towards the beginning

e trucs with many dependencies will probably appear towards the end

Further, the number of incoming links represents the number of trucs for which
a given node truc is necessary. This can be understood as an indicator for the
importance of a truc [PM10]:

e if many trucs rely on one truc, then it is probably central to teaching
programming and will reappear throughout a course.

Also cycles can occur and add information about the dependencies structure. In the
truc and notion graph the circular dependencies indicates that some trucs or notions
need to reappear during the learning process in a course or curriculum. Because of
this the authors suggest a spiral model for teaching object-oriented programming.
They base their conclusion on Schwill’s spiral principle for fundamental ideas for
computer science [Sch94], where Schwill applies the ideas of Bruner concerning the
process of education to the field of computer science [Bru60, p. 13]:

The early teaching of science, mathematics, social studies, and litera-
ture should be designed to teach these subjects with scrupulous intellec-
tual honesty, but with an emphasis upon the intuitive grasp of ideas and
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upon the use of these basic ideas. A curriculum as it develops should
revisit these basic ideas repeatedly, building upon them until the student
has grasped the full formal apparatus that goes with them.

An interesting approach from Germany is Steinert’s dissertation 'Lernzielstruk-
turen im Informatikunterricht’ (Learning objective structures in computer science
lessons), presenting a detailed analysis method for learning objectives for computer
science in school [Stel0]. As an example he uses the curriculum of the mandatory
subject informatics in secondary education at Bavarian (Germany) Gymnasia. The
steps taken to analyze the curriculum can be described in three major tasks [Stel0)]:

1. analysis of the curriculum to identify learning objectives

2. categorization of the learning objectives into the taxonomy of Anderson and
Krathwohl [AKO1]

3. description of connections between the learning objectives with the help of a
learning objectives graph

The first step also include the analysis of examination tasks which should assess if
learning objectives were reached. Connected to the tasks the learning objectives are
divided into implicit or explicit learning objectives. Explicit learning objectives are
those, which are directly included in a task, like 'Develop an algorithm to solve the
problem.’”. On the other hand implicit learning objectives on the other hand are often
invisible in the task, like 'identify relationships’ or ’know the UML syntax’. In the
second step the learning objectives are categorized into the taxonomy of Anderson
and Krathwohl, using the cognitive process and knowledge dimensions described in
section [2.5.2] For the connections between the learning objectives Steinert uses the
two types of prerequisite relations presented by Hubwieser [Hub0§]:

e ’hard’ prerequisite forced by a substantial or logical dependency: a learning
objective A is logically necessary for a learning objective B. So B is based on
A and B cannot be reached before A is not reached.

e ’soft’ prerequisite suggested by didactically deliberation: a learning objec-
tive A is didactically necessary for a learning objective B, but not logical
necessary. So B can be reached before A is reached, 'but it is advisable in
order to ease or to improve the learning process’.

Both relations are defined to be transitive. In the learning objectives graph these
two relations are represented by edges. The following third type of relation, which
is also transitive, is displayed in a different way [Stel0].
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e subset relationship: learning objective B is a partial objective of a learning
objective A if the system that describes the knowledge component of learning
objective A contains the knowledge component of learning objective B as a
component. B is a specialized learning objective of A and A is a generalized
learning objective of B. For instance a learning objective containing the object
concept in terms of object oriented programming is a generalization of learning
objectives containing the concept of attribute or method.

In the learning objectives graph the specialized learning objectives are included in
the generalized learning objectives, so they are not displayed as edges of the graph
[Hub08, [Stel0].

This dissertation uses a comparable approach to represent knowledge units from
curricula, educational standards or competency models in primary education. As
these educational models are based on standards or competencies, the defined learn-
ing outcomes are handled in a similar way as Pedroni and Meyer did it with the
trucs [Mey06, POMO7, PM10]. In further steps the learning outcomes are related
to each other using two comparable types of relationships. This process is compa-
rable to the approach of Hubwieser and Steinert [Hub08| [Stel0] but uses different
types of relationships and adds metrics for further analysis. As supportive software
a graph-database is used to store graph data including attributes of vertices as well
as for arcs, combine the single educational models to a generic graph, and calcu-
late measures for analysis. In the following section the representation process is
explained.

4.4 A Graph-Based Model

4.4.1 Attributes for Nodes

The graph-based approach developed in this dissertation represents learning objec-
tives, so competencies (see section , of educational models as nodes of directed
graphs. The concept of nodes has been defined above but is extended for the ap-
proach. This is necessary because the competencies contain more information than
a number, a letter, an identification number, or a name. As a minimum an identi-
fication number and the text of the competency has to be considered as important
attributes. For analysis, comparison, or learning paths generation also the imple-
mentation level and the minimum and maximum age range is important. So, the
following list of attributes are considered in the approach:

e name: is a composition of the country code, a number within the model, and
an acronym of the strand and the substrand (e.g. AU-14-DA)

e text: the explicit formulation of the competency as it is included in the edu-
cational model
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e category: the overall category used in this approach which the competency
can be categorized into (e.g. Digital Infrastructure)

e subcategory: the more detailed subcategory which the competency can be
categorized into (e.g. Networks)

e original-category: the original category from the educational model which
the competency is included in (e.g. Computers and Communications Devices)

e original-subcategory (optional): the original subcategory from the educa-
tional model which the competency is included in (e.g. Human vs. Computers)

e code (optional): an identification number of the competency within the
original curriculum or standards (e.g. L1:3.CI-1)

e level: the level as explained in [3.5] (e.g. level 1)

e minimum age: the minimum age of students for which this competency is
intended in the original model (e.g. 5 years)

e maximum age: the maximum age of students for which this competency is
intended in the original model (e.g. 8 years)

e country: the country code for the corresponding educational model (e.g. AT)

The category (subcategory) and the original-category (original-subcategory) might
differ that the former is added by experts and the latter is already specified in the
curriculum. As not all models include subcategory it is an optional attribute. The
code connects the competency directly to a formulation within a curriculum, as some
are using identification numbers. It is again optional as some are not using IDs. It
can be seen, that the nodes need attributes, but in case of the graph representation
the only appearing node type is competency. That means, a vertez-attributed graph
is required.

4.4.2 Types and Attributes for Edges

In this approach the edges of the graph represent added dependencies between the
existing learning objectives. As presented by Hubwieser [Hub08] and Steinert [Stel0]
also edges have different types. A new feature of this approach is that edges have
attributes as well as two different types. The relationships between the competencies
are determined by dependencies, in other words prerequisites. Based on the three
types of Hubwieser [Hub08] and Steinert [Stel(], hard and soft prerequisites, and
the subset relationship (see section , the here presented approach defines the two
relations expands and requires. The expands relation can be compared to the subset
relationship and is defined as follows:
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Definition 4.22 (Expands relation). A competency C1 expands a competency C2
if C1 follows the same central theme as C2 does, adding new aspects either to the
dimension of breadth or of depth.

The dimensions breadth and depth are understood as mentioned in literature, for
instance by Schwartz et al. [SSST09]. With breadth, or often also full coverage, the
number of covered topics, which are important for an explicit subject or discipline,
is expressed. That means, a focus on breadth would lead to a variety of topics.
On the other hand, depth or deep coverage reflects the understanding at different
levels. So, focusing on depth means focusing on the mastering of fewer fundamental
concepts [SSST09]. Following the same central theme means that the competencies
address the same topic. The following example shows a typical ezpands-relation in
the CSTA Computer Science Standards from 2017 [CST17]:

1B-AP-08: By the end of Grade 5, students will be able to compare
and refine multiple algorithms for the same task and determine which is
the most appropriate.
expands
1A-AP-08: By the end of Grade 2, students will be able to model daily
processes by creating and following algorithms (sets of step-by-step
instructions) to complete tasks.

In some of the educational models expands relations are given explicitly. For
example the CSTA Computer Science Standards provide an so called progress chart
in form of a table. Fig. shows an extract from this table.

In the case of the CSTA standards from 2017 the progression chart is given
for four levels. That means, the two levels shown in Fig. are followed by two
additional levels which can be seen in Fig. [£.4]

The categories again contain subcategories and for each of them standards for
different levels are described. Standards, which are in the same subcategory (row)
but in different levels (column), follow the same central theme. So, each standard in a
higher level expands the standard in the previous level. To preserve the information
from the models, the expands relation is defined. In those educational models,
where no information about the order of competencies is given, expands relations
are added, following the given definition.

The requires relation is comparable to hard prerequisites and defined as follows:

Definition 4.23 (Requires relation). A competency C1 requires a competency C2
if C1 cannot be reached without reaching C2 before and C1 does not expand C2.

An example for a requires-relation can be seen between the two competencies
from the CSTA Computer Science Standards from 2011 [SCFT11]:
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Con Subconcept

Level 1A (Ages 5-7)
By the end of Grade 2, students will be able to...

1A-CS-01 Select and operate appropriate software to
perform a variety of tasks, and recognize that users

Level 1B (Ages 8-11)
By the end of Grade 5, students will be able to...

1B-CS-01 Describe how internal and external parts of
computing devices function to form a system. (P7.2)

Devices have different needs and preferences for the
technology they use. (P1.1)
M & 1A-CS-02 Use appropriate terminology in identifying |1B-CS-02 Model how computer hardware and
SeliwEe and describing the function of common physical software work together as a system to accomplish

components of computing systems (hardware). (P7.2)

tasks. (P4.4)

1A-CS-03 Describe basic hardware and software
problems using accurate terminology. (P6.2, P7.2)

1B-CS-03 Determine potential solutions to solve
simple hardware and software problems using

o
‘ Computing Systems .3

common troubleshooting strategies. (P6.2)
1B-NI-04 Model how information is broken down into

Co m:itr\:;’g:t(i on & smaller pieces, transmitted as packets through multiple
- e devices over networks and the Internet, and
g | 9 reassembled at the destination. (P4.4)
K] 1A-NI-04 Explain what passwords are and why we 1B-NI-05 Discuss real-world cybersecurity problems
= use them, and use strong passwords to protect devices [and how personal information can be protected. (P3.7)
= and information from unauthorized access. (P7.3)
=
o3
[ .
'E Cybersecurity
£
z

Fig. 4.3: The first rows for the first two levels of the progression chart for the CSTA
Standards 2017 [CST17]

L1:3.CL.1: The students will be able to gather information and
communicate electronically with others with support from teachers,
family members or student partners.
requires
L1:3.CD.1: The students will be able to use standard input and output
devices to successfully operate computers and related technologies.

Students, that are not able to handle digital devices, in this case especially the
computer, would not be able to use them for information collection or communica-
tion. This dependency is pretty clear, although the two competencies are part of
different categories: in the original standards L1:3.CL.1 is located in the category
Collaboration and the subcategory Using technology tools and resources for collabo-
ration, where L1:3.CD.1 belongs to the category Computers and Communications
Devices and the subcategory Computers [SCET11]. So, L1:3.CL.1 and L1:3.CD.1
are not part of the same category and do not follow the same central theme.

The point is, that the expands-relation is a special case of the requires-relation.
So, an expands-relation contains the information, that the two related competencies
follow the same central theme. One reason to use these two different types of
relations is not to loose additional information given by the curricula or standards
documents.

Besides the types, relations also include a set of attributes to store additional
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Level 2 (Ages 11-14)

Level 3A (Ages 14-16)

By the end of Grade 8, students will be able to...
2-CS-01 Recommend improvements to the design of
computing devices, based on an analysis of how users
interact with the devices. (P3.3)

By the end of Grade 10, students will be able to...
3A-CS-01 Explain how abstractions hide the
underlying implementation details of computing
systems embedded in everyday objects. (P4.1)

2-CS-02 Design projects that combine hardware and
software components to collect and exchange data.
(P5.1)

3A-CS-02 Compare levels of abstraction and
interactions between application software, system
software, and hardware layers. (P4.1)

2-CS-03 Systematically identify and fix problems with
computing devices and their components. (P6.2)

3A-CS-03 Develop guidelines that convey systematic
troubleshooting strategies that others can use to
identify and fix errors. (P6.2)

2-NI-04 Model the role of protocols in transmitting
data across networks and the Internet. (P4.4)

3A-NI-04 Evaluate the scalability and reliability of
networks, by describing the relationship between
routers, switches, servers, topology, and addressing.
(P4.1)

2-NI-05 Explain how physical and digital security
measures protect electronic information. (P7.2)

3A-NI-05 Give examples to illustrate how sensitive
data can be affected by malware and other attacks.
(P7.2)

2-NI-06 Apply multiple methods of encryption to
model the secure transmission of information. (P4.4)

3A-NI-06 Recommend security measures to address
various scenarios based on factors such as efficiency,
feasibility, and ethical impacts. (P3.3)

3A-NI-07 Compare various security measures,
considering tradeoffs between the usability and
security of a computing system. (P6.3)

3A-NI-08 Explain tradeoffs when selecting and
implementing cybersecurity recommendations. (P7.2)

Fig. 4.4: The first rows for the third and fourth level of the progression chart for

the CSTA Standards 2017 [CST17]

information about e.g. their evaluation. Important aspects for this dissertation are

reflected by the following attributes:

e added [boolean]: a simple attribute with the possible values true and false.

It provides information, if the relation derives from the original model (not
added, therefore the value is false) or has been added by experts (value true).

e similarity [float]: contains a calculated number which reflects on the lin-
guistic similarity. How the values of this attribute are determined is discussed
in Part 3: Implementation.

e status [string]: this attribute either contains the value tbe (stands for to
be evaluated), ok, or notok. It adds information, if a competency has been
evaluated by at least one expert or not, and if the relation is considered to be
correct or not. If more than one expert evaluated the relation, the majority
decides if the status is set to ok or notok.

e suggestion [string]: contains one or more suggestions about what should be
changed, if the relation is evaluated to be not correct.
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e prerequisitefactor [string]: this factor can contain the values hard and soft
and adds information about the degree of the dependency. A hard factor shows
an absolute mandatory prerequisite, whereas a soft factor shows an optional
prerequisite. This attribute is not used in this dissertation but already added
for future extensions.

The attributes for the relations opens a lot of further opportunities to store
information about the transition from one competency to the other. These can for
instance be a complezity factor, an estimated duration, or an importance value. All
of them would be of great interest for research or education, but need a lot of time
for testing and evaluating. Due to page and time limits, they are considered for
future work, but are not part of this dissertation.

Both relation types are of course transitive. That means, if a competency C3
expands the competency C2 and C2 ezpands the competency C1, then C3 expands
also C1. The same implication is valid for requires. It gets more complex, when the
transitivity over two different relations types is considered. This can happen in two
ways: C3 requires C2 and C2 expands C1, or C3 requires C2 and C2 expands C1. In
the first case, shown in Fig. [4.5] it seems clear, that between C3 and C1 a transitive
requires-relation exists. With C2 and C3 related over a requires-relation, the central
theme from C2 is not continued in C3. On the other hand, the central theme from
C1 is continued by C2, displayed by their expands-relation. For this reason, C1 and
C3 do not follow the same central theme, although C1 is still necessary for C3.

S S
R R
) R
» C1
(a) original relations (b) transitive relation

Fig. 4.5: Transitivity in the case of a first requires-relation followed by an ezpands-
relation

For the second case, shown in Fig. [£.6], also a transitive requires-relation between
C3 and C1 is considered. As C3 expands C2, it follows the same central theme. C2
is related to C1 over a requires-relation. This means, that C2 and C1 don’t follow
the same central theme. As C3 continues the central theme of C2, it can not follow
the central theme of C1. Therefore, C3 requires on C1.
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&)
>
&
» C1
(a) original relations (b) transitive relation

Fig. 4.6: Transitivity in the case of a first ezpands-relation followed by an requires-
relation

For complexity and readability concerns transitive relations are not shown in the
graphs. Otherwise the graphs would contain an extensive number of relations, which
would make the graph unreadable. Further, it would impact analysis and measures.

To represent all the desired information an edge-labeled and edge-attributed graph
is necessary.

4.4.3 Property Graph

The described requirements constitute a step towards the field of data structures
and data management, where the concept of so called property graphs exists and
finds application [RWE15]. Originally the notion of this graph was introduced by
Rodriguez and Neubauer [RN10] and recently formalized by Angles [Angl8§]. It is
based on the following assumptions [Angl8| p. 2]:

e [ is a finite set of labels (for nodes and edges);

P is an infinite set of property names;

V' is an infinite set of atomic values, and its values are distinguished by quoted
strings;

T is a finite set of datatypes (e.g., integer);

SET*(X), with a given set X, is the set of all finite subsets of X, excluding
the empty set.

The definition of a property graph is presented by Angles as follows [Angl8|, p. 2]:

Definition 4.24 (Property graph). A property graph is a tuple of G = (N, E, p, \,0)
where:
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1. N is a finite set of nodes (also called vertices);
2. E is a finite set of edges such that E has no elements in common with N ;

3. p: E— (N x N) is a total function that associates each edge in E with a pair
of nodes in N (i.e. p is the usual incidence function in graph theory);

4. X: (NUE) — SET(L) is a partial function that associates a node/edge with
a set of labels from L (i.e. X is a labeling function for nodes and edges);

5.0 :(NUE)x P— SET*(V) is a partial function that associates nodes/edges
with properties, and for each property it assigns a set of values from V.

If two given nodes ny,ny € N are connected over an edge e € FE, such that
p(e) = (ny,n2), node ny is called ’source node’ and ny ‘target node’ of e. A property
is given by (o,p) € (N U E) x P and its assignment o(o,p) = {vy,...,v,}, and
(0,p) = v; with 1 < ¢ < n represents the shorthand for a single property. In this
case o is the ‘property owner’, p is the ‘property name’ and v is the ’property value’
[Angl§].

An example subgraph from the CSTA Computer Science Standards from 2011
[SCET11], limited to three nodes, is shown in Fig. 4.7} including the following three
competencies:

e US-1-DA: The students will be able to gather information and communi-
cate electronically with others with support from teachers, family members or
student partners.

e US-14-DI: The students will be able to use standard input and output devices
to successfully operate computers and related technologies.

e US-17-DA: The students will be able to use productivity technology tools
(e.g., word processing, spreadsheet, presentation software) for individual and
collaborative writing, communication and publishing activities.

The graph in Fig. [£.7]is formally described as follows:

N = {nl, Nng, ng}
FE = {61, 62}
A(ny1) = Competency,

(n1,name) = "US-1-DA’,

(nq, text) = "The students will be able to gather information and
communicate electronically with others with support from
teachers, family members or student partners.’,

(nq, category) = 'Digital Applications’,
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Competency

name: US_01_DA
text: The students will be able to gather
information and communicate electronically with
others with support from teachers, family members or
student partners.
category: Digital Applications
original-category: Collaboration
code: L1:3.CL.1
level: 1
minimum age: 5
maximum age: 9
added: true country: USA added: true
similarity: 0 similarity: 0.4
status: tbe status: tbe
suggestion: / suggestion: /

requires

expands

name: US_17_DA
text: The students will be able to use productivity
technology tools for individual and collaborative writing,
communication and publishing activities.
category: Digital Applications
original-category: Collaboration
code: L1:6.CL.1
level: 2
minimum age: 8
maximum age: 12
country: USA

name: US_14_DI
text: The students will be able to use standard
input and output devices to successfully operate
computers and related technologies.
category: Digital Devices and Infrastructure
original-category: Computers and Communications Devices
code: L1:3.CD.1
level: 1
minimum age: 5
maximum age: 9
country: USA

Fig. 4.7: An example of a property graph using the properties for competencies and
the two relation-types

ny, original — category) = 'Collaboration’,
ni, code) = 'L1:3.CL.1’,

ny, level) =1’

ny, minimum — age) = '5’;

ny, maximum — age) ="9’;

ny, country) = 'USA’

o~~~

A(ng) = Competency,

(ng, name) = 'US-14-DT’,

(ng, text) = 'The students will be able to use standard input and
output devices to successfully operate computers and
related technologies.’,

(ng, category) = "Digital Devices and Infrastructure’,

(ng, original — category) = 'Computers and Communications

Devices’,

(ng, code) = "L1:3.CD.1",

(ng, level) = "1;

(ng, minimum — age) = '5’;
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(ng, maximum — age) = '9’;
(ng, country) = "USA’

A(ng) = Competency,

(n3,name) = "US-17-DA’,

(ns, text) = 'The students will be able to use productivity
technology tools for individual and collaborative writing,
communication and publishing activities.’,

(ns, category) = "Digital Applications’,

(ns, original — category) = 'Collaboration’,

(ns, code) = "L1:6.CL.1",

(ng, level) = 2;

(n3, minimum — age) = '8’;

(n3, maximum — age) = 127,

(ns, country) = "USA’

ple1) = (ny,n2), Ney) = {requires},
(e1,added) = ’yes’,
(e1, similarity) =07,
(e1, status) = 'tbe’,
(e1, suggestion) ="’

plez) = (n3, 1), A( ) = {expands},
(€2, added) =
(€2, Szmzlamty) = ’0.4’,
(eq, status) = 'tbe’,
(e, suggestion) =

P

Angels additionally defines integrity constraints for property graphs. Referencing
to Codd [Cod80], he describes them as ’general statements and rules that define
the set of consistent database states or changes of a state or both’ [AnglI8| p. 3].
Concerning property graphs Angels focuses on data schemas, in this case property
graph schemas, to specify the types of nodes, the types of edges, and the properties
each type can contain. The property graph schemas are defined as follows [Angl8§],

p. 4]:

Definition 4.25 (Property graph schema). A property graph schema is a tuple
S = (TN7 TEa 6’ 7) where:

1. Ty C L is a finite set of labels representing node types;
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2. Ty C L is a finite set of labels representing edge types, satisfying that Tg and
Twn are disjoint;

3. B (InUTg) x P — T is a partial function that defines the properties for
node and edge types, and the datatypes of the corresponding values;

4.0 : (Tn,Tn) — SETT(Tg) is a partial function that defines the edge types
allowed between a given pair of node types.

Fig. shows the property graph schema used in this approach for the compe-
tency graphs.

name: String
text: String
category: String
original-category: String
code: String
level: Integer
minimum age: Integer
maximum age: Integer
country: String

requires expands

Fig. 4.8: The graph schema for the competency graphs

The formal description for the schema shown in Fig. looks like follows:

Tn = {Competency}

Tg = {expands, requires}

B(Competency, name) = String
B(Competency, text) = String
(Competency, category) = String
(Competency, originalcategory) = String
(Competency, code) = String
(Competency, level) = Integer
(Competency, minimumage) = Integer
(Competency, maximumage) = Integer
(Competency, country) = String
(expands, added) = Boolean
(expands, similarity) = Float
(expands, status) = String
(expands, suggestion) = String
(requires, added) = Boolean
(requires, similarity) = Float
(requires, status) = String

B
B
B
B
B
B
B
B
B
B
B
B
B
B
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B(requires, suggestion) = String
d(Competency, Competency) = {expands}
d(Competency, Competency) = {requires}

Angles further defines that a schema-instance consistency is given, when an in-
stance property graph satisfies the restrictions specified in a property graph schema,
and defined as follows [Angl8| p. 4]:

Definition 4.26 (Consistency of a property graph schema). Given a property graph
G = (N, E,p,\,0) and a property graph schema S = (Tn,Tg, 3,0), we say that G
1s valid with respect to S when:

1. For each node n € N, it applies that \(n) C Ty;
2. For each edge e € E, it applies that \(e) C Tg;

3. For each node or edge property (o,p) = v in G, it satisfies that there exists
B(ty, p) = dt in S such that t, € A(o) and type(v) = dt;

4. For each edge e € E such that p(e) = (n,n'), it satisfies that there exist
le € §(t,t") such that I, € X(e), t € A\(n) and t' € A(n').

With a property graph G and a property graph schema S a graph database can
be defined as the tuple D(S,G), and D satisfies the constraints from the schema-
instance consistency if G is valid with respect to S [Angl8| p. 5]. What graph
databases are, which one is used and which benefit it derives for this dissertation is
described in the following section.

4.4.4 Graph Database

As seen in the previous section the notion of a property graph leads to a realization
with a graph database. Graph databases belong to the family of NoSQL databases,
which differ in some aspects from traditional relational databases. One of the main
reasons for the development of NoSQL databases is that SQL-based systems become
harder to use (Robinson et al. call it unwieldy [RWE15]) handling large datasets.
Further, the data changes faster and the structure varies more often. So, NoSQL
databases were developed to tackle these weaknesses of relational databases, by the
introduction of alternative models, like for instance graph based models. Graph
databases improve the performance, flexibility and agility in the handling of con-
nected data compared to relational databases. These improvements are possible,
because some graph databases use a native graph storage to store data. Nodes and
relations are directly stored as nodes and relations and do not rely on indexing
[RWETH].
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START n=node (%), n2=node (*)
MATCH (n {organization: ’CSTA’})
OPTIONAL MATCH (n)—[r]—(n2)\\
WHERE n2.organization = 'CSTA’
RETURN count (DISTINCT n) as nrNodes,
count (DISTINCT r) as nrEdges,
count (DISTINCT r) / ((count (DISTINCT n)) % (count(DISTINCT n)
— 1.0)) AS graphDensity

Listing 4.1: Query for the density of a graph

A graph database that is based on property graphs is neo4j [Neo]. It brings its
own query language called cypher. Listing is written in cypher, based on a query
published onlineEI and has already been published by Pasterk and Bollin [PB17h]. It
shows one example of the many queries that were used in this research and calculates
the density of the graph of the CSTA Computer Science Standards from 2011.

The graph database offers an interesting platform to represent curricula in form of
graphs and to analyze and compare different educational models. For the approach
of this dissertation the graph database neo/j is used to store the data, model the
graph, and calculate the needed graph-theoretic metrics. It has to be mentioned,
that some of the calculations done for this approach with neo4j are mentioned by
Van Bruggen to be mot to use graph database’-cases [Brul4]. As there are more
'to use graph database’-cases in the approach, neo4; was selected to be the basic
platform. In further steps it is used to build an online service to develop own
curricula in the field of computer science education. The steps done to represent the
educational models in a graph database are described in the next section.

4.5 Generating the Graphs

4.5.1 Identification of Comparable Elements

As described in section [2.2] a curriculum as well as educational standards or com-
petency models consist of different elements. The question, which of these elements
are most comparable, seems to be valid at this point. Taking a look at the work
of Glatthorn et al., and the five already listed components, it can be argued, which
elements are of interest for a detailed comparison [GBWBI5, p. 6]:

e A rational for the curriculum: the rational depends on cultural aspects of
the particular countries. To compare these components, a cultural analysis of

1 Cypher query to calculate the density:
http://www.makedatauseful.com/neo4j-cypher-query-for-graph-density-analysis/
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the countries is necessary. Further, the results achieved by the comparison of
rationals for curricula is very limited.

The aims, objectives, and content for achieving those objectives:
the aims, objectives and content include a lot of information. They reflect
the national view of the subject including only the most important aspects of
the area. In most cases the aims, objectives and content deliver some kind
of expert opinion or knowledge, as they are developed by groups of experts.
Further these elements represent important skills and the direction students
are guided in. Teachers need this information in order to be able to plan and
hold their lessons accordingly. So, the aims, objectives and content provide
teachers some kind of framework to work with.

Instructional methods: a comparison of the methods is of great interest.
But it has to be considered that they are generally applicable in most cases and
do not necessarily reflect the characteristic of a subject. That means similar
instructional methods are applied in different subjects. A comparison of the
methods used in one subject is only a limited view. Comparing the methods
applied in different scientific areas or subjects would be of more interest.

Learning materials and resources: this component varies from case to
case. Some models provide very detailed material, others include limited re-
sources, and others contain no material at all. If material is included, it
appears in different forms. Therefore, a comparison of this component is not
appropriate.

Tests or assessment methods: similar arguments can be found for this
component as for the instructional methods. Tests and assessment methods are
not necessarily characteristic for a subject, as they can be applied for several
subjects. Nevertheless, a comparison would be of great interest. Especially
comparing the methods of different subjects again.

The comparison of several components is of interest. But following these argu-

ments, the component which reflects the characteristics of a subject best, are the
aims, objectives, and content. During discussions with teachers and researchers ac-
tive in the field of computer science education, also learning objectives were identified
as important parts of curricula and worthwhile a detailed analysis and comparison.
Based on these arguments the component of the aims, objectives, and content are
selected for further research and carved out from the models to be represented as
nodes in the graphs.
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CSTA 201 1 K-3 (5 to 9 years olds) 3-6 (8 to 12 years olds)

|Category|| Subcategory |

1:6-1. Use productivity technology tools
(e.g., word processing, spreadsheet,
presentation software) for individual and
collaborative writing, communication, and
publishing activities.

1:3-1. Gather information and
communicate electronically with others with
support from teachers, family members, or
student partners.

Using technology
tools and
resources for
collaboration

1:6-2. Use online resources (e.g., email,
online discussions, collaborative web
environments) to participate in collaborative
problem-solving activities for the purpose
of developing solutions or products.

Collaboration (CL)

Computing as a
collaborative
endeavor

1:3-2. Work cooperatively and
collaboratively with peers, teachers, and others
using technology.

1:6-3. |dentify ways that teamwork
and collaboration can support problem-
solving and innovation.

Fig. 4.9: CSTA 2011 category 'Collaboration’ showing dependencies within the cat-
egory

4.5.2 Creation of Relations

The relations were added in two phases, one for expands- and one for requires-
relations. In the first step of phase one the expands-relations given by the curricula
were directly transferred into the yet empty graphs. This can be seen in Fig. [4.9]
showing the category 'Collaboration’ from the CSTA Standards 2011 with the two
subcategories 'Using technology tools and resources for collaboration” and ’Com-
puting as a collaborative endeavor’. The levels K-3 and 3-6 are represented as
columns. The yellow arrows display the given expands-relations. It can be seen that
the relations are limited to a category and in most cases also to a subcategory. If
no sequence was included in the corresponding curriculum, ezpands-relations were
added, considering the definition for this type of relations (see definition as
well as the categories. In some cases also expands-relations crossed the borders of
one category, because of related topics. This action concluded phase one.

During phase two the requires-relations were added, which in most cases are
not limited to one category. Again it depended on the definition of the requires-
relation (see definition , if a relation was added or not. Fig. again shows
the given expands-relations as yellow arrows and the added requires-relations as
red arrows. As it can be seen, only one of the requires-relations is located in the
category ’Collaboration’, crossing from one subcategory to the other one. The re-
maining requires-relations come from or point into four different categories and six
subcategories.
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CSTA 2011

|Category|| Subcategory |
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K-3 (5 to 9 years olds)

3-6 (8 to 12 years olds)

1:3-1. Gather information and
communicate electronically with others with
support from teachers, family members, or
student partners.

1:3-2. Work cooperatively and
collaboratively with peers, teachers, and others
using technology.

1:6-1. Use productivity technology tools
(e.g., word processing, spreadsheet,
presentation software) for individual and
collaborative writing, communication, and
publishing activities.

1:6-2. Use online resources (e.g., email,
online discussions, collaborative web
environments) to participate in collaborative
problem-solving activities for the purpose
of developing solutions or products.

1:6-3. Identify ways that teamwork
and collaboration can support problem-
solving and innovation.

1:3-1. Use technology
resources to solve age-
appropriate problems.

1:3-1. Use standard input and output

devices to successfully operate computers and
related technologies.

1:3-1. Practice responsible digital citizenship

\ 4

(legal and ethical behaviors) in the use of
technology systems and software.

1:6-3. Use technology tools for individual
and collaborative writing, communication,
and publishing activities.

1:6-6. Implement problem solutions using a
block-based visual programming language.

A

:6-7. Use computing devices to access’
remote information, communicate with others in
support of direct and independent learning,
and pursue personal interests.

Fig. 4.10: CSTA 2011 category ’Collaboration’ including dependencies to other cat-

egories
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Both relation types were generated by the author for all educational models. For
evaluation three experts reviewed the relations and afterwards they were revised.
This process is described in the following section.

4.5.3 Reviews and Revision

Three experts, all researchers in the field of computer science education, reviewed
the generated relations to evaluate if they are convenient and if they follow the given
definitions. Two experts evaluated the relations by reading the related competencies
in form of tables and choose, if they agree or disagree with the given relation. They
had also the possibility to add comments or suggest other relations. The third expert
had the opportunity to use and test the GECKO platform, a platform developed for
this kind of evaluation and presented in chapter [/} In GECKO the expert had the
same task but in a more user-friendly environment and was directly working on the
graphs instead of tables.

Taking a look at the results from the experts’ evaluation, an average agree-
disagree-ratio of three to one (three agree to one disagree) is visible. So, just in a
quarter of all existing relationships, the experts disagreed. Reasons for a ’disagree’
a ‘wrong direction’, a "wrong type’ or no dependency’ were equally frequently men-
tioned. From all relations evaluated the percentage of disagree decisions was 24%.
The opinions differed especially in the curriculum from Australia, with the highest
number of disagree decisions (27%). The highest agreement can be found in the
curriculum from Switzerland with a percentage of 21% of disagree decisions. In
the results no explicit difference between the experts working on tables or on the
GECKO platform could be found.

Two mayor points from the feedback of the experts have to be considered. First,
although the relations were clearly defined, the results of this process lead to broad
and long-term discussions. The experts’ opinions differed in several aspects, like in
which direction a relation points or if a dependency between two competencies is
necessary or not. Even the types of relations induced discussions. This was of course
influenced by prior experiences or preferences of each expert. Second, all the experts
reported, that it was very hard to remember all the competencies when they tried to
find missing relations. The evaluation of the existing relations were discussed, but
they were not sure, if they missed a necessary relation. This was feedback by the
two experts handling the tables as well as the one working on the GECKO platform.
These two points lead to a technical and semi-automated approach based on natural
language processing, which is described in chapter [8, The tools developed for this
approach support the experts by suggestions for additional relations, based on the
linguistic similarity of the competencies.

The majority of experts opinions decided, if changes had to be made in the
original model. So, if at least two experts evaluated a relation as "wrong direction’
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or ‘wrong type’, the direction or the type was changed. If two experts chose no
dependency’ for a relation, it was deleted.

The reviews and the revision represented the last steps of the single curriculum
graph-generating process. After this each curriculum was represented as a graph
to enable further analysis and comparison. In section [5| the methods and results
of this analysis and comparison are presented. As a next step, the graph-based
models for each single curriculum are combined to a Generic, Graph-Based Model
for Competencies (GGBMC). In the following section the necessary steps in the
process towards the GGBMC are described.

4.6 Generic, Graph-Based Model for Competencies (GGBMC)

4.6.1 Steps in the Process

The goal of the Generic, Graph-Based Model for Competencies (GGBMC) is to
combine all graphs from the curricula to one generic graph. For this, the following
three steps of preliminary work are necessary.

1. Standardization: as some of the competency formulations differ in content
and detail, a standardization is necessary before the curricula can be combined.
For this, linguistic elements like commas, ‘and’ and ‘or’ are used to split
formulations which contain more than one predicate or object.

2. Categorization: to identify similar competencies, they are categorized into
the category system for computer science education presented by Duncan and
Bell [DB15] as described in section (3.2}

3. Combination: to combine the curricula to one graph, similar competencies
are identified and used as connection elements.

These steps display major milestones within the process and also consist of a
number of smaller activities. It has to be mentioned that the order of the steps
plays an important role. The first two steps are necessary for step three. Step one is
necessary for step two because it can occur that split formulations can be categorized
into different categories, although they are part of the same original formulation.
The three steps are described in more detail in the following three sections.

4.6.2 Standardization of Competencies

In a first step of standardization, all competency formulations are reformulated into
a form with the prefix ’students are able to’. Most of the selected models included
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formulations of that kind, except the Austrian digikomp [Digl3b] and the model
from Berry for the English curriculum [Berl5] using 'T can’ statements.

One major issue in combining the curricula to one model are the different formu-
lations of competencies within the curricula. Some formulations use one predicate,
that explains what students should be able to do with one object. Others describe
multiple actions with more than one predicate for one object. Still others contain
one predicate for multiple objects. Some list several actions for several objects. It
also appears, that one formulation includes two sentences. In the following part an
example for each of these forms is presented:

e An example for one predicate and one object from the CSTA Standards of
2017 [CST17):

Students are able to decompose (break down) the steps needed to solve
a problem into a precise sequence of instructions.

e An example for multiple predicates and one object from CSTA Standards of
2011 [SCEFT11]:

Students are able to understand and use the basic steps in algorith-
maic problem-solving.

e An example for one predicate and multiple objects from the Standards of the
German Informatics Society [Ges19]:

Students are able to describe states and state transitions of automata.

e An example for multiple predicates and multiple objects from the curriculum
from Switzerland |Leh14]:

Students are able to recognize and use tree and network structures.

e An example for two sentences in one formulation from the Australian Curricu-
lum [Aus13], also including multiple predicates and multiple objects:

Students are able to create and organise ideas and information using
information systems, and share information in safe online environ-
ments.

These given examples are clear representatives of the different forms. But there
are a lot more complex formulations, like the following examples show:

e from the standards of the German Informatics Society [Ges19]:
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Students are able to design, implement and test algorithms with
the basic algorithmic building blocks instruction, sequence, repetition
and branching.

e from the CSTA Standards of 2017 [CST17]:

Students are able to modify, remiz, or incorporate portions of an
existing program into one’s own work, to develop something new or
add more advanced features.

e from the CSTA Standards of 2017 [CST17]:

Students are able to take on wvarying roles, with teacher guidance,
when collaborating with peers during the design, implementation,
and review stages of program development.

All curricula contain formulations in every form. To standardize them, an ap-
proach applied by Hubwieser et al. [HGB™15] is used. They split statements with
‘and’ respective ’or’ operators into two statements. For this dissertation the method
is extended to also split statements with commas, which appear in formulations
with multiple predicates or objects and some dependent clauses. Commas between
multiple predicates, as well as objects, can be handled as simple sentence splits.
Dependent clauses have to be treated individually, as in most cases they display
a more complex structure. The statements resulting from the division are called
subcompetencies because definition [2.18] applies to them. So, for the representative
examples the standardized subcompetencies are as follows:

e One predicate and one object [CST17]:

Students are able to decompose (break down) the steps needed to solve
a problem into a precise sequence of instructions.

No subcompetencies.
e Multiple predicates and one object [SCFT11]:

Students are able to understand and use the basic steps in algorith-
mic problem-solving.

Subcompetencies:

— Students are able to understand the basic steps in algorithmic problem-
solving.

— Students are able to use the basic steps in algorithmic problem-solving.
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e One predicate and multiple objects [Ges19]:
Students are able to describe states and state transitions of automata.
Subcompetencies:

— Students are able to describe states of automata.

— Students are able to describe state transitions of automata.
e Multiple predicates and multiple objects [Leh14]:
Students are able to recognize and use tree and network structures.
Subcompetencies:

— Students are able to recognize tree structures.

— Students are able to recognize network structures.
— Students are able to use tree structures.

— Students are able to use network structures.

e Two sentences in one formulation [Aus13], also including multiple predicates
and multiple objects:

Students are able to create and organise ideas and information using
information systems, and share information in safe online environ-
ments.

Subcompetencies:

— Students are able to create ideas using information systems.

— Students are able to create information using information systems.
— Students are able to organise ideas using information systems.

— Students are able to organise information using information systems.

— Students are able to share information in safe online environments.

For the examples and statements in this form the procedure is clear. More com-
plex formulations are also more complex to split. A lot of cases need an individual
treatment and result in a large number of subcompetencies, as the following example
from the Standards of the German Informatics Society [Ges19] shows.

Students are able to design, implement and test algorithms with the basic
algorithmic building blocks instruction, sequence, repetition and branch-
mg.
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Subcompetencies:

Students are able to design algorithms with the basic algorithmic building
blocks instruction.

Students are able to design algorithms with the basic algorithmic building
blocks sequence.

Students are able to design algorithms with the basic algorithmic building
blocks repetition.

Students are able to design algorithms with the basic algorithmic building
blocks branching.

Students are able to implement algorithms with the basic algorithmic building
blocks instruction.

Students are able to implement algorithms with the basic algorithmic building
blocks sequence.

Students are able to implement algorithms with the basic algorithmic building
blocks repetition.

Students are able to implement algorithms with the basic algorithmic building
blocks branching.

Students are able to test algorithms with the basic algorithmic building blocks
instruction.

Students are able to test algorithms with the basic algorithmic building blocks
sequence.

Students are able to test algorithms with the basic algorithmic building blocks
repetition.

Students are able to test algorithms with the basic algorithmic building blocks
branching.

In this case there are not more objects but variations of it defined by its compo-
nents. That makes it necessary to split, although it is more or less the same object.
Other formulations contain explanations of what something is used for. Such cases
become even more difficult, if there are more than one use cases described, like the
following example from the CSTA Standards of 2017 [CST17] shows.
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Students are able to modify, remiz, or incorporate portions of an existing
program into one’s own work, to develop something new or add more
advanced features.

Subcompetencies:

Students are able to modify portions of an existing program into one’s own
work, to develop something new.

Students are able to remix portions of an existing program into one’s own
work, to develop something new.

Students are able to incorporate portions of an existing program into one’s
own work, to develop something new.

Students are able to modify portions of an existing program into one’s own
work, to add more advanced features.

Students are able to remix portions of an existing program into one’s own
work, to add more advanced features.

Students are able to incorporate portions of an existing program into one’s
own work, to add more advanced features.

Here, the goals influence the object, because it makes a difference with which
goal a program portion is modified, remixed and finally incorporated. That makes
a split necessary. Another complex example comes again from the CSTA Standards

of 2017 [CST17):

Students are able to take on varying roles, with teacher guidance, when
collaborating with peers during the design, implementation, and review
stages of program development.

Subcompetencies:

Students are able to take on varying roles, with teacher guidance, when col-
laborating with peers during the design stages of program development.

Students are able to take on varying roles, with teacher guidance, when collab-
orating with peers during the implementation stages of program development.

Students are able to take on varying roles, with teacher guidance, when col-
laborating with peers during the review stages of program development.
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This last example shows a dependent clause that describes different stages in
which students should be able to take roles. The three stages make a split necessary,
as they change the object by the different roles in the different stages.

As aresult of this steps of standardization the number of elements in each curricu-
lum rose (see the numbers in section . In the graphs of the curriculum some nodes
representing the competencies stayed the same and some others were substituted by
new nodes representing the subcompetencies. A competency with more than one
subcompetency was replaced by all of its subcompetencies. This of course had also
impact on the relations between the competencies. Within the set of the subcompe-
tencies of one competency the order of the original formulation was preserved, as it
can be seen in the examples. Further all of the subcompetencies of one competency
were connected over an expands-relation, because they follow the same topic and
add new aspects. All the dependencies to other competencies were transferred to
the first subcompetency and all dependencies from other competencies pointed to
the last of the subcompetencies in the sequence. In an additional revision of the
relations between the standardized competencies, also some new requires-relations
were added, if it was necessary.

The incorporation of the standardized competencies into the graphs marked the
end of this step. In further analysis the standardized competencies are used most of
the time. Additionally, the comparison of the single curricula, described in section
is done with original as well as standardized competencies. The semi-automated
processes, described in part 3, are based on the standardized competencies. As the
next step the standardized competencies were categorized into well known computer
science areas for education. In the following section this process is described in detail.

4.6.3 Categorization of Competencies

The process of categorization was again divided into two major steps applying dif-
ferent methods. At first an overview of the general focus of the curricula was of
interest. For this purpose the two categories ‘computer science’ and ’digital liter-
acy’ were selected, as they are suggested in ’Informatics Education: Europe cannot
afford to miss the boat’ [EolEL6] and ‘Informatics Education in Europe: Are We
All In The Same Boat?’ [oECECIT]. Based on the term definitions in section
nine experts were asked to classify the original competencies from five of the seven
selected curricula. The curriculum from England was not part of this study because
it provides already the categories ‘computer science (CS)’; “information technology
(IT)’, and ’digital literacy (DL)’ [Berl3]. Further, the standards from the German
Informatics Society [Ges19] were still under development at the time of the study
and could not be categorized. Further, only the standards from the subject Digi-
tal Technology from the Australian curriculum were part of the survey. Thus, the
number of categorized competencies is 22 instead of 28. This survey and its results
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were already published by Pasterk and Bollin [PB17al] and Pasterk et al. [PKB19].
Pasterk et al. describe it as follows [PKB19]: ’a group of nine experts, consisting of
four computer science teachers and five researchers in the field of computer science
education, participated in a survey to categorize the learning outcomes of three se-
lected educational models. To get a larger basis, the survey was repeated with the
same group of experts and two additional educational models, the CSTA computer
science standards from 2011 and from 2017. Every expert completed a questionnaire
including all learning outcomes of the selected models for primary education in a
random order and had to choose one of the following categories: CS, DL, Both, or
None.” The results of this survey are described in section [5

For a more detailed categorization the method of coding was used, like Barendsen
et al. [BMDT™15] or also Hubwieser et al. [HGBT15| describe it. As proposed in
literature, the process was separated into the three steps open coding, azxial coding,
and selective coding [CMMIS].

Open coding: during the first phase all the original competencies from the
different curricula were analyzed and each phrase was assigned to an open
code, similar to the phrase itself but more general. For categorization aspects
the verbs were not considered. This step lead to 310 open codes and 618 coded
elements.

Axial coding: after finishing the open codes, the next phase was used to
summarize them to more general categories, referring to the same context.
During this process 129 axial codes were defined.

Selective coding: during the last phase, all of the 129 axial codes were
assigned to one of the 27 subcategories of the system proposed by Duncan and
Bell [DB15] and described in section [3.2]

These three steps lead to categorized competencies of all seven curricula. A com-
parison of the distribution of elements within the categories can be found in section
5.5l

4.6.4 Combination to a Generic, Graph-Based Model for Competencies

After prior steps the process of combining the graphs started with a first collection
of similar competencies within the categories. In this context, similar means that
competencies deal with the same topic on the same cognitive level. The determi-
nation of the cognitive level is a challenge on its own, as the formulations are not
limited to specific verbs and make use of a lot of different synonyms. For instance, in
formulations concerning programming the verbs ’create’, ’develop’, or 'implement’ a
program occur. It happens in several cases that very similar activities are described
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by different verbs. Additionally, the set of action verbs categorized by Anderson and
Krathwohl is also limited. There exist a lot of online resources like additional lists of
verbs. But some of them are inconsistent or again very limited. Therefore, synonym
lists from online resources like Wowikor] or Wordnef] are used to create an own
dictionary, based on appearing words in the curricula documents. This was done
manually in a first step and was automated in a second step. Further description of
this process can be found in section [8.4]

The idea to combine the single curricula to one generic model is based on a
construct that is called intersector nodes, which is defined as follows:

Definition 4.27 (Intersector node). Intersector nodes represent a collection of
similar competencies which cover the same topic and are located on the same cogni-
tive level.

The name ’intersector’ reflects the main meaning of the nodes, as they represent
the intersection of different curricula, based on semantically equivalent competen-
cies. Intersector nodes contain the attributes 'ID’, 'text’, a list of included compe-
tencies, a list of countries, a minimum age and a maximum age. As ’text’ the most
general formulation of the included competencies is taken. In most cases this is the
formulation that covers all the others. The minimum/maximum age is determined
by the lowest/highest minimum/maximum age of the included competencies. A
straight forward example of an intersector node is the combination of the following
competencies:

1. from the Australian Curriculum [Aus13]

Students are able to identify how common digital systems (hardware
and software) are used to meet specific purposes.

2. from the Austrian digital competency model [Dig13b|:

Students are able to cite important application areas of information
technology from the environment, they live in.

3. from the model from Berry for the English curriculum [Ber15]

Students are able to discuss common uses of information technology
beyond school.

4. from the standards of the German Informatics Society [Ges19):

2https://synonyms.woxikon.com/
3 https://wordnet.princeton.edu/
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Students are able to explain that computer science is omnipresent in
their world.

In this case the topic is information technology or digital systems in the environ-
ment of the students. So, the topic is very similar. Slightly different are the verbs
and with that the activities. Here, 'discuss’, "identify’, 'cite’, and 'explain’ are used
in the four competencies. In Bloom’s revised taxonomy from Anderson and Krath-
wohl (see section ‘cite’ and ’identify’ are in the cognitive level remember (level
1), but ’discuss’ and ’explain’ can be found in the level understand (level 2) [AKO1].
That means, competencies 1 and 2 are combined to an intersector node with the
text of competency 1, as well as competencies 3 and 4 with the text of competency
4. This is a straight forward example, because it only affected original competencies
without subcompetencies, the content is clear and the cognitive levels are easy to
distinguish. The next example shows the benefit of the standardization because
their formulations are very similar, except for a few minor differences. Before the
example can be presented, the question, if one intersector node can contain more
than one competency or subcompetency from one curriculum, has to be clarified.

If a topic is in one model A covered in a general way by one single competency
and in another model B in a detailed way by even more than one competency, then
they are still combined to an intersector node and all competencies from model B
covering this topic are included. That means, an intersector node can consist of more
than one competency from one curriculum. This is necessary because, although the
competencies are in a standardized form, still the granularity of their formulations
can be different.

After this clarification the promised example for the combination of two com-
petencies from one curriculum with competencies from other curricula is presented.
The list shows the original competencies followed by all of their subcompetencies.

1. from CSTA Standards of 2017 [CST17):

Students are able to develop programs with sequences and simple
loops, to express ideas or address a problem.

(a) Students are able to develop programs with sequences, to express ideas.

(b) Students are able to develop programs with sequences, to address a prob-
lem.

(c) Students are able to develop programs with simple loops, to
express ideas.

(d) Students are able to develop programs with simple loops, to
address a problem.
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2. from the English national curriculum [Nat14] with subcompetencies from the
model from Berry [Berl5]:

Use sequence, selection, and repetition in programs; work with vari-
ables and various forms of input and output.

—~

a) Students are able to use sequence in programs.

b

)
)
¢) Students are able to use repetition in programs.
)
)
)

—~

Students are able to use selection in programs.

D~

d

e

Students are able to work with variables.

Students are able to work with various forms of input.

f

—~

Students are able to work with various forms of output.

3. from the curriculum from Switzerland [Leh14]:

Students are able to write and test programs with loops, conditional
instructions and parameters.

—~

a) Students are able to write programs with loops.

b

)
)
c) Students are able to write programs with parameters.
)
)
)

~—~

Students are able to write programs with conditional instructions.

d

(S

—~~ o~

Students are able to test programs with loops.

Students are able to test programs with conditional instructions.

—

f) Students are able to test programs with parameters.

As the original competencies 1, 2 and 3 of this example show they are very sim-
ilar each of them contains an element that differs from the others. Competency 1 is
limited to 'sequences’ and ’simple loops’ and additionally the purpose to develop a
program is described. The content from 2 is broader adding ’selection’, 'variables’,
‘input’, and ’output’ to 'sequence’ and 'repetition’. Competency 3 does not include
'sequence’ but ’loops’ and adds ’conditional instructions’ and 'parameters’. Thus,
all three only overlap in terms of 'loops’ or 'repetition’. This applies to subcom-
petencies (¢) and (d) of competency 1, subcompetency (c) of competency 2, and
subcompetency (a) of competency 3, which are highlighted in the list. The three
verbs used in the subcompetencies are 'develop’, 'use’, and 'write’. Following An-
derson and Krathwohl ’develop’ and "write’ are on the level create (level 6), but "use’
is on level apply (level 3) [AKO1]. But, as 'use’ occurs with an ’in a program’ it can
be compared to 'write a program’ and is therefore included in the same intersec-
tor node. Also both subcompetencies of competency 1 are part of this intersector,
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because they give more detailed information about the purpose but don’t add new
specific actions or content. The text for this intersector node is 'Students are able
to develop programs with loops.’.

Another more complex example shows an intersector node with more competen-
cies from one curriculum:

1. from CSTA Standards of 2011 [SCE™11]:

Students are able to use productivity technology tools for individual
and collaborative writing, communication and publishing activities.

Students are able to use productivity technology tools for indi-
vidual writing activities.

Students are able to use productivity technology tools for individual com-
munication activities.

Students are able to use productivity technology tools for individual pub-
lishing activities.
Students are able to use productivity technology tools for collaborative
writing activities.
Students are able to use productivity technology tools for collaborative

communication activities.

Students are able to use productivity technology tools for collaborative
publishing activities.

2. from the English national curriculum [Nat14] with subcompetencies from the
model from Berry [Berl5]:

Use technology purposefully to create, organise, store, manipulate
and retrieve digital content.

Students are able to use technology purposefully to retrieve digital con-
tent.

Students are able to use technology purposefully to store digital content.

Students are able to use technology purposefully to organise digital con-
tent.

Students are able to use technology purposefully to create dig-
ital content.

Students are able to use technology purposefully to manipulate digital
content.
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3. from the Australian Curriculum [Aus13]:

Students are able to create and organise ideas and information using
information systems, and share information in safe online environ-
ments.

(a) Students are able to create ideas using information systems.

(b) Students are able to create information using information sys-
tems.

(c) Students are able to organise ideas using information systems.
(d) Students are able to organise information using information systems.

(e) Students are able to share ideas and information with known people in
safe online environments.

4. from the Austrian digital competency model [Dig13b]:
Students are able to enter texts and format them.

(a) Students are able to enter texts.

(b) Students are able to format texts.

5. from the curriculum from Switzerland |[Leh14]:

Students are able to create and present simple picture, text and sound
documents.

—~

a) Students are able to create simple picture documents.

b

—~

Students are able to create simple text documents.

¢) Students are able to create simple sound documents.

D~

Students are able to present simple text documents.

)
)
)
d) Students are able to present simple picture documents.
e)
)

—_—

f

Students are able to present simple sound documents.

This example is complex because of the different granularity of the subcompe-
tencies and the multiple verbs and objects. All have in common that they describe
the creation of digital content, but doing this in a more general or more specific
way. Competencies 2 and 3 are more general and collect different types of data
with phrases like 'create digital content’ or ’create information using information
systems’. Competency 1 is focusing on writing and communication. Competency 4
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is focusing specifically on entering and formatting text and competency 5 collects
three different types of documents students should be able to create and present.
So, with this the content overlap for subcompetencies (d) of 2 and subcompetencies
(a) and (b) of 3, as well as for subcompetencies (a) of 1, (a) and (b) of 4, and (a)
of 5 exists. Comparable to the previous example, in subcompetencies (a) and (b) of
competency 3 the verb 'create’ is used, whereas the verb in (d) of 2 is 'use’ with the
addition 'to create’. Therefore, they are assumed to be on the same cognitive level
create (level 6) and combined. In the case of subcompetency (a) of competency 1
again 'use’ appears together with ’for writing activities’ which can be interpreted as
entering and formatting text. This means, (a) of competency 1 and (a) and (b) of 4
are on the same cognitive level apply (level 3). Subcompetencies (a) of competency
5 is obviously related to both groups, but with the verb ’create’ not on the same
cognitive level as subcompetencies of 1 and 4. With the more specific content ’pic-
ture documents’, 'text documents’, and ’sound documents’ the subcompetencies of
5 are too specific to combine them with subcompetencies of 2 and 3. But if all of
the three subcompetencies of 5 concerning the creation of documents are included,
they become more general and suitable for the mentioned combination. So, sub-
competencies (a), (b), and (c) of competency 5 are combined with subcompetencies
(d) of 2 and (a) and (b) of 3.

As shown a in some cases a combination of more than one competency or sub-
competency from one curriculum to one intersector node is useful and makes sense.
What is not possible is a competency that is part of more than one intersector node.

4.7 Conclusion

In this chapter the mathematical basis for a graph-based approach is built. Related
research shows, that the idea of a graph-based curriculum representation is worth-
while and offers new insights. Based on elements from related approaches and new,
self-developed elements, the graph-based model displays competencies as nodes con-
taining several attributes. To connect the nodes, two types of relations, requires and
expands, are defined. Together, these components build a property graph for com-
petencies, which can be mapped to a graph database. The process of the generation
of the graphs is based on the identification of comparable elements, the addition of
relations, and the evaluation of experts to revise the model. After the representa-
tion of all single curricula as graphs, they are combined to a Generic, Graph-based
Model for Competencies. Therefore, the competency formulations are standardized
following a sequence of steps. Further, a categorization is necessary, to collect those
competencies, which deal with the same topics. This is done by an expert rating as
well as coding activities. In a last step, similar competencies are substituted by so
called intersector nodes, representing the linking points of the curricula. The follow-
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ing chapters include additional information about the methods used to analyze and
compare the single curricula graphs as well as the GGBMC, and present the results.



5. COMPARISON OF DIFFERENT EDUCATIONAL MODELS

5.1 Introduction

The previous chapter deals with the basic theoretical background and the explana-
tion of the graph-based approach applied in this dissertation. Different processes in
this research led to several results which are presented and discussed in the current
chapter. As the existing research to represent curricula as graphs have already been
described, the first section in this chapter includes related work for the comparison
and analysis of graphs based on curricula. Findings and approaches from this related
work contributed to the methods used in this dissertation. The determined metrics
are defined and explained in section[5.3] After these clarifications, the results for the
metrics in the single curricula graphs are presented in section [5.4] It includes the
comparison of the values for the basic metrics, the identification of central competen-
cies, and an analysis of the structure of the graphs. The categorization mentioned in
section is also part of the comparison as it adds interesting information about
the focus of curricula and the distribution of the competencies over the categories.
Results from the categorization are discussed in section [5.5]

5.2 Research in Graph Theoretic Approaches

Approaches to represent curricula as graphs are already discussed in section [4.3] A
few further publications also include mathematical calculations to determine more
information about the curricula. An example based on graph theory comes from
Lightfoot [Lig10]. In his article, Lighfoot focuses on the improvement of the structure
of Bachelor degree curricula. Further, he searches for the correct placement of
assessment within them. For this purpose the courses of a curriculum are mapped
to nodes and the prerequisite requirements display the edges between them. As
these relationships have a direction, simple acyclic directed graphs are the results
of this process. Nodes that are not connected to other nodes, he calls “isolated’.
For calculation he uses measures of degree, measures of centrality, and clustering
measures. The degree of a node represents the number of connected edges (see
definitions and . Lightfoot uses both the in-degree as well as the out-degree.
With the help of the out-degree, fitting initial courses are determined which offer the
possibility of baseline assessment. So, courses with a high value of the out-degree
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should include ’introductory material or framework concepts’ |[Ligl0]. Nodes with
a high value in the in-degree indicate high-level courses with appropriate learning
activities. They represent courses with a potential for final assessments. With the
centrality measures important nodes in graphs or networks are identified. There are
different types of centrality and Lightfoot focuses on the betweenness centrality and
the eigenvektor centrality. The betweenness centrality helps finding courses which
build bridges between independent ’course program tracks or course clusters’ [Lig10].
Nodes with a high eigenvektor centrality are adjacent to nodes with high degree
values, and therefore, represent good points for reinforcement before assessments.
Early courses with a high eigenvektor centrality can also be used to ’introduce topics
and perform baseline assessment’ [Ligl0]. As the measure, the clustering coefficient
is also well known in network analysis to identify strongly or ’densly’ connected
nodes. It compares the density of existing edges to the overall possible connections
[Ligl0). That means, courses with a high clustering coefficient are most suitable
to implement changes into the curriculum, when feedback of any kind indicates a
problem. Lightfoot concludes that his model delivers a starting point to build a
learning scheme, but needs some ’fine tuning and customization’ [Ligl10].

A further graph-theoretic approach is presented by Marshall [Mar12], aiming at
identifying major changes in the three versions of the undergraduate degree Com-
puter Science curricula from The Joint Task Force on Computing Curricula, Associ-
ation for Computing Machinery (ACM) and IEEE Computer Society. In the years
2001 [TJTFoCCS01], 2008 [TJTFoCCS08| and 2013 [JTFoCCS13a] an ACM/IEEE
Computer Science Curriculum was published. In a first step, Marshall simply com-
pares the curricula by numbers, like numbers of knowledge areas or core topics, to
determine a change of focus. After this first analysis, the curricula are mapped to
graphs, using the structure of an onion: in the center stands the discipline ’‘Computer
Science’, followed by the three rings containing the knowledge areas, the knowledge
units and the topics in this sequence. The knowledge areas, knowledge units and
topics represent the nodes, and their relationships the edges of the graphs. As the
relationships are directed, the results are directed graphs. A comparison of the
wisual representations is used to get a quick overview about the similarities and
differences between the three versions of the curriculum. It is mentioned that this
representation does not provide detailed information about similarities and differ-
ences, but an idea, where to look at. This more detailed look is implemented in
an algorithmic comparison. The presented algorithm gets two graphs GG; and G4 as
input and calculates a graph (3 using the nodes from G5 and the structure from G.
So, a comparison between (G3 and (G; indicates, if G5 is compatible with G;. Such a
graph is generated for each combination of the three versions of the curriculum. Af-
terwards, the number of nodes and edges of the combined and the generated graphs
are compared to show changes in the size of the curricula. To get information of the
overlap of the curricula, the subtraction of graphs is used. If A and B are graphs,
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then A — B results in A without all aspects, nodes and edges of B. This process
leads to a percentage of overlapping elements. Results of this analysis show that
the content of Computer Science curricula changed from 2001 to 2013 significantly
in size and in similar elements [Marl2]. In her dissertation titled A graph-based
framework for comparing curricula’ Marshal explains her approach and describes
the mathematical background in detail [Mar14].

The graph-based approach of this contribution uses ideas and methods of Light-
foot [Ligl0] and of Marshall [Mar12], focusing on curricula, educational standards,
and competency models for computer science in primary education. Elements like
comparing the size by the numbers of nodes and edges, and the identification of
central elements by centrality measures are part of this approach. In contrast to the
two approaches mentioned, in this dissertation two different types of dependency
relations, expands and requires, are used and analyzed. A further difference is the
technology used for the necessary calculations which in case of this contribution is a
graph database with its own query language. Also, some additional metrics like e.g.
PageRank are added and some are not considered at all. In the following section
the metrics used are described.

5.3 Graph-Based Metrics

5.3.1 Basic Metrics

Some values of the graphs are used as metrics to make a comparison possible. In
this and the following sections the metrics and their interpretation in the context
of curricula analysis is explained. Comparable to the approach of Marshall [Mar12],
the size of the curricula is determined by counting nodes and edges of their graph-
representations. Additionally, the density of the graphs provides information about
the ratio of nodes and edges. The density of a graph is calculated by dividing the
number of edges by the total number of possible edges. In a directed graph the
number of possible edges is |V| x |V — 1| with |V/| representing the number of nodes.
Therefore, the formula for the density of a graph is [Prel2, p. 167]

Definition 5.1 (Density).

Bl

P=wvivi—o

A ratio between nodes and edges provides information about the complexity of
graphs and networks. The more edges, the more complex the structure of a graph
is [Prel2]. In this approach, the density is used to determine the interrelation of
the competencies within a curriculum. This can lead to assumptions about the
complexity of the curricula. The degree is a further value that is compared. Nodes
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with a high degree value are related to a lot of other nodes (see definition
and can be seen as central nodes. This application of the degree is also known as
degree centrality [Prel2] and is, besides other centrality measures, applied to identify
central competencies in curricula. Here, the in- and out-degree provide additional
information, differing between incoming and outgoing relations in directed graphs
(see definition . Competencies with a high in-degree are expanded or required by
a lot of other competencies. This indicates that these competencies are necessary
for different, independent competencies and can be interpreted as basic and central
competencies. A high out-degree occurs in competencies which are dependent on
many other competencies. These can be assumed to connect different topics or
competency paths.

5.3.2 Centrality Measures

There are several possibilities to measure the centrality of nodes within a graph or
network. The most basic and intuitive one is the already mentioned degree centrality.
The formula to calculate degree centrality looks like follows [Prel2l p. 97]:

Definition 5.2 (Degree Centrality).

Cp(i) = ZiUij = Z%‘i
j=1 i=1

Where,

xi; 15 0 or 1 depending if a connection between node i and node j exists, and

n 1s the number of all nodes in the graph.

Comparing the centrality of different graphs the normalized formula should be used
[Prel2, p. 97]:

Chli) = 210

This general degree centrality does not take direction into account. For digraphs
the in-degree and out-degree centrality can be distinguished and calculated as follows
[Prel2l p. 100]:

Definition 5.3 (In- and Out-Degree Centrality).

Cy(i) =y
=1

C()(Z) = Zl’ij
j=1

Where,
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x5 18 0 or 1 depending if a connection between node © and node j exists, and
n s the number of all nodes in the graph.

The normalized formulas look as follows [Prel2, p. 97]:

ciiy = 1)
cyfi) = <o

n—1

In network analysis the degree centrality is seen as a limited centrality measure,
as it only considers the immediate connections of a node and ignore the rest of the
graph [Prel2]. Another possibility to determine central nodes is the betweenness
centrality which is also applied by Lightfoot [Ligl0]. This measure does not focus
on the connections of a node but on its placement within the graph. So, for a
high betweenness centrality value it is important if and how often a node connects
disconnected elements of the graph. To determine betweenness centrality of a node,
the frequency of shortest paths passing through this node is calculated, following
this formula [Prel2, p. 105]:

Definition 5.4 (Betweenness Centrality).

Where,

dij is the number of shortest paths between nodes i and j passing through node
k.

d;j 15 the number of all shortest paths between nodes i and j
The value can be normalized as follows [Prel2, p. 105]:
Cp(k)

[ (n71)2(n72) ]

Cly =

With,
n being the number of all nodes in the graph.

In the context of curricula the betweenness centrality is used to identify com-
petencies that connect topics which otherwise would not be connected, and have
therefore a central meaning for the curricula.
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A very influential method to measure centrality is the so called PageRank. It
was developed by Larry Page, co-founder of Google, to whom it also owes its name.
The algorithm considers transitivity in the centrality calculations which is the major
difference to other centrality measures. That means, not the importance of a node
on its own but of its neighbors, and their neighbors and so on, is of relevance [NH19].
In the context of curricula it needs a slight modification to show important nodes.
As in the original version the algorithm follows the information flow, concerning
a dependency relation, the direction against the flow is of interest. Competencies
which a lot of important neighbors depend on, are of great interest, as they build the
basis for later content. Berberich et al. use the following formula for the PageRank
calculation [BBWV07]:

Definition 5.5 (PageRank).

Where,
out(u) is the out-degree of node w.

€ 1s the probability of making a random jump because of no outgoing con-
nections.

Nodes without incoming edges are assigned with the following value [BBWV07]:

€

Chﬁow = 77
V]

Following Berberich et al. does not consider nodes without outgoing edges. They
therefore propose a different calculation of this score [BBWVO7:

1
CPiow = m(e +(1—¢) ;CP(d))

Where,
D is the set of nodes without outgoing edges and D C V.
This is further used to normalize PageRank [BBWVO]:

(jp(v)

(ijw

Cp(v)
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The mentioned modification is used in the formula instead of the out-degree the
in-degree.

All the calculations for basic metrics and centrality measures are implemented
in the developed GECK(J| platform which is described in chapter[7} The results are
checked and verified with the free graph editor yEd?| from yWorks and the Python
package Network)(rf].

5.3.3 Structure and Categorization

Assumptions about the structure of a curriculum can be made from various points
of view. They can be based on graph-theoretic metrics or on the visual analysis
of the graph itself (see [Marl2]). In this section, some metrics are discussed to
get information about the structure. A first point of interest, also for centrality
calculations, is the number of appearing cycles within the curricula graphs (see
. Cycles can indicate structural problems as competencies transitively depend
on each other. Therefore, the number of occurring cycles in the graphs is part of
the structural analysis of the curricula.

In- and out-degree are used in a further way, as Pasterk and Bollin describe it
[PB17b]: ’with the help of the out-degree and the in-degree special nodes can be
identified, sources and sinks. Sources represent the nodes with no incoming relations,
sinks are nodes without outgoing relations. In curricula, sinks can be interpreted
as good competencies to start with because they require no prior knowledge within
this subject. Sources in curricula refer to nodes that mark the end of an topic
and are not continued, or represent the knowledge level that should be reached till
the end of a given school grade, and are therefore meant to be continued.” The
number of sinks and sources gives information about the structure, as they indicate
the number of started and ended topics. Additionally, nodes with a degree of zero
are also of interest, as it is described by Pasterk and Bollin [PB17b]: ’these nodes
have no relations to any other node of the graph. This indicates that they cover
knowledge that is more or less independent from other knowledge items which can
signify structural problems or topics.” Of course, these competencies can also start
topics that are planned to continue in later grades.

The number of connected components can also provide some information about
the structure of curricula, educational standards, and competency models. In this
work the weakly connected components are considered which means that in one com-
ponent not all nodes must be reachable from every other node. Pasterk and Bollin
interpret the number of connected components as follows [PB17b]: *The higher the
number of these components is, the more vertex clusters are not connected to each

https://gecko.aau.at
2https://www.yworks.com/products/yed
3https://networkx.github.io/
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other. This can indicate more independent content areas. It has to be considered
that vertices without any connection are also counted as single connected compo-
nents.” As already mentioned for centrality measures, a comparison of the number
of connected components needs some kind of normalization. In this case the relative
frequency is calculated. So, the number of connected components in a curriculum is
divided by the number of overall competencies in this curriculum. To improve the
readability of the results they are multiplied by 100.

The categorization, described in section is not only part of the combination
process, but adds also information to the analysis and comparison of the curricula.
So, the results from experts rating as well as from coding process are presented to
make assumptions about the focus of each curriculum [PB17a].

5.4 Results of the Comparison

5.4.1 Methods

The metrics defined in the previous section are applied to two sets of data: these are
on the one side the original competencies as they are retrieved from the curricula,
and on the other side the standardized competencies which are prepared following
the process described in So, in the standardized competencies so called com-
petency clusters (see , which represent competencies that can be divided into
subcompetencies, are substituted by their subcompetencies. Each competency clus-
ter contains at least two subcompetencies. In the standardized competencies the
competencies which are no competency clusters, stay in their original version. That
means the standardized competencies are a combination of original competencies and
subcompetencies substituting competency clusters. At some points in the following
sections a comparison of the original and the standardized competencies is included.

5.4.2 Basic Metric Value Comparison

One of the most basic metric values, the number of nodes, is already described and
analyzed in section [3.6] In the current section the number of competencies is com-
pared to the number of nodes after the standardization process. In Tab. the
number of original competencies, the number of competency clusters, the number
of subcompetencies, and the number of standardized competencies is shown. The
competency clusters are a subset of all competencies, and reflect competencies which
are divided into subcompetencies. At first view one can see that the number of orig-
inal competencies are very close between 39 and 49. But the number of competency
clusters and subcompetencies fluctuate between 8 and 34 respectively between 23
and 121. The model from Berry for the English national curriculum [Berl5] shows
with 8 the lowest number of competency clusters and with 23 also the fewest sub-
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Tab. 5.1: Numbers of original competencies and standardized subcompetencies

DK AC 21 Gl EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) (US)
Number of 2011 | 2017

Original number 49 43 44 42 A7 43 39
of competencies

Number of com- 32 33 33 15 8 28 34
petency clusters

Number of sub- 78 121 105 44 23 88 106
competencies

Number of stan- 93 131 116 71 62 103 112
dardized compe-
tencies

competencies, although its number of original competencies is the second highest.
This can be explained by the fact that the model of Berry is based on the original
English curriculum and already divides the original statements in a similar manner
as the here presented standardization process does. So, only 8 competency clusters
are left and are divided into 23 subcompetencies. With 34 the CSTA standards from
2017 consist of the most competency clusters and with 121 the Australian curricu-
lum has the highest number of subcompetencies. These values are also reflected by
the numbers of standardized competencies which are a combination of all original
non-cluster competencies and the subcompetencies.

The numbers of subcompetencies per competency cluster are shown in Fig. [5.1]
It is visible that, although the numbers of clusters and subcompetencies vary, the
numbers of subcompetencies per competency cluster seem to be on a comparable
level, except two in special cases. Here, the highest value with 3.67 subcompeten-
cies per cluster appears again in the Australian curriculum, whereas the Austrian
competency model has the lowest value with 2.44 subcompetencies per cluster. The
numbers of the other five curricula fluctuates between 2.88 and 3.18. This shows
that the formulations of the curriculum 21 from Switzerland, the GI standards from
Germany, the model from Berry for the English curriculum, and the two CSTA stan-
dards from 2011 and 2017 use comparable formulations. Although, the numbers of
competency clusters in the Australian curriculum and the Austrian competency
model are very close (33 respectively 32, see Tab. , the difference in the numbers
of subcompetencies is very high (121 respectively 78, see Tab. p.1)). So, it can be
assumed that the formulations of the competency clusters in the Australian curricu-
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lum contain on average one activity or object more than the formulations of the
Austrian competency model. Here, the number of clusters does not make all the
difference. In the other five curricula the number of competency clusters effect the
overall number of subcompetencies.

4.00

1.00

Subcompetencies per competency cluster

DK (AT) AC (AU) 21 (CH) Gl (DE) EC(GB) CSTA11(US) CSTA17 (US)

Curricula

Fig. 5.1: Comparison of the subcompetencies per competency cluster

The numbers of subcompetencies have a direct effect on the standardized cur-
ricula models, as competency clusters are substituted by their subcompetencies (see
section . A comparison of the absolute numbers of original and standardized
competencies can be seen in Fig. As already discussed, the Australian curricu-
lum has a very high number of subcompetencies per competency cluster and there-
fore also contains the most standardized competencies (131 competencies). This is
a large increase compared to the number of original competencies. The second and
third highest values can be found in the curriculum from Switzerland (116 compe-
tencies) and the CSTA standards from 2017 (111 competencies). The curriculum
of the GI in Germany with 71 competencies and the model for the English curricu-
lum with 62 competencies contain the lowest number of standardized competencies.
This comparison shows that although the numbers of original competencies are not
that different, the formulations within the curricula differ in the usage of verbs or
objects. It has to be mentioned that these results do not enable assumptions about
the granularity of the competency formulations.

The number of relations is a further basic metric that is discussed in this sec-
tion. The number of expands- and requires-relations are compared for the original
curricula as well as for the standardized ones. As seen in Fig. the number of
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Fig. 5.2: Comparison of the absolute numbers of original competencies and stan-
dardized competencies

expands-relations in all curricula is higher than the number of requires-relations,
except the curriculum from Switzerland with 28 requires-relations and 23 expands-
relations, and the CSTA standards from 2011 with the equal number of 29 expands-
and requires-relations. The model of Berry for the English curriculum contains with
3 the lowest number of requires-relations and with 43 the highest number of expands-
relations. The highest number of requires-relations show the CSTA standards from
2011 with 29. With 63 the Austrian competency model contains the most relations
overall, whereas the GI standards from Germany contain with 37 the lowest number
of overall relations.

As the curricula contain a different number of competencies, the relations per
competency represent a possibility of normalization. Fig.[5.4shows the expands- and
requires-relations per original competency. As the numbers of competencies in the
original curricula is very similar, also the results of this normalized values are similar
to those presented in Fig. Again, the model for the English curriculum contains
the most expands- (0.91 per competency) and the fewest requires-relations (0.06 per
competency) per competency. With 0.52 the curriculum from Switzerland presents
the lowest number of expands-relations per competency. The highest number of
requires-relations per competency show the CSTA standards from 2011 with 0.67.
Overall the CSTA standards from 2011 contain with 1.35 the most relations per
competency. The GI standards from Germany show with 0.88 the lowest number of
overall relations per competency.

Fig. 5.5 shows the absolute numbers of relations after the standardization pro-
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Fig. 5.3: Comparison of the absolute numbers of relations in the original curricula
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Fig. 5.4: Comparison of the number of relations per original competency

cess. Like it is explained in section the divided competency formulations
are connected by expands-relations and only in some cases requires-relations are
added. At first glance, it is clear that in the standardized curricula the number of
expands-relations is higher than in the original version. As the numbers of new re-
lations depends on the number of subcompetencies, the Australian curriculum now
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contains with 123 the most ezpands-relations (increased by 86) and with 135 the
most relations overall. Because of its low number of subcompetencies the model
for the English curriculum shows the smallest number of expands-relations with 56,
of requires-relations with 4, and of relations overall with 60. In the original ver-
sion this curriculum contains the most expands-relations. The highest number of
requires-relations is found in the CSTA standards from 2011, as it is also the case
in the original versions. But these standards also show the most during the stan-
dardization process added requires-relations. Now it contains 34 requires-relations
(increased by 5). A look at the remaining curricula shows that the Austrian com-
petency model and the GI standards have the same numbers of requires-relations,
whereas the other curricula have all one requires-relation more.

150 135

Number of relations

DK (AT) AC (AU) 21 (CH) Gl (DE) EC(GB) CSTA11(US) CSTA17 (US)

B Requires M Expands

Fig. 5.5: Comparison of the absolute numbers of relations in the standardized cur-
ricula

Also, the numbers of relations per competency show, after the standardization,
an increase of the expands-relations, except in the model for the English curriculum,
as it can be seen in Fig. 5.6, Here, a decrease from 0.91 to 0.90 expands-relations
per competency is visible. The highest increase can be seen in the curriculum from
Switzerland which shows 0.29 expands-relations more per competency (up to 0.81
from 0.52) in the standardized version. The highest number of expands-relations
per competency contains the Australian curriculum with 0.94, whereas again the
curriculum from Switzerland shows with 0.81 the lowest number. On the other
hand, the numbers of requires-relations decreased in all curricula, except again in
the model for the English curriculum. In the CSTA standards from 2011 the most
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requires-relations are found with 0.33 per competency, and the model for the En-
glish curriculum still contains with 0.06 the lowest number of requires-relations per
competency. Overall the CSTA standards from 2011 have the most relations per
competency (1.18) and the GI standards the fewest (0.93).

1.18

1.25 115 1-03
0.09

1.00

0.75

0.25

Number of relations per standardized competency

0.00
DK (AT) AC (AU) 21 (CH) Gl (DE) EC(GB) CSTA11(US) CSTA17 (US)

B Requires M Expands

Fig. 5.6: Comparison of the number of relations per standardized competency

The standardization process effects the numbers of relations per competency
got closer, as Fig. shows. As the overall relations vary in the original version
between 0.88 and 1.35 (difference of 0.47), in the standardized version there are
between 0.93 and 1.18 (difference of 0.25) relations per competency. This is reflected
in the numbers of both relation types. Comparing figures and the original
numbers of expands-relations per competency vary between 0.52 and 0.91 (difference
of 0.39) and in the standardized version between 0.81 and 0.94 (difference of 0.13).
Also, the difference between the requires-relations per competency decreased, as
they vary in the original version between 0.06 and 0.67 (difference of 0.61) and after
standardization between 0.06 and 0.33 (difference of 0.27). This decrease displays
an additional and unintended effect of the standardization process.

The last basic metric is the density, already defined in section[5.3|and very similar
to the simple relations per competency ratio. As this metric directly depends on the
number of nodes in a graph, Tab. shows the numbers of nodes and the calculated
density values for original as well as standardized curricula. For the original curricula
the density values are between 2.13 and 2.70, except the CSTA standards from 2011
with the very high value of 3.21. Here, a comparison is easy and viable because
the curricula have a similar number of competencies. As Fig. 5.8 shows, the three
curricula from Austria, Australia, and Switzerland show very similar density values,
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Fig. 5.7: Comparison of the relations per original and per standardized competency

but they differ in the values for expands- and requires-relations. In the Austrian
and Australian curricula the density of ezpands-relations (1.74 respectively 2.05) is
higher than the density of requires-relations (0.94 respectively 0.61). In contrast, the
curriculum from Switzerland has with 1.48 a higher density of requires-relations than
of expands-relations (1.22). Also very close overall density values are found in the
CSTA standards from 2017 which has also a higher density of expands-relations. The
GI standards and the model for the English curriculum have with 2.15 respectively
2.13 the lowest density values. Additionally, the mode for the English curriculum
shows the lowest density of requires-relations and the second highest of expands-
relations. Outstanding are the CSTA standards from 2011 with the same density
values of both relation types and the highest overall density.

After the standardization, the numbers of competencies differ much more which
also makes a comparison of the density less meaningful. This is because smaller
graphs tend to be more interconnected and therefore show a higher density
value. As it can be observed in Tab. and Fig. this is also the case here. The
Australian curriculum shows the highest number of competencies but the lowest
density value with 0.79. On the other hand the model for the English curriculum
has the fewest competencies but the highest density value with 1.59. Fig. shows
the density values for the two relations types. It is visible that again the density of
expands-relations is much higher compared to the original density values.

All metrics described above provide information about the curricula. The num-
ber of competencies is used to compare the size of the models. Additionally, the
comparison with the standardized versions highlight differences in the competency
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Tab. 5.2: Numbers of original competencies and standardized subcompetencies

DK | AC | 21 | GI | EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) (US)
2011 | 2017

Original curricula

Number of com- 49 43 44 42 47 43 39
petencies

Density 2.68 2.66 2.70 2.15 2.13 3.21 | 2.56
Standardized curricula

Number of com- 93 131 116 71 62 103 112
petencies

Density 1.25 0.79 0.92 1.33 1.59 | 1.16 | 0.88

3.21

Density

0.00

DK (AT) AC (AU) 21 (CH) Gl (DE) EC(GB) CSTA11(US) CSTA17 (US)

B Density requires B Density expands

Fig. 5.8: Comparison of the density values for both relation types between original
competencies

formulations. Following the results for this metric in the original curricula the
Austrian competency model is the most comprehensive curriculum, and the CSTA
standards from 2017 the least comprehensive. After the standardization the Aus-
tralian curriculum contains the highest number of competencies, and the model for
the English curriculum has the lowest number. This is not because in the Australian
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Fig. 5.9: Comparison of the density values for both relation types between stan-
dardized competencies

curriculum a lot more competencies, which could be divided into subcompetencies,
are found, but because each of the competency clusters included on average one
subcompetency more than the clusters in other curricula.

The three metrics number of relations, relations per competency and density can
add information about the complexity of curricula, as Pasterk and Bollin already
described it [PB17b]. In the original curricula the Austrian competency model and
the CSTA standards from 2011 contain the highest number of relations and also the
highest number of relations per competency. Considering also the density, where also
the CSTA standards have the highest value, it can be assumed that it is the most
complex model from the selected ones. The GI standards from Germany include the
fewest relations, and show the lowest relations per competency as well as the second
lowest density value. Therefore, it seems to be the least complex curriculum in the
original version. As mentioned, the standardized curricula are harder to compare
as their number of competencies vary much more than in the original ones. In the
standardized curricula the Australian curriculum contains the most relations but
because of its high number of competencies, not as many relations per competency as
the CSTA standards from 2011 or the Austrian competency model. And considering
the density, the model for the English curriculum and the GI standards which both
have the least number of relations and relations per competency, show the highest
values. So, in case of the standardized curricula it is hard to draw any assumption.



122 5. Comparison of Different Educational Models

Tab. 5.3: Maximum values of degree (including in- and out-degree) in the original
and standardized curricula

DK AC 21 GI EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) |  (US)
2011 | 2017
Original curricula

max. degree 7 4 7 4 4 11

max. out-degree 4 3 3 2 2 3

max. in-degree 5 3 6 3 3 10 3

Standardized curricula

max. degree 6 4 7 4 4 14

max. out-degree 4 3 3 2 2 3

max. in-degree 5 3 6 3 3 13

5.4.3 Central Competencies

The identification of special nodes is on the one hand based on simple degree values
and on the other hand on different centrality measures. The first centrality measure
used here is the degree centrality. It is based on the degree of the competencies and
gives information about two different kind of central nodes:

e high in-degree: basic central competencies
e high out-degree: bridge competencies which connect competency paths

As an overview, the highest values of degree, out-degree, and in-degree are presented
in Tab. 5.3l On a first view it is visible that the values of the original and the
standardized curricula are very similar and differ only in a few cases. In the original
and in the standardized curricula the CSTA standards from 2011 show a very high
in-degree value of 10 respectively 13. This is close to the double of the next highest
value and means that there is at least one competency 10 others depend on. The
next highest values of in-degree appear in the curriculum from Switzerland with 6
and the Austrian competency model with 5. The maximum value of out-degree is
in the original and the standardized version 4 and can be found in the Austrian
competency model and the CSTA standards from 2017.

The following competencies represent those nodes which have the highest out-
degree, in-degree, and degree values in the original curricula. It has to be mentioned
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that competencies which are included in the maximum values of either out- or in-
degree are not mentioned again under the overall degree. For orientation, the country
codes and the internal identification numbers of the competencies within the curric-
ula precede the competencies. Here, the formulations from the model for the English
curriculum already use a notation which is applied later on for the standardized for-
mulations like e.g. 7.1. This notation represents a subcompetency of the competency
with the internal identification number of 7. The number in front of the point states
the internal identification number of the competency, the number after the point
shows the position of the subcompetency in the sequence of subcompetencies from
the corresponding competency. The English model is a special case, as it is based
on the teaching intentions from the original curriculum. Therefore, the number in
front of the point refers to the corresponding original teaching intention instead of
a competency.

maximum out-degree:
e DK/AT [Digl3b|:

— AT-26: The students are able to use networks to search and
display information.

o AC/AU [Ausl3]:
— AU-18: The students are able to collect and manipulate different data

when creating information and digital solutions.

— AU-31: The students are able to define problems in terms of data and
functional requirements and design solutions by developing algorithms to
address the problems.

— AU-32: The students are able to incorporate decision-making, repetition
and user interface design into their designs and implement their digital
solutions, including a visual program.

e 21/CH [Leh14]:
— CH-5: The students are able to learn using predefined media and obtain

information on a specific topic.

— CH-20: The students are able to use media to create and present their
work.

— CH-38: The students are able to distinguish between operating system
and application software.

e GI/DE [Ges19):
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DE-17: The students are able to explain that computer science is om-
nipresent in their world.

DE-31: The students are able to control automata by programming.

DE-32: The students are able to explain the need for a formal language
for interaction with computer systems.

DE-34: The students are able to save and retrieve data.

e EC/GB [Berljl:

GB-7.1: The students are able to design programs that accomplish spe-
cific goals.

GB-7.3: The students are able to debug programs that accomplish specific
goals.

GB-12.1: The students are able to design a range of programs that ac-
complish given goals.

GB-12.3: The students are able to design a range of systems that accom-
plish given goals.

GB-12.4: The students are able to create a range of systems that accom-
plish given goals.

GB-12.5: The students are able to design a range of content that accom-
plish given goals.

e CSTA11/US [SCFF11]:

US1-15: The students are able to practice responsible digital citizenship
(legal and ethical behaviors) in the use of technology systems and soft-
ware.

US1-17: The students are able to use productivity technology tools for
individual and collaborative writing, communication and publishing ac-
tivities.

US1-25: The students are able to understand the connections between
computer science and other fields.

US1-31: The students are able to use computing devices to access remote
information, communicate with others in support of direct and indepen-
dent learning and pursue personal interests.

US1-38: The students are able to identify factors that distinguish humans
from machines.

e CSTA17/US [CSTT7):
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— US2-10: The students are able to develop programs with se-
quences and simple loops, to express ideas or address a prob-
lem.

maximum in-degree:

DK /AT [DigI3h]:

— AT-17: The students are able to name digital devices of daily life and use
them responsibly.

AC/AU [Aus13]:
— AU-1: The students are able to identify how common digital systems

(hardware and software) are used to meet specific purposes.

— AU-8: The students are able to identify needs, opportunities or problems
and describe them.

— AU-13: The students are able to safely create solutions and communicate
ideas and information face-to-face and online.

— AU-17: The students are able to explain how the solutions meet their
purposes.

21/CH [Leh14]:

— (CH-14: The students are able to work with basic elements of the user
interface (windows, menu, several opened programs).

GI/DE [Ges19):

— DE-9: The students are able to describe automata in their environment
as self-acting machines.

— DE-14: The students are able to describe that computer systems are
designed by humans.

EC/GB [BerI3]:

— GB-3.2: The students are able to use logical reasoning to predict what
will happen when I read through computer code.

CSTA11/US [SCEF11]:

— US1-3: The students are able to use technology resources (e.g.
puzzles, logical thinking programs) to solve age-appropriate prob-
lems.
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e CSTA17/US [CSTI7:

— US2-1: The students are able to select and operate appropriate software
to perform a variety of tasks, and recognize that users have different needs
and preferences for the technology they use.

— US2-8: The students are able to model daily processes by creating and
following algorithms (sets of step-by-step instructions) to complete tasks.

maximum degree:
e AC/AU [Ausl3]:

— AU-9: The students are able to collect, sort and display familiar data
from a range of sources and recognise patterns in data.

The competencies with the highest values of out-degree and in-degree centrality
are highlighted in this list. One competency in the Australian curriculum has a
high overall degree (AU-9), but does not appear in the maximum lists of out- and
in-degree. This happens because it has as many incoming as outgoing relations.
Some of these formulations are very general which is one explanation for the high
dependencies. One of these cases is the competency from the CSTA standards with
the very high in-degree of 10 (US1-3). As it can be seen it describes that the
students should be able to use technology to solve problems which are appropriate
for their age. For sure this competency is useful in a lot of situations and it is
obvious that several competencies depend on it. The example competencies show
that the competencies with high values in out-degree centrality are of high level and
complexity. Most cases combine several topics or have requirements from different
competency paths. Competencies with a high value in in-degree centrality represent
more basic knowledge and skills. It is clear that they are required or at least useful
in a lot of different situations.

During the standardization process some of the original competencies are di-
vided into subcompetencies. This also effects some of the identified central points.
In most cases, the out-degree of a competency cluster is transferred to the first
subcompetency of this cluster and the in-degree to the last subcompetency. The fol-
lowing competencies are those with the maximum in-degree and out-degree from the
standardized curricula which are not included in the list from the original curricula
presented above. Again, for orientation the country code, the internal identification
number and the position of the subcompetencies in the sequence precede the com-
petencies. So, for instance the number AU-26.1 in the Austrian competency model
means the first subcompetency of competency 26 in this curriculum.
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maximum out-degree:
e DK/AT [Digl3b]:

— AT-26.1: The students are able to use networks to search infor-
mation.

AC/AU [Ausl13]:

— AU-18.1: The students are able to collect different data when creating
information and digital solutions.

— AU-31.1: The students are able to define problems in terms of data.

— AU-32.1: The students are able to incorporate decision-making into their
designs.

21/CH [Leh14]:

— CH-5.1: The students are able to learn using predefined media.

— CH-20.1: The students are able to use media to create their work.

GI/DE [Ges19):

— DE-34.1: The students are able to save data.
EC/GB [Berljl:

— GB-12.7: The students are able to collect data.

— GB-12.13: The students are able to evaluate information.

— GB-12.15: The students are able to select a variety of software (including
internet services) on a range of digital devices.

CSTA11/US [SCEF11]:

— US1-2.4: The students are able to work cooperatively and collaboratively
with teachers using technology.

— US1-15.1: The students are able to practice responsible digital citizenship
(legal and ethical behaviors) in the use of technology systems.

— US1-17.1: The students are able to use productivity technology tools
(e.g., word processing, spreadsheet, presentation software) for individual
writing activities.

e CSTA17/US [CSTI7:

— US2-10.1: The students are able to develop programs with se-
quences, to express ideas.
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maximum in-degree:
e DK/AT [Digl3b|:

— AT-9.2: The students know how they should behave in a given case con-
cerning the risks associated with the use of information technologies.

— AT-17.2: The students are able to use digital devices of daily life respon-
sibly.

e AC/AU [Ausl3]:
— AU-8.6: The students are able to describe identified problems.
e CSTA17/US |CST17]:

— US2-1.2: The students are able to select appropriate software to perform
a variety of tasks.

It can be seen that the competencies with the highest out-degree values are the
first subcompetencies in a competency cluster, whereas the sequence numbers of the
subcompetencies with the highest in-degree differ as the competency cluster have
a different amount of subcompetencies. Of four competencies identified as special
in the original curricula no subcompetencies are found in the standardized versions
(US1-31, AU-9 and AU-13, US2-8). In the CSTA standards from 2011 and the
Austrian competency model special nodes are identified which are not part of com-
petency clusters with the highest degree values in the original curricula (US1-2.4,
AT-9.2). The assumptions from the original curricula also apply here, as the com-
petencies with high out-degree centrality are of higher level with many requirements
and the nodes with high in-degree centrality represent basic competencies which are
needed in several situations. That means there are only slight differences in the
identification of special competencies in the original and the standardized curricula
using the degree centrality. As the values are very similar the comparison of the
normalized values for the degree centrality are only discussed for the standardized
curricula. Fig. shows the differences between the highest values of degree, out-
degree and in-degree in the curricula. The highest degree values are higher in all
curricula than those of in- and out-degree. That means that the identified compe-
tencies have at least one incoming- and one outgoing relation. In most cases the
normalized values of the in-degree are higher than of the out-degree, except the Aus-
tralian curriculum and the CSTA standards from 2017 where both values are the
same. The Australian curriculum shows the lowest maximum values in in- and out-
degree, the CSTA standards from 2011 the highest maximum values in in-degree, and
the Austrian competency model the highest out-degree. The maximum values differ
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Fig. 5.10: Comparison of the degree values in the standardized curricula

the most in the CSTA standards from 2011, as the in-degree values are extraordinary
high, followed by the curriculum from Switzerland.

Unlike the degree centrality, the measured values of betweenness centrality as well
as PageRank itself are not meaningful on their own. The outcomes which are the as
important identified competencies, are of greater interest. Therefore, as results for
this measures, the found competencies are presented, without discussing the back-
ground numbers. Further, the discussion is limited to the standardized curricula,
as the results are similar to those of the original ones, and the subsequent devel-
opments are based on the standardized versions. For these two centrality measures
the structure of the graphs also has to be considered, as both of them only work
for connected graphs. So, if a graph has more than one connected component, the
identified nodes are only central for the particular component they belong to. The
structures of the graphs representing the curricula are discussed in section

As mentioned in section the betweenness centrality shows nodes which con-
nect components. In the context of this dissertation the components are competency
or learning paths. Therefore, the nodes are of high interest and handled as central
competencies. The following competencies have the highest values for betweenness
centrality in their curricula:

e DK/AT [DigI3h]:

— AT-9.2: The students know how they should behave in a given case con-
cerning the risks associated with the use of information technologies.



130 5. Comparison of Different Educational Models

AC/AU [Aus13]:

— AU-18.1: The students are able to collect different data when creating
information and digital solutions.

21/CH [Leh14]:

— (CH-20.1: The students are able to use media to create their work.

GI/DE [Ges19):

— DE-25.7: The students are able to implement algorithms with the basic
algorithmic block repetition.

EC/GB [Berljl:
— GB-11.3: The students are able to explain how to be discerning in eval-
uating digital content.

— GB-11.4: The students are able to explain how to use search technologies
effectively.

CSTA11/US [SCEF11]:

— US1-14.4: The students are able to use standard output devices to suc-
cessfully operate computer related technologies.

CSTA17/US [CST17):

— US2-10.1: The students are able to develop programs with sequences, to
express ideas.

It can be seen that the competencies are from different categories and treat different
topics. A very strong connecting character show the competencies from the Austrian
competency model, the curriculum from Switzerland, and the CSTA standards from
2011. The result for the CSTA standards from 2017 is also comprehensible, since it
generally has a strong focus on programming (shown in section . In the case of
the Australian curriculum the identified competency is one of the two competencies
with the highest out-degree value. Therefore, it connects several learning paths. The
competency found in the GI standards is located in the middle of a long path that is
again connected with another long path. That is the reason, why it is identified as
connecting node. Concerning the model for the curriculum in England the structure
shows, why these two competencies are identified to be central. Here, two major,
not connected components can be found: one that includes the competencies for
program creation and the other one that handles data management and digital
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content creation. For the latter, competencies GB-11.8 and GB-11./ show the
highest betweenness centrality value.

The PageRank values support the search for competencies which are important
at the beginning of instructions. Competencies with a high PageRank value are
basic competencies which a lot of other important competencies depend on. In the
following list the competencies with the highest PageRank in each curriculum are
presented:

e DK/AT [DigI3h|:

— AT-9.2: The students know how they should behave in a given case con-
cerning the risks associated with the use of information technologies.

AC/AU [Aus13]:

— AU-1.0: The students are able to identify how common digital systems
(hardware and software) are used to meet specific purposes.

21/CH [Leh14]:

— CH-11.6: The students are able to use simple functions of programs.

GI/DE [Ges19):

— DE-13.0: The students are able to name the components of computer
systems using the technical language of computer science.

EC/GB [Berljl:

— GB-3.2: The students are able to use logical reasoning to predict what
will happen when I read through computer code.

CSTA11/US [SCEF11]:

— US1-14.4: The students are able to use standard output devices to suc-
cessfully operate computer related technologies.

CSTA17/US [CSTT7):

— US2-8.2: The students are able to model daily processes by creating
algorithms (sets of step-by-step instructions) to complete tasks.

All of these competencies are on a very basic level and four of them are important
for several topics (AU-1.0, CH-11.6, DE-13.0, US1-14.4). Two of them are also
identified as sinks (AU-1.0, DE-13.0). The foci of the curricula presented in section
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5.5 provide some insights into the results from PageRank. As the Austrian com-
petency model focuses on human factors and ethics, also the most important basic
competency is from this category. Because of the orientation towards programming,
competencies from this category are also identified as central for the model for the
English curriculum and the CSTA standards from 2017.

It has to be mentioned that due to limitations of space only those competencies
with the highest values are presented. Tab. shows the five competencies of
each curriculum with the highest values in the discussed centrality measures. For
readability only the identification numbers of the competencies within the curricula
are included. That means, a number can appear in different curricula and represents
different competencies depending of the curriculum. If a number of a competency
occurs in one curriculum in several centrality measures they are marked by colors.
The values without brackets are the highest values in this measure, those with
brackets are the next highest.

In the Austrian competency model it can be seen that the competency with
the highest value in in-degree, betweenness centrality, and PageRank is the same.
Furthermore, in three cases betweenness centrality and PageRank identify the same
competencies as central. In the Australian curriculum the out-degree centrality and
the betweenness centrality share the competency with the highest value, as do the
in-degree centrality and PageRank with the two top competencies. A similar situ-
ation can be seen in the curriculum from Switzerland, where out-degree centrality
and betweenness centrality again share two of the five top competencies. In-degree
centrality and PageRank also share one of the five competencies, as do betweenness
centrality and PageRank. With only two repeatedly identified competencies, the
GI standards show the most differences in this analysis. These two are shared by
in-degree centrality and PageRank. In the model for the English curriculum again
two competencies with high values in out-degree centrality are found under the top
five of the betweenness centrality, and the competency with the highest value in
the in-degree centrality also shows the highest value in PageRank. One competency
from the CSTA standards from 2011 appears in the top five of in-degree centrality,
betweenness centrality, and PageRank. Betweenness centrality shares two additional
competencies with in-degree centrality and also with PageRank. In the CSTA stan-
dards from 2017 the competency with the highest value in the out-degree centrality
shows also the highest value in the betweenness centrality. The PageRank shares two
competencies from the top five with in-degree centrality and one with betweenness
centrality. So, in five of the seven curricula some kind of relation between in-degree
centrality and PageRank can be assumed. Four curricula show exemplary overlaps
between out-degree centrality and betweenness centrality, three overlaps between
betweenness centrality and PageRank, and again three overlaps between in-degree
centrality and betweenness centrality.
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Tab. 5.4: Comparison of the identified competencies by different centrality measures
(the colors highlight competencies reappearing in different measures)

DK AC 21 GI EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) |  (US)
2011 | 2017
max. out-degree | 26.1 18.1 5.1 17.0 7.1 2.4 10.1
(43.0) | 31.1 20.1 31.0 7.3 15.1 | (28.1)
(19.1) | 32.1 38.0 32.0 17.1 | (30.1)
(5.00) | (32.3) | (7.1) | 34.1 12.13 25.0 | (7.2)
(41.0) | (9.1) | (8.0) | 38.2 12.14 38.0 | (14.4)
max. in-degree 9.2 9.0 3.2 3.0
17.2 8.6 (27.0) (4.2) (8.0)
17.0 (15.0) | (6.4) (4.4)
(24.4) | (5.2) | (36.2) | (19.1) | (2.2) (1.6 (7.1)
(4.0) | (6.2) | (2.2) | (1.0) (4.5) (11.0)
betweenness 9.2 18.1 20.1 25.7 11.3 10.1
centrality (18.2) | (20.2) | (25.6) | 11.4 (10.2)
(8.3) | (23.1) | (21.0) | (25.8) | (12.15) | (3.0) | (10.3)
(8.2) | (23.2) (25.5) | (7.3) | (14.3) | (10.4)
(8.1) | (31.1) | (5.1) | (25.9) (8.0) | (6.2)
PageRank 9.2 11.6 13.0 3.2
(8.6) (3.1) | (14.3) | (8.1)
(8.5) | (11.5) | (6.0 (1.3) | (14.2)
(8.3) | (11.0) | (11.4) | (9.0 (1.2) | (14.1)
(8.2) | (13.1) | (11.3) (1.1)
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5.4.4 Analysis of Graph-Structure

The number of cycles in the graphs of the curricula is an essential information be-
cause some centrality measures like PageRank only work for acyclic graphs. In our
case, none of the seven graphs representing the curricula contains any cycle. So, the
centrality measures can be applied and no assumptions about structural problems
can be made because of existing cycles. With the degree values central competencies
can be found, as well as start- or end-points of topics marked by sources and sinks.
Additionally, competencies without any connection to other competencies, so called
1solated nodes, can be found, as they have a degree of zero. All these special nodes
provide information about the structure of the curricula. A high number of sinks in-
dicates that a curriculum starts with a lot of different topics and covers independent
areas. From a big number of sources it can be assumed that several topics end here
or should be continued in later grades. Isolated nodes represent competencies with-
out connections to other competencies and can be used to provide students insights
into a topic which is not examined further or also continued in higher grades. The
numbers of the identified special nodes are presented in Tab. [5.5] As the reading
direction of the relations shows the dependency, the sources represent nodes which
no other nodes depend on, and sinks are nodes which do not depend on others. So,
sources conclude and sinks start topics. The results for the original curricula show
that the numbers of sources are higher in all curricula, than the number of sinks.
The numbers of sinks vary between 4 and 7, the numbers of sources between 10 and
21. It can be seen that the CSTA standards from 2011 contain the fewest sinks (4)
and by far the most sources (21). The model for the English curriculum shows with
10 the lowest number of sources, and the standards from the GI and the CSTA of
2017 have with 7 the most sinks. The number of isolated nodes is highest in the
2017 CSTA standards at 3 and lowest in the Australian curriculum at 0. In the
standardized curricula the number of sources is again higher than the number of
sinks. Compared to the original curricula the numbers of sources increased in all
curricula. Also the number of sinks increased in five from the seven curricula, in the
model for the English curriculum and the CSTA standards from 2011 they stayed
the same. Again, the CSTA standards from 2011 show the most sources (29) and
the fewest sinks (4). The highest number of sinks are found in the CSTA standards
from 2017 (11) and the lowest number of sources occurs in the model for the English
curriculum (11). The standardization has the additional effect that the number of
isolated nodes is reduced. Only in three curricula (Switzerland, England, CSTA
2011) nodes with a degree of zero are found. This is because also the original iso-
lated competencies are divided into subcompetencies and connected to each other.
Therefore, they have connections and a degree value which is higher than zero.

Fig. compares the numbers of sinks, sources, and isolated nodes relative to
the numbers of competencies of the original curricula. It is visible that the numbers
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Tab. 5.5: Numbers of sources, sinks and isolated nodes in the original and standard-
ized curricula

DK AC 21 GI EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) |  (US)
Number of 2011 | 2017
Original curricula
sinks 6 5 6 7 6 4 7
sources 13 11 11 11 10 21 13
isolated nodes 1 0 1 2 1 1 3
Standardized curricula
sinks 8 6 7 9 6 4 11
sources 16 13 14 14 11 29 19
isolated nodes 0 0 1 0 1 1 1

of sources vary between 21.28% and 33.33%, except in the CSTA standards from
2011 with the highest relative number of 48.84%. This means, in this model nearly
every second competency is a source. In case of sinks the highest value of 17.95%
can be found in the CSTA standards from 2017 and the lowest of 9.3% in the CSTA
standards from 2011. With 7.69% of isolated nodes the CSTA standards show the
highest value in this category, whereas the Australian curriculum has 0%.

The following examples show sinks, sources, and isolated nodes from the original
curricula:

e sinks:
— AT-1: The students are able to cite important application areas of infor-

mation technology from the environment, they live in (|Digl13b]).

— AU-2: The students are able to use digital systems to represent simple
patterns in data in different ways ([Aus13]).

— CH-2: The students are able to understand simple contributions in dif-
ferent media languages and are able to talk about them ([Leh14]).

— DE-13: The students are able to name the components of computer sys-
tems using the technical language of computer science ([Ges19)]).

— GB-4.2: The students are able to use technology purposefully to store
digital content ([Berl5]).
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Fig. 5.11: Comparison of the relative number of sources, sinks and isolated nodes
in the original curricula

— US1-5: The students are able to understand how to arrange (sort) infor-
mation in useful order, such as sorting students by birth date, without
using a computer ( ).

— US2-9: The students are able to model the way programs store and ma-
nipulate data by using numbers or other symbols to represent information

(ICST17)).

® sources:

— AT-41: The students are able to use information from the Internet in
their work ([Digl13b]).

— AU-30: The students are able to explain how digital systems use whole
numbers as a basis for representing a variety of data types ([Aus13]).

— CH-38: The students are able to distinguish between operating system
and application software ([Leh14]).

— DE-32: The students are able to explain the need for a formal language
for interaction with computer systems ([Ges19]).

— GB-12.3: The students are able to collect, analyse, evaluate and present

information ([Ber13]).

— US1-43: The students are able to understand ethical issues that relate to

computers and networks ([SCE*11]).
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— US2-28: The students are able to create programs that include sequences,
events, loops, and conditionals ([CST17]).

e isolated nodes:

— AT-45: The students are able to encrypt and decrypt some information
from everyday life ([Dig13b]).

— CH-30: The students know the names of the document types they use
([Leh1d]).

— DE-24: The students are able to use and develop agreements for the
transmission of messages ([Ges19]).

— GB-5: The students are able to discuss common uses of information tech-
nology beyond school ([Ber15]).

— US1-37: The students are able to identify that information is coming to
the computer from many sources over a network ([SCFT11]).

— US2-22: The students are able to model how information is broken down
into smaller pieces, transmitted as packets through multiple devices over
networks and the Internet, and reassembled at the destination ([CST1T]).

As it can be seen in Fig.[5.12] the relative numbers of sinks, sources, and isolated
nodes of the standardized curricula differ from those of the original versions. Apart
from the CSTA standards from 2011 which have still by far the highest percentage
of sources, the relative numbers of sources vary between 9.92% and 19.72%. The
lowest percentage of sinks show again the CSTA standards from 2011, whereas the
highest can be found in the GI standards. As there are only four curricula with one
isolated node each left, the curriculum with the lowest number of competencies, the
model for the English curriculum, has the highest percentage.

The following competencies represent examples of sinks, sources, and isolated
nodes in the standardized curricula:

e sinks:

— AT-20.1: The students are able to start a computer (|[Dig13b]).
— AU-8.5: The students are able to identify problems ([Ausl3]).
— CH-11.1: The students are able to switch devices on ([Leh14]).

— DE-4.1: The students are able to state that agreements are necessary to
encode data ([Ges19)]).

— GB-7.6: The students are able to solve problems by decomposing them
into smaller parts ([Berl5]).
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Fig. 5.12: Comparison of the relative number of sources, sinks and isolated nodes
in the standardized curricula

— US1-12.1: The students are able to identify jobs that use technology

([SCE*11)).

— US2-1.2: The students are able to select appropriate software to perform

a variety of tasks (J[CSTIT]).

® sources:

— AT-12.3: The students are aware that there are dangers such as malware,

especially when using the Internet ([Digl13b]).

AU-42.2: The students are able to use criteria for success, including sus-
tainability considerations, to judge the suitability of their ideas, solutions

and processes ([Aus13]).
CH-40.1: The students are able to apply solution strategies to problems

with devices ([Leh14]).

DE-42.2: The students are able to explain that personal data can be
processed with computer systems ([Ges19]).

GB-12.4: The students are able to create a range of systems that accom-
plish given goals ([Berl5]).

US1-36.2: The students are able to apply strategies for identifying simple
software problems that may occur during use ([SCE*11]).
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Tab. 5.6: Numbers of connected components

DK AC 21 GI EC CSTA
(AT) | (AU) | (CH) | (DE) | (GB) |  (US)
Number of 2011 | 2017
Original curricula
connected 3 1 3 6 4 2 6
components
Standardized curricula
connected 3 1 3 6 5 2 7
components

— US2-25.4: The students are able to use data to communicate an idea
([CST1T)).

e isolated nodes:

— CH-30: The students know the names of the document types they use
([Leh1d]).

— GB-5: The students are able to discuss common uses of information tech-
nology beyond school ([Ber15]).

— US1-37: The students are able to identify that information is coming to
the computer from many sources over a network ([SCEFT11]).

— US2-22: The students are able to model how information is broken down
into smaller pieces, transmitted as packets through multiple devices over
networks and the Internet, and reassembled at the destination ([CST17]).

A further metric to analyze the structure of a graph are the numbers of connected
components (see definition . Connected components can show independent
topics or competency paths. Tab. shows the absolute numbers of connected
components in the original and standardized curricula.

The only differences between the original and the standardized versions can be
seen in the model for the English curriculum and the CSTA standards from 2017.
It concerns the following original competencies with their subcompetencies from the

EC/GB [Berljl:

e GB-12.1: I can design a range of programs, systems and content that accom-
plish given goals.
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— GB-12.1: T can design a range of programs that accomplish given goals.
— GB-12.2: T can design a range of systems that accomplish given goals.

— GB-12.3: T can design a range of content that accomplish given goals.

e GB-12.2: I can create a range of programs, systems and content that accom-
plish given goals.

— GB-12.4: T can create a range of programs that accomplish given goals.
— GB-12.5: I can create a range of systems that accomplish given goals.

— GB-12.6: I can create a range of content that accomplish given goals.

It can be seen that the standardization process separated into topics of the design
and creation of programs, systems and content. As programs and systems are con-
nected to the development, the content is in most cases connected to the creation
of digital documents. That means, the subcompetencies concerning programs and
systems in most cases are independent from the creation of content. This leads to
a separation and to two unconnected components. The following competencies and
subcompetencies from the CSTA17/US are also concerned [CST17]:

e US1-3: The students are able to describe basic hardware and software problems
using accurate terminology:.

— US1-3.1: The students are able to describe basic hardware problems using
accurate terminology [3.1].

— US1-3.2: The students are able to describe basic software problems using
accurate terminology [3.2].

Here, a similar situation occurs like described before. The description of hardware
and software problems are related, but non depends on the other one. This also
results in a separation and two unconnected components.

Fig. shows the normalized numbers of connected components to the number
of overall competencies in the curricula. With the normalized values a comparison
between the curricula is more meaningful.

It is obvious that these values are higher in the original curricula, as they con-
tained less competencies before the standardization. A very low value and thus a
high interconnection can be seen in the Australian curriculum which has one con-
nected component, as it can be seen in Tab. [5.6] In the original versions the CSTA
standards from 2017 and the GI standards have the highest normalized values and
with six connected components also the highest number of connected components.
Although the CSTA standards from 2017 have one more connected component in
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Fig. 5.13: Comparison of normalized numbers of connected components between
original and standardized curricula

the standardized version, its normalized values are not the highest. The GI stan-
dards and the model for the English curriculum show higher normalized values, as
their number of competencies is lower. That supports the assumption that the GI
standards and the model for the English curriculum are slightly interconnected. In
the context of curricula that means, the competencies belong to their topics but are
independent from competencies in other topics.

5.5 Comparison of the Categories

5.5.1 Computer Science or Digital Literacy

As described in section [4.6.3] the first step of categorization is a survey with experts
to categorize the original competencies of the curricula into computer science (CS)
or digital literacy (DL ). The overall results from that survey can be seen in Fig.
It represents a comparison of the numbers of competencies categorized into one of
the three categories ’CS’, 'DL’, and ’Undecided’ relative to the overall numbers
of competencies in the particular curriculum. The results for the Austrian digital
competency model (DK) show that the focus is clear on digital literacy. With only
4% in ’CS’ and 4% in 'Undecided’, "DL’ has 92% of the competencies. Also the
curriculum from Switzerland (21) and the CSTA standards from 2011 (CSTA1I)
lay their focus on digital literacy, though the numbers of "CS’ rated competencies
are with 23% in both curricula a bit higher. With 74% in the 21 and 74% in the
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CSTA11 also the values for 'DL’ are very similar. Only the number of "Undecided’
ratings is in the 21 with 5% higher, then the 2% in the CSTA11. The Australian
curriculum (AC) is with a distribution of 45% in ’CS’, 50% in 'DL’; and 5% in
"Undecided’ very balanced. And the only model with more competencies in 'CS’ are
the CSTA standards from 2017 (CSTA17) with 51% in 'CS, 46% in 'DL’, and 3%
in "Undecided’ [PKB19]. The full number can also be found in Tab. [5.7]

100% 92%

73% 74%
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46%

45%
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25%
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B Computer science M Digital literacy Undecided

Fig. 5.14: Comparison of the focus from the five analyzed curricula

Additionally, strong agreements are analyzed. A ’‘strong agreement’ is given, if
at most one single expert disagrees with the other categorizations. The percentage
of strong agreements for each category can be found in Fig. It shows that the
decisions in the DK were very clear because the experts agreed in 88% of the ratings
for 'DL’. Also, within 43% in the 21 and 37% in the CSTA11 the categorization into
'DL’ was clearer. For competencies in ’CS’ the experts had different opinions. Only
in 7% of the cases in the 21 strong agreements were reached. No strong agreements
in this category were found in the CSTA11. In the AC and the CSTA17 the experts
agreed more often in the category 'CS’ with 32% (AC) and 23% (CSTA17). Here,
the number of strong agreements in 'DL’ are with 9% (AC) and 13% (CSTA17)
lower [PKB19]. Again, the number is shown in Tab.

Following the guidelines of Fleiss [Fle81] a value of 0.43 for the inter-rater agree-
ment was determined. This value reflects the reliability of the agreement when
categorized by a given number of experts. A value of 0.43 shows a ’fair to good’
agreement in this survey [PKB19].

A more detailed analysis of three selected curricula is already described by
Pasterk and Bollin in the following words [PB17al p. 4]: To accomplish our goal
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Tab. 5.7: Percentage of the categories computer science and digital literacy in cur-
ricula

DK | AC 21 CSTA
(AT) | (AU) | (CH) (US)
Category 2011 | 2017

Computer Science (CS) | 4% | 45% | 23% | 23% | 51%

Computer Science (CS) | 2% | 32% 7% 0% | 23%
strong agreement

Digital Literacy (DL) 92% | 50% | 3% | 4% | 46%

Digital Literacy (DL) | 88% 9% 43% | 37% | 13%
strong agreement

Undecided 4% 5% 5% 2% 3%

of giving an overview of the focus of the selected educational models, we represent
the results from the expert survey as graphs with different colored nodes. For each
curriculum or competence model three graphs with different coloring are presented.
The first and the second graphs show the separate numbers of votes for C'S and
DL. So the colors of the nodes in the first graph represent how many experts chose
CS or Both for each of the corresponding competence or learning objective, and the



144 5. Comparison of Different Educational Models

second graph does the same for DL. This is of interest because the two categories
are often related together, so it can occur that even if more experts chose one cat-
egory for one competence or learning objective some would classify it to the other
category. Similar cases can be identified by a comparison of the first and the second
graph. The third graph divides the nodes into 'C'S’, 'Rather CS’, 'Draw’, 'Rather
DL’ or 'DL’. A node is classified as 'CS’ or 'DL’, if more than 75 percent of the
experts chose CS or DL for the corresponding competence or learning objective. If
more than 50 but less than 75 percent of the experts chose C'S or DL, the node
is classified as ’Rather CS’ or ’Rather DL’. If exactly the half of the experts voted
for CS and the other half for DL, then the node is displayed to be 'Draw’. With
nine experts this can only happen, if at least one expert voted with Both at the
corresponding competence or learning objective because it is counted for C'S and
DL. In this section the results for each analyzed educational model are presented
and discussed.

Pasterk and Bollin continue as follows [PB17a, p. 4]:The separate results for
each of the two categories CS and DL of the Australian curriculum are presented
in Fig. [5.16| and Fig. [5.17| Fig. |5.16| shows that at least eight experts voted for ten
learning objectives to belong to CS. Further, one learning objective was classified
by at least six experts into CS, four learning objectives by at least four experts,
three learning objectives by at least two experts, and two learning objectives by one
expert. Only two learning objectives have not been classified into CS by any expert.
In comparison to Fig. six learning objectives were never classified to belong to
DL. Four learning objectives were classified by at least eight experts into DL, six
learning objectives by at least six experts, three learning objectives by at least four
experts, one learning objective by at least two experts, and two learning objectives
by one expert. These results don’t indicate a focus on one of the two categories, but
it seems that the experts agreed on the classification of learning objectives into CS,
whereas their opinions concerning DL were a bit more divided. For this comparison
it has to be considered that some nodes are classified by at least eight experts into
one category, but have also e.g. four votes for the other category. An example for
this case is indicated in Fig. [5.16| and Fig. by a green cycle. That can occur,
if several experts chose Both for the corresponding learning objectives and several
others chose one of the categories 'CS’ or 'DL".

Pasterk and Bollin go on with their analysis of the Australian curriculum [PB17al,
p. 4]: Fig. |5.18/ shows an overall comparison of the Australian curriculum. Exactly
the same amount of the learning objectives (ten) were classified into CS and into DL
by the majority of the experts. For CS nine learning objectives were classified into
'CS’ because over 75 percent of the experts chose CS for the corresponding learning
objectives, and only one into 'Rather CS’ which means that between 50 and 75
percent of the experts chose CS. On the other hand only three learning objectives
are classified into DL’ because over 75 percent of the experts voted for DL, and
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Fig. 5.16: The distribution of experts’ choices for CS for the learning objectives from
the Australian curriculum [PBI7a]
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Fig. 5.17: The distribution of experts’ choices for DL for the learning objectives
from the Australian curriculum [PB17a]
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seven into 'Rather DL’ because between 50 and 75 percent of the experts voted for
DL. For two nodes both categories got the same amount of votes that is why they
are classified as 'Draw’. These results show that the Australian curriculum as a
balanced number of learning objectives of each category and has no clear focus.
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Fig. 5.18: A comparison of learning objectives related to C'S or DL from the Aus-

tralian curriculum [PB17al
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Pasterk and Bollin analyze the curriculum from Switzerland in the following
words [PB17al p. 5]: For the curriculum from Switzerland the separate results are
presented in Fig. [5.19 and Fig. .20l Fig.[5.19 shows that the distribution of choices
for CS is limited to a few nodes. Nine nodes were classified by at least eight experts
into C'S. On the other hand there are 17 nodes that don’t have any vote for CS.
Fig. [5.20] shows also a clear focus on DL because 25 nodes are classified by at
least eight experts into DL, whereas only three nodes include no vote for DL. The
overall comparison in Fig. [5.21| shows only five nodes are classified to ’CS’ and six
to 'Rather CS’, whereas 22 nodes belong to ‘DL’ and ten to 'Rather DL’. And one
node is classified into 'Draw’. Following the decisions of the experts the focus of the
curriculum from Switzerland is on DL.

Pasterk and Bollin end with their analysis of the Austrian competency model
[PB17al p. 5]: The separate results for the Austrian Digital Competence model are
presented in Fig. and Fig.[5.23] Fig.[.22]shows that only one competence was
classified into C'S by at least eight experts. On the other hand 25 competences had
no single vote for C'S by any expert. Fig.|5.23| shows the dominance of DL in this
model. From overall 49 competences 43 were classified by at least eight experts into
DL. The overall comparison of the Austrian model presented in Fig. show that
there are only two nodes classified into 'Rather CS” and two into 'Draw’. The rest
belongs with 38 nodes to 'DL’ and with seven nodes to 'Rather DL’. As the Austrian
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Fig. 5.19: The distribution of experts’ choices for CS for the competence levels from
the curriculum in Switzerland [PBI7a]

model is a model for Digital Competence it has a strong focus on DL.

It has to be mentioned that during the expert rating only the original competency
formulations from the curricula were categorized and the standardized formulations
were not considered.

5.5.2  Distribution of Categories

During the coding process, also the original versions were coded and categorized.
As the coding was done per phrases and not per competency, it happened that dif-
ferent codes were present in one competency. In some cases this led to questions in
categorization, as the codes of one competency belonged to more than one category.
This was resolved by the numbers of occurring codes. If the number of codes from
one category was higher than the others, the competency was categorized into this
category. If this was not the case, it was decided by the researchers which code
had a higher weight. For the original competencies, Fig. [5.25] shows the relative
distribution of competencies over the five categories programming and algorithms,
data representation, digital infrastructure, digital applications, and human factors
and ethics (see section [3.2). The Austrian competency model (DK) contains over
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Fig. 5.20: The distribution of experts’ choices for DL for the competence levels from
the curriculum in Switzerland [PBI7a]

40% of the competencies from the category human factors and ethics followed by
digital applications with over 28%. In the Australian curriculum the most frequently
occurring category is programming and algorithms with nearly 35% followed by hu-
man factors and ethics with 30%. A very close result for the most frequent category
can be seen in the curriculum from Switzerland with 30% for digital applications
and 27% for digital infrastructure. Digital infrastructure is by far the most frequent
category in the GI standards from Germany with 43%, followed by human factors
and ethics with 21%. In the model from Berry for the English curriculum the cate-
gory programming and algorithms shows with 53% the highest value not only within
the curriculum but of all compared curricula. It is followed by digital applications
with 26%. The most frequent category in the CSTA standards from 2011 is with
33% human factors and ethics, followed by digital applications with 26%. Also in
the CSTA standards from 2017 the category programming and algorithms is very
popular with 46%. The second most frequent category is human factors and ethics
with 21%.

Taking a more detailed look at the categories and their occurrence shown in
Fig. |5.26 programming and algorithms presents more than 20% in four curricula.
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Fig. 5.21: A comparison of competence levels related to C'S or DL from the curricu-
lum from Switzerland [PB17al

The category data representation shows in no curriculum a higher value than 12%
and in the model for the English curriculum no competency of this category occurs.
Only in two curricula the category digital infrastructure presents more than 20% and
in two curriculum it shows under 10%. Digital applications shows in four curricula
more than 25% and only in one under 10%. The most frequent category over all
curricula is human factors and ethics which shows in all curricula over 17% and in
three curricula over 30%.

It can be assumed that with the standardized competency formulations explained
in section [4.6.2] the above described results do not change a lot. Some points of in-
terest are visible though as Fig. [5.27|shows. For instance, the category programming
and algorithms increased the frequency in four curricula for at least 5%. This leads
to two possible interpretations: first, the competencies from this category contained
several subcompetencies and were separated more often than others. Or second,
some subcompetencies from other competencies moved to this category. The model
from Berry for the English curriculum contains after standardization 3% competen-
cies of the category data representation. Before standardization it had 0%. This
are in absolute numbers two competencies in this category. In this case it is obvi-
ous that subcompetencies have been moved from other categories into this category.
The standardization of the formulations additionally solved the problem of more
codes within one competency. After this process it happened very rarely that one
competency included more codes. And in these very rare cases the codes belonged
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Fig. 5.22: The distribution of experts’ choices for CS for the competences from the
Austrian competence model [PB17a]

to the same category. So, the process was simplified by the prior standardization.
There are no notable changes visible in the occurrence of the categories after
standardization and therefore they are not discussed.

5.6 Conclusion

This chapter discusses several aspects of comparing the computer science related cur-
ricula for primary education. It starts with the related work in analyzing curricula
representing graphs and defines basic metrics and centrality measures to compare
the curricula. Further, the results from the comparison of the basic metrics, the
identification of central competencies, the analysis of the graph structure, and the
categorization are discussed. These show that the original curricula are very similar
in their numbers of competency, but after the standardization process the highest
and the lowest numbers differ by 69 competencies (Australian curriculum with 131,
and the model for the English curriculum with 62 competencies). This reflects the
fact that the formulations in the curricula are different in their use of verbs and ob-
jects. Some include more than one verb to describe the actions the students should
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Fig. 5.23: The distribution of experts’ choices for DL for the competences from the
Austrian competence model [PB17a]
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Fig. 5.24: A comparison of competences related to CS or DL from the Austrian
competence model [PBI7a]
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Fig. 5.25: Relative distribution of original competencies over the five categories
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Fig. 5.26: Comparison of the five categories based on original competencies

be able to do with sometimes more than one object to reach the level. Also, the
numbers of relations per competency show differences between the curricula. The
competencies from the original CSTA standards from 2011 seem to be very inter-
related, as this curriculum shows the most relations per competency. The lowest
number of relations per competencies in the original curricula can be found in the GI
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Fig. 5.27: Relative distribution of standardized competencies over the five categories

standards and the model for the English curriculum. This conclusion is supported
by the density values. These basic values open the opportunity of comparing curric-
ula. Additionally, centrality measures like degree centrality, betweenness centrality,
and PageRank provide further possibilities. They are used to identify central nodes
in the graph representations and thus central competencies in the curricula. The
results show that competencies with a high in-degree are basic competencies which
are necessary for other competencies, and that competencies with a high out-degree
have a connective character as they bring competency paths together. High values
in the betweenness centrality are a bit harder to interpret, as the structure of the
graphs has to be considered. In some cases those competencies also show a con-
nective character but often only for one larger topic. PageRank adds information
about basic competencies considering transitivity. The discussed competencies with
the highest PageRank values in the curricula are all on a very basic level and often
reflect the focus of the corresponding curriculum. The structure of the curricula is
analyzed by their number of special nodes like sinks, sources, and isolated nodes as
well as the number of connected components. Sinks and sources represent on the
one hand competencies which can be starting, respectively ending points, and on
the other hand reflect the number of started, respectively ended topics or compe-
tency paths. Isolated nodes are competencies which are not connected to others and
often address topics which are important in computer science but do not have direct
relations to the other topics. The number of connected components also shows how
interconnected the topics or competency paths in a curriculum are. Here, the GI
standards and the CSTA standards from 2017 show the highest values. That means,
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their topics are more independent from the other topics. The graph representing the
Australian curriculum consists of one connected component which means that all of
its topics are interconnected. The categorization of the competencies into computer
science and digital literacy is used to determine the general foci of the curricula. The
results from this show that the Austrian competency model, the curriculum from
Switzerland and the CSTA standards from 2011 have a trend towards digital liter-
acy. The competencies from the curriculum from Australia and the CSTA standards
from 2017 are more evenly distributed between the two categories. Also the more
detailed categorization of the competencies into the five computer science education
categories shows that the Austrian competency model and the CSTA standards from
2011 show most competencies in the category human factors and ethics, whereas the
Australian curriculum, the model for the English curriculum, and the CSTA stan-
dards from 2017 show most competencies in programming and algorithms. The focus
of the curriculum from Switzerland can be found in the category digital applications
but very closely followed by digital infrastructure, and the GI standards have a trend
towards digital infrastructure. The following chapter presents the results from the
analysis of the combined GGBMC and describes the calculation and optimization
of learning paths in it.



6. IDENTIFICATION OF CENTRAL COMPETENCIES AND
LEARNING PATHS IN THE GGBMC

6.1 Introduction

In the previous chapter the results from the analysis and comparison of the curricula
and their graph representations are discussed. For the Generic, Graph-Based Model
for Competencies (GGBMC) which combines the single curricula over intersector
nodes to one generic model, similar analysis methods are applied. The values for the
basic metrics and results concerning the intersector nodes are presented in section
In section the results for the centrality measures are discussed to identify
central nodes in the GGBMC. Section takes a look at so called learning paths
and methods to determine and optimize them in the GGBMC.

6.2 Analysis of GGBMC

6.2.1 Basic Measures

After the standardization and the categorization, the curricula are combined to the
Generic, Graph-Based Model for Competencies (GGBMC). Here, the intersector
nodes play an important role, as they collect similar competencies of different cur-
ricula. The result can be seen in Fig. showing the GGBMC' in a multicircle
layout. The red nodes forming the circle in the middle represent the intersector
nodes. Fach other larger circle is formed by the competencies from one curriculum.
The smaller circles within the curricula bundle the competencies by sub-categories.

In this and the following sections the GGBMC' is analyzed and the basic mea-
sures, including information about the intersector nodes, as well as centrality mea-
sures are presented.

Tab. [6.1] shows the results for basic measures in the GGBMC. Overall it contains
538 nodes, 691 relations, and has thus a density of 0.238. In the comparison to
simple sum or average values from the single curricula, differences can be recognized.
Because of the combination of competencies to intersector nodes, the number of
overall competencies is smaller than the sum of all competencies from the single
curricula. This also means that the number of relations is lower in the GGBMC' The
GGBMC contains 20 sinks and 45 sources less than the sum of the single curricula.
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Fig. 6.1: The GGBMC in a multicircle layout

That means that 20 sinks and 45 sources are part of intersector nodes. The number
of isolated nodes is the same, so none of them is combined to an intersector node.
Also there are, with a number of 14, 13 connected components less in the GGBMC
then in the sum of all single curricula. This shows that the combination with
intersector nodes also connects components which are independent in the single
curricula. So, intersector nodes have a meaningful impact on the structure and the
interconnection of the GGBMC. The density of the GGBMC is (with 0.238) by far
lower than the average value of all single curricula. This large difference can be
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Tab. 6.1: Results for basic measures of the GGBMC

Sums of single
GGBMC curricula

number of nodes 538 688
number of relations 691 722
number of sinks 31 51
number of sources 71 116
number of isolated nodes 4 4

number of connected components 14 27

Average of
GGBMUC | single curricula
density 0.238 1.131

explained by the fact that larger networks are less densely connected [Prel2].

For a comparison, the average, the highest, and the lowest numbers of the sinks,
sources, isolated nodes, and connected components relative to the numbers of com-
petencies from the single curricula are taken and presented in Fig. Comparing
them to the numbers of the GGBMC a trend is visible. It can be seen that the
relative numbers of sinks, sources, and connected components of the GGBMC' are
located between the average and the lowest values of the single curricula. As the
existing sinks and sources cannot disappear, there is only one interesting explana-
tion for that. Some sinks and sources are combined to intersector nodes and, as
there are only four intersector nodes which are also sinks and three which are also
sources, some of them have outgoing respectively incoming relations in the GGBMC.
That means that in some cases a competency which is a sink in one curriculum, has
in form of its intersector node dependencies to other competencies from other cur-
ricula. Or in case of a source in one curriculum other competencies or intersector
nodes are dependent on it in the GGBMC. As the sinks mark starting points in
the curricula this would mean that some of the found starting points in curriculum
A can have prerequisites in a curriculum B. But, these prerequisites are missing in
curriculum A.

Comparable cases can occur for the sources representing competencies which no
other competencies depend on. It can be assumed that a curriculum A with a node
s, which is a source in A, does not go that deep into a topic as curriculum B does
which also includes s but with incoming dependencies.

Considering the isolated nodes there is no big difference between the relative
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number of the GGBMC' and the average numbers from the single curricula. The
relative number of connected components is lower than the average but higher than
the lowest number in the single curricula.

20.0 17-4

relative number of sinks realtive number of relative number of normalized connected
sources isolated nodes components

B GGBMC W average single highest single M lowest single

Fig. 6.2: Comparison of relative numbers of sinks, sources and isolated nodes

It is visible that the intersector nodes play an important role in the GGBMC.
Therefore, they are analyzed in more detail in the following section.

6.2.2 Analysis of Intersector Nodes

Overall 238 competencies are combined to 88 intersector nodes. That means, 16% of
all nodes in the GGBMC' are intersector nodes and 34.6% of all competencies from
the single curricula are combined to intersector nodes. Each curriculum shows a
different amount of competencies included in intersector nodes. This can be seen in
Fig.|6.3] From the CSTA standards from 2017 and the curriculum from Switzerland
the highest number of competencies have been combined with others. This means,
most similarities between their competencies and others are to be found. The by far
lowest number of competencies, and with that similarities to other competencies,
are to be found in the GI standards followed by the Australian curriculum.

The distribution of intersector nodes as well as competencies over the five cate-
gories for computer science education can be found in Fig. It shows that overall
most competencies belong to the category programming and algorithms followed by
human factors and ethics. The lowest number of competencies still is present in the
category data representation. The distribution of the intersector nodes shows very
close numbers between 19 and 22 in four of the five categories, with the highest value
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in digital applications. The exception is the category data representation, where only
6 intersector nodes belong to.
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Fig. 6.4: Comparison of numbers of competencies and intersector nodes in the cat-
egories

Some of the intersector nodes also represent special nodes, as they replace com-
mon competencies. None of them is an isolated node, but the following four inter-



160 6. Identification of Central Competencies and Learning Paths in the GGBMC

sector nodes are identified to be sinks. Intersector nodes are presented here with
their ID, including the prefix 'INT’, their number in the category they appear in
and the abbreviation of the category, and by their bundled competencies from the
single curricula:

INT-001-DI:

— AT-20.1: The students are able to start a computer [Dig13b].
— CH-11.1: The students are able to switch devices on [Leh14].

INT-001-PA:

— AT-47.1: The students are able to understand simple instructions [Dig13b].

— CH-10.1: The students are able to recognise formal instructions |[Leh14].
INT-009-DI:

— DE-13.0: The students are able to name the components of computer
systems using the technical language of computer science [Ges19].

— US2-2.2: The students are able to use appropriate terminology in describ-
ing the function of common physical components of computing systems

(hardware) [CST17].
INT-018-DA:

— CH-9.0: The students are able to sort things according to their own
chosen properties so that they can find an object with a certain property
more quickly [Leh14].

— US1-5.1: The students are able to understand how to arrange (sort) in-
formation [SCET11].

— US1-5.2: The students are able to understand useful order, such as sorting
students by birth date [SCFT11].

In the case of dependency relations, sinks are competencies to start with as they
do not require previous knowledge or skill in the topic. This is also reflected by the
four intersector nodes without outgoing relations. Also, four intersector nodes show
no incoming dependencies and are therefore sources:

INT-005-DR:

— AU-30.0: The students are able to explain how digital systems use whole
numbers as a basis for representing a variety of data types [Aus13].
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— US1-22.0: The students are able to demonstrate how a string of bits can
be used to represent alphanumeric information [SCFT11].

INT-013-DI:

— CH-40.1: The students are able to apply solution strategies to problems
with devices [Leh14].

— US2-21.1: The students are able to determine potential solutions to

solve simple hardware problems using common troubleshooting strate-
gies [CSTI1T].

INT-014-DI:

— CH-40.2: The students are able to apply solution strategies to problems
with programs [Leh14].

— US2-21.2: The students are able to determine potential solutions to
solve simple software problems using common troubleshooting strategies

[CSTT7).
INT-018-DI:

— DE-37.2: The students are able to describe how data is transferred on
the Internet using fixed arrangements (protocols) [Ges19].

— GB-10.2: The students are able to explain how computer networks can
provide multiple services such as the World Wide Web [Ber15].

These intersector nodes represent topics which are important to know, but are not
directly necessary to reach other competencies. For example, problem solving for
hardware or software problems (see INT-013-DI and INT-014-DI) are important
competencies, but they are not essential on the way to learn programming or data
organization.

6.3 Identification of Central Learning Outcomes in the GGBMC

6.3.1 Centrality Measures

Similar to the process in the single curricula, also during the analysis of the GGBMC,
different centrality measures are used to identify central competencies. At first
the degree values are discussed as they are the basis for the degree centrality. In
Fig. the highest normalized values of degree, out-degree, and in-degree from the
GGBMC and the average, the highest, and the lowest values of the single curricula
are compared. It can be seen that all values of the GGBMC' are close to the lowest
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values of the single curricula. In case of the maximum values of the out-degree the
value of the GGBMC is even much lower than the lowest value from the single
curricula. The highest degree values in the GGBMC' are 16 for the overall degree, 9
for out-degree, and 10 for in-degree. These values are a bit higher than the highest
degree values in the single curricula, but normalized to the number of competencies,
which are partially ten times as high as the numbers of competencies in single
curricula, they get very low.
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0.0
normalized max. degree normalized max. out-degree normalized max. in-degree
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Fig. 6.5: Comparison of normalized degree, in-degree, and out-degree values

The node with the highest degree value of 16 is the following intersector node
with its bundled competencies:

INT-009-HF:

— AT-27.0: The students are able to use networks to communicate [Digl3b].

— AU-13.3: The students are able to safely communicate ideas and infor-
mation online [Aus13].

— CH-8.0: The students are able to use the media to maintain existing
contacts and exchange information [Leh14].

— US1-1.6: The students are able to communicate electronically with others
with support student partners [SCET11].

Here, competencies from four different curricula are combined to an intersector
node. They represent the ability to communicate with the help of technologies and
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are therefore a very central competency in the GGBMC. The value of 10 for the in-
degree shows that other competencies more often depend on it than it depends on
others. With a value of 9 the following intersector node shows the highest out-degree
and additionally the second highest overall degree of 12:

INT-014-DA:

— AT-46.1: The students are able to collect data [Digl3b].

— AU-18.1: The students are able to collect different data when creating
information and digital solutions [Aus13].

— GB-12.7: The students are able to collect data [Berl5].

— US1-28.1: The students are able to gather data using a variety of digital
tools [SCEFT11].

The combination of these four competencies from four different curricula is obvious
as they cover the same topic and use similar verbs. Following the nodes out-degree
it depends on nine other competencies and three competencies depend on it. That
means it connects nine independent paths which confirms it a central meaning for
the GGBMC.

The highest in-degree value of the GGBMC still occurs in the CSTA standards
from 2011 with the already mentioned competency [3] (The students are able to use
technology resources (e.g. puzzles, logical thinking programs) to solve age-appropriate
problems. [SCET11]) and an in-degree value of 11. Additionally, this is the single
competency with the highest overall degree of 12.

With an out-degree value of 3 the first competencies, so non intersector nodes,
show up. These are e.g. from the Australian curriculum AU-31.1, and AU-32.1,
from the CSTA standards from 2011 US1-38.0, US1-2.4, and US1-15.1, or from the
curriculum from Switzerland CH-5.1, CH-20.1, and CH-38.0.

The results for the betweenness centrality in the GGBMCS show that the in-
tersector nodes have a very connective character. This is indeed the idea behind
these nodes. So, the 15 highest values of betweenness centrality are found in inter-
sector nodes. The following intersector node with its combined competencies has
the highest values:

INT-017-HF:

— AT-9.2: The students know how they should behave in a given case
concerning the risks associated with the use of information technologies
[Dig13b].

— GB-6.4: The students are able to explain where to go for help and support
when pupils have concerns about content [Berl5].
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This intersector node contains important competencies which are required in dif-
ferent situations and scenarios. It also reflects very basic abilities in the use of
information technology. Nonetheless, previous knowledge is necessary to reach this
level as students need to interpret content and evaluate the risks and concerns. So,
the connective character is definitely given. The competency with the highest be-
tweenness centrality appears in the curriculum from Switzerland and connects two
intersector nodes which can be an explanation for the high value.

CH-43.2: The students are able to distinguish between local devices, local
networks and the Internet as storage locations for public data [Leh14].

Nonetheless, it is an important topic and necessary for several other competencies.
In addition, it depends on previous knowledge of devices, networks and the Internet,
which provides it a connecting position.

Results from PageRank give some interesting insights into this metric and the
GGBMC. The four highest values for this metric have the following four competen-
cies from the CSTA standards from 2011 [SCET11]:

US1-14.4: The students are able to use standard output devices to success-
fully operate computer related technologies.

US1-14.3: The students are able to use standard input devices to successfully
operate computer related technologies.

US1-14.2: The students are able to use standard output devices to success-
fully operate computers.

US1-14.1: The students are able to use standard input devices to successfully
operate computers.

These competencies describe basic abilities, necessary for a lot of higher level com-
petencies. This also reflects the purpose of the PageRank as it identifies basic
competencies which important competencies depend on. Nonetheless, the impact of
all four competencies on the whole GGBMC' is fascinating.

After these four competencies some intersector nodes show the next highest
values in the PageRank. The following intersector node presented with its combined
competencies has the highest value of intersector nodes:

INT-005-DI:
— (CH-14.0: The students are able to work with basic elements of the user

interface (windows, menu, several opened programs) [Leh14].

— DE-15.0: The students are able to interact purposefully with information
technology systems [Ges19].
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Tab. 6.2: Comparison of the identified nodes by different centrality measures in the
GGBMC (the colors highlight nodes which appear in different measures)

out-degree | in-degree | betweenness Page
centrality centrality centrality Rank
INT-014-DA US1-3.0 INT-017-HF US1-14.4
INT-011-DA | INT-009-HF US1-14.3
INT-008-HF | INT-012-DA | INT-004-DA US1-14.2
INT-009-HF INT-014-DA US1-14.1
INT-012-PA | INT-017-HF | INT-009-HF
INT-005-HF US1-14.4 INT-019-DA | INT-017-HF
INT-011-HF | INT-18-DA | INT-020-DA
INT-019-PA | INT-20-DA INT-18-DA INT-18-DA
INT-002-DA | INT-13-PA | INT-011-DA US1-3.0
INT-013-DA | INT-006-HF | INT-005-DA | INT-005-DA

This intersector node is again very basic and important for higher level competencies.
None of the intersector nodes with high values in PageRank are sinks. This is of
interest as both metrics help to identify basic competencies.

The first competency that is not from the CSTA standards from 2011 is on the
thirteenth place after five competencies from CSTA 2011 and seven intersector nodes
and comes from the Australian curriculum:

AU-1.0: The students are able to identify how common digital systems (hard-
ware and software) are used to meet specific purposes [Aus13].

Again, this is a very basic competency and an obvious requirement for higher level
competencies. These examples show that PageRank helps in the identification of
basic competencies which are necessary for important higher level competencies.
Like in the results from the single curricula in some cases also different centrality
measures of the GGBMC identify the same competencies. In Tab.[6.2] the ten nodes
with the highest values in the corresponding centrality are presented and compared.
The colors show if they are identified in more than one measure. Comparable to
the results of the single curricula, in case of the GGBMUC, the out-degree central-
ity identifies the lowest number of competencies which are also identified by other
measures. Three competencies are shared with the betweenness centrality and one
with in-degree. The in-degree centrality shares one identification with out-degree,
four with betweenness centrality, and five with PageRank. Betweenness centrality
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and PageRank have four nodes in common. So, the trend found in the analysis with
the single curricula can not be seen here. Only the relation between out-degree and
betweenness centrality can be assumed.

6.3.2 Intersector Nodes as Central Competencies

The GGBMC provides an additional way to identify central competencies, as the
intersector nodes can also be seen as central. They combine competencies which
occur at least in two different curricula. This means they are seen to be impor-
tant for students by at least two curriculum-development groups. Some intersector
nodes stand out because they have a high number of bundled competencies. The
highest number with 10 bundled competencies shows the following intersector node,
presented again with all its bundled competencies:

INT-005-PA:
— AU-10.0: The students are able to record design ideas using techniques

including labelled drawings, lists and sequenced instructions [Aus13].

— US1-4.1: The students are able to use writing tools to illustrate thoughts
in a step-by-step manner [SCET11].

— US1-4.2: The students are able to use digital cameras to illustrate thoughts
in a step-by-step manner [SCET11].

— US1-4.3: The students are able to use drawing tools to illustrate thoughts
in a step-by-step manner[SCF*11].

— US1-4.4: The students are able to use writing tools to illustrate ideas in
a step-by-step manner [SCET11].

— US1-4.5: The students are able to use digital cameras to illustrate ideas
in a step-by-step manner [SCET11].

— US1-4.6: The students are able to use drawing tools to illustrate ideas in
a step-by-step manner [SCET11].

— US1-4.7: The students are able to use writing tools to illustrate stories
in a step-by-step manner [SCET11].

— US1-4.8: The students are able to use digital cameras to illustrate stories
in a step-by-step manner [SCET11].

— US1-4.9: The students are able to use drawing tools to illustrate stories
in a step-by-step manner [SCET11].

It is visible that INT-005-PA contains competencies from two curricula. There are
nine competencies from the CSTA standards from 2011 and one from the Australian
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curriculum. The one competency from the AU is more general than all the others
from the CSTA standards. While the CSTA standards differentiate between the
technologies used to record ideas, this is not mentioned in the AU. Recording design
ideas is also understood to be more general than recording simple ideas and often
requires the illustration of thoughts as well as some kind of story telling. Therefore,
the overall topic of all nine competencies from the CSTA standards are combined
with the more general formulation of the Australian curriculum.

With six competencies, the following intersector node has the second highest
number of bundled competencies:

INT-020-DA:

— AU-5.3: The students are able to organise ideas using information systems
[Aus13).

— AU-5.4: The students are able to organise information using information
systems [Aus13].

— GB-4.3: The students are able to use technology purposefully to organise
digital content [Berl5].

— US2-5.2: The students are able to copy information using a computing
device [CST17].

— US2-5.4: The students are able to retrieve information using a computing
device [CST17].

— US2-5.6: The students are able to delete information using a computing

device [CST17].

Here, again a generalization is recognizable. In this case the most general formula-
tion derives from the model for the English curriculum referring to ’organise digital
content’. The two competencies from the Australian curriculum use ’organise ideas’
and 'organise information” which, in the context of information systems, could both
be interpreted as ’digital content’. The CSTA standards from 2017 only use the term
‘information’ but define the actions done with it, so 'copy’, 'retrieve’, and ’delete’,
in more detail. All these actions can be summarized with the term ’organize’.
Also, the following intersector node combines six competencies:

INT-003-DA:

— AU-5.1: The students are able to create ideas using information systems
[Aus13].

— AU-5.2: The students are able to create information using information
systems [Aus13].
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— CH-7.1: The students are able to design simple picture documents [Leh14].
— CH-7.2: The students are able to design simple text documents [Leh14].
— CH-7.3: The students are able to design simple sound documents [Leh14].

— GB-4.4: The students are able to use technology purposefully to create
digital content [Berl5].

Again, six competencies from three curricula are combined which is already discussed
in section [4.6.4] Because of this generalization intersector nodes with a very high
number of combined competencies are generated. This process is correct, but that
means that the number of bundled competencies is no indication for the importance
of an intersector node, as they do not reflect the number of curricula considering
these competencies as important. So, only those intersector nodes with a high num-
ber of competencies from different curricula are seen to be central. The next highest
number of bundled competencies in an intersector node is four and can be mea-
sured in eleven of all generated intersector nodes. Five of them are a combination
of competencies from four curricula and including the two nodes INT-009-HF and
INT-014-DA. Both of them are discussed in the previous section as they also show
the two highest degree values in the GGBMC. The importance of these bundled
competencies is clear, as they appear in more or less the same formulation in four
independent curricula. These examples show that it makes sense to consider inter-
sector nodes with a high number of competencies from different curricula as central
nodes.

6.4 Determination and Optimization of Learning Paths

6.4.1 Definitions and Research

Learning pathways or learning paths are no new concept in teaching. In science
education this concept came up in 1991 and was later defined by Niedderer and
Goldberg as follows [NG96 p. 2]

We describe learning pathways by describing a learning route of cogni-
tive states, starting with prior conceptions and coming to intermediate
conceptions during teaching.

They further describe that ’conceptions are seen as cognitive elements related to the
special content domain’ and understand the conceptions as ’current constructions’
occurring in the students’ minds [NG96]. So, students start learning at a given point
and change these state during teaching.

The concept of learning paths is often used in e-learning research without defining
it. Jih describes the role of learning paths as follows [Jih96, p. 1]:
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Learning pathways also reveal the learning trails while learners tra-
verse any interactive environment. Since learners have unique knowledge
structures based upon their experiences and abilities, the ways that they
choose to access, interact, and interrelate messages in interactive course
ware also vary. Studies on pathways help us to explore and explain
human behaviors during learning processes.

Here, learning paths are not understood as the stages during teaching but the actions
learners take during an interaction process with an e-learning environment. By
connecting knowledge units, Zhao and Wan model an e-learning course as a graph
and describe learning paths as the way to get from one owned knowledge unit to a
desired knowledge unit [CLOG].

In the case of this dissertation a combination of the definition from Niedderer and
Goldberg and the understanding from Zhao is used for learning paths. Competencies
represent a form of stages or cognitive states in the learning process and take in the
graph representations of the curricula the roles of knowledge units. Therefore, the
following definition is used:

Definition 6.1 (Learning paths). A learning path in a graph representation G of
a curriculum is a | ¢y, ¢,| -path in G where ¢; is the targeted competency (node) and
¢, the already reached competency (node).

It has to be considered that in the graph representations of this approach depen-
dency relations are used. This means that the directions of the edges in the graphs
are pointing from higher level competencies to lower level competencies. That is
why learning paths start at the target competency and end at a already reached
competency.

As this definition of learning paths is based on the mathematical definition of a
path it is defined between two nodes. This means a learning path can not include
dependencies of more than one branch of a graph. Nodes representing competencies
can require or expand more than one other competency. So, a learning path does not
consider all the given dependencies. To represent the whole spectrum of dependency
the additional construct prerequisites graph is defined as follows:

Definition 6.2 (Prerequisites graph). A prerequisites graph of a competency
(node) ¢; in a graph representation G of a curriculum is a subgraph of G including
all paths from ¢; to a set C, of already reached competencies (nodes) of the graph.
If C, is empty all paths from c¢; to sinks are considered.

A prerequisites graph can be used to gather information about all the depen-
dencies of a competency. On basis of this, a teacher can decide which prerequisites
are the most important ones and choose one or more learning paths to reach the
targeted competency. Or the teacher uses given metric values to get suggestions for
optimized learning paths as described in the following section.
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6.4.2 Methods

There are different ways to optimize the learning paths for students. One way is
presented by Zhao and describes the shortest path as the optimum for students as
it theoretically consumes least time and effort. This requires weights on the edges
which represent the difficulty of getting from one knowledge unit to another and are
managed by teachers of the courses [CL06]. But saving time is only one aspect of
an optimal learning path. It can also be considered that important or central nodes
should be covered, or that the most basic competencies are included. As in this
dissertation the relations are not weighted, three ways of learning path optimization
are developed, based on the number of nodes and centrality measures.

e Shortest Path: the graph representations of the curricula do not include
weights on their relations. Because of that, the shortest paths are determined
by counting the number of visited nodes. This has the effect that the proba-
bility is higher to find several shortest paths for one current competency to a
targeted competency.

e Covering Central Nodes: all nodes in the single graphs as well as in the
GGBMC have calculated centrality values which indicate their importance for
the curricula or the GGBMC. It can be argued that the nodes with the highest
centrality values are important for the students and should therefore be covered
by a learning path. For this reason, the second approach to determine learning
paths is to select the path from a current competency to a target competency
which includes the competencies with high centrality values as learning path.

e Highest Overall Centrality: the third approach also uses the centrality
values of the nodes and sums them up to get the overall centrality of a path.
This method can result in the same learning paths as the second method does.
But if there is a path that includes several competencies with an average
centrality, it could have a higher overall centrality. So, this approach favors
learning paths with more competencies.

It has to be mentioned that it can happen that not all of these three methods
only deliver one learning path. This is the case if the same values for the metrics
occur in different competencies, if one competency is part of several paths and shows
a high value for a metric, or if the sums of the values happen to be equal. So, the
result of these calculations is a set of learning paths which can be empty if a sink
is selected as target competency. With the help of these three methods learning
paths in the single curricula and the GGBMC' can be generated. In the following
section examples of learning paths from single curricula and from the GGBMC' are
discussed.
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6.4.3 Exemplary Use Cases and Reflection

In this section two learning paths are discussed as they are generated in the single
curricula and in the GGBMC. Both examples are based on the assumption that no
competency level has been reached so far and therefore no previous knowledge is
present. This means that the starting nodes have to be sinks. The first one is a
short example and is part of the CSTA standards from 2011. It is selected because
it includes the node with the highest in-degree value in the GGBMC. Fig. shows
the prerequisites graph of the competency USI-24.0 in the graph representation of
the single curriculum. That means it includes no intersector nodes. The target node
US1-24.0, representing the competency that should be reached, is a source and the
starting nodes are the two sinks USI1-5.01 and USI-14.1. The prerequisites graph
covers the following nodes:

1. US1-24.0 The students are able to make a list of sub-problems to consider
while addressing a larger problem [SCFT11].

2. US1-5.2 The students are able to understand useful order, such as sorting
students by birth date [SCFT11].

3. US1-5.1 The students are able to understand how to arrange information

[SCF*11].

4. US1-3.0 The students are able to use technology resources to solve age-
appropriate problems [SCET11].

5. US1-14.4 The students are able to use standard output devices to successfully
operate computer related technologies [SCET11].

6. US1-14.3 The students are able to use standard input devices to successfully
operate computer related technologies [SCET11].

7. US1-14.2 The students are able to use standard ouput devices to successfully
operate computers [SCET11].

8. US1-14.1 The students are able to use standard input devices to successfully
operate computers [SCET11].

As Fig. shows, in this prerequisites graph two learning paths to reachable
sinks are possible. The figure of the graph is a screenshot from the GECKO platform
presented in chapter [7] Yellow nodes represent sinks, orange ones are sources, and
blue nodes are non special competencies. Depending on the selected method, one of
the following two options is the result.
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Fig. 6.6: Prerequisites graph for the node US1-24.0

1. US1-24.0
US1-5.02
US1-5.01



6.4. Determination and Optimization of Learning Paths 173

2. US1-24.0
US1-3.00
US1-14.4
US1-14.3
US1-14.2
US1-14.1

Only the shortest path method results in learning path 1. The highest value of
the out-degree is in both cases the same, so the covering central nodes method based
on out-degree returns both paths. All other variants, covering central nodes based on
in-degree, betweenness centrality, or PageRank, and highest overall centrality using
the values from out-degree, in-degree, betweenness centrality, or PageRank, result in
learning path number 2.

In the GGBMC some things changed for the same target competency US1-24.00,
as it is part of the following intersector node and shows incoming dependencies:

INT-004-PA:

— US1-24.0: The students are able to make a list of sub-problems to consider
while addressing a larger problem [SCET11].

— US2-11.0: The students are able to decompose (break down) the steps
needed to solve a problem into a precise sequence of instructions [CST17].

Additionally, the two competencies USI-5.1 and US1-5.2, which are part of the
prerequisites graph, are combined with one competency from the curriculum from
Switzerland to the following intersector node:

INT-018-DA:

— CH-9.0: The students are able to sort things according to their own
chosen properties so that they can find an object with a certain property
more quickly [Leh14].

— US1-5.1: The students are able to understand how to arrange information
[SCET11].

— US1-5.2: The students are able to understand useful order, such as sorting
students by birth date [SCFT11].

These differences to the single curriculum result in slightly different results for
the determination of learning paths. Fig. shows the prerequisites graph of the
intersector and target node INT-004-PA, in which a third graph branch from this
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node to a reachable sink can be seen. In this screenshot from the GECKO platform,
again yellow nodes are sinks, blue ones represent non special nodes, and the magenta
nodes are intersector nodes.
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Fig. 6.7: Prerequisites graph for the node INT-004-PA
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The combination of competency US1-24.00 with competency US2-11.0 from the
CSTA standards from 2017 to an intersector node adds a relation to competency
US2-8.2 also coming from the CSTA standards from 2017.

US2-8.2 The students are able to model daily processes by creating algorithms
to complete tasks [CST17].

US2-8.1 The students are able to model daily processes by following algo-
rithms to complete tasks [CST17].

So, the sink US2-8.1 can be added to the starting nodes. In the GGBMC' the
following three learning paths from INT-004-PA to reachable sinks are identified:

1. INT-004-PA
INT-018-DA

2. INT-004-PA
US1-3.00
US1-14.4
US1-14.3
US1-14.2
US1-14.1

3. INT-004-PA
US2-8.2
US2-8.1

The shortest path leads to the intersector node INT-018-DA which includes
the two competencies which are also part of the shortest learning path in the sin-
gle curriculum (US1-5.02 and US1-5.01). Because it connects components of the
GGBMC, the intersector node INT-018-DA has a very high betweenness centrality
value. That is the reason why learning path 1 is also the result for covering central
nodes and highest overall centrality based on betweenness centrality. The method
covering central nodes based on out-degree returns all three possible learning paths
as results. Using in-degree, or PageRank results in learning path number 3. The
method highest overall centrality yields in all cases except the betweenness centrality
the learning path 3 as result.

The results of the learning path determination in this example show that the
combination to the GGBMC has impact on the metric values and therefore on the
results for learning paths. This impact may be small but in more complex examples
it gets more meaningful.
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6.5 Conclusion

Analyzing the Generic, Graph-Based Model for Competencies (GGBMC) adds some
interesting information to common curriculum analysis and to the the results of the
single curricula comparison. The values of the basic metric show differences to av-
erage values from the single curricula. In fact there are fewer connected components
in the GGBMC' which shows more connected categories. Also the number of sinks
and sources are lower in the GGBMC' than the average of the single curricula. This
enables assumptions about the single curricula and their identified starting (sinks)
or ending points (sources). It can be assumed that in some single curricula prereq-
uisites for sinks are missing and that some curricula are going in some cases more
into detail than others.

An analysis of the intersections between the single curricula, the intersector
nodes, shows that more than a third of all competencies from the single curricula
can be combined to intersector nodes following the formal process defined in section
[4.6.4 The highest number of combined competencies can be found in the CSTA
standards from 2017, whereas the GI standards show the lowest number.

The centrality measures also show differences between the GGBMC' and the
single curricula. All highest, normalized degree values, overall degree, out-degree,
and in-degree, of the GGBMC' are at the level of the lowest maximum values from
the single curricula. Especially the highest, normalized out-degree values of the
GGBMC' are very low compared to the lowest maximum values. The trends of the
identification of the same central competencies by different centrality measures found
in the analysis of the single curricula, could on a first view not be verified in the
GGBMC. Of the ten competencies with the highest values in all measures, in-degree
centrality, betweenness centrality, and PageRank identify the same competencies in
four to five cases. Intersector nodes are also seen as central nodes, as they appear
in at least two curricula. But, it is not the number of combined competencies that
is decisive but the number of different curricula present in one intersector node.

In addition to the already applied methods known from the comparison and
analysis of the single curricula, the determination and optimization of learning paths
are part of the analysis of the GGBMC. Therefore, the constructs learning path and
prerequisites graph are introduced and defined. The determination of learning paths
is based on the three methods shortest path, covering central nodes, and highest
overall centrality which deliver a set of learning paths. For the optimization the
centrality measures are used to identify different central competencies that can be
covered by a learning path. So, if a learning path should cover basic competencies
the methods are based on PageRank, if topics-connecting elements are seen to be
important betweenness centrality is used, if competencies that are important to a
lot of other competencies should be included in-degree centrality is selected, and if
competencies that connect topics by depending on several competencies should be
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part out-degree centrality is applied. The example shows that in simple cases often
the same learning paths are suggested. In case of more complex examples the rule
applies, that the more complex the prerequisites graph is, the more the results differ
from the different methods.
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7. GRAPH-BASED ENVIRONMENT FOR COMPETENCY AND
KNOWLEDGE ITEM ORGANIZATION

7.1 Introduction and Existing Research

On behalf of this dissertation different tools are developed to enable a semi-automated
organization and analysis of curricula. All of them are based on the graph-based
approach presented in the previous part. The first tool called Graph-based Environ-
ment for Competency and Knowledge-Item Organization (G’ECKOE] is a web-based
platform to display, evaluate and develop curricula for computer science related top-
ics. The curricula are mapped to a graph database (neo4j) and are represented as
directed dependency graphs. To improve administration, researchers and developers
need a comfortable and fast way to upload new curricula or edit existing curricula
in the graph database and represent them as graphs. The relations between the
competencies of the curricula as well as the nodes representing the competencies
can be evaluated by experts. For the purpose of a user friendly tool, the platform
provides a comfortable, fast and motivating user interface for experts’ evaluations.
The results from these evaluations are stored and displayed within the tool. Re-
searchers and developers with a valid account are able to retrieve these results in
different statistical forms. Additionally, the tool provides teachers or curriculum
developers the possibility to develop a new curriculum, following several criteria.
So, teachers who are developing a curriculum for their class are able to filter the
competencies they can reach, for example by a specific age-group, and receive sug-
gestions which competencies the students should already have gained. They can add
or delete suggested competencies to design their individual curriculum.

There exist different tools with a similar purpose like e.g. the online platform
called Software for Target-Oriented Personal Syllabus (STOPS) from Auvinen, Paav-
ola and Hartikainen presented in 2014 [APH14|]. They describe it as ’a graph-based
study planning and curriculum development tool’. Its purpose is to give univer-
sity students the possibility to ’create personal study plans’ and to enable teaching
staff the administration of 'course content’” and ’curriculum structure’ [APHI14]. In
their graph-based models university courses are represented by intended learning
outcomes and their prerequisite dependency relations. The dependency relations

https://gecko.aau.at
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can be 'mandatory’ or ’supportive’ whereby the latter represent elective courses.
Teachers are able to use an editor to mark learning outcomes as 'mandatory’ or
‘supportive’ and to change the sequence of the learning outcomes. In a graph visu-
alization they get an overview of the course and the prerequisites. The teachers can
also take a look at the learning outcomes from other courses. Students can browse
study programmes, their lists of courses and learning outcomes and get informa-
tion about the prerequisites. If they choose a course they get recommendations for
supportive, elective courses. Additionally, students have the possibility to schedule
their selected courses.

The GECKO platform developed during this dissertation offers school teachers
of different levels as well as university lecturers the possibility to define their own
curricula or learning paths. A large graph database of competencies from a broad
source of different existing curricula, as it is described in section [, builds the ba-
sis for this tool. Teachers get recommendations for competencies of a selected age
group and can select starting competencies, where they want to start from, as well as
target competencies, where they want to get with the students. On behalf of these
information the system suggests a set of learning paths considering those prerequi-
sites. In the following sections the tool and its development are described in more
detail. Section includes a detailed description of the tool and shows screenshots
of the user interface. In section various use cases are presented and the three
different roles in the system are defined. Section gives a basic overview of the
systems architecture and section discusses some challenges during development.

7.2 Tool Description

7.2.1 General User Interface

The web application starts with a log-in and registration interface. Also the pass-
word recovery can be found at this point. An account is necessary for all users to
get access to the application. In the application the navigation is placed on the
left hand side and differs for the different roles. All roles have the rights to access
the graph representation and get a view on the single curricula as well as on the
GGBMC. Fig. shows the user interface and a part of the graph representation
of the GI standards from Germany. In the navigation the list of graphs can be
found. Here, all integrated single curricula are included as well as the main graph
which represents the GGBMC. These graphs can be loaded separately or together
in form of the main graph. On top of the graph the name (in this case the country
code is used) and the number of nodes and edges are displayed. The colors in the
graph shown in Fig. give already some information about the graph as they
present results from calculations described in section Blue nodes are basic
competencies, whereas yellow nodes represent sinks and orange nodes are sources.
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Fig. 7.1: Screenshot of the GECKO web platform

So, yellow nodes are good starting points for teaching. The presented graph follows
no given layout form. The nodes are placed manually which is one possibility to
structure the nodes. On the bottom of the graph four buttons can be found, one is
to open a search and filter window, the other three enable a change of the layout
from manual (default) to circle or multicircle layout and back to the manual layout.
Further layout forms are part of future development. With the button ’Advanced
Search’ a field opens, where on the one hand the user can search for competencies
by their ID, and on the other hand the competencies can be filtered for attributes
like country, code, level, minimum age, maximum age, and category.

Each node shows its text when moving the mouse cursor over it. On click a node
is highlighted and the competency information bar opens on the right hand side.
Like the navigation bar, this bar offers different information and functionality for the
different roles in the system. The general properties of the node like e.g. the name,
the ID, the category (strand), the subcategory (substrand), the text (description),
level, minimum age, and mazimum age are visible for all roles. This bar can be seen
in Fig. again in an example competency of the GI standards from Germany.

The competency information bar also opens the possibility to show the prereg-
uisites graph and learning paths to the selected node which can be seen in Fig. [7.3]
Prerequisites graphs and learning paths in this version are calculated for single nodes
and display their paths back to sinks which represent starting points. A user can
decide which kind of learning paths should be shown. As described in section [6.4.2
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Fig. 7.2: Screenshot of the GECKO web platform showing the competency informa-
tion bar
four possibilities are offered:

e None

e Shortest path

e Covering Central Nodes

e Highest Overall Centrality

If the option None is selected, all paths from the selected node, so the prerequisites
graph, to sinks are highlighted. In the example presented in Fig. the shortest
path is selected. As this determination method does not need centrality values, the
field below is not active. If one of the other two options is selected, the drop-down
menu for ’Centrality Measure’ can be opened. Here, the user can decide between:

e Betweenness centrality
e PageRank
e Node Degree Outgoing

e Node Degree Incoming
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Fig. 7.3: The competency information bar showing a learning path for the selected
node to a sink

Depending on the user’s, choice the prerequisites graph, respectively learning paths, is
calculated and directly highlighted in the graph. For users like teachers or lecturers
terms like degree, betweenness centrality, and PageRank may be unclear or unknown.
Therefore, in the final version these expressions will be substituted by an explanation
of which effects the corresponding measure has. Additionally, the list of visited
competencies is shown in the competency information bar and can be downloaded
as a CSV-file. If an intersector node is part of the prerequisites graph, respectively the
learning paths, the visited competencies are grouped to the corresponding curricula.

With a click on a relation the relations information bar opens at the same po-
sition as the competency information bar pops up. It gives information about the
two nodes the relation connects and about its properties. Fig. [7.4] shows a part of
the relation information bar.

After this general view on the user interface, in the following section the roles
and their use cases are discussed.

7.2.2 Use Cases and Roles

For the different use cases of the GECKO application the following three roles with
different rights are provided by the system:

User: a standard user with the possibility to view graph representations and
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Related Nodes
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The students are able to
name strategies to

prevent data loss.

Fig. 7.4: A part of the relation information bar

build a own learning path or curriculum. The target group are teachers.

Expert: experts have to be invited or can be upgraded from standard users.
They have the possibility to evaluate nodes and relations from the graph rep-
resentations.

Administrator: besides user and graph administration this role has also the
possibility to receive a statistical overview of the experts evaluations as well
as the results for the calculated metrics.

The rights and use cases of these three roles are discussed in the following sections.

User

The additional features planned for this role are not yet part of the system but
are part of future extensions. A standard user can register for free and only has
to verify the e-mail address. In addition to general features, a user can develop
and save own learning paths and curricula. The main target group for users are
teachers and lecturers of computer science subjects or courses. They can determine
learning paths for a certain competency which provide them with information about
prerequisites and support them with additional ideas of which to teach. In their
navigation field they can add, manage and change individual curricula. Teachers
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and lecturers can use the search and filter form to find competencies which are of
interest for them. Once they have found competencies, they can store them in one of
their created curricula individually, as a whole prerequisites graph, or as a learning
path. The system is also able to give suggestions for individual curricula. It only
needs information such as the minimum and maximum age of the student group and
the desired topic category.

Expert

As an expert must be an expert on the field of computer science education, this role
is only assigned by administrators. People can be invited via e-mail or can press
an 'Upgrade’ button in their profile, if they are already registered as user. Experts
have the same basic rights as standard users have and some additional possibilities to
evaluate relations as well as nodes. On click on a node or a relation the competency
information bar, respectively the relation information bar, opens. For a node the
importance and the complexity factor can be rated. Additionally, the expert can give
a comment if necessary. Fig.[7.5]shows the section of the competency information bar
where experts can evaluate nodes. Experts can also evaluate the relations between
the competencies. Clicking on the relation the relation information bar opens which
for experts include a section ’Elements evaluation’. It provides the possibility to
select if the relation is correct or not. If the relation is 'not correct’, a field for
comments opens. The expert should use this field to explain the decision. After the
evaluation the relations are colored corresponding to their evaluation (red for 'not
correct” and green for ’correct’). In the example of Fig. , the expert evaluated the
relation as 'not correct’. The experts are informed about their evaluation progress
in both information bars. A progress bar for competencies and for relations show
them, how many of them they have already evaluated. For this dissertation the
evaluation of the relations is relevant and some results are discussed in section [4.5.3]

Administrator

Besides the rights of users and experts and typical administrator tasks like user
management, in the GECKO system the administrator is the only role with the
possibility to create new content in form of additional curricula and to edit or delete
existing graphs. New data can be entered online or uploaded in form of tables
in CSV-files. The administrator can directly manage existing graphs by adding
or deleting nodes or relations and editing properties. Intersector nodes can be
generated from scratch or managed by adding or deleting combined nodes. The
necessary data for these special nodes can also be uploaded in a similar form like
the general graph data (tables in CSV-files). GECKO provides some statistical
tools which can only be accessed by the administrator. It shows the progress and
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Fig. 7.5: The competency information bar with the possibility to evaluate a node

the results of the experts evaluation in lists as well as diagrams. Fig. shows an
example of the statistical overview of already evaluated elements. The blue sector
signifies not evaluated elements, green stands for agree in the evaluation which means
a relation is seen as correct, and red shows a disagree which means following the
opinion of an expert the relation is incorrect. For all elements the evaluation results
can be seen in a table. The top of this list is shown in Fig. So, administrators
can monitor the evaluation process and extract the results for further analysis. The
administrator can also view the results of the calculations for the different metrics.
In the navigation bar it is possible to select between List of Node-Degree, Centrality
Measures, and Other Metrics. The List of Node-Degree contains a list of the degree,
in-degree, and out-degree values of the nodes for a selected graph, including the main
graph. In the Centrality Measures all results of betweenness centrality and PageRank
can be found again in form of lists including the values for each node. Calculations
for whole graphs like the number of cycles, the number of connected components, the
density, the number of sinks, and the number of sources are presented altogether
under Other Metrics.
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Fig. 7.6: The competency information bar with the possibility to evaluate a relation
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Fig. 7.7: Statistical overview of the number of evaluated elements and some results
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Fig. 7.8: A part of the overview of the evaluation results

7.3 Architecture

7.3.1 'Technological Overview

The technological architecture of the GECKQO application consists of several parts
which can be seen in Fig. [7.9) A neo4j graph database is used to store the graph
representations of the curricula. With the help of the RESTful Spring Servicdﬂ
GeckoAPI a connection to this graph database is established and data retrieval and
queries are enabled. The GeckoAPI is called from the server side of the Website.
Front and back-end of the systems are controlled by the GeckoWeb which con-
nects to the GeckoAPI over RESTful. It provides a client-server architecture and
is implemented with the PHP framework Laravel. To store user data, suggestions,
evaluation, and basic graph data a MySQL database is included. The GeckoAPI
and the GeckoWeb can retrieve data from this database using TCP/IP [Moe20]
(see the development documentations of the project [TDI17] and [Moe20] for more
information about implementation and used technologies).

7.3.2 System Structure

An overview of the system structure in form of an entity relationship diagram can
be found in Fig. It contains the three different user roles wuser, expert, and
administrator as entities. All users have the same three attributes: an identification
number (ID), an e-mail address, and a password. A user can query a learning
path and store it in the profile. As attributes the learning path has the number of
nodes which is the number of covered nodes in the learning path, and the overall
centrality which is a set of sums of the different centrality values of the nodes on

2 Representational State Transfer (REST) is a popular technology to realize web services. A
RESTful API follows the conventions of REST. Spring is the name of a Java EE framework.
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Fig. 7.9: The architecture of the GECKO system [TD17]

the learning path. When a learning path is stored by a user it gets a title and a
timestamp. A learning path consists of intersectors and competencies. An expert
makes evaluations for competencies (competency expert evaluation) and for relations
(relation expert evaluation). Both evaluations have a timestamp, a importance, an
estimated duration, a status: not evaluated, OK, notOK, a suggestions (if notOK),
and a complexity factor. The results are stored for each evaluated element.

An administrator organizes the three major elements curriculum, competency,
and intersector. These elements represent the core entities which are stored in the
graph database and are therefore highlighted in blue color. The relations between
these core elements which are expands, requires, is part of, and is bundled in, are
also part of the graph database and highlighted in dark red. A curriculum has
the attributes name, organization, and country. Each competency is part of one
curriculum. A competency can be related with another competency over an expands
or a requires relation. Both relations have several attributes and the attribute added,
which represents if a relation is added or given by the original curriculum, is the only
attribute which is not evaluated or influenced by exzperts. The attributes importance,
estimated duration, status: not evaluated, OK, notOK, suggestions (if notOK), and
complezity factor are dependent on the opinions of the experts and therefore derived
attributes. Besides already explained attributes like e.g. ID, text, level, minimum
age, mazrimum age, or country, competencies have some new attributes which are
necessary for the development. Examples for new attributes are

hasSubs: a boolean that gives information if a competency has subcompe-
tencies or not

bundled: is by default NULL and set to TRUE if a competency is included
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in an intersector node

Competencies also have the multi-valued attribute centrality measures which con-
tains all centrality values. The attributes importance, complexity factor, category
(strand), and subcategory (substrand) can be evaluated by experts during the com-
petency expert evaluation. For translation aspects competencies are related to lan-
guages including the name and the translated text. A competency can be part of
exactly one intersector which is realized with the relation is bundled in. In the graph
the competencies can be connected to intersector nodes over erpands and requires
relations and vice versa. This is why in the entity relationship model shown in [7.10]
these expands and requires relations have no directions. These relations are different
to the relations between competencies as they base on competencies combined to
intersector node and their relations. This also effects their attributes importance,
estimated duration, and complexity factor which are calculated using the evaluated
results from the combined competencies. An intersector has an ID, a text which is
also extracted from the included competencies, a minimum age, a mazrimum age, a
category, a subcategory, and the countries of all included competencies. Intersectors
can require or expand other intersectors depending on their combined competen-
cies. These relations have the same attributes as relations between intersectors and
competencies.

7.4 Development

During the development process a lot decisions had to be made to provide planned
features. In this section some extracts of the implementation done for the project
are discussed which can be seen to be representative examples.

7.4.1 Semi-Automated Intersector Node Generation

The automation of the generation of intersector nodes was a challenge in design as
well as practical perspective. The idea behind intersector nodes, as it is already
discussed in section [4.6.4] is it to combine similar competencies to one element to
connect different curricula with each other. That means, all the relations coming
into and going out of a competency have to be transferred to the corresponding
intersector node, as it substitutes the competency. This opens the question, how
to deal with the substituted competency. Should it be deleted, overwritten or kept
in the background? Each solution has advantages like e.g. increase of clarity or
preservation of additional information but also disadvantages like e.g. increase of
complexity or information loss. The solution found for this project is to keep the
competency in the graph database, but set a flag in form of an attribute which marks
it as being bundled. This attribute is used in queries to exclude those competencies
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MATCH (cu: Curriculum) WHERE ID (cu) = {id}
CALL algo.pageRank.stream (’Competency’, ’expands’, {direction:’out’,
iterations:20})
YIELD nodeld, score
MATCH (c:Competency) —[:IS.PART_OF]—>(cu)
WHERE id (¢) = nodeld
RETURN c¢ as competency,score as centrality
ORDER BY id(c¢) DESC

Listing 7.1: Query for the PageRank in single curricula for the expands relations
[Moe20]

which are combined to an intersector node from calculations. So, the information
included in the combined competencies are preserved and accessible. One reason
for this solution is that single curricula are meant to stay in the system and users
should be able to take a look at them as well as at the main graph. As intersector
nodes are not existent in the single curricula, a deletion of the competencies would
invalidate the underlying curriculum.

As a technical solution the node type intersector and the relation type is bundled
in are added to the graph database. All competencies which are combined to an
intersector node are connected over a is bundled in relation to the corresponding
intersector node. At the upload or generation of an intersector node the system
automatically copies all relations from the combined competencies to the intersector
node and sets the mentioned attribute bundled in the relevant competencies to
TRUE. This improves performance when graph database is queried.

For the graph visualization in the GECKO platform this decision has the effect
that in the main graph (GGBMC) the combined competencies and their relations
are no longer visible. Instead the intersector nodes are shown and also connected to
those competencies or other intersector nodes which are connected to the combined
competencies [Moe20).

7.4.2  Queries for Centrality Measures

Essential parts of the system are the centrality measure calculations which are all
done using queries for the graph database neo4j. These calculations are very well
documented for neo/j in several sources like e.g. by Needham and Hodler in the
book 'Graph Algorithms’ [NH19]. Based on documented examples the queries for
the calculations are adapted for the needs of this project. For the centrality measure
PageRank of the expands relations in the single curricula the cypher query is shown
in Listing [7.1]

Line 1 ensures that only competencies from one curriculum are considered. In
line 2 with CALL algo.pageRank.stream the PageRank procedure provided in neo4j
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MATCH (cu: Curriculum) WHERE ID (cu) = {id}
CALL algo.pageRank.stream (
MATCH (c:Competence) RETURN id(c) AS id,
MATCH (ul:Competence) —[:REQUIRES | : EXPANDS]—>(u2: Competence)
RETURN id(ul) AS source, id(u2) AS target,
{iterations:20, graph:’cypher’})
YIELD nodeld, score
MATCH (c:Competence) —[:IS.PART_OF]—>(cu)
WHERE id (c¢) = nodeld
RETURN c as competence,score as centrality
ORDER BY id (c¢) DESC

Listing 7.2: Query for the PageRank in single curricula [Moe2()]

is started. As parameter it gets the node types (in the example ’Competency’) and
relation types (in the example ’expands’) that should be considered. The additional
parameter direction defines the direction of the relations which the algorithm should
follow, and the parameter iterations changes the number of iterations. With YIELD
the fields, which have to be returned, are selected, which in this case are the node
number (nodelD) and the PageRank value (score). The MATCH and the WHERE
clause define the elements to search for which are competencies with a is part of
relation to the curriculum defined before. Here, the possibility to give the reading
direction in cypher queries is visible. In line 4, after the relation type is part of, an
arrow (— >) to (cu) can be recognized. This symbols define the direction and can
also be used in the other direction on the other side of the relation type declaration.
If no arrow is given both directions are considered.

This first example is a simple variant of the algorithm which considers only one
special type of relations. For the metrics calculated in this project both types of re-
lations between competencies, expands and requires, are relevant. So, the algorithm
has to be extended as Listing shows. The only changes to the previous variant
are the parameters the CALL clause in line 2 gets. To include both relation types
an additional cypher statement is necessary, which is called a cypher projection, to
load or project parts of the graph. For a cypher projection the CALL must include
graph:’cypher’ as it can be seen in line 6. The changes start at line 3 with a MATCH
clause for all elements of the type Competence. In line 4 the second MATCH clause
finds any competency that is related with other competencies over expands or re-
quires relations. The results are returned as source and target nodes which replace
the type of the relations to be considered.

For calculations in the GGBMC' the algorithm even gets more complex as it must
consider intersector nodes besides the competencies. Listing shows this variant
of the algorithm. In line 2 the MATCH clause identifies all intersector nodes and
the results are combined by a UNION with the results from the second MATCH
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CALL algo.pageRank. stream (
MATCH (i:Intersector) RETURN id (i) AS id
UNION MATCH (c:Competence)
RETURN id(c) AS id,
MATCH (ul) —[:REQUIRES | : EXPANDS|—>(u2)
WHERE u2.bundeld IS NULL
RETURN id(ul) AS source, id(u2) AS target ’,
{iterations:20,graph:’cypher’})
YIELD nodeld, score
MATCH (c)—[r:REQUIRES | : EXPANDS|—>(c2)
WHERE c . id=nodeld
SET r.prAll=score ,c.prAll=score

Listing 7.3: Query for the PageRank including intersector nodes [Moe20]

clause finding all competencies. This again defines the node types to search for.
The relation types are determined by the next MATCH clause beginning in line
5. In this statement elements, not only competencies, are found that are connected
over erpands or requires relations. Only those elements whose bundled attribute
is NULL are considered (see line 6). Again results are given as source and target
nodes. The last part of the query also differs to the previous variant. It does not
deliver a list of competencies and centrality values, but sets the attributes prAll of
the relation to the negative PageRank value and from the node to the true PageRank
value (see line 12). So, centrality values are stored in node attributes as well as in
relation attributes [Moe2(0]. The reason for this is a preparation for the learning
path determination which is discussed in the subsequent development example.

7.4.3 Learning Paths Determination

As already mentioned in section [6.4] there are different ways to determine and
optimize learning paths. In this version of the application a learning path is a path
from a selected node, competency or intersector node, to a node without outgoing
relation, so to a sink which can also be a competency or intersector node. The
different options (see section make different calculations necessary.

e None: to show the prerequisites graph all possible paths from the selected
node to sinks are calculated and displayed.

e Shortest path: for calculation of the shortest path neo/; [NH19] uses the
algorithm from Dijkstra [Dij59]. Each edge gets the length of 1. Some edges
have to be excluded from the calculation and therefore get the maximum inte-

ger value. In case of single curricula these are the edges to intersector nodes,
in case of the GGBMC' these are edges to bundled competencies. Listing
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MATCH (start), (end{outgoingLinksCount:0})

WHERE start.id={sourceld}
CALL apoc.algo.dijkstra(start, end, 'REQUIRES>|EXPANDS>’, ’length )
YIELD path, weight

WHERE weight <2147483647

RETURN nodes(path) as nodes, weight

Listing 7.4: Query for shortest path determination [Moe20]

shows the calculations for this option in cypher. The start is the selected node
and end, as it can be seen, returns all nodes with outgoing link count of 0. In
line 3 the procedure for the Dijkstra algorithm is called over outgoing expands
or requires relations. With length the field to store the algorithm values is
given. The WHERE statement in line 5 restricts the results to those paths
with weights under the maximum integer value. The RETURN statement
delivers all found nodes and the calculated weights. For this algorithm all
possible paths have to be followed to find the one with the lowest weight.

e Covering Central Nodes: as the nodes have centrality values, these values
can be used to determine paths covering nodes with a high centrality. So, all
paths are calculated as described and the highest centrality value of included
nodes is determined. All paths including this node are considered as results.

e Highest Overall Centrality: to calculate the paths with the highest overall
centrality a trick is used because there is no algorithm for longest paths in
neo4j. For that the centrality values of all nodes in a path have to be summed
up and the paths with the highest sums are considered. At first the edges
are assigned a negative centrality value (see previous example). With them a
‘negative’ Dijkstra algorithm is performed which sums up the negative weights
and results in the paths with the highest negative value. The query for that can
be seen in Listing which looks very similar to the shortest path algorithm.
The only difference is that only paths with a weight less than 0 are returned
which can be seen in line 5. For the weights the name of the field, that contains
the centrality values, are provided (see line 3 ’degree’) [Moe20).

7.5 Conclusion

This chapter provided some information about the Graph-based Environment for
Competency and Knowledge Item Organization (GECKQO) project and was devel-
oped as part of this dissertation. The main aims are to support the organization of
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MATCH (start), (end{outgoingLinksCount:0})

WHERE start.id={sourceld}
CALL apoc.algo.dijkstra(start, end, 'REQUIRES>|EXPANDS>’, {degree})
YIELD path, weight

WHERE weight <=0

RETURN nodes(path) as nodes, weight

Listing 7.5: Query for learning paths with high overall centrality [Moe20]

the elements from the curricula, and the calculations for analysis, as well as to en-
able the automated visualization of the graph representations, the online evaluation
of competencies and relations, and the generation of individual learning paths or
curricula. Several screenshots of the platform give insights of the user interface and
provided features. For instance is described how learning paths can be calculated
and retrieved. The different roles user, expert, and administrator and their rights,
tasks and possibilities are discussed. Further, the software components as well as
the structure of the system are briefly presented. To give also some insights into the
development with neo4j some critical queries are described.

The application offers already a lot features but will be extended in future work.
To simplify the evaluation process experts should get suggestions for additional re-
lations if they think a relation is not correct. The competencies and relations should
contain additional attributes which can be evaluated by experts. The calculation of
learning paths should not be limited to a single node selection. The features for the
users role has to be added to the system. Besides already described possibilities,
users should be able to select a reached node, representing their students level, and
a target node which they intend to reach. For the generation of their own curriculum
users should be able to select several nodes press an add button, with the option to
include prerequisites or not, and the system adds them so a also selected individual
curriculum. So, the users are supported to generate their own curricula. A further
example of an extension can be to add the role of students who can take a look
which level in a given learning path they have reached and which comes next.




8. (SEMI-)AUTOMATED IDENTIFICATION OF
COMPETENCIES AND RELATIONS

8.1 Introduction and Existing Research

As mentioned previously, different support tools are developed in the course of this
work. The online platform called Graph-based Environment for Competency and
Knowledge-Item Organization (GECKO E is described in the previous chapter and
enables the organization of the graph representations of the curricula, the evaluation
by experts, the determination of learning paths, and calculations for several metrics.
To support the generation of the graph representation tools using techniques from
text analysis and natural language processing (NLP) are developed. The main idea
is to find similar terms in the competency formulations and to suggest, with the help
of these similarities, relations between competencies, a convenient category, and the
combination of competencies to intersector nodes.

Similar ideas are used in literatur considering academic courses and undergrad-
uate degree programs. For instance Badawy, El-Aziz, and Hefny [BEH16] analyze
higher education textbooks on the basis of the included learning objectives. Their
main aim is it to identify important chapters in textbooks according to intended
learning outcomes of a curriculum. In their paper, they describe the steps taken
during their research as follows [BEHI16, p. 3]:

1. Data Preparation: in a first step the learning objectives of the textbooks
and the intended learning outcomes from the curricula are collected.

2. Getting Synonyms of Intended Learning Outcomes: with the help of
Wordnef]] synonyms for the learning outcomes are determined.

3. Data Processing: in this step several smaller actions are included with the
intention of preparing data for automated analysis. These steps are well known
in the context of NLP:

(a) Tokenization: components of a text are separated into smaller tokens like
sentences or words.

https://gecko.aau.at
2https://wordnet.princeton.edu/
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(b) Stop words removal: very often occurring words like a, and, about, to are
removed from the texts.

(¢) Stemming: words are changed to a standard form which can be their base
or root form.

4. Analysis of Learning Objectives: the frequency of the occurring words
from the intended learning outcomes in the learning objectives are measured
and summarized for the chapters. With that the chapters get weights, whereas
a high weight assumes a more important chapter for the intended learning
outcome.

A more complex approach based on statistical methods comes from Sekiya, Mat-
suda, and Yamaguchi [SMY10] and focuses on topics and relations of a curriculum.
They generate a map of a curriculum to analyze the structure and to get holistic
understanding. A method called latent Dirichlet allocation (LDA ) is used to extract
topics from the syllabi of a curriculum and to calculate their relations. This method
models the items of a text as a ’finite mixture over an underlying set of topics’
and each topic as an 'infinite mixture over an underlying set of topic probabilities’
[BNJO3, p. 1]. So, following Sekiya, Matsuda, and Yamaguchi 'LDA estimates a set
of topics, where each topic is characterized by a distribution over words’ [SMY10,
p. 49]. The results from LDA are used as coordinates to generate maps of the syllabi.

The tools developed for this dissertation intend to analyze the competency formu-
lations on a basic linguistic value and to provide suggestions about possible relations,
categorization, or combination. Similar steps as described by Badawy, El-Aziz, and
Hefny [BEH16] are processed during the preparation of the data, as they represent
basic steps necessary for automated analysis [MRS0§|. The tools differ in prepro-
cessing as for this approach own synonym lists are developed and lemmatizing is
applied instead of stemming. Relations are generated with the help of basic similar-
ity measures instead of probabilistic models. Also different libraries are used. For
preparation, the Python libraries Natural Language Toolkit (NLTK ﬂ and spaCfI
for NLP are used. Preprocessing, calculations, and similarity measures are done
with the programming language Python Eﬂ The library gensz’nﬁ is used in terms of
similarity calculation.

In the following sections, the basic steps for text analysis and similarity measures
used for this project are described (see section . The results from the text
analysis of the curricula are presented in section [8.3] To improve the approaches,
based on linguistic features, synonyms are collected and replaced. This process is

3https://www.nltk.org/
“https://spacy.io/

> https://www.python.org/

6 https://radimrehurek.com/gensim/
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described in section [8.4] In section a possible approach to suggest relations
between competencies is discussed including some results from before and after the
synonym replacement. Two different approaches to automatically categorize the
competencies into computer science and digital literacy, or into the five categories
for computer science education are presented in section including a discussion of
the results. Section describes an approach to find candidates for the combination
into intersector nodes among the competencies (see section [4.6.4)).

8.2 Text Analysis-Based Approach

8.2.1 Basic Steps

The basic preprocessing of a text corpus before automated analysis is in most cases
straight forward and includes several steps. It aims, to enable an automated analysis
and thus to bring the data in a form that can be processed easily. Literature suggests
to do so by indexing which is the process of marking the occurrence of elements like
e.g. terms with numbers [MRS08]. This results in an incidence matriz with the
elements and the documents. The so called inverted indexing lists the elements
in a dictionary including pointers to documents the elements appear in. Manning,
Raghavan, and Schiitze summarize the major preparation steps for inverted indexing
as follows [MRSOS8| p. 19-34]:

1. Collect the documents to be indexed:

e Obtaining the character sequence in a document: in the case of
this dissertation the documents are the lists of competencies included in
the selected curricula. Each list from one curriculum is collected in CSV-
documents which makes an automated import for an analysis easier.

e Choosing a document unit: the unit of interest is the term, or also
compound terms, as they include information about a topic or the cog-
nitive level.

2. Tokenize the text: depending on a given document unit, texts are divided
into pieces which are called tokens. So, e.g. tokens of a paragraph are sentences
separated by a point and a space, tokens of a sentence are terms separated by
a space.

3. Do linguistic preprocessing of tokens:

e Dropping common terms (stop words): very common words, which
have no value for the text analysis, are called stop words and are removed
from the given corpus. In most cases, also for this dissertation, these
words are collected in a list and excluded from further processing.
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e Stemming and lemmatization: as in the documents words with the
same derivation can appear in different forms like e.g. singular or plural,
or different tenses, it is necessary to bring them to a basic form. This can
be done by stemming or lemmatization. Stemming works very straight
forward and chops the ends of given words. In the majority of cases this
can lead to good results. With this process derivation affixes are removed.
Lemmatization aims to return base or dictionary forms of words which is
called lemma, using dictionaries or morphological analysis.

These steps are also part of the preparation for this project. Additionally, part
of speech tagging (POS) is performed which classifies found words into nouns, verbs,
etc. In several cases also more detailed information is delivered as classes like "Noun,
proper’ (NNP) or "Verb, gerund’ (VBG) are used [MRS0S8, p. 40].

For a first analysis simple measures like the term frequency, inverse document
frequency, and tf-idf are determined and discussed. The term frequency simply
represents 'the number of occurrences of a term ¢ in document d’ [MRS08|, p. 117]
and is denoted by tf; 4. As the term frequency suffers the problem of considering
all terms equally important, other methods are commonly applied. One of them is
the inverse document frequency (idf) and it is based on the document frequency df;
which is "the number of documents in the collection that contain a term ¢’ [MRS0S8|,
p. 118]. The inverse document frequency of a term t is defined as follows [MRSO0S|
p. 118]:

Definition 8.1 (Inverse Document Frequency (idf)).

, N
idfy = logﬁ
t

Where,
N s the number of documents in the collection, and
dfy is the document frequency of t.

As far as the inverse document frequency is concerned, terms with a high fre-
quency tend to have low idf values, rare terms often show high idf values. A third
often used measure is the tf-idf value which represents a combination of term fre-
quency and inverse document frequency. As the term frequency and the inverse
document frequency do, the tf-idf adds a weight to a term. It is calculated for a
term ¢ and a document d as follows [MRSO08| p. 119]:

Definition 8.2 (tf-idf).

tf — Zdft,d = tft,d X idfy
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def tokenizeTagLemmatize (text):
tagged = tags(text)
lemmatizer = WordNetLemmatizer ()
result = []
for t in tagged:
tag = getTagCategory (t[1])
if (tag != "0"):
result .append(lemmatizer.lemmatize(t[0], pos=tag) + "7 +
getTagCategory (t[1]))
return(result)

Listing 8.1: Python function used for tokenization, tagging and lemmatizing [PK1§].

Following Manning, Raghavan, and Schiitze the tf-idf has three characteristics
[MRSO8, p. 119]:

1. it is highest when t occurs many times within a small number of documents;

2. it is lower when the term occurs fewer times in a document, or occurs in many
documents;

3. it is lowest when the term occurs in virtually all documents.

These measures are of interest for a first textual analysis of the competencies in
the curricula.

8.2.2 Used Libraries

The automated processing of the curricula elements are done with the programming
language Python 3 which offers a high number of libraries for NLP and data science.
For the text analysis, the Python library NLTK is used as it offers more flexibility
and gives a better insight in the processes. Here, all steps of the preprocessing
have to be selected and implemented individually. Listing shows the source code
for a typical preprocessing step in NLTK including tokenization, lemmatizing, and
tagging.

For later processing, the library spaCy is used which combines several steps of
preprocessing in one command. In listing the basic commands for this library
can be seen. At first a model, which is provided by spaCy, has to be loaded and
connected to a command. In the example this command is called 'nlp’ which can
be applied to a string resulting in a preprocessed form of this string.

This command delivers an internal data structure with the following information
for each token which are in this case terms [Spa20]:

Text: The original word text.
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nlp = spacy.load (”en_core_web_sm”)
doc = nlp(”The students are able to use information from the Internet

for

in their work.”)

token in doc:
print (token.text , token.lemma_, token.pos_, token.tag_, token.dep_,
token.shape_, token.is_alpha, token.is_stop)

Listing 8.2: SpaCy library used for tokenization, tagging and lemmatizing

Lemma: The base form of the word.

POS: The simple part-of-speech tag.

Tag: The detailed part-of-speech tag.

Dep: Syntactic dependency, i.e. the relation between tokens.
Shape: The word shape — capitalization, punctuation, digits.
is alpha: Is the token an alpha character?

is stop: Is the token part of a stop list, i.e. the most common words of the
language?

The results for the example in listing [8.2 are:

The the DET DT det Xxx True True

students student NOUN NNS nsubj xxxx True False
are be AUX VBP ROOT zxzzx True True

able able ADJ JJ acomp xxxx True False

to to PART TO aux xx True True

use use VERB VB xcomp xxx True False
information information NOUN NN dobj zzzr True False
from from ADP IN prep zzzz True True

the the DET DT det zzz True True

Internet internet NOUN NN pobj Xxxxx True False
in in ADP IN prep zz True True

their -PRON- PRON PRP$ poss zxxx True True
work work NOUN NN pobj xxxx True False

.. PUNCT . punct . False False
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8.2.3 Necessary Adaptations

To compare and analyze the competencies of the seven selected educational models
(see using techniques from NLP, some adaptations are necessary as part of
preprocessing. The first important adaptation considers the language aspects as
four of the curricula are in English and three are in German language. To solve this
problem two different methods are tested as preparation of the project:

e translate the German curricula into English with the support of the free trans-
lation software Deepl[| and manually review and preprocess afterwards, or

e preprocess the German curricula first based on German language models.

In preliminary test of the results of both solutions it turned out that the preprocess-
ing models for English language deliver better results for the translated curricula
than the models for German language do for the original curricula. Therefore, all
German language curricula, so the Austrian competency model digikomp/, the Ger-
man standards of the GI, and the curriculum of Switzerland, are translated into
English language before preprocessing.

As already mentioned in section [4.6.2] five of the selected curricula use formu-
lations starting like ’students are able to’ but two, the Austrian competency model
and the model from Berry for the English curriculum, use I can’ statements. For
text analysis the formulations using 'I can’ prefixes are, like in the standardization
process, changed into ’students are able to’ form. That has no impact on analysis
as the prefixes are handled as stop words and excluded during preprocessing.

8.2.4 Similarity Measures

In this approach the similarity of the formulations is used to automatically determine
possible relations or even combinations between the competencies. Two popular
methods for similarity measurement, the Jaccard coefficient and cosine similarity
[HKP12] are applied and compared. The Jaccard coefficient is a measure for binary
attributes. That means it compares the absence or presence of an element in an
object which is denoted with 0 respectively 1. The Jaccard coefficient is calculated
for two objects d; and dj as follows [HKP12) p. 71]:

"https://www.deepl.com/translator
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Definition 8.3 (Jaccard coefficient).

q

m(dy, dy) = ———
sim(dy, dy) d+r+s

Where,
q is the number of attributes that equal 1 for both objects dy and ds,

r 1s the number of attributes that equal 1 for object di but equal O for object
dy, and

s is the number of attributes that equal 0 for object dy but equal 1 for object
dy.

In case of sentence similarities, the attributes are terms that occur in one or both
compared sentences. If two sentences are completly similar the Jaccard coefficient
has the value 1. The fewer terms the sentences share, the lower gets this value. This
is a popular approach to determine text similarity but also suffers some issues as it
does not consider the length of sentences and the repeated occurrence of one term
in one sentence [HKP12].

Another popular similarity measure that considers the term frequency is the
cosine similarity [HKP12]. It is based on wvector space models which represent doc-
uments as 'vectors in a common vector space’ [MRS08|, p. 120]. One vector consists
of weights for all terms in a dictionary. This weights can have the values of the term
frequency [HKP12] or the tf-idf [MRS0§]. So, for example, the comparison of the
two competencies

CH-37.1: The students are able to write programs with loops [Leh14].

US2-10.3: The students are able to develop programs with simple loops, to
express ideas [CSTT17].

would result in the vector displayed in table[8.1] using term frequency as weights,
excluding stop words and showing lemmas in the dictionary.
The cosine similarity calculates the similarity of two documents d; and dy with

their vector representations v(dl) and 7(0[2) as follows [MRSO08| p. 121]:

Tab. 8.1: Vector for the two competencies CH-37.1 and US2-10.3 using term fre-
quency

write | program | loop | develop | simple | express | idea
CH-37.1 1 1 1 0 0 0 0
US2-10.3 0 1 1 1 1 1 1
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Definition 8.4 (Cosine similarity).

sim(dl, dg) =

Where,

the numerator represents the inner product of the vectors V(dl) and 7((12)
which is defined for two vectors X and ? as

¥ 7= e

the denominator is the product of their Euclﬁean leﬁgths which is for a vector
V(d) of a document d, with n components Vi(d)...Vy(d), defined to be

8.3 Results from Text Analysis in Curricula

8.3.1 Basic Text-Based Analysis

The basic text analysis for the curricula in English language, which are the Aus-
tralian curriculum, the model for the English curriculum, and the CSTA standards
from 2011 and 2017, done for this project, is described by Pasterk and Kesselbacher
[PK18|. For their analysis the original versions of the curricula are used, before
the standarization described in section is performed. In case of the English
curriculum the original teaching intentions [Natl4] are analyzed. Tab. presents
basic measures of the text analysis for all four curricula. It shows the mean, maxi-
mum, and minimum values for the number of words in one formulation and of the
word length from the occurring words. The results prove that the teaching intentions
of the English curriculum (GB) are very long and include a lot of words. This is
an additional reason why the model from Berry [Berl5| is compared, analyzed and
included in the GGBMC as it is mentioned in section [3.5.3] The formulations from
the Australian curriculum (AU) show the second highest mean values and also the
highest minimum value of 8. Both CSTA standards have similar values. Considering
the word lengths, all four curricula show very similar values differing between 5.82
and 6.29 in the mean.

Pasterk and Kesselbacher describe the working process in the following words
[PK18, p. 7]: After the extraction and the preprocessing of the learning outcomes
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Tab. 8.2: Basic numbers of the formulations in the curricula (adapted from [PK18§]).

AC EC CSTA11 CSTA17
(AU) (GB) (US) (US)
Number of words
mean 17.19 23.44 13.73 14.79
max 25 48 28 25
min 8 5 5 6
Word length

mean 6.14 5.82 6.29 6.03
max 16 15 17 15
min 1 1 1 1

we started with the main analysis. In a first step we wanted to collect information
about the frequently used terms within the learning outcomes in each curriculum.
The major goal was to use the gathered information to identify content and activity
foci of the curricula. So we filtered the nouns, verbs, adjectives and adverbs from the
learning outcomes and measured different values like the overall term frequency (t f;),
the number of learning outcomes containing a term (df; ), and the tf-idf (tf —idfiq)
value which represents the importance of a word for a learning outcome within a
curriculum. Listing[8.3|provides the source code to compute the ¢f-idf measures from
a text file where each line represents one learning outcome. Note the preprocessing
of the lines: white space and empty lines are removed, and punctuation characters
are removed for better lemmatizing and tagging results. Also, to improve tagging,
the omitted start phrase 'The students will be able to’ is added as a prefix to
each learning outcome before the start of the tagging process. The prefix phrase
is removed after tagging so that it does not manipulate the results of the analysis.
Then, the TfidfVectorizer performs fitting and transforming on the list of String
learning outcomes. Ngrams of the size 1 (single words), 2 (bigrams) and 3 (trigrams)
are considered. The maximum document frequency of considered words is half the
corpus, and the minimum document frequency of considered words is 2 documents.
The function from Listing is used as tokenizer. Tokens are saved as lemmas,
together with the tag category (similar tags are grouped, resulting in the tags N
for nouns, V for verbs, AJ for adjectives, AV for adverbs and O for others). For
the tf-idf computation, we exclude words with the tag for others, so that only
relevant content words are considered. The following libraries were used in this
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def tfidfPerLo(infile):
with open(infile) as f:

content = f.readlines ()

content = [x.strip() for x in content]

content = filter (bool, content)

content = [x.translate({ord(i):None for i in string.punctuation

}) for x in content]
tfidf = TfidfVectorizer (tokenizer=tokenizeTagLemmatize ,
stop-words="english’, ngram_range=(1,3), max.df=0.5, min_df
tfs = tfidf.fit_transform (content)
return (tfidf, tfs);

Listing 8.3: Python function to compute the tf-idf measures for the learning
outcomes of an unstructured text file using NLTK library [PK1§].

approach: NLTK WordNetLemmatizeif], Stanford POS Taggerf] [TKMS03] and the
scikit-learr| python library for the computation of #f-idf measures.

Pasterk and Kesselbacher continue with the description of their proceeding [PK18|
p. 8]: Key terms of each tag category can be found by computing the cumulative
score of a term. Iterating over the learning outcomes, the tf-idf scores of one term
are summed up for all learning outcomes. The terms with the highest cumulative
scores are key terms in the respective category. Tab. provides the results for
computing the top 15% terms for each category of the Australian Curriculum. The
most important nouns and verbs make it possible to determine the content focus
(for nouns) and activity focus (for verbs) of a curriculum. With the resulting sets of
key terms, the different curricula can be compared. Tab. and [8.6| display the
five most frequent terms per tag. The frequency is determined by highest tf value,
with higher df values acting as tiebreakers.

Pasterk and Kesselbacher describe the results for nouns as follows [PKI18, p. 9]:
Following these results, we assume that the curriculum in England (GB) focuses on
programming as 'program’ and also ’algorithm’ are within the five most frequently
used terms, but also 'content’ plays an important role. For the Australian (AU)
curriculum we assume that the focus is on data processing as ’data’ and 'information’
are within the five most frequently used terms, also the handling of algorithms
and problems is an essential part. A similar situation can be found for the CSTA
standards from 2017, where also ’data’ and ’information’ are within the five most
frequently used terms. Additionally it includes 'program’ and ’artifact’ which shows
that programming and the production or the handling of artifacts are of interest. In

8http://www.nltk.org/api/nltk.stem.html?highlight=lemmatizer
9https://nlp.stanford.edu/software/tagger.shtml
O https://scikit-learn.org/stable/
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Tab. 8.3: Overview of the top 15% terms (measured with cumulative tf-idf scores)
of the analyzed Australian curriculum (adapted from [PK18]).

Group Terms

Nouns (NN, | data, system, digital system, information, algorithm, problem,

NNP, NNPS, | user, range, solution, software, information system, program, re-

NNS) quirement, account, idea, idea information, need, different type,
different type data, type, type data

Verbs (VB, | explore, create, design, using, represent, investigate, are, use,

VBD, VBG, | recognise, implement, analyse, define, investigate how, including,

VBN, VBP, | design user, branching, involving

VBZ, MD)

Adjectives digital, digital system, simple, different, different type, different

(JJ, JIR, | type data

JJS, CD)

Adverbs how, investigate how, how student, how student solution, explore

(RB, RBR, | how

RBS,RP,

WRB)

Tab. 8.4: Comparison of the five most frequent nouns in each curriculum (adapted

from [PK18]).
AC EC CSTA11 CSTA17
(AU) (GB) (US) (US)
data program problem program
system technology computer data
information content software problem
algorithm (range) technology information
problem system information artifact

algorithm




8.3. Results from Text Analysis in Curricula 211

0.5
0.4
>
&)
c
g 03
o
2
5
g o2
>
o
o
©
[
2 041
©
©
(4
0
> * N @ o
{o& \o® & & ,\@@ ¢ & «© & & <@
) Q & @ S Q G P N S
§ N < 2 ) g £ 9 @
Q O > IS «© Q %
@ &

B AU B GB US1 W US2

Fig. 8.1: Relative df of the five most frequently used nouns (adapted from [PK1S]).

case of the CSTA standards from 2011 it can be assumed that the focus is on problem
solution with the help of software, computers or other technologies. And again the
term ’information’ is important. The frequency of the terms is hard to compare
because of the different size of the curricula and with that the different numbers
of learning outcomes within the curricula. The relative comparison, calculated by
the division of the df by the number of learning outcomes for each curriculum, is
presented in Fig. It is visible that the relative values are higher for the curricula
with lesser learning outcomes (GB, AU). It has to be mentioned that Fig. includes
the most frequent terms of all curricula. Because of this, relative df values are shown
for more terms compared to Tab. Fig. [8.2] shows the impact of the collected five
most frequently used terms in all curricula. The terms ’algorithm’ and ’information’
are very important to the curriculum of Great Britain (GB). For the CSTA standards
from 2011 and 2017 (US1 and US2) the term ’artifact’ is very important. For the
CSTA standards from 2011 (US1) the terms ’algorithm’ and 'program’ and for the
CSTA standards from 2017 (US1) ’information’ and ’data’ have the next highest
values. In the Australian curriculum (AU) all used terms have a similar mean ¢f-idf
value.

Verbs are also part of the discussion from Pasterk and Kesselbacher [PKIS|
p. 11]: The five most frequently used verbs, important to collect information about
the activity focus of curricula, are presented in Tab. In all curricula the number
of appearances of the term "use’ is the highest of all verbs (following tf values first
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Fig. 8.2: Mean tf-idf value of the five most frequently used nouns for each curriculum

(adapted from [PKIS]).

and then the df values to break ties). So it can be assumed that curricula for
information technology related subjects focus on the usage of undefined objects or
elements like devices, software, concepts, or others. Further the term ’create’ can be
found in three of the four curricula which indicates that the creation of products is
very important. Descriptive activities are also important as the term ’describe’ can
be found in two curricula. Differences can be found as well. The verb 'understand’
is only frequently used in GB, ’explore’ and ’'represent’ appear only in AU, and
’solve’ and ’demonstrate’ can only be found in US1. Also, in Fig. [8.3] it is visible
that the term 'use’ has very high relative df values in all curricula, compared to the
other verbs. Only for the model for the curriculum from England (GB) the term
'understand’ has a comparable relative df value. Additionally Fig.[8.3]shows that in
smaller curricula, like the one from England (GB), the frequently used terms appear
more often than in larger curricula. As it is visible in Fig. [8.4] the term 'use’ has a
very low mean tf-idf value compared to the other most frequently used terms. That
is because the term is used so frequently that it loses importance for single learning
outcomes. The highest mean tf-idf values can be found for the terms ’explore’ and
'represent’ in the CSTA standards from 2011. Compared to Fig. [8.3] these terms
have very low relative df values which makes them more important for the single
learning outcomes. The most important verbs for the English curriculum are ’create’
and ’develop’, for the Australian curriculum they are ’solve’ and ’design’, and for
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Tab. 8.5: Comparison of the five most frequent verbs in each curriculum (adapted

from [PK18]).
AC EC CSTA11 CSTA17
(AU) (GB) (US) (US)
use use use use
create understand describe create
represent create identify develop
design design solve describe
explore develop demonstrate explain

the CSTA standards from 2017 they are represent’ and ’explain’.

Finally, Pasterk and Kesselbacher analyze adjectives and adverbs as follows
[PK18|, p. 12]: Besides the nouns and verbs we also investigated whether the adjec-
tives and adverbs can add information about the focus of a curriculum. Therefore
we also considered the five most frequently used terms of these two categories. The
frequency is determined by highest ¢f values first, and then the df values to break
ties. The results can be found in Tab. 8.6 The term ’digital’ is in three curricula
under the five most frequently used adjectives. That is not surprising, considering
the overall topic of the curricula. Also the adjective ’simple’ can often be found
in three different curricula. That indicates content or concepts which had to be
simplified so that the learning outcomes are not that challenging. The adjective
"appropriate’ appears in two curricula which can be interpreted as freedom for the
teacher to decide which is ’appropriate’. More interesting are those adjectives that
distinguish the curricula from each other. Knowing that the GB uses terms like "bi-
nary’, ‘computational’ and ’logical’ one could assume that this curriculum focuses
on mathematical operations. With the background knowledge of this curriculum
this assumption can not be verified. From the most frequent adjectives of the AU
curriculum it can only be assumed that a social aspect is important. In the CSTA17
standards the most frequent adjective is ‘computational’ but without information
about the context it is hard to make assumptions. The CSTA11 standards include
three adjectives which do not appear that frequently in the other curricula: ’col-
laborative’, ’ethical’; and 'mobile’. After the adjective analysis we can draw the
conclusion that single adjectives only add little information about the focus of the
curricula. Adjective-noun combinations would give additional insights. The adverbs
on their own also seem to add only little information. It can be assumed that the
collaboration plays an important role in at least three of the curricula. For the
GB curriculum it is important to handle things respectfully, safely, and responsi-
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Fig. 8.3: Relative df of the five most frequently used verbs (adapted from [PK18]).
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Tab. 8.6: Comparison of the five most frequent adjectives and adverbs in each
curriculum (adapted from [PK1§]).

AC EC CSTA11 CSTA17
(AU) (GB) (US) (US)
adjectives
digital digital appropriate computational
simple binary digital different
different simple collaborative appropriate
social computational mobile multiple
common logical ethical personal
adverbs
collaboratively respectfully developmentally systematically
diagrammatically | safely collaboratively iteratively
independently responsibly accurately appropriately
creatively digitally computationally clearly
critically effectively cooperatively collaboratively

bly. Besides collaboration the AU also addresses independent and individual work.
The CSTA17 standards focus on systematic and clear activities, where the CSTA11
prefer development and accuracy.

8.3.2 Terms Occurrences in Categories

In the previous section the terms occurring in the curricula are analyzed in terms of
the numbers of their occurrences. To support the automation of the categorization
the occurrences of terms in the categories for computer science education [DBI5]
is of great interest. As the nouns are the part of speech that is decisive for the
categorization, in this section the results for the analysis of the noun occurrences are
discussed. Overall 371 different nouns are identified in the seven selected curricula.
Taking a detailed look at the occurrences it shows that a great part of the nouns
(65.8%) appears only in one category. In two categories occur 21.3%, in three 8.9%,
in four 3%, and only 1.1% of the terms occur in all five categories [Chy20]. Fig.
shows this distribution of occurrences.

Four nouns occur in all five categories. These are ’data’, 'information’, 'range’,
and ’system’. Those eleven nouns appearing in four categories are in nine cases not
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Fig. 8.5: Occurrence of nouns in the categories (adapted from |[Chy20]).

found in the category data representation which includes the lowest number of com-
petencies (see section . 33 nouns occur in three categories. The combinations of
categories which share the most nouns are human factors and ethics, digital infras-
tructure, and programming and algorithms with 9 shared nouns, human factors and
ethics, digital applications, and programming and algorithms with 8 shared nouns,
and human factors and ethics, digital applications, and digital infrastructure with 6
shared nouns. With 26 nouns from the category human factors and ethics, 21 from
digital applications, 21 from digital infrastructure, and 23 from programming and
algorithms the nouns which occur in three categories are equally distributed over
these four categories. Only the category data representation shares with 8 only few
nouns with two other categories. 79 of the nouns are shared by two categories. With
16 common nouns the categories human factors and ethics and digital applications
share the most, followed by human factors and ethics and digital infrastructure with
15, and digital applications and programming and algorithms with 14. Here, again
the four categories human factors and ethics, digital applications, digital infrastruc-
ture, and programming and algorithms are represented with similar numbers which
are 40, 39, 30, and 36 nouns. The category data representation shares 13 nouns with
one other category. As no direct assumptions of correct category are possible with
2, 3, 4, and 5 shared nouns. Together these are 34.3% of nouns which can not be
used for the categorization. But the results can be used to give experts suggestions

for suitable categories |[Chy20].

The unique nouns are with the number of 244 (65.8%) the by far largest group.
It can be assumed that this group has the highest chances to support a correct
categorization. Fig. presents their distribution over the five categories. In this
case 28.3% (69 nouns) of the unique nouns are found in the category human factors
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Programming and algorithms

24.6% Human factors and ethics

28,3%

Data representation
7,0%

Digital infrastructure
16,4%

Digital applications
23,8%

Fig. 8.6: Occurrence of unique nouns in the categories (adapted from [Chy20]).

and ethics, 24.6% (60 nouns) in programming and algorithms, 23.8% (58 nouns) in
digital applications, 16.4% (40 nouns) in digital infrastructure, and 7% (17 nouns)

in data representation [Chy20].

This detailed analysis of terms does not only show the frequency and occurrences
of the terms but also that there are different words for the same meaning. This
happens quite often and makes an automated approach difficult. To improve this
situation as much as possible, dictionaries, including synonyms for the occurring
terms, are created. The process of the generation of these dictionaries and their use
are described in the following section.

8.4 Synonym Replacement

8.4.1 Building a Dictionary

To improve the similarity measures that play a central role in this approach, dictio-
naries are built to support the identification of synonyms and to store different forms
of the words. The process is described by Verkhovets and is, in a first attempt, done
manually because existing synonym lists are often missing some important items in
the context of computer science curricula [Verl9]. First steps of this process are
characterized by reading and analyzing the seven selected curricula and extracting
found key nouns and verbs. Words which are not relevant for the curricula and often
appear in the examples included in the competency formulations are not considered
for the dictionaries. This phase results in a list of alphabetically sorted nouns and
a list of alphabetically sorted verbs. Based on these two lists the terms are analyzed
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<term>
<lemma>algorithm</lemma>
<singular>algorithm</singular>
<plural>algorithms</plural>

<synset>algorithm; algorithms | sequence of instruction; sequences
of instructions | sequence of step; sequences of steps | set of
step—by—step instruction; sets of step—by—step instructions</
synset>

<def>a step—by—step procedure for solving a problem</def>
</term>

Listing 8.4: Example of a dictionary entry for nouns [Verl9).

and synonyms are identified. If possible, online lists like Wowikor]] or Wordnef™]
are used to support this process. In some cases only two related words are found,
but in general there are more synonyms. For verbs larger groups of related terms
are found than for nouns. The largest group contains six related words which are
‘create’, 'design’, ’establish’, generate’, ’initiate’, and ’invent’. The synonym terms
are collected to sets of synonyms, so called synsets, sorted in alphabetical order for
easier processing. All terms are stored following the structure of Fxtensible Markup
Language (XML) [Verl9]. During this process 36 nouns and 88 verbs are collected
in the dictionary. An example for a noun can be found in Listing [8.4] whereas
Listing [8.5| shows an example for verbs. In both dictionaries the entries are tagged
as < term > and contain the tags < lemma >, < synset >, and < def >. Un-
der the < lemma > tag the lemma of the term is stored, < synset > includes a
set of synonyms in different forms, and < def > gives a definition for the term
retrieved from online dictionaries like the Cambridge Online Dictionarf| Nouns
also include the tag for singular (< singular >) and plural (< plural >) forms. For
verbs tags for infinitive (< infinitive >), gerund (< gerund >), and past participle
(< past — participle >) forms are provided.

After the structured collection of synonyms, one core synonym for each synset is
selected which represents the synset in the similarity measurement. This selection
depends on the ’'frequency of usage’ and ’breadth and neutrality of meaning’ of
the terms [Verl9]. The definitions of the terms from online dictionaries like the
Cambridge Online Dictionary support the selection.

"https://synonyms.woxikon.com/
12 https://wordnet.princeton.edu/
13 https://dictionary.cambridge.org/
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<term>
<lemma>create</lemma>
<infinitive>create</infinitive>
<gerund>creating</gerund>
<past—participle>created</past—participle>

<synset>create; creating; created | construct; constructing;
constructed | develop; developing; developed | generate;
generating; generated | invent; inventing; invented | produce;
producing; produced | write; writing; written</synset>

<def>to make something new, or invent something</def>
</term>

Listing 8.5: Example of a dictionary entry for verbs [Ver19].

8.4.2 Using Dictionaries in Implementation

The described dictionaries are used in the automation of the relations generation
and the combination to intersector nodes as they support the similarity measure-
ment. In the implementation they play a major role as they help standardizing the
formulations on the basis of used words. The idea is to substitute all terms which
appear in the dictionaries by the core synonym from their synset, as Chystopolova
describes |Chy19]. So, in a first step, the information from the dictionaries is im-
ported in form of a multidimensional list. For a better performance during the search
in the dictionaries an index is generated, based on the first letter of the words and
the positions of corresponding entries in the multidimensional list. The competency
lists are also imported and preprocessed using the spaCy library. This library auto-
matically provides the lemmas for all terms in the competency formulations. The
lemmas are compared to the entries in the corresponding index, based on their first
letter. If a lemma is found in the dictionary, it is checked if it is a core synonym.
In the case of a positive check the term stays the same. Otherwise it is replaced
by the core synonym in the corresponding synset. This whole process delivers CSV
files which contain the original competencies, the standardized competencies, and
lists of nouns, verbs, adjectives, and adverbs |Chy19].

8.5 Generation of Relations

8.5.1 Similarity Measure Comparison

The identification of the relations between the competencies is one of the aims of
this natural language processing based approach. But, it is a very difficult task if
all possible relations are considered as in a graph G with n nodes there exist n
(n—1) possible edges. These are in the case of the smallest standardized curriculum
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(the model for the English curriculum) with 62 competencies already 3,782 possible
dependencies.

The idea behind this approach is that the dependencies exist between competen-
cies which are linguistically similar. In case of the expands relation this assumption
seems to be valid as they cover the same topics. But requires relations can be
from total different areas and do not include similar words. Nonetheless, both re-
lations are considered in the following experiments as they are both important for
the graph-based approach (see chapter . After the evaluation considering both
relations, an additional analysis distinguishing the two relations is presented. The
Jaccard coefficient and cosine similarity based on tf-idf values are used to deter-
mine the similarities between the competencies. The results are compared to the
relations evaluated by experts (see section [£.5.3) and with "best’ results those results
are meant which are closest to the experts opinions.

In a first experiment both methods are compared to each other to determine the
more suitable method for this kind of data. Both methods require a threshold which
determines up to which similarity values the relations should be considered. Some
prior tests show that for the Jaccard coefficient the limit with the best results is 0.88,
as total completeness is 1, and for cosine similarity it is 0.3. As input data the stan-
dardized competency formulations (as described in section without synonym
replacement (see section are used. The following part of speech combinations
are tested and also compared:

e all words

e all words without stop words
e nouns, verbs and adjectives
e nouns and verbs

e nouns and adjectives

e nouns

Both methods are compared with all combinations in terms of precision and recall
which are frequent measures for the effectiveness of information retrieval methods
and are defined as follows [MRS08|, p. 155]:

Definition 8.5 (Precision). Precision (P) is the fraction of retrieved documents
that are relevant

#(relevant items retrieved)

Precision = = P(relevant|retrieved)

#(retrieved items)
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Tab. 8.7: A contingency table to calculate precision and recall [MRS0S8, p. 155].

Relevant Nonrelevant
Retrieved true positives (tp) false positives (fp)
Not retrieved false negatives (fn) true negatives (tn)

Definition 8.6 (Recall). Recall (R) is the fraction of relevant documents that are
retrieved

#(relevant items retrieved)

Recall = = R(retrieved|relevant)

#(relevant items)

Manning, Raghavan, and Schiitze suggest a contingency table to be used to

calculate both measures which is structured as shown in Tab. IMRS08, p. 155].

With the help of Tab. precision (P) and recall (R) can be calculated as follows
[MRSO08, p. 155]:

P=tp/(tp+ fp)
R=tp/(tp+ fn)

To evaluate the results from the similarity measures the contingency table is
filled with found dependencies which are also considered by experts (as tp), not
found dependencies which are considered by experts (as fn), found noise depen-
dencies which are not considered by experts (as fp), and not found dependencies
which are also not considered by experts (as tn). This results in tables for every
curriculum representing each method and part of speech combination. Because of
the high number of generated tables, not all of them can be discussed here. To show
a sample of the results the values for the CSTA standards from 2011 are presented
and compared. The most promising part of speech combination for both methods
is in this case nouns and verbs. All other combinations lead to lower numbers of
found dependencies which are also considered by experts (as tp). Tab. shows
the contingency table including the results from Jaccard coefficient and cosine sim-
ilarity for the CSTA standards from 2011. 28 from the 122 relations considered by
experts are found. Additionally 62 relations, which are not considered by experts,
are identified. As it is visible in Tab. [8.8|the results from the cosine similarity based
on the tf-idf are very similar to the values from Jaccard coefficient. 24 of the 122
relations considered by experts are found. 41 relations are identified which are not
considered by experts.

As it can be seen the results are very close which is also reflected by the values
for precision and recall.

Jaccard coefficient: P =0.31, R = 0.23
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Tab. 8.8: The contingency table for the CSTA11 standards using Jaccard coefficient
and cosine similarity with nouns and verbs.

Jaccard coefficient

Considered by experts

Not considered by ex-
perts

Found dependencies

62 (fp)

Not found dependen-

10,322 (tn)

cies
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Not considered by ex-

perts
Found dependencies 24 (tp) 41 (fp)
Not found dependen- | 98 (fn) 10,343 (tn)

cies

Cosine similarity: P = 0.37, R = 0.20

Here, the Jaccard coefficient has a slightly higher recall (R), whereas the precision
(P) is higher with cosine similarity. If the decision which of the two similarity mea-
sures should be used in further calculations would only depend on this curriculum,
the cosine similarity would be preferred as the value for precision is higher. But,
taking a look at the results from all other curricula it shows that overall the Jaccard
coefficient provides results which are closer to the experts’ opinions. These results
are calculated by summing up all values for tp, fp, and fn and determine precision
(P) and recall (R) for these sums which leads to the following values:

Jaccard coefficient: P =0.29, R =0.25
Cosine similarity: P = 0.27, R = 0.22

In this case both values are higher applying the method using the Jaccard coefficient.
Therefore, this measurement is selected together with the part of speech combination
nouns and verbs for further experiments.

8.5.2 Improvement of Results

As it is planned that this tool proposes to the experts relations of competencies,
the question arises which aspect of the evaluation should be improved. This can be
answered by thinking about the process of evaluation. It is easier for an expert to
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rate a given relation between to competencies as not okay than to add a relation that
is missing. That means the goal of improvement is to increase the recall (R) value
as this represents the ratio of found and not found relations which are considered
by experts. On the other hand the precision (P) should not decrease too much as
this would mean that the number of found relations, which are not considered by
experts, increases. With regard to these criteria, the improvement is intended.

For a second attempt only the similarity measurement with the more promising
results from the first experiments, the Jaccard coefficient, is used. In contrast to the
first attempt the process itself and the preprocessing are adapted to improve the
results. As an additional preprocessing step the synonym replacement (as described
in section is applied. With this, more similar words are found which leads
to an improvement of similarity measures [Chy19]. The similarity measurement
using the Jaccard coefficient is modified by the addition of weights. These weights
affect the results in a way that more important terms have a higher weight and
therefore increase the similarity. In the calculation of the Jaccard coefficient all
occurring terms are denoted with a value 1, where not occurring terms have a value
0. Weights can be added by changing the value of occurring words. So, instead of
giving occurring terms the value 1, they get e.g. the value 0.8. A weight smaller
than 1 shows a lower importance of the terms. Several tests show that in case of
the curriculum data the weighting of terms leads to closer results to the experts
opinions. For this approach a weighting system is developed that depends on the
presence of different part of speech (POS) words. The highest weight is given to
nouns, followed by wverbs, and adverbs, adjectives, and auxiliary words at the same
level. Nouns and verbs occur in every formulation, whereas it can happen that there
are no adverbs, adjectives, or auxiliary words. All cases have different distributions
of the weights [Chy19] which can be seen in Tab. [8.9]

The described steps led to new results for each curriculum. To enable a com-
parison to the results from the first experiment, the results for the CSTA standards
from 2011 can be found in Tab. 810l It includes the results for the three different
thresholds for the Jaccard coefficient 0.5, 0.398, and 0.23. The results on this level
are very similar. Decreasing the threshold means an increase of tp but also of fp.
Comparing the results with a threshold of 0.5 and 0.398 the difference is 1 in £p and
2 in fp. But from 0.398 to 0.23 there are 2 more cases of tp and 55 more cases of
fp. This is a very high increase for two more found relations which are considered
by experts.

The precision (P) and recall (R) values are also very close in this curriculum.

Jaccard coefficient 0.5: P = 0.30, R = 0.41
Jaccard coefficient 0.398: P = 0.30, R = 0.42
Jaccard coefficient 0.23: P =0.23, R = 0.43
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Tab. 8.9: Weights for the different cases of occurring POS elements |[Chy19).

Part of speech Weights
Without | Without
Without | Adj and | Adv, Adj,
All AW AW and AW
Nouns 0.50 0.53 0.53 0.58
Verbs 0.35 0.37 0.37 0.42
Adverbs 0.05 0.05 0.10 0
Adjectives 0.05 0.05 0 0
Auxiliary words | 0.05 0 0 0

Tab. 8.10: The contingency table for the CSTA11 standards using modified Jaccard
coefficient with nouns and verbs.

Jaccard coefficient: 0.5

Considered by experts

Not considered by ex-
perts

Found dependencies

116 (fp)

Not found dependen-
cies

Jaccard coefficient: 0.398
Considered by experts
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10,266 (tn)

Not considered by ex-
perts

Found dependencies

173 (fp)

Not found dependen-
cies

10,211 (tn)
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Changing the threshold from 0.398 to 0.23 means an increase for recall (R) of 0.01
but with that a decrease of the precision (P) of 0.07. This difference seems to be not
that high but considering 55 additional relations the threshold of 0.398 is the most
valuable choice. Therefore, the results for this threshold are compared to those of
the Jaccard coefficient from the first experiment:

Without synonym replacement and weights: P = 0.31, R = 0.23
With synonym replacement and weights: P = 0.30, R = 0.42

As the threshold in the second experiment is lower, the value for precision (P) is also
lower (0.01). But this difference is negligible as the value for recall (R) increases in
the second experiment by 0.19. This is a great improvement considering the small
decrease of precision.

Taking a look at Tab. presenting the overall values, which are again the
sums of the values for tp, fn, and fp, the same trend as in the CSTA standards from
2011 is visible. The decrease of the threshold from 0.5 to 0.398 has the consequence
of 33 more true positives (tp) and 152 more false positives (fp). Comparing the
results from 0.398 and 0.23 the difference of #p is 67 and of fp it is 822. This is a
very high additional number of by experts not considered relations. The difference
can also be recognized in the precision (P) and recall (R) values:

Jaccard coefficient 0.5: P = 0.28, R = 0.40
Jaccard coefficient 0.398: P = (0.26, R = 0.44
Jaccard coefficient 0.23: P =0.18, R = 0.54

Especially the value of precision (P) drops very low in case of a threshold of 0.23.
Considering the very large number of 822 additional relations which are not cor-
rect following the experts’ opinions, again the Jaccard coefficient with a threshold
of 0.398 is the best option. These values can be compared to those of the first
experiment:

Without synonym replacement and weights: P = 0.29, R = 0.25
With synonym replacement and weights: P = 0.26, R = 0.44

Again, a negligible decrease of 0.03 can be recognized for precision (P). But in case
of recall (R) again an increase of 0.19 is visible in the second experiment. This
means an overall improvement by adding synonym replacement and weights into
the comparison process.

A detailed analysis of the results for the identification of the dependency relations
confirms the assumption that the similarity measures only detect expands relations.
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Tab. 8.11: The contingency table for the overall results from modified Jaccard coef-
ficient with nouns and verbs.

Jaccard coefficient: 0.5

Considered by experts | Not considered by ex-

perts
Found dependencies 287 (tp) 756 (fp)
Not found dependen- | 435 (fn) 69,138 (tn)

cies
Jaccard coefficient: 0.398
Considered by experts | Not considered by ex-

perts
Found dependencies 320 (tp) 908 (fp)
Not found dependen- | 402 (fn) 68,986 (tn)

cies

Jaccard coefficient: 0.23

Considered by experts | Not considered by ex-

perts
Found dependencies 387 (tp) 1730 (fp)
Not found dependen- | 335 (fn) 68,164 (tn)

cies

In the list of the found relations for all curricula no single requires relation considered
by the experts is included [Chy19]. If it is assumed that only the expands relations
can be found by similarity measures and only these relations are considered in the
calculation of precision and recall, the overall value for recall increases from 0.44
to 0.53. Taking a look at the values from the curricula, Tab. shows that all
three models translated from German language have a lower recall than the English
ones. All English language curricula have a recall over 0.55, whereas the values of
all German language curricula are below 0.50. That means it has an impact on the
relation determination if English or non English language curricula are included.

An additional analysis of the data shows that approximately 30% of the expands
relations considered by experts connect two competencies which contain no common
words. So, by further improving this approach, in the best case a maximum of
70% of the expands relations considered by experts can be found |[Chy19]. For the
identification of requires relations it needs additional techniques which will be added
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Tab. 8.12: Precision and recall considering only expands relations.

DK AC 21 GI EC CSTA

(AT) | (AU) | (CH) | (DE) | (GB) (US)
Number of 2011 | 2017
Precision 0.35 0.18 0.32 0.24 0.28 | 0.30 | 0.29
Recall 0.47 | 0.56 0.49 0.47 0.59 | 0.58 | 0.57

in future projects [Chy20].

Two aspects of the automated generation of relations also have to be mentioned.
At first, the found relations are not directed. The similarity measures only show if
there is a relation between two competencies or not. In a first approach the directions
are determined with the help of Bloom’s revised taxonomy and defined action verbs
(see section [2.5). It follows the idea that the verbs of two similar competencies
belong to two different cognitive levels as defined by Anderson et al. [AKO1]. In
such a case the direction shows from the competency with the higher level verb to
the competency with the lower level verb. But, it turns out that most competency
formulations use verbs on the same cognitive level [Chy20] which results in very
few found directions. A consideration for future work will be transitive relations.
It shows that a lot of the found dependencies which are not considered by experts
are transitively related. That is why they are very similar. In case of the CSTA
standards from 2011 (from the 118 false positives (fp) with an threshold of 0.398 (see
Tab. ) only eight are not transitively related [Chy20]. In the analysis described
in this section this fact is not considered. That means the majority of false positives
are indirectly related and therefore not considered by experts.

8.6 Automated Categorization

8.6.1 Introduction

For the generation of the Generic, Graph-Based Model for Competencies (GGBMC)
(see section categorization is an important part. In this step competencies are
grouped which belong to the same topic. The results give first hints which compe-
tencies are to be combined. To automate this process two independent experiments
are conducted based on different approaches. The first approach is connected to
the categorization into computer science (CS) and digital literacy (DL) which is
discussed in section The second one is based on the linguistic analysis of the
curricula described in section [8.3.2] In a survey described in section nine ex-
perts categorized competencies into CS, DL, both, or none. The detailed results of
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this survey are also discussed in section [5.5 As preparation for the automation of
this process the nine experts are asked for their strategies. Pasterk, Kesselbacher
and Bollin discussed the results in the following words [PKB19, p. 5]: Considering
the answers of the experts regarding their strategy, seven out of the nine experts
refer to the definitions of CS or DL. Six experts use keywords that they assign to
either CS or DL. Finding keywords or key terms was the way to categorize for two
experts. Two other experts focused on the topics of the learning outcomes and the
combined objectives which are often defined by keywords. Eight out of nine experts
take keywords in account during categorization.

These results show that keywords occurring in the competency formulations are,
besides the definitions of the categories, the most crucial elements for a categoriza-
tion process. In the following two sections two different and independent approaches
to automatically retrieve lists of representative keywords, which are in the following
called dictionaries, are discussed.

8.6.2 Computer Science or Digital Literacy

The process and results of the automated categorization into CS and DL is already
discussed by Pasterk, Kesselbacher and Bollin [PKB19]. For the categorization into
CS and DL four of the seven curricula are selected to be analyzed. These are the
Australian curriculum, the Curriculum from Switzerland, and the CSTA standards
from 2011 and 2017 in their original versions.

Pasterk, Kesselbacher and Bollin start with the description of the process as
follows [PKB19, p. 6]: We now present an automated categorization approach based
on linguistic features to assign a category, either CS or DL, to each learning outcome
of the four analyzed curricula. The categorization results are evaluated against the
expert classification (see section [p.5)). The analyzed curricula are available as PDF
documents. Manual preprocessing was done by extracting the texts of the learning
outcomes. The extraction is implemented in Python. The process of extraction
of the linguistic features includes the following basic techniques: normalization of
words to improve comparability (lowercase, lemmatizing), stop word removal with
a list of English stop words, word tokenizing to produce term lists. Each learning
outcome text constitutes a single element, called document, in the analysis. Tagging
is applied with a trained part-of-speech tagger [TKMS03] to extend the words with
part of speech categories. The learning outcome text is tagged in full sentence
form - ’the students will be able to’ is added at the beginning. Tags are grouped;
one of the following categories is assigned to each word: noun, verb, adjective,
adverb, and other. After tagging, the sentence start is removed, and the tag category
and lemmatized words are stored as term lists for each learning outcome. For the
categorization, linguistic frequency measures of curricula representative for C'S and
DL education are computed, following the same linguistic processing, and stored
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“The students will be able to recognize that software is created to control computer operations.”

b [recognize, software, create, control, computer, operation]

CSvalue:  0.0054 + 0.0928 + 0.0018 + 0.0180 + 0.0243 + 0.0180 = 0.1603
DL value:  0.0000 + 0.0294 + 0.0441 + 0.0059 + 0.0765 + 0.0088 = 0.1647

U

Automatic categorization: undecided
Expert categorization: 4 CS, 4 DL, 1 Both

Fig. 8.7: Example for learning outcome processing from CSTA standards from 2011
[PKB19].

in two dictionaries. The Computer Science Curricula 2013 (AIE) [JTFoCCS13b],
created by a cooperation of ACM and IEEE members, contains a set of curriculum
guidelines for undergraduate CS programs and is used to build the dictionary for
CS. For DL, the dictionary is built from three curricula. The Digital Competence
Framework for Citizens (Dig) [CVP17] designed by the European Union in 2017,
British Columbia Digital Literacy Framework (BC) [oBC13] from the Province of
British Columbia, and digikompj (DK) [Digl3b| from the Austrian initiative for
digital competencies and informatics education. The considered linguistic features
include term frequency (tf), term frequency over inverse document frequency (tf-idf)
and document frequency (df) [HKP12]. The metrics tf and tf-idf performed poor for
the categorization because of size differences in the dictionaries. For categorization,
the df value is used. In this context, this value describes in which fraction of
learning outcomes a term occurs. For each learning outcome to be categorized,
the sum of the df values of the occurring tagged terms in the two dictionaries is
computed. Insights from the experts’ strategies suggest that content terms (nouns),
cognitive activity terms (verbs) and their combinations should be considered. In this
contribution, individual terms tagged as nouns and verbs are counted. The highest
value determines the category. When both sums are within 10% of the highest value,
a third category "undecided’ is assigned. Fig. [8.7 shows an example of this process.

Pasterk, Kesselbacher and Bollin continue with a comparison of the categoriza-
tion results to experts classification [PKB19, p. 6]: The automated categorization
results are compared to the expert classifications in two ways. First, the categoriza-
tion is compared against the expert classification regarding all learning outcomes
of the curricula. The results show the categorization performance for a wide range
of learning topics. Second, the categorization is separately compared against the
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classification of learning outcomes for which the experts showed a strong agreement.
Tab. summarizes results of all possible combinations of different sets of the cur-
ricula used for building the dictionary for DL categorization. The header denotes
analyzed curricula. Results rounded to two decimal digits use the format [All CS
DL] to show overall relative match of categorization and relative match for com-
petencies with strong expert agreement. Best scores per column and category are
marked bold. The results show the fraction of matching categorizations. E.g., row
five shows the approach achieves a match with expert ratings for 74% of all learning
outcomes of CSTA 11 using BC' and DK for the DL dictionary. For the categoriza-
tion of uniformly classified learning outcomes, this configuration matches in 94% of
the DL learning outcomes, and 94% of all those learning outcomes. CSTA 11 does
not contain uniformly classified CS learning outcomes, indicated with '—’. No single
dictionary performs best for the categorization of all analyzed curricula. The best
overall categorization scores are achieved by DK for a single curriculum dictionary,
with scores in the range .64 to .75 and a mean score of .70, and by the combination
of BC' and DK for a multi-curriculum dictionary, with scores in the range .68 to
.74 and a mean score of .70. Notably, these two dictionaries perform best for two
different sets of analyzed curricula. Regarding categorization of uniformly classified
learning outcomes, again no single dictionary performs best. Measured with the
sum of matching categorization scores, the dictionary built with BC' performs best
for categorizing CS learning outcomes and overall uniformly classified learning out-
comes, with mean scores of .81 and .90, respectively. The dictionary built with all
three curricula performs best for categorizing DL learning outcomes, with a mean
score of .99, mismatching one learning outcome.

Pasterk, Kesselbacher and Bollin go on by discussing their results [PKBI19, p. 8]:
With the help of the experts’ categorization, it was possible to identify the foci of
the selected educational models. For automated categorization, the best performing
sets of dictionaries with an accuracy of 70% are AIE for CS and DK for DL or
the combination of DK and BC for DL. To identify the foci of the educational
models, the numbers and fractions of categorized learning outcomes are presented
in Tab. As it can be seen for the Australian curriculum (AU) the dictionary
based on AIE/DK tends to identify a focus in DL (.68 compared to .32 in CS).
Following the results of the dictionary based on AIE/BC, DK this curriculum is
balanced (.41 for DL and .36 for CS). This balanced view corresponds to the results
from the experts’ choices. For the curriculum 21 from Switzerland a clear focus
on DL can be identified with both dictionaries having similar results, (.77 to .80
in favor of DL). This result corresponds to the experts’ categorization. A similar
situation can be seen for the CSTA standards from 2011 where a focus for DL is
visible (.72 in favor of DL). Here, again the results from the experts also indicate
a focus on DL. Following the experts’ results, the CSTA standards from 2017 tend
to be balanced which is also reflected by the semi-automated generated results (.39
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Tab. 8.13: Comparison of results (adapted from [PKB19])
Curricula AC (AU) 21 (CH) CSTA 11 CSTA 17
for DL all all (US), all (US), all
dict. Agreement Agreement Agreement Agreement
BC 73 .70 .65 .64
1.0/10|10| .86 | .67 | .89 | .88 | — | .88 | .86 | .78 | 1.0
Dig 73 .57 .67 .67
89110 50| 64|.67| 63|10 — 1.0 .71 | .56 | 1.0
DK 73 .75 .70 .64
89| .86 | 1.0|.91|.67|.95| .94 | — | 94 | .79 | .78 | .80
BC, Dig 73 .64 72 .64
89110 50| .73 .34|.7910|— (10| .71 | .56 | 1.0
BC, DK .68 .70 74 .69
89| .8 | 1.0| 81 | .67 | .84 | 94| — | .94 | .86 | .78 | 1.0
Dig, DK .73 .70 .67 .64
89| .86 10| .77 |.67| .79 10| — 1.0 .71 | .56 | 1.0
BC, Dig, .68 .75 72 .67
DK 891 .86 |1.0|.91|.67|.95|1.0| — 1.0| .79 | .67 | 1.0

to .49 for CS and .44 for DL). Summarizing, the semi-automated categorization
matches the experts’ opinions in the identification of the focus for the majority
of the analyzed educational models. In three cases, both dictionaries of the semi-
automated approach identified the same foci as the experts did. In one case, only
the results from the dictionary based on AIE/BC, DK corresponded with those
of the experts. An important conclusion is that the quality of categorization is
highly dependent on the curricula used for building the categorization dictionary.
The semi-automated approach presented in this contribution shows a few threats
to validity. At first, the translation of the learning outcomes from the German-
language curriculum can lead to the use of different terms. This can result in a
lower frequency of important terms. Because all of the experts were from Austria
it can also be the case that they are biased by the local, well-known digikomp (DK)
competency model which was chosen to build the dictionaries. This can be a factor
for the good performance of the dictionary based on DK. Another threat can be
that expert categorization can also be wrong, invalidating the comparison.
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Tab. 8.14: Application of categorization with two different dictionaries (adapted
from [PKB19])

AC (AU) | 21 (CH) | CSTA 11 | CSTA 17

(US) (US)
CS Experts 10| 45 |10 .23 | 10| .23 |20 | .51
AIE/DK 7 .32 7 .16 |8 A9 |19 .49
AIE/BC,DK | 8 .36 71 .16 | 9 21 |17 .44
DL Experts 11 D0 |32 73 |32 .75 18| .46
AIE/DK 5] 68 |35] 80 |31 .72 |15| .39

AIE/BC,DK | 9 Al 134 Tt 31 72 1T 44
Unde- | Experts 1 .05 21 .04 |1 .02 1 .03
cided AIE/DK 0 00 |10 23 | 4 .09 5 12
AIE/BC,DK | 5 23 71 .16 | 3 .07 5 12

Pasterk, Kesselbacher and Bollin conclude with the following words [PKB19]
p. 9]: The best performing dictionaries achieve a matching categorization of 70%
of all learning outcomes of the analyzed curricula. Furthermore, for learning out-
comes which were uniformly classified by the experts (at most one expert disagreed),
the best performing dictionary achieves a matching categorization of 90% of those
learning outcomes. The results suggest that the focus of a curriculum regarding
the two categories, computer science and digital literacy, can be identified with the
application of the approach.

8.6.3 Five Category System

In a second and different approach the results from the text analysis in section [3.3.2]
are used to categorize the competencies into the five categories for computer science
education digital applications, digital infrastructure, programming and algorithms,
data representation, and human factors and ethics [DB15]. As described in section
the majority of the found nouns only occur in one category. This fact is
used to build training sets for categorization algorithms in a similar way like the
dictionaries are used in the first approach (see section . They use a subset of
the nouns occurring in the categories to automatically identify a suitable category for
a competency. From each curriculum and category a subset of the competencies is
randomly selected to generate the training set whereas the remaining competencies
build the test set. From these competencies the keywords are extracted and stored in
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a dictionary for the corresponding category. As this process works randomly it is not
sure that all unique keywords for the categories are found. Manning, Raghavan, and
Schiitze describe text classifiers which are based on probabilistic models [MRSO0S].
In case of this approach only basic probabilities are calculated as it is based on the
uniquely occurring keywords of the categories which are 65.8% of all nouns. The ideal
case is that one keyword from a category is found in a competency which enables
an automated categorization. If two or more keywords occur in one competency
formulation, the decision is based on the distribution of the unique nouns over the
categories (see section . That means, the value of how many unique nouns
occur in one category is crucial and the category with the highest value of all found
categories in one formulation is selected. The probability to categorize correctly is
higher this way than doing it randomly. If no keyword occurs in a formulation, it
cannot be categorized in this approach [Chy20].

This approach is tested with the standardized competency formulations and eval-
uated using the already categorized data. The three different sizes for the training
set 80%, 67%, and 50% are tested and evaluated as well to find the best size for
the training set. The test set is categorized following the nouns collected from the
training set and the results are compared to the available data with the following
percentages of matches:

training set 80%: 43.47% (60 out of 138)
training set 67%: 44.05% (100 out of 227)
training set 50%: 49.70% (165 out of 332)

That means using half of the competencies as training set procides the highest num-
ber of matches. Therefore, the results from the training set with size 50% are used in
the following discussion. A detailed look into the results for the categories is shown
in Fig. It is visible that especially the small category data representation is,
with 75%, often categorized according to the existing data followed by the category
digital applications with 60%. The category human factors and ethics shows with
42.22% the lowest percentage of matches [Chy20].

Taking a look at the numbers in the single curricula it shows that also compe-
tencies from translated curricula have high matching rates. Fig. presents the
percentages of matches distributed over the curricula. The GI standards from Ger-
many have with 58.33% the highest percentage of matches followed by the CSTA
standards from 2011 with 58%, the curriculum from Switzerland with 57.69% and
the CSTA standards from 2017 with 56.60%. The lowest percentage of matches is
found in the Australian curriculum [Chy20].

The percentage of matches in the categories for each curriculum can be seen
in Fig. 8.10] It shows that the category data representation has in three curricula
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Fig. 8.8: Percentage of matches in the categories
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Fig. 8.9: Percentage of matches in the curricula
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Fig. 8.10: Percentage of matches in the categories within the curricula

(EC, CSTA11, CSTA17) 100% matches in the categorization. As this category
has a very low number of competencies the absolute numbers for these matches
are one competency in the EC, one in the CSTA11, and three in the CSTA17.
The highest percentage of matches beside the category data representation can be
found the CSTA17 and the category digital infrastructure (80%), the GI and the
category programming and algorithms (77.78%), and the DK and the category digital
applications (75%). For the DK and the category programming and algorithms and
for the GI and the category digital applications no matches are found. In the DK
and the category digital infrastructure the lowest percentage of matches with 14.29%
is visible, followed by the EC and the category programming and algorithms with

20% [Chy20].

The results of this approach show that the categorization using keywords from
a training set of the curricula works in more or less 50% of the cases. Although, it
has to be mentioned that the size of the used data set is very small for approaches
which use training and test sets. Compared to the categorization into computer
science and digital literacy from section [8.6.2] this result is a bit lower. But it has to
be considered that the first approach had a chance of 0.5 to randomly hit the right
category as there are only two categories. In the second approach the probability
to randomly find the same category as in the existing data is only 0.2 as there are
five categories. Therefore, the results for both approaches are promising.



236 8. (Semi-)Automated Identification of Competencies and Relations

8.7 Automated Combination of Competencies

Comparable to the approach to generate the relations between the competencies
(see section the idea to identify competencies for intersector nodes is also based
on linguistic similarity of the competency formulations. In contrast to the process
to identify the relations, which is limited to the single curricula, for the combination
to intersector nodes the similar competencies in all curricula have to be found. It
has to be considered that the possible combinations of competencies are not, like
in case of the relations, limited to single curricula. This means the number of
competencies one competency can be combined with is for a graph G with n nodes
again n * (n — 1). But, as all curricula are considered, n is 688 and with that there
are 472,656 possible combinations. To find those competencies, which have a level of
similarity that allows a combination, again the Jaccard coefficient is used. Relations
between subcompetencies from the same competency cluster are excluded as they,
in most cases, only differ in very few words.

In this approach pairs of similar competencies are found which can, based on
linguistic features, be combined to intersector nodes. The results from this process
are again compared to the results from the process done for this dissertation and
described in section 4.6.4] and [6.2.2]

As described in section [6.2.2] 238 competencies are manually combined to 88
intersector nodes. But these values do not represent the possible combinations of
competency couples. For the 88 intersector nodes and the combined competencies in
this case 267 possible combinations of couples exist. These are calculated using the
binomial coefficient and the number of combined competencies for each intersector
node. The binomial coefficient is defined as follows [Brul0, p. 42, 128]:

Definition 8.7 (Binomial coefficient). For 0 <k <n
n\ n!
k) kl(n—k)!

n 1s the number of elements in a set, and

Where,

k is the number of elements chosen from the set.

Using the numbers of combined competencies for each intersector nodes as the
number of elements in this set and two as the number of elements to be chosen, the
number of possible pairs in each intersector node can be calculated. Summing up
all these numbers up 267 possible combinations to pairs within the intersector nodes
can be found.

The automated approach delivers the following numbers of possible pairs de-
pending on the used threshold for the Jaccard coefficient:
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Jaccard coefficient 0.7: 8 pairs
Jaccard coefficient 0.6: 37 pairs
Jaccard coefficient 0.5: 165 pairs
Jaccard coefficient 0.4: 227 pairs

These numbers are comparable to the possible combinations from the intersector
nodes. But taking a look at how many of the automatically found pairs match with
those determined manually, only a small number of exact matches is visible.

Jaccard coefficient 0.7: 3 matches
Jaccard coefficient 0.6: 3 matches
Jaccard coefficient 0.5: 5 matches
Jaccard coefficient 0.4: 3 matches

A detailed analysis of the automatically found pairs shows that 95 of them are
closely related but not close enough to be combined to intersector nodes. 118 found
pairs are evaluated as being not related at all.

This means that of 88 intersector nodes only 2 are completely and 11 partly found
by linguistic similarities. These results lead to the assumption that the combination
to intersector nodes is not based on linguistic features like keywords but on experts’
opinions and experience. It has to be shown in additional tests and future work if
this approach to semi-automated combined competencies can be improved.

8.8 Conclusion

This chapter presents different approaches to semi-automated processes done as
preparation for this dissertation. All of them are based on linguistic features and
natural language processing. The main processes, that are supported by this au-
tomation, are the generation of relations between competencies within each curricu-
lum, the categorization of the competencies, and the combination of very similar
competencies in the different curricula to intersector nodes. Methods from natural
language processing and well known libraries within this field of research are found
and support this approach. The text-based analysis shows that the keywords in a
curriculum can give information about the focus. From the perspective of part of
speech the nouns are highly decisive and informative. Verbs add information about
the type of activities fostered by a curriculum. Adjectives and adverbs can be used
to gather more detailed information about the focus. Taking a look at the occurring



238 8. (Semi-)Automated Identification of Competencies and Relations

words in the categories for computer science education, digital applications, digital
infrastructure, programmaing and algorithms, data representation, and human factors
and ethics [DB15], it can be seen that 65.8% of the nouns only occur in one category
and only 1.1% of the nouns occur in all five categories.

To support the generation of relations between the competencies in one curricu-
lum, similarity measures are used. The results of different methods are compared by
calculating precision and recall. In a first step it is tested which combination of part
of speech delivers the most results which accord to those generated by experts. The
best performing combination is, in this case, the combination of nouns and wverbs.
Additionally, the results of two different similarity measures, the cosine similarity
and the Jaccard coefficient, are evaluated in their accordance to the existing data.
It turned out that the Jaccard coefficient shows higher values in both precision and
recall. That is why this method, together with the part of speech combination nouns
and verbs, is used for further research. The results could even be improved by adding
weights and synonym replacement into the preprocessing. Overall, a value of 0.26
for precision and 0.44 for recall are reached. As the recall value is more important in
this case, these results are promising. But it turned out that only expands relations
are identified by this method. A different approach will be developed in future work
to also identify requires relations.

The automated categorization is tested in two different experiments. In a first
approach dictionaries are generated using curricula which are not part of the analysis
to categorize into computer science or digital literacy. For the category computer sci-
ence the ACM/IEEE curriculum for computer science (AIE) [JTFoCCS13b| and for
digital literacy the The Digital Competence Framework for Citizens (Dig) [CVP17],
the British Columbia Digital Literacy Framework (BC) [oBC13], and the digikomp/
(DK) [Digl3b| are selected. The results are again compared to the categorization
of experts (see section and those dictionaries with the most matches are seen
as best performing. It turned out that the best performing combination are the
dictionaries from AIE for computer science and from DK for digital literacy. In
some cases a combined dictionary of DK and BC for digital literacy delivers even
better results. Overall 70% of the competencies could be categorized according to
the opinions of the experts. Taking into account that the experts only agree in a
part of the categorizations, 90% of the categorizations with strong agreements are
found. The second approach, concerning the automated categorization, is based on
a the already categorized data and a training set from this data. Using this train-
ing set for the five categories for computer science education digital applications,
digital infrastructure, programming and algorithms, data representation, and human
factors and ethics dictionaries are generated. Based on the results from the analysis
of term occurrences in the categories, keywords in form of nouns are collected for
all categories and used to evaluate the approach in a test set. The results from the
evaluation show that overall 49% of the competencies are categorized according to
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the existing data. This is also a good result considering the fact that in this case
five possibilities for categorization are given. In future work this approach could
possibly be improved by using probabilistic models.

To support the combination of competencies to intersector nodes from all cur-
ricula, an approach based on linguistic similarities is developed and tested. Again
the similarity measure used is the Jaccard coefficient which delivered good results
in previous research. Compared to existing data only 13 intersector nodes out of 88
are partially identified. This leads to the assumption that the combination to inter-
sector nodes is not based on linguistic features. Future work will show if different
approaches, possibly based on ontologies, could improve these results.
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9. PROJECT 'LAKESIDE IT-CURRICULUM’

9.1 Introduction and Description of the Project

As a use case of the approach of this dissertation the project called Lakeside IT-
Curriculum is started as a collaboration between Lakeside Science and Technology
Parfl]and the University of Klagenfurf] The Lakeside Science and Technology Park
can be seen as a linking point between research, enterprises, and education and runs
its own Educational LalP] which can be described as follows:

The Educational Lab is an open research laboratory for new forms of
education and further and continued training and development.

The project Lakeside I'T-Curriculum has the goal to develop a continuous curriculum
for computer science and digital literacy starting in kindergarten and continuing
until graduation. With this idea the project won the first price in the competitive
Inspiring Solutions Progmmmdﬂ from the International Association of Science Parks

and Areas of Innovation (IASPJ|
It is divided into the three following phases:

1. Kindergarten and first years of primary school: in the first phase the
lowest levels are covered. This marks a special challenge as reading and cal-
culation skills are very limited and cannot be seen as prerequisite skills. This
has to be considered during the development of activities and material.

2. Primary school and lower secondary school: in higher grades of pri-
mary education reading and calculations skills are on a basic level and can be
presumed in the activities and material.

3. Secondary school: in higher grades of secondary school a lot more knowl-
edge and skills can be expected. This means, some topics can be additionally
considered or more details can be integrated.

! https://www.lakeside-scitec.com/en/

2https://www.aau.at/
3https://www.lakeside-scitec.com/en/educational-lab/educational-lab/
4https://www.iaspinspiringsolutions.com/2019-winners
®https://www.iasp.ws/
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As the project is not part of the official curriculum for these school grades, but
are implemented in the Educational Lab, the activities are planned as workshop
modules. In the first pilot study, together with the public kindergarten Bunte
Knépfe (Coloured Buttonsf] in Klagenfurt, Carinthia, Austria, the first phase is
implemented. Some first results from this first phase are part of this dissertation as
far as they are connected to its approach. The project includes several aspects of
development which cover different components of a curriculum. These steps can be
summarized as follows:

1. Formulation of learning outcomes: competencies, which are suitable for
this age and are relevant for the project, are collected and reformulated.

2. Definition of a sequence: during this step the sequence of competencies is
determined.

3. Planning and documentation of activities: based on the selected com-
petencies and their sequence the activities are planned and documented using
a given template which includes all necessary information for educators and
teachers.

4. Creation of material for the activities: as the activities often need addi-
tional material this has to be prepared in digital or also tangible form. This
material is included in the documentation of the activities and can again be
reused by educators and teachers.

5. Testing of the activities: during a pilot phase the planned and described
activities are carried out in kindergarten, respectively in primary school classes.
In this step it is important to document the behavior of the children and their
reaction on the presented material.

6. Revision of documentation and materials: based on the observations
from the testing step the material and documentation of the activities has to
be revised and finalized.

For the basic steps 1 and 2 the graph-based approach presented in previous chap-
ters of this dissertation is used to identify required competencies and the sequence
they are to be taught. Therefore, steps 1 and 2 are described in more detail in
the following section 0.2l All results in form of sets of competency formulations
(which are collected to modules) are presented in section . Section presents
results from an questionnaire for the educators involved in this pilot phase and their
opinions concerning the components of the curriculum relevant for this dissertation.

Shttps://www.klagenfurt.at/leben-in-klagenfurt/kindergaerten—horte/
kindergaerten/bunte-knoepfe.html
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As the project is an use case for the graph-based approach, its results are used to
evaluate the automated approach in the Graph-based Environment for Competency
and Knowledge-Item Organization (GEC’KO/E] (see chapter [7]) to generate learning
paths. In section the results from automated determination of learning paths
are compared to those selected for the project to evaluate the methods and metrics.

9.2 Determination of Competencies and Learning Paths

9.2.1 Selection of Competencies

To prepare the development of the curriculum for the first phase, so kindergarten
and lower primary school, targeted competencies from the GGBMC' had to be se-
lected. The selection of these target competencies is based on discussions between
experts for computer science education from the Department of Informatics Di-
dactic§| from the University of Klagenfurt, educators from the kindergarten Bunte
Knépfe (Coloured Buttons), and the team of the Lakeside Science and Technology
Park. Taking the ecosystem of the Lakeside Science and Technology Park and the
Educational Lab into consideration, the following four points of interest were found:

e Computational Thinking
e Software Development

e Engineering Abilities

e Hardware Competences

These very general points form the basis for further development. An additional
limit is of course the age group of kindergarten and lower secondary education
which starts in Austria at an age of 3 years and lasts till the children are 8 years old.
This means, only competencies with lowest minimum age levels are valid. Also, the
project is restricted in terms of time due to demands of the kindergarten. Because it
is limited to half a year, not all found competencies or learning paths are included.

To visualize the competencies for the discussions, they are collected in a table
as the graph representation is limited in getting an overview of the competency for-
mulations. The table is structured in the curricula (columns) and each competency
is added in an own row. Similar competencies are collected in the same row to
also get an overview of intersections. Fig. shows all the columns of the table
with an example of competencies in the category digital applications. Cells in blue
show original competency formulations for level 1 and green cells for level 2. The

"https://gecko.aau.at
8https://www.aau.at/en/informatics-didactics/
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orange cells are subcompetencies from the original formulations. With the yellow
and red cells above, the relations of the subcompetencies are displayed. These cells
include the internal IDs of the competencies or subcompetencies which the corre-
sponding subcompetency is related to by expands (yellow) and requires (red). A

International Curricula

CSTA 2011 (US) CSTA 2017 (US) EC (GB) AC (AU) digikomp (AT) Gl (DE) 21 (CH)

1D Competency 1D Competency 1D Competency 1D Competency 1D Competency 1D Competency 1D Competency

Digital Applications

'S | sngemn. | und inden Daten vieder

expands
3052 expands 4461 expands 5162 expands

e [l [ =

3053 expands 5341 expands
o oiganise information using 34,2 Die Schiderinnen und Schider inden
4 nformation ssstems Datenviedst

4462 expands

446.3 Ichksnn Daten sndern.

Fig. 9.1: Table representation of all competencies for discussion.

readable extract of this table is shown in Fig. (9.2l Here, three similar competencies
from the CSTA standards from 2017, the model for the English curriculum, and the
Australian curriculum are put in the same row to represent their combination to an
intersector node.

Working on these tables (and based on the identified limitations) the following
target competencies are defined for the project:

e Computational Thinking:

INT-005-PA: The students are able to use information technology to
capture ideas and stories in a step-by-step manner.

INT-003-DR: The students are able to recognize patterns in data.
US1-11.0: The students are able to construct a set of statements to be
acted out to accomplish a simple task [SCF¥11].

e Software Development:

US1-6.0: The students are able to recognize that software is created to
control computer operations [SCET11].
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International Curricula

CSTA 2017 (US) EC (GB) AC (AU)
D Competency  lID__ Competency
Digital Applications

Store, copy, search, retrieve, modify, and Use technology purposefully to create,
705 |delete information using a computing device 204 |organise, store, manipulate and retrieve digital
and define the information stored as data. content

collect, sort and display familiar data from a
range of sources and recognise patterns in data.

302 expands
204.2 expands 304.2 expands

Search information using a 2041 | can use technology purposefully to 3091 collect familiar data from a range of

705.3 . X l - - X
computing device. retrieve digital content sources

Fig. 9.2: Table extract showing three similar competencies.

GB-2.2: The students are able to debug simple programs [Ber15].
e Engineering Abilities:

AT-48.0 The students are able to create simple instructions [Dig13b].

CH-33.2: The students are able to test the correctness of solutions for
simple problems by trial and error [Leh14].

e Hardware competences:

CH-6.2: The students are able to experiment creatively with software
to create digital content .

INT-002-HF: The students are able to talk about their own use of
information technology.

It has to be mentioned that one selected competency for Engineering Abilities
from the curriculum from Switzerland shows a higher minimum age level: 'The
students are able to test the correctness of solutions for simple problems by trial
and error’ [Leh14]. But, during the discussions, this competency was seen as essential
and should be fostered as soon as possible.

These target competencies are in most cases no sinks and show some depen-
dencies to other competencies. So, learning paths, as described in section are
generated to determine the prerequisites for the target competencies. This process
is described in the following section.
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9.2.2 'Iransforming generic Learning Paths to the Project

The selected target competencies build the basis for the determination of learning
paths for the project and, with that, necessary competencies which are no target
competencies. For all of them learning paths to starting points, competencies which
do not depend on others, are manually generated and discussed in the project-team,
mainly because of the connection of intersector nodes, for most target competencies
more than one path is found. So, the learning paths to include in the project are
selected again during discussion in the project-team. Additionally, it turns out
that to enable some activities, further competencies are necessary especially in the
handling of media and the digital devices. For this purpose, the following five so
called support competencies, which focus on the use of digital media and devices,
are selected by the project-team:

CH-2.2: The students are able to talk about simple contributions in different
media languages [Lehl14].

AT-35.2: The students are able to use digital video files [Dig13b].
INT-001-DA: The students are able to create digital products with guidance.

INT-001-HF: The students are able to name digital devices in their daily
environment.

AU-6.2: The students describe how familiar products, services and environ-
ments meet a range of current needs [Ausl3].

To visualize the results and again to enable collaboration and discussion, the table
shown in Fig. and Fig.[0.2)is used. It is reduced to those competencies which meet
the criteria mentioned in the previous section. Additionally, the cells are ordered
in a tree-like form to display dependencies and learning paths. This results in the
representation shown in Fig.[9.3] Again, the competencies are represented by their
formulations in blue and green cells. The target and support competencies can be
found on the bottom, whereas the competencies to begin with are on the top of
the diagram. As this diagram gives only an overview of the dependency structure
for the competencies of this project, the following three more detailed examples are
extracted from it and discussed. The color codes of the diagram are also explained
in this process.

A very straight forward example of a dependency structure can be found in
Fig.[0.4 Here, a different form of identification numbers (ID) for the competencies
is applied. As it should not be indicated from which curriculum a competency comes
from ,the numbering is connected to the corresponding categories. In the legend next
to the diagram the numbering for the categories is specified. At the bottom it shows
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the target competency 1003 (with borders in magenta) and the support competency
1044 (with blue borders). The competencies these two depend on follow upwards
in the diagram. So, competency 1003 depends on competency 1002 in form of an
expands relation (shown by the yellow cell). The colors of the cells including the
competency ID reflects the curriculum. This has the advantage that paths from
different curricula can be differentiated. In case of Fig. these are the Austrian
competency model and the curriculum from Switzerland. Both paths depend on
the competency 2004 which is an intersector node. From this point of combination
on they follow the same path to a competency which does not depend on other
competencies.

In case of Fig. a bit more complex example of dependency structures is shown.
The target competency with the ID 3012 is already a combination of competencies
from two curricula. This means that at least two paths can be selected. The sup-
port competency 1001 is also a combination and has on one side no dependencies but
expands on the other side competency 2001, which is again a combination without
any dependencies. For the project two paths are selected as both contain important
competencies. One of them is the path in green to the competency 2001 and repre-
sents competencies from the CSTA standards from 2011. The other one is the gray
path to the competency 3024 and derives from the CSTA standards from 2017.

Fig. shows a very complex case of dependency structure because the compe-
tencies are very interconnected. It includes the two target competencies 4013 and
5009, and the two support competencies 5003 and 5004. For both target compe-
tencies different paths to competencies, which are identified as starting points, are
available. The project follows, in case of competency 4013, the purple path passing
competency 1040 and ending at competency 5001. As illustrated in the legend of
Fig. the purple competencies belong to the Australian curriculum. For target
competency 5009 the orange path to competency 5001 is considered which derives
from the Austrian competency model. Although competency 5001 has no additional
dependencies in the Austrian and Australian curriculum, competency 3023 is also
included as it is an important competency from the GI standards. The two support
competencies do not need any decision as both only have one path to competency
5001 which acts as linking point in this example.

With these three representative examples the process of transforming the learning
paths into the learning outcomes of a curriculum are described. In the following
section extracts of the resulting curriculum are presented and discussed.

9.2.3 Resulting Curriculum

The preliminary work and analysis, as well as the discussions, lead to the basis
of the curriculum for the kindergarten-project. As already mentioned the learning
outcomes are grouped in modules to cover them in workshops besides the regular
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The children are able to switch technical
requipment on and off properly.

Competency level 1

- ID of competency,
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programming
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files. interfaces.
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1002
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Fig. 9.4: Simple dependency structure for one target competency and one support
competency
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Fig. 9.5: More complex dependency structure for one target competency and one
support competency
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school activities. For the project the following ten modules are defined:

0.

1.

8.

9.

Use of technology

Technology in the daily life (includes parts from module 0)

. Understand digital media (includes parts from module 0)

Step-by-step instructions (includes parts from module 0)

Problem solving

. Algorithms in the daily life (requires module 3, 4)

Characteristics and patterns (requires module 1)
Programming 1
Programming 2 (requires module 1, 6, 7)

Programming 3 (requires module 8)

Some of the modules depend on each other which requires a sequential ordering.
Module 0 use of technology is a special case as in the project it is not intended to
cover its competencies in own workshops. The children learn to handle the devices
in the workshops in which they are necessary. This module includes the following
competencies:

0.

Use of technology

1001: The children are able to create digital products with guidance.

1002: The children are able to playfully experiment with software for
creating digital content.

1003: The children are able to experiment creatively with software to
create digital content.

2001: The children are able to handle standard input and output devices
of information technologies.

2002: The children are able to switch technical equipment on and off
properly.

2003: The children are able to start programs properly.

2004: The children are able to operate programs properly.

2005: The children are able to quit programs properly.
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2006: The children are able to operate basic elements of graphical user
interfaces.

2010: The children are able to use suitable platforms.

3008: The children are able to use technology resources to solve age-
appropriate problems.

So, in a workshop, the children can participate in activities which often require
digital devices and if they need help with the used devices they can ask educators
and workshop instructors for help. Is is assumed that the children learn to use the
devices and reach the competencies during these activities in the workshops.

The modules technology in the daily life and step-by-step instructions are basic
modules with very few prerequisites. Therefore, these two are discussed in this
section. As the first module technology in the daily life includes a lot activities to
understand and realize the pervasiveness of technology, it is one of the most basic
modules. It includes the following competencies:

1. Technology in the daily life

5001: The children can name application areas of information technology
in their daily environment.

5002: The children describe the purpose of familiar products, services
and environments.

5003: The children describe how familiar products, services and envi-
ronments meet a range of current needs.

5004: The children can name digital devices in their daily environment.
5007: The children think about their own use of digital media.

5009: The children can talk about their own use of information technol-
ogy.

2015: The children are able to name the components of computer systems
using the technical language of computer science.

As it can be seen in the list above, the competencies of module 1 cover some self-
reflecting activities as well as some activities connected to observation of their envi-
ronment. These competencies are reached by activities like taking pictures in their
daily life using digital devices and discussing their results. Because digital devices
are used, parts of module 0 use of technology are included in this module. Addi-
tionally, games like e.g. a hardware memory are used to talk about the components
of digital systems.

The second module step-by-step instructions covers first steps for important top-
ics like algorithms and programming. It consists of the following four competencies:
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3. Step-by-step instructions

3003: The children are able to recognize formal instructions.
3004: The children are able to follow formal instructions.

3012: The children are able to use information technology to capture
ideas and stories in a step-by-step manner.

3026: The children are able to create simple instructions.

The competencies from this module focus on the recognition, understanding, and
creation of instructions. As the competency 3012 requires abilities in terms of the
use of information technology, this module includes parts form module 0 use of
technology. The activities to reach these competencies are to follow instructions to
craft own robot helmets or to rebuild a given construction of building blocks. To
create own instructions, again digital devices like cameras or smartphones are used.

9.3 Opinions from Educators

At the end of the project the educators from the kindergarten involved in the project
participated in a small survey concerning their opinion on the developed curricu-
lum. The five participating educators all are female and have worked in elementary
education for 10 to 29 years. All of them have experience with workshops related
to technology and four of them already developed their own material in this area.
In case of workshops related to computer science, four of them have experience and
three developed activities for this area on their own. Four questions concerning
the educators’ opinions about the curriculum offer options in form of a five point
Likert scale. The results for these questions are displayed in Tab. including the
numbers of answers for the five options.

The question "How would you assess the applicability of the curriculum for the
elementary level?’ is answered by two educators with 'yes, very applicable’ and three
with ’yes, rather applicable’. Following the opinions of the educators the order of
the competencies is good but can be improved. This can be assumed from the
answers to the question 'Is the order of competencies appropriate?’. Two educators
answered with ’yes, very appropriate’, two with ’yes, rather appropriate’ and one
with 'undecided’. The majority of the educators think that in the curriculum the
most important topics of computer science and digital education are covered. The
question 'In your opinion, are the most important topics of computer science or
digital education covered by the curriculum?’ is answered by four educators with
'yes” and one with 'rather yes’. On the question which topics are missing, no answers
were given. Following the opinions of these five educators, the competencies in the
developed curriculum are suitable for kindergarten. Hence, four of them answered
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Tab. 9.1: The results from the survey with kindergarten educators.
rather | unde- | rather

yes yes cided no no
How would you assess the applicabil- | 2 3 0 0 0
ity of the curriculum for the elemen-
tary level?
Is the order of competencies appro- | 2 2 1 0 0
priate?
In your opinion, are the most im- | 4 1 0 0 0
portant topics of computer science
or digital education covered by the
curriculum?
In your opinion, are the competences | 4 1 0 0 0
contained in the curriculum learn-
able in kindergarten?

the question ’In your opinion, are the competences contained in the curriculum
learnable in kindergarten?’ with 'yes’ and one with 'rather yes’.

The question for inappropriate competencies in the curriculum was answered
with 'none’ by one educator. The following competencies 3071 and 5004 are men-
tioned by one educator each, whereas competency 2015 is mentioned by two educa-

tors with the added reasoning:

2015: The children are able to name the components of computer systems
using the technical language of computer science.

reason: missing necessity, children often find own names for things in

their environment

3071: The children are able to use logical reasoning to predict what will

happen when they run a program.

reason: questionable if possible for children in this age

5004: The children can name digital devices in their daily environment.

reason: discussion in group too long for young children, talk with chil-

dren individually
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These answers give important information how the curriculum can be improved in
future work. Especially, the reasoning for competency 3071 is of great interest. In
a revision of the workshop also the explanations, why competencies 2015 and 5004
are mentioned, will be considered.

For the project it is also important to know which competencies are most ap-
propriate in the opinion of the educators. Especially competencies from the two
modules technology in the daily life and understand digital media were mentioned
in this case. Not all nominations are explained by the educators but added reasons
are included in the following list.

1. Technology in the daily life

5001: The children can name application areas of information technology
in their daily environment.

5002: The children describe the purpose of familiar products, services
and environments.

reason: great interest from the children

5003: The children describe how familiar products, services and envi-
ronments meet a range of current needs.

reason: this competency is fostered in kindergarten as preparation
for school in form of photographic projects and is therefore very ap-
propriate
5004: The children can name digital devices in their daily environment.
5007: The children think about their own use of digital media.
5009: The children can talk about their own use of information technol-
ogy.
reason: this competency is fostered in kindergarten as preparation
for school in form of photographic projects and is therefore very ap-
propriate
reason: great interest from the children

2. Understand digital media
1031: The children understand simple contributions in different media

languages.

reason: children should use media critically and self-determined for
themselves

reason: great interest from the children
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1032: The children are able to talk about simple contributions in differ-
ent media languages.

reason: children should use media critically and self-determined for
themselves

reason: great interest from the children
3. Step-by-step instructions

3003: The children are able to recognize formal instructions.

reason: this competency is fostered in kindergarten as preparation
for school in form of building block instructions and is therefore very
appropriate

6. Characteristics and patterns

4012: The children are able to recognize patterns in data visualizations.

reason: this competency is fostered in kindergarten as preparation
for school and is therefore very appropriate

4013: The children are able to describe patterns in data visualizations.

reason: this competency is fostered in kindergarten as preparation
for school and is therefore very appropriate

Competencies 5009 and 1031 were mentioned by four educators and with that appro-
priate competencies from the curriculum according to the majority of the educators.
Three educators mentioned competencies 5002 and 5003. The competencies 5001,
5004, 5007, and 1032 were appropriate for two educators. Competencies 3003, 4012,
and 4013 were mentioned once.

9.4 Comparison to (Semi-)Automated Results

The resulting curriculum from the kindergarten project can be seen as a manual
application and use case of the graph-based approach developed for this dissertation
and described in chapter [4] [5, and [(] The decisions and selections are based on
the opinions of and the discussions between experts in the field of computer science
education and educators. In chapter [7| the Graph-based Environment for Compe-
tency and Knowledge-Item Organization ( GECKOE is presented which offers the
possibility to automatically generate learning paths for target competencies based
on different metrics like length of the path or centrality values of the covered nodes

9https://gecko.aau.at
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(see section . The results from the kindergarten project offer the opportunity for
a small evaluation of the used metrics and their accordance to the experts selections.
For that reason the dependencies of the selected target and support competencies
are retransformed into the graph-representation and displayed as learning paths
within the Generic, Graph-Based Model for Competencies (GGBMC). That means
for each target, respectively support competency, one learning path is generated.
With nine target competencies and five support competencies these are 14 learning
paths. For each target, respectively support competency, also automated learning
paths are determined using the following methods and metrics (see section :

e Shortest path

e Covering Central Nodes: betweenness centrality (BC), PageRank (PR),
out-degree (OD), in-degree (ID)

e Highest Overall Centrality: betweenness centrality (BC), PageRank (PR),
out-degree (OD), in-degree (ID)

The results of the automated determination in the GECKO platform are com-
pared to those which the experts selected for the kindergarten project. Fig.
shows the numbers of matches between automatically determined and from experts
selected learning paths for all methods and metrics. In blue, the numbers of exact
matches can be found representing automatically determined learning paths which
cover exactly the same competencies as those selected by experts do. The methods
for the automated determination sometimes deliver more than one learning path
as their values are the same. The yellow fields in Fig. show cases with more
than one determined learning path which includes the learning path selected by
the experts. The red numbers represent cases where one or more learning paths
are automatically determined but those selected by the experts are not included
at all. The results show that the combination of covering central nodes with the
metric PageRank (PR) has, with 11, the most ezact matches. This result can be
explained by taking a look at the project’s goals. For the early stages of education
the most basic competencies are relevant, on which central competencies in higher
levels depend. With the combination of covering central nodes and PageRank (PR)
exactly these most basic competencies are considered for the learning paths, as it is
described in section |5.4.3. Together with the combination highest overall centrality
and PageRank (PR) it shows the most overall matches that also consider included
results. The lowest number of exact matches shows the method covering central
nodes with the metric out-degree (OD) which also has the highest number of results
included. The lowest number of overall matches, including exact matches and results
included, share the methods shortest path, covering central nodes with betweenness
centrality (BC), and highest overall centrality with betweenness centrality (BC) and
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out-degree (OD). It has to be mentioned that in half of the cases only one path leads
from a target, respectively support competency, to a competency without dependen-
cies. This means all methods and metrics provide the one possible path and are
considered as a match.
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Fig. 9.7: Matches of automatically determined and from experts selected learning
paths

9.5 C(Conclusion

This chapter presented a use case for the graph-based approach (see chapter E[),
and the determination of learning paths (see section [6)) in form of the collaborative
project Lakeside IT-Curriculum. In the first phase, the project aims to develop and
test a curriculum for computer science and digital education for kindergarten and
lower primary education. The development is based on the graph-based approach
and the collected data presented in this dissertation. From the pool of the seven an-
alyzed curricula (see section the project team selected nine target competencies
and five support competencies. In view of these competences, their dependencies are
determined and represented in the form of tree-like structures. Three examples of
these dependency structures are discussed in this chapter. The resulting curriculum
is described and also some extracts are discussed.
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During the project the participating educators from kindergarten filled out a
small questionnaire to evaluate the curriculum. Following their opinion the curricu-
lum is suitable and applicable for kindergarten, and covers the most important topics
in the area of computer science and digital education. They think that the children
are able to reach the included competencies. Only the order of the competencies
should be revised.

A comparison of the dependency structures from this project and the determined
learning paths from the GECKO platform showed that from overall 14 structures
selected by experts at most 12 match with learning paths. The majority of exact
matches are found using the method covering central nodes and the metric PageR-
ank.

This project will be going on as the next phases, so primary and secondary
education, are currently under development. The graph-based approach again lays
out the foundation for finding target competencies. In further steps workshop units
are planned and materials will be prepared.
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10. FUTURE WORK

10.1 Introduction

This work presents an approach to generate learning paths based on existing data
from international curricula, educational models, and competency models. With
that, it builds the basis for further development in larger projects. All described
parts, like the analysis and comparison of curricula, the combination to a generic
model, the online platform to organize and evaluate the data, and the tools to
support the process, are designed to be extended in future work. The developments
and extensions, that are possible and would make sense from the current perspective,
are summarized in the following sections.

10.2 Educational Models

For this dissertation seven relevant educational models are selected to be part of the
research. But there are a lot more models that are not considered because of different
criteria. One example of such criteria are language limitations. With the help of new
technologies in the field of automated translation of texts, or in this case competency
formulations, more curricula, educational standards, and competency models can be
added to the existing data set and be incorporated in the generic model. This will
make the Generic, Graph-Based Model for Competencies (GGBMC) a dynamically
growing environment which also includes recently published models from a large
number of different countries.

Further, the data used in this dissertation is limited to the early years of ed-
ucation. Some of the selected models are developed for this age range and others
are planned continuously, from kindergarten to graduation. In future development
the data will be extended by adding competencies from higher levels. As a first
extension the already included models with a continuous plan will be incorporated
into the existing data and the GGBMC. Later development will also overcome the
limits of secondary education and add competencies from undergraduate as well as
post-graduate education.

As a further extension, curricula, educational standards, and competency models
for other subjects like mathematics or languages can be added to the existing data.
This would lead to a very large data set and the numbers of items in the GGBMC
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would also increase. The great benefit of this would be the possibility to display
dependencies of different subjects to each other. With this information interdisci-
plinary concepts can be fostered and it can be determined which prerequisites from
other disciplines are necessary for given topic areas.

10.3 The Graph-based Approach

The graph-based approach aims at representing the educational models in a struc-
tured and comparable form. It is based on property graphs which allow attributes
for the nodes as well as for the edges. Especially, the attributes enable future ex-
tensions by adding more information to the elements. One example for such an
extension is the prerequisitefactor attribute which is already mentioned in section
[4.4.2 With the possible values hard or soft this attribute gives information about
the degree of the dependency. This means it is an attribute for relations which is
already included in the graph-based model but not yet used. In future development,
this factor can be used to give users even more information about prerequisites in
learning paths. It might support the selection of the most suitable learning path.

Another extension could be weights for relations. These weights can be stored
like attributes, but in form of numbers, to support calculations. Examples for such
weights are complexity factor, an estimated duration, or an importance value. All
these weights enable possibilities to determine learning paths for different purposes.
Resulting learning paths can be the ’least complex’ or the 'fastest’ path. Adding all
this information to the model would need a lot of time and work from experts as
experience is crucial for appropriate estimations.

10.4 Software Development

10.4.1 GECKO

The Graph-based Environment for Competency and Knowledge-Item Organization
(GECK O/E], to organize and evaluate the graph representation of the educational
models, already offers many features. But, as it is mentioned in chapter[7| there are
some elements missing or only partially implemented. One of the missing parts are
the additional features for the role of a standard user. In this version of the platform
users can register for free, take a look at the graphs, search and filter competencies
in the graphs and determine learning paths without the possibility to store them.
This is one of the main planned features for users. They will be able to collect
desired competencies, store them in their profile and develop own learning paths
for their use. The system will suggest competencies and point out dependencies
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which will support the users in their development. In the navigation bar, which
is specific for this role, the users will be able to manage their individual learning
paths and curricula. The system is planned like a shopping cart where users chooses
a competency from the graph and press a button ’add to cart’. When the user is
finished he/she will be asked if the whole prerequisites graph or learning paths for
the selected competencies should be added or not. This will be able for already
individually created curricula.

Another role which can be added in future work is that of a student. Users
with this role are part of a course which uses the GECKO platform and follows a
determined learning path. They can get information about their reached level and
which one they are targeting next.

In the latest version of the GECKO platform the three different layout options
manual layout, circle layout, and multicircle layout are provided. They are very
helpful in displaying information about the structure of the curricula. But there are
several other possibilities to order the competencies to give information about spe-
cific situations. For example, a dependency-tree-like structure would be of interest
showing roots and leaves of the graph. Further, the option of grouping competen-
cies based on also selectable criteria like age groups or categories is of great interest.
Here, a large number of extensions is possible to support the analysis.

A feature that can also be improved is the evaluation process for experts. Based
on calculations from the support tools experts will get suggestions for relations
between competencies if they rated a relation as incorrect. This feature would
also deliver additional information for evaluation. As already mentioned in the
future work for the graph-based approach, additional attributes of competencies
and relations will be added. They have to be supported by the GECKQO platform
to enable a contribution or evaluation by the experts. As the evaluation takes a lot
of time and is often a bit boring, an application for smartphones can be an option.
Such an application can add elements like daily tasks and remind experts to evaluate
some elements combined with some kind of reward system. The evaluation should
have a very simple interface which allows to wipe to the right for ’'OK’ and to the
left for 'Not OK’.

10.4.2 Supportive Tools

The tools to support steps like the generation of relations between competencies, the
categorization of competencies, or the combination of competencies to intersector
nodes offer opportunities for improvement or extension. All of them use basic mea-
sures and methods which possibly can be improved by more complex techniques.
In the approach to identify relations between the competencies by similarity mea-
sures only ezpands relations are found. For the identification of requires relations
extensions like an ontology are necessary. The development of this extension will
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be part of future projects as well as the test and evaluation of the results. A way
to add directions to the identified relations is also an important aspect for future
development. As mentioned in section the first approach using Bloom’s revised
taxonomy and defined action verbs (see section does not deliver good results.
Here, approaches, which also use the ontology or a different taxonomy, will be tested
in future work. A further improvement in terms of relation identification is to con-
sider transitive relations. These relations consist between competencies which are
of course related in their content but not directly linked. In the experts results this
can happen if there are competencies between the two related but not linked compe-
tencies. Such relations are identified by the algorithms used in the approach as they
can be very similar. This means these cases cannot be treated as false positives.
Here, an extension to consider transitive relations would improve the results of the
algorithms.

In terms of the categorization of the competencies into the five categories for
computer science education a possible improvement can be reached by using prob-
abilistic models. These are well known in case of text classification and machine
learning. As they are applied in a lot of fields, there exist very good models for the
purpose of classification. The only drawback in the case of curriculum research can
be the size of the data sets as the probabilistic models often need a lot of data to
train the models. It would be of great interest to train models to categorize the
competencies and test and evaluate their results in future projects.

The approach to combine competencies which are linguistically similar to in-
tersector nodes need an improvement. For this purpose the results from the first
experiment based on linguistic similarities will be investigated to find reasons for
the limited number of matches with the experts opinions.

A major goal concerning the presented supportive tools is the incorporation into
the GECKO platform. So, the whole process of generating the graphs out of the
curriculum data will be supported by this platform. It is intended to just upload a
list of competencies with all relevant attributes to the platform. With the help of
the discussed approach, relations will be generated by the system. These relations
have to be evaluated by experts. This is why the approach is called semi-automated.
Additionally, the competencies are categorized into the five categories for computer
science education by the system. As a last step also the intersector nodes are
generated automatically. To reach this goal, some approaches have to be included
in the implementation of the platform and others have to be improved to reach
acceptable results before they can also be included.
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10.5 Projects

As mentioned in chapter [0} the described and evaluated kindergarten project rep-
resents the first phase of the larger project called Lakeside IT-Curriculum. This
project aims to develop, test, and implement a continuous curriculum for computer
science and digital education starting in kindergarten until end of secondary educa-
tion. For these aims, some preparatory work is necessary which is already mentioned
in the future work for additional educational models. The generic model needs to
be extended by competencies from higher school grades to determine suitable learn-
ing paths and transform them for the project’s needs. This process requires a lot
of discussion in the project team as well as with experts from the corresponding
grades. Based on the results from the analysis of the curricula, the learning path
generation, and the transformation for the project, activities in form of workshops
have to be planned and documented. The material has also to be created, tested
and revised in several pilot phases.

For the project in kindergarten the results from the survey of the educators’
opinions have to be incorporated in the developed curriculum. Especially, opinions
concerning individual competencies have to be considered in a revision. Also the
mentioned sequences in the workshop activities have to be revised. These opinions
of the educators also provide information for the development of the curriculum and
the workshops for higher school grades.

10.6 Summary

This chapter summarizes future work for different parts of this dissertation. As it
can be seen, the approaches and their evaluations presented build the basis for fur-
ther development. The graph-based approach as well as the Generic, Graph-Based
Model for Competencies (GGBMC) offer such opportunities for extensions. This can
be additional attributes for competencies or relations or even the addition of whole
school grades. Also, the developed software shows possibilities to be extended or
improved. As a major goal all developed tools should work together on the GECKO
online platform to simplify the incorporation of additional data. The project Lake-
side I'T-Curriculum is not yet finished as currently the early education is covered.
As it is planned to be a continuous curriculum, in future development also higher
school grades will be considered.
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11. CONCLUSION

This dissertation follows the two objectives (a) to introduce a technique and frame-
work for comprehensibly evaluating different curricula, standards and competency
models, and (b) to prepare the ground for individually forming a computer science-
curriculum in primary and lower secondary schools. Based on these two objectives,
a graph-based approach to formally analyze and compare curricula, educational
standards and competency models is developed and presented. The results from
this process and the comparison are discussed and evaluated. As a next step the
educational models are combined to a Generic, Graph-Based Model for Competen-
cies (GGBMC) to enable learning paths determination and optimization based on
graph-theoretic methods. In addition, supportive tools are developed to simplify
the process of representing curricula as graphs and to organize and evaluate these
representations. As a use case of the graph-based approach the collaborative project
Lakeside IT-Curriculum is presented. This chapter provides answers to the research
questions formulated in section [I] and summarizes the results from the steps taken
during the work for the dissertation. The subquestion RQ1 to RQ4 are answered
before the main question RQO is discussed.

RQ1: Which relevant competency models, educational standards, curric-
ula and additional third-party projects or initiatives for computer science
in primary and secondary education (in the Austrian context) exist?

As a first step to answer this first research question theory and background of
the different educational approaches competency- and standards-based education are
discussed in chapter 2 Both approaches are based on the more general concept of
outcome-based education and the implementation and understanding of them differs
in an international comparison. But, it is shown that the learning outcomes in
both approaches can, under given circumstances, be compared to each other. With
that the basis to compare and analyze different educational models is build and the
selection process of educational models is not limited to one type of education. This
conclusion is necessary to answer RQ1.

In chapter 3 the results from research in related literature and informal interviews
with experts show that there exist a lot of models for computer science education
in primary and secondary education. In international sources the national curricula
from Australia and England are cited often, as well as the computer science stan-
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dards from the Computer Science Teacher Association (CSTA) from 2011. A new
version of the CSTA standards were published in 2017 and because of the impact
of the version from 2011 on computer science education and its recency also the
new version is seen to be relevant. For the Austrian context the Austrian model
for digital competency called digikomp and especially approaches from German-
speaking neighbor countries are of interest. These are the national curriculum 21
from Switzerland and the standards for informatics from the German Informatics
Society (GI). Among the seven selected models there is one competency model (Aus-
tria), one national curriculum based on competencies (Switzerland), four educational
standards (Australia, Germany, two from USA), and one national curriculum with
additional T can ...’-statements (England). As the detailed analysis of the models
shows, the criteria for a comparison between the competency- and standards-based
ones are fulfilled. For the curriculum from England (which is not outcome-based) an
additional model including mentioned I can ...’-statements is used for the purpose
of comparison as these statements also meet specific criteria.

RQ2: To what extend is it possible to (semi-)automatically generate
graph representations of curricula?

Research question 2 is answered by the documentation and evaluation of the devel-
oped platform called Graph-based Environment for Competency and Knowledge-Item
Organization (GECKO B in chapter |7| and the supportive tools in chapter . The
GECKO platform is developed for the purpose to support the organization and eval-
uation of the graph-representations from the educational models. It can be accessed
online and is planned to be free for standard users. Besides the main functionality,
it provides the possibilities to display the graph-representations, edit the graphs,
calculate graph-based metrics for the analysis, and to determine learning paths for
individual curricula. This platform is based on data representation and requires
manual input in form of competency and relation lists to display the graphs from
the curricula, educational standards and competency models. Based on the lists
and the included attributes the system generates graphs, and enables search and
filtering options. But, it also contributes to the semi-automatically generation of
graph representations in terms of combining competencies to intersector nodes. The
competency and relation lists are uploaded for single curricula. To combine them
to the Generic, Graph-Based Model for Competencies (GGBMC) again lists of in-
tersector nodes and the combined competencies are necessary. With these lists the
system generates the intersector nodes, combines competencies and automatically
organizes the transformation of the corresponding relations. A crucial part of the
generation of the graph representations are the expert evaluations which cannot be
automated. The GECKO platform provides the possibility for experts to evaluate
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relations and competencies online with support from the system. Experts do not
have to do large parts at once. They can evaluate some relations or competencies
and the progress is automatically stored and displayed by the system. Additionally,
experts get an overview of which elements they already evaluated in the structure
in the curricula. The system also shows basic statistics concerning the evaluations
of the experts.

In chapter [§] additional approaches to semi-automatically generated graph rep-
resentations are presented and evaluated. These approaches consider the three
processes identification of relations between competencies, categorization of com-
petencies, and combination of competencies to intersector nodes which are part of
the generation process and turned out to be very time consuming. All of three
approaches are based on linguistic features and natural language processing.

The approach to identify relations between competencies is based on similar-
ity measures. The assumption is that linguistic similar competencies are somehow
related. In a first test the two different similarity measures cosine similarity and
Jaccard coefficient are tested on different part of speech combinations. It turned
out that the most matches with the relations created and evaluated by experts are
reached with the Jaccard coefficient and a combination of nouns and verbs. Based
on these results some improvements like synonym replacement and part of speech
weighting are added to the described methods. In terms of the measures precision
and recall with this approach, the values 0.26 for precision and 0.44 for recall are
reached. So, 44% of the relations considered by experts are found by this method.
But, this approach is limited to expands relations as none of the requires relations
are identified. Also, the directions of the relations are not part of this identification.

In terms of categorization two methods are tested which both are based on
keywords found in the categories. The first method focuses on the decision if a
competency belongs to computer science or digital literacy. It extracts keywords
from well known curricula for both categories to create dictionaries. With the help
of these dictionaries the competencies are categorized. Results from this approach
are compared to the opinions of experts and evaluated. It turned out that 70%
of the competencies match the opinions of the experts. Considering only those
competencies which show a strong agreement from the experts, 90% are categorized
according to the experts’ opinions. A second method to categorize the competencies
into the five categories for computer science education digital applications, digital
infrastructure, programmaing and algorithms, data representation, and human factors
and ethics [DB15] is based on the fact that 65.8% of the nouns from the competency
formulations occur uniquely in one category. Again, dictionaries of keywords for the
categories are generated. But, in this approach already categorized competencies
are used as training set. Comparing the results for a test set to existing data shows
that 49% of the categories match with the experts’ opinions.

The approach to automatically combine competencies to intersector nodes is also
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based on linguistic similarity between the competencies from all curricula. It also
uses the Jaccard coefficient and focuses on nouns and verbs. Out of 88 intersector
nodes only 13 are partially identified by the means of this approach. These are only
14% of all intersector nodes.

The results from the different approaches give some insights into the possibilities
of the (semi-)automated generation of graph representations for curricula and show
to what extend the steps of this process can be automated.

RQ3: How and to what extend can curricula specifications be compared
based on graph-theory and is it possible to identify central competencies?
This research question is answered by presenting the graph-based approach in chapter
and the results from analysis and comparison in chapter [l The graph-based
approach represents competencies as nodes and their dependencies as expands or
requires relations. Both components have several attributes to store information
which is crucial for the approach and build a property graph for competencies. These
graphs are mapped to a graph database to enable search and calculations. After
revisions based on the evaluation of experts, the representations of the curricula are
combined to a Generic, Graph-based Model for Competencies. This process requires
a standardization of competency formulations, the categorization of the standardized
competencies, and the combination of very similar competencies to intersector nodes.
As they represent the linking points of the curricula, the intersector nodes are a
crucial part of the model.

In chapter [3] the methods used to analyze and compare the graph representa-
tions of the curricula are discussed and the results are presented. It shows that
the original curricula are very similar in their numbers of competencies but after
the standardization process they differ by at most 69 competencies (Australian cur-
riculum with 131, and the model for the English curriculum with 62 competencies).
This reflects the differences in the competency formulations in terms of used verbs
and objects. The numbers of relations in the curricula differ in the original as well
as in the standardized versions which is also shown by the calculation of the graphs’
density values.

To identify central competencies, the three different centrality measures degree
centrality, betweenness centrality, and PageRank are used. Identified central compe-
tencies show special characteristics for all used measures. Competencies with high
value in in-degree are necessary for a lot other competencies and are often very basic.
High values in out-degree have competencies which connect paths in the graphs. As
competencies with a high out-degree connect, also shorted paths, competencies with
a high value in betweenness centrality are linking points for larger topic strands. A
high value in PageRank can be found in very basic competencies which important
competencies depend on.

Special nodes like sinks which have no outgoing relations, sources which have no
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incoming relations, or isolated nodes which have no relations at all, give information
about the structure of curricula. Sinks represent good entry points to start with a
topic or learning path, with nodes identified as sources topics can end. Isolated nodes
often indicate important topics of computer science which have in the first levels no
direct connection to other topics. Additionally, the number of connected compo-
nents show the interconnection of the topics respectively the competency paths in a
curriculum. The results of this analysis show that the GI standards and the CSTA
standards from 2017 have the highest number of independent topics whereas in the
Australian curriculum all topics are connected.

The foci of the curricula are determined by a general categorization into computer
science and digital literacy as well as a more detailed categorization into digital ap-
plications, digital infrastructure, programming and algorithms, data representation,
and human factors and ethics. Results from the more general categorization show
that the Austrian competency model, the curriculum from Switzerland, and the
CSTA standards from 2011 have a trend towards digital literacy whereas the com-
petencies from the Australian curriculum and the CSTA standards from 2017 are
evenly distributed between the two categories. Considering the results from the
more detailed categorization the majority of the competencies from the Austrian
competency model and the CSTA standards from 2011 fall into human factors and
ethics. The category with the highest number of competencies is in the Australian
curriculum, the model for the English curriculum, and the CSTA standards from
2017 programming and algorithms, in the curriculum from Switzerland digital appli-
cations, and in the GI standards digital infrastructure.

With the presentation of the graph-based approach the first part of research
question 3, how curricula specifications can be compared based on graph-theory, is
answered. The comparison in terms of basic metrics, central competencies, structure,
and focus shows opportunities and limits of an approach based on graph-theory.

RQ4: What is an optimal combination of competencies and competency-
clusters to cover central competencies?

To answer this research question the single curricula are combined to the Generic,
Graph-Based Model for Competencies (GGBMC) and it is analyzed using the same
basic metrics and methods to identify central competencies. Additionally, intersec-
tor nodes are seen as central competencies as they occur in at least two different
curricula. It shows that a third of all competencies are combined to intersector
nodes. The detailed results from the analysis are described in chapter [6] As addi-
tional constructs learning paths and prerequisites graphs are introduced and defined
to represent combinations of competencies which can be used as guideline for teach-
ing sequences. Where learning paths highlight paths from one target competency to
an already reached competency, the prerequisites graphs considers all dependencies
for one target competency to a set of already reached competencies. To determine
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the optimal learning paths the three methods shortest path, covering central nodes,
and highest overall centrality are applied. Each of them delivers a set of learning
paths because similar values can appear. The method shortest path determines the
path with the lowest number of included competencies. Covering central nodes and
highest overall centrality are based on centrality measures. As covering central nodes
selects the paths which contain the nodes with the highest centrality values, highest
overall centrality sums up the centrality values of all contained nodes and selects
the paths with the highest sums. That means, for the purpose of covering basic
competencies, PageRank is selected. Learning paths, which cover competencies a
lot of other competencies depend on, are found using in-degree centrality. To cover
competencies which connect larger topic strands, betweenness centrality can be used.
If competencies should be covered which connect small competency paths out-degree
centrality is the choice.

A use case for the graph-based approach and the determination of learning paths
is found in the collaborative project Lakeside IT-Curriculum which has the goal to
develop a continuous computer science and digital education curriculum starting
at kindergarten and lasting till the end of secondary education. In its first phase,
the kindergarten and first years of primary education are covered. The required
development for the project is based on the approach and the data presented in this
dissertation as from the pool of the seven analyzed curricula nine target competencies
and five support competencies are selected by the project team. For each of these
selected competencies the dependency structure is manually determined. Based on
these dependency structures the methods to optimize learning paths are evaluated.
The highest number of matches is reached by the combination of the method covering
central nodes and the metric PageRank.

Optimal combinations of competencies and competency-clusters to cover central
competencies are in case of this dissertation determined by three different methods
which are partially based on centrality measures. The definition of 'optimal’ depends
on the situation and the purpose.

This now helps in answering the main research question.

RQO: How can relevant central competencies for computer science edu-
cation in primary and secondary school be identified and covered?

The work shows that summarized relevant central competencies can be found with
the help of a graph-based approach representing curricula, educational standards,
and competency models as graphs. Using graph-theoretic metrics and centrality
measures, central competencies can be identified supported by experts opinions and
developed software tools based on natural language processing. Which competen-
cies should be covered strongly depends on the situation and the goals of teachers
of curriculum developers. Methods based on centrality measures can support the
determination of optimal learning paths.
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A. COMPETENCY LISTS

A.1 AT: Austria digikomp4 [Dig13b|

AT-1.0: The students are able to cite important application areas of information
technology from the environment, they live in.

AT-2.0: The students are able to name areas where computers cannot replace peo-
ple.

AT-3.0: The students are able to think about their use of digital media and talk
about it with their parents and teachers.

AT-3.1: The students are able to think about their use of digital media.

AT-3.2: The students are able to talk about their use of digital media with their
parents and teachers.

AT-4.0: The students are able to distinguish between real and virtual worlds.
AT-5.0: The students are able to design their digital self on the web.

AT-6.0: The students know that they leave traces on the Internet and are identifi-
able. They behave accordingly.

AT-6.1: The students know that they leave traces on the Internet.

AT-6.2: The students know that they are identifiable on the Internet.

AT-6.3: The students behave accordingly because they know that they leave traces
on the Internet and are identifiable.

AT-7.0: The students are familiar with the basic rules and duties in dealing with
their own and other people’s data.

AT-7.1: The students are familiar with the basic rules in dealing with their own
data.

AT-7.2: The students are familiar with the basic duties in dealing with their own
data.

AT-7.3: The students are familiar with the basic rules in dealing with their other
people’s data.

AT-7.4: The students are familiar with the basic duties in dealing with other peo-
ple’s data.

AT-8.0: The students respect the copyright (music, film, pictures, texts, software)
and the right to the protection of personal data, in particular the right to one’s own
image.

AT-8.1: The students respect the copyright (music, film, pictures, texts, software).
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AT-8.2: The students respect the right to the protection of personal data.
AT-8.3: The students respect particular the right to one’s own image.

AT-9.0: The students are aware of the risks associated with the use of information
technologies and know how they should behave in a given case.

AT-9.1: The students are aware of the risks associated with the use of information
technologies.

AT-9.2: The students know how they should behave in a given case concerning the
risks associated with the use of information technologies.

AT-10.0: The students are aware of possible dangers in dealing with people they
only know from the Internet and can get help.

AT-10.1: The students are aware of possible dangers in dealing with people they
only know from the Internet.

AT-10.2: The students are able to get help concerning the dangers of dealing with
people they only know from the Internet.

AT-11.0: The students are aware that business is also transacted on the Internet
and that there are risks involved.

AT-11.1: The students are aware that business is also transacted on the Internet.
AT-11.2: The students are aware that there are risks involved with business on the
Internet.

AT-12.0: The students are aware that there are dangers such as malware, especially
when they exchange data or use the Internet.

AT-12.1: The students are aware that there are dangers such as malware.
AT-12.2: The students are aware that there are dangers such as malware, especially
when they exchange data.

AT-12.3: The students are aware that there are dangers such as malware, especially
when using the Internet.

AT-13.0: The students are familiar with how to protect their computers and who
to turn to if they are in need.

AT-13.1: The students are familiar with how to protect their computers.
AT-13.2: The students know who to turn to when they need to protect their com-
puter.

AT-14.0: The students know there is data to which they are not allowed to gain
access and abusive access is punishable in some cases.

AT-14.1: The students know there is data to which they are not allowed to gain
access.

AT-14.2: The students know abusive access to data, which they are not allowed to
gain access, is punishable in some cases.

AT-15.0: The students are able to name some professions in which computer sys-
tems are important.

AT-16.0: The students are familiar with the historical development of communi-
cation technology in broad outlines.
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AT-17.0:

The students

responsibly.

AT-17.1:
AT-17.2:
AT-18.0:
AT-18.1:
AT-18.2:
AT-19.0:
AT-19.1:
AT-19.2:
AT-20.0:
AT-20.1:
AT-20.2:
AT-21.0:
AT-21.1:
AT-21.2:
AT-22.0:
AT-22.1:
AT-22.2:
AT-23.0:
AT-23.1:
AT-23.2:
AT-23.3:
AT-24.0:
AT-24.1:
AT-24.2:
AT-24.3:
AT-24.4:
AT-25.0:
AT-26.0:
AT-26.1:
AT-26.2:
AT-27.0:
AT-28.0:
AT-29.0:

The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students
The students

are able to name digital devices of daily life and use them

are able to name digital devices of everyday life.

are able to use digital devices of daily life responsibly.
are able to name and use storage media.

are able to name storage media.

are able to use storage media.

are able to use digital devices and the Internet to learn.
are able to use digital devices to learn.

are able to use the Internet to learn.

are able to start and shut down a computer.

are able to start a computer.

are able to shut down a computer.

are able to properly log in and out.

are able to properly log in.

are able to properly log out.

are able to start programs and use them.

are able to start programs.

are able to use programs.

are able to save, retrieve and open files in a folder system.
are able to save files in a folder system.

are able to retrieve files in a folder system.

are able to open files in a folder system.

are able to insert, move, copy and delete files.

are able to insert files.

are able to move files.

are able to copy files.

are able to delete files.

are able to use suitable platforms.

The students are able to use networks to search and display information.

The students
The students
The students
The students
The students

are able to use networks to search information.

are able to use networks to display information.

are able to use networks to communicate.

are able to use networks to collaborate.

know that digital devices can be used differently and they

are able to use them in everyday life.

AT-29.1:
AT-29.2:
AT-30.0:
AT-30.1:
AT-30.2:

The students
The students
The students
The students
The students

know that digital devices can be used differently.
are able to use digital devices in everyday life.
are able to enter texts and format them.

are able to enter texts.

are able to format texts.
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AT-31.0: The students are able to copy, paste, move and delete items.

AT-31.1: The students are able to copy items.

AT-31.2: The students are able to paste items.

AT-31.3: The students are able to move items.

AT-31.4: The students are able to delete items.

AT-32.0: The students are able to correct texts and, if necessary, use spelling aids.
AT-32.1: The students are able to correct texts.

AT-32.2: The students are able to use spelling aids if necessary.

AT-33.0: The students are able to design their works with pictures and graphics

and present them using media.

AT-33.1:
AT-33.2:
AT-34.0:
AT-34.1:
AT-34.2:
AT-35.0:
AT-35.1:
AT-35.2:
AT-36.0:
AT-37.0:
AT-37.1:
AT-37.2:
AT-38.0:
AT-39.0:
AT-40.0:

The students are able to design their works with pictures and graphics.
The students are able to present their works by using media.

The students are able to create and design digital drawings and images.
The students are able to create digital drawings and images.

The students are able to design digital drawings and images.

The students are able to use digital audio and video files.

The students are able to use digital audio files.

The students are able to use digital video files.

The students are able to understand the structure of a table.

The students are able to create and design a table.

The students are able to create a table.

The students are able to design a table.

The students are able to perform age-appropriate calculations.

The students are able to create a diagram.

The students are able to know search engines for children and are able

to use them.

AT-40.1:
AT-40.2:
AT-41.0:
AT-42.0:
AT-42.1:
AT-42.2:
AT-42.3:
AT-43.0:
AT-44.0:
AT-45.0:

The students know search engines for children.

The students are able to use search engines for children.

The students are able to use information from the Internet in their work.
The students are able to write, send and receive digital messages.

The students are able to write digital messages.

The students are able to send digital messages.

The students are able to receive digital messages.

The students are able to pay attention to manners on the Internet.

The students are able to use digital tools to collaborate.

The students are able to encrypt and decrypt some information from

everyday life.

AT-45.1:
AT-45.2:
AT-46.0:
AT-46.1:

The students are able to encrypt some information from everyday life.
The students are able to decrypt some information from everyday life.
The students are able to collect, store and modify data.

The students are able to collect data.
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AT-46.2: The students are able to store data.

AT-46.3: The students are able to modify data.

AT-47.0: The students are able to understand and execute simple instructions.
AT-47.1: The students are able to understand simple instructions.

AT-47.2: The students are able to execute simple instructions.

AT-48.0: The students are able to create simple instructions.

AT-49.0: The students know that a computer program is created by sequencing
instructions.

A.2 AU: Australian National Curriculum [Ausl3]

AU-1.0: The students are able to identify how common digital systems (hardware
and software) are used to meet specific purposes.

AU-2.0: The students are able to use digital systems to represent simple patterns
in data in different ways.

AU-3.0: The students are able to design solutions to simple problems using a se-
quence of steps and decisions.

AU-3.1: The students are able to design solutions to simple problems using a se-
quence of steps.

AU-3.2: The students are able to design solutions to simple problems using deci-
sions.

AU-4.0: The students are able to collect familiar data and display them to convey
meaning.

AU-4.1: The students are able to collect familiar data.

AU-4.2: The students are able to display collected data to convey meaning.
AU-5.0: The students are able to create and organise ideas and information using
information systems, and share information in safe online environments.

AU-5.1: The students are able to create ideas using information systems.
AU-5.2: The students are able to create information using information systems.
AU-5.3: The students are able to organise ideas using information systems.
AU-5.4: The students are able to organise information using information systems.
AU-5.5: The students are able to share ideas and information with known people
in safe online environments.

AU-6.0: The students are able to describe the purpose of familiar products, ser-
vices and environments and how they meet a range of present needs.

AU-6.1: The students are able to describe the purpose of familiar products, ser-
vices and environments.

AU-6.2: The students are able to describe how familiar products, services and en-
vironments meet a range of present needs.

AU-7.0: The students are able to list the features of technologies that influence



282 A. Competency Lists

design decisions and identify how digital systems are used.

AU-7.1: The students are able to list the features of technologies that influence
design decisions.

AU-7.2: The students are able to identify how digital systems are used.

AU-8.0: The students are able to identify needs, opportunities or problems and
describe them.

AU-8.1: The students are able to identify needs.

AU-8.2: The students are able to describe identified needs.

AU-8.3: The students are able to identify opportunities.

AU-8.4: The students are able to describe identified opportunities.

AU-8.5: The students are able to identify problems.

AU-8.6: The students are able to describe identified problems.

AU-9.0: The students are able to collect, sort and display familiar data from a
range of sources and recognise patterns in data.

AU-9.1: The students are able to collect familiar data from a range of sources.
AU-9.2: The students are able to sort familiar data from a range of sources.
AU-9.3: The students are able to display familiar data from a range of sources.
AU-9.4: The students are able to recognise patterns in data.

AU-10.0: The students are able to record design ideas using techniques including
labelled drawings, lists and sequenced instructions.

AU-11.0: The students are able to (with guidance) produce designed solutions for
each of the prescribed technologies contexts.

AU-12.0: The students are able to evaluate their ideas, information and solutions
on the basis of personal preferences and provided criteria including care for the en-
vironment.

AU-12.1: The students are able to evaluate their ideas on the basis of personal
preferences.

AU-12.2: The students are able to evaluate their ideas on the basis of provided
criteria including care for the environment.

AU-12.3: The students are able to evaluate information on the basis of personal
preferences.

AU-12.4: The students are able to evaluate information on the basis of provided
criteria including care for the environment.

AU-12.5: The students are able to evaluate solutions on the basis of personal pref-
erences.

AU-12.6: The students are able to evaluate solutions on the basis of provided cri-
teria including care for the environment.

AU-13.0: The students are able to safely create solutions and communicate ideas
and information face-to-face and online.

AU-13.1: The students are able to safely create solutions.

AU-13.2: The students are able to safely communicate ideas and information face-
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to-face.

AU-13.3: The students are able to safely communicate ideas and information on-
line.

AU-14.0: The students are able to describe how a range of digital systems (hard-
ware and software) and their peripheral devices can be used for different purposes.
AU-15.0: The students are able to explain how the same data sets can be repre-
sented in different ways.

AU-16.0: The students are able to define simple problems, design and implement
digital solutions using algorithms that involve decision-making and user input.
AU-16.1: The students are able to define simple problems.

AU-16.2: The students are able to design digital solutions using algorithms that
involve decision-making.

AU-16.3: The students are able to implement digital solutions using algorithms
that involve decision-making.

AU-16.4: The students are able to design digital solutions using algorithms that
involve user input.

AU-16.5: The students are able to implement digital solutions using algorithms
that involve user input.

AU-17.0: The students are able to explain how the solutions meet their purposes.
AU-18.0: The students are able to collect and manipulate different data when cre-
ating information and digital solutions.

AU-18.1: The students are able to collect different data when creating information
and digital solutions.

AU-18.2: The students are able to manipulate different data when creating infor-
mation and digital solutions.

AU-19.0: The students are able to safely use and manage information systems for
identified needs using agreed protocols and describe how information systems are
used.

AU-19.1: The students are able to safely use information systems for identified
needs using agreed protocols.

AU-19.2: The students are able to safely manage information systems for identified
needs using agreed protocols.

AU-19.3: The students are able to describe how information systems are used.
AU-20.0: The students are able to describe how social, technical and sustainability
factors influence the design of solutions to meet present and future needs.
AU-20.1: The students are able to describe how social factors influence the design
of solutions to meet present needs.

AU-20.2: The students are able to describe how social factors influence the design
of solutions to meet future needs.

AU-20.3: The students are able to describe how technical factors influence the
design of solutions to meet present needs.
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AU-20.4: The students are able to describe how technical factors influence the
design of solutions to meet future needs.

AU-20.5: The students are able to describe how sustainability factors influence the
design of solutions to meet present needs.

AU-20.6: The students are able to describe how sustainability factors influence the
design of solutions to meet future needs.

AU-21.0: The students are able to describe features of technologies that influence
design decisions and how a range of digital systems can be used.

AU-21.1: The students are able to describe features of technologies that influence
design decisions.

AU-21.2: The students are able to describe how a range of digital systems can be
used.

AU-22.0: The students are able to outline and define needs, opportunities or prob-
lems.

AU-22.1: The students are able to outline needs.

AU-22.2: The students are able to define needs.

AU-22.3: The students are able to outline opportunities.

AU-22.4: The students are able to define opportunities.

AU-22.5: The students are able to outline problems.

AU-22.6: The students are able to define problems.

AU-23.0: The students are able to collect, manipulate and interpret data from a
range of sources to support decisions.

AU-23.1: The students are able to collect data from a range of sources to support
decisions.

AU-23.2: The students are able to manipulate data from a range of sources to
support decisions.

AU-23.3: The students are able to interpret data from a range of sources to sup-
port decisions.

AU-24.0: The students are able to generate and record design ideas for an audience
using technical terms and graphical and non-graphical representation techniques in-
cluding algorithms.

AU-24.1: The students are able to generate design ideas for an audience using
technical terms.

AU-24.2: The students are able to generate design ideas for an audience using
graphical representation techniques.

AU-24.3: The students are able to generate design ideas for an audience using
non-graphical representation techniques including algorithms.

AU-24.4: The students are able to record design ideas for an audience using tech-
nical terms.

AU-24.5: The students are able to record design ideas for an audience using graph-
ical representation techniques.
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AU-24.6: The students are able to record design ideas for an audience using non-
graphical representation techniques including algorithms.

AU-25.0: The students are able to plan a sequence of steps (algorithms) to create
solutions, including visual programs.

AU-26.0: The students are able to plan and safely produce designed solutions for
each of the prescribed technologies contexts.

AU-26.1: The students are able to plan solutions for each of the prescribed tech-
nologies contexts.

AU-26.2: The students are able to safely produce designed solutions for each of
the prescribed technologies contexts.

AU-27.0: The students are able to use identified criteria for success, including
sustainability considerations, to judge the suitability of their ideas, solutions and
processes.

AU-28.0: The students are able to use agreed protocols when collaborating, and
creating and communicating ideas, information and solutions face-to-face and on-
line.

AU-28.1: The students are able to use agreed protocols when collaborating.
AU-28.2: The students are able to use agreed protocols when creating ideas, infor-
mation and solutions face-to-face.

AU-28.3: The students are able to use agreed protocols when creating ideas, infor-
mation and solutions online.

AU-28.4: The students are able to use agreed protocols when communicating ideas,
information and solutions face-to-face.

AU-28.5: The students are able to use agreed protocols when communicating ideas,
information and solutions online.

AU-29.0: The students are able to explain the fundamentals of digital system com-
ponents (hardware, software and networks) and how digital systems are connected
to form networks.

AU-29.1: The students are able to explain the fundamentals of digital system com-
ponents (hardware, software and networks).

AU-29.2: The students are able to explain how digital systems are connected to
form networks.

AU-30.0: The students are able to explain how digital systems use whole numbers
as a basis for representing a variety of data types.

AU-31.0: The students are able to define problems in terms of data and functional
requirements and design solutions by developing algorithms to address the problems.
AU-31.1: The students are able to define problems in terms of data.

AU-31.2: The students are able to define problems in terms of functional require-
ments.

AU-31.3: The students are able to design solutions by developing algorithms to
address self-defined problems.
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AU-32.0: The students are able to incorporate decision-making, repetition and user
interface design into their designs and implement their digital solutions, including a
visual program.

AU-32.1: The students are able to incorporate decision-making into their designs.
AU-32.2: The students are able to incorporate repetition into their designs.
AU-32.3: The students are able to incorporate user interface design into their de-
signs.

AU-32.4: The students are able to implement their digital solutions, including a
visual program.

AU-33.0: The students are able to explain how information systems and their so-
lutions meet needs and consider sustainability.

AU-33.1: The students are able to explain how information systems and their so-
lutions meet needs.

AU-33.2: The students are able to explain how information systems and their so-
lutions consider sustainability.

AU-34.0: The students are able to manage the creation and communication of
ideas and information in collaborative digital projects using validated data and
agreed protocols.

AU-34.1: The students are able to manage the creation of ideas and information
in collaborative digital projects using validated data and agreed protocols.
AU-34.2: The students are able to manage the communication of ideas and infor-
mation in collaborative digital projects using validated data and agreed protocols.
AU-35.0: The students are able to explain how social, ethical, technical and sus-
tainability considerations influence the design of solutions to meet a range of present
and future needs.

AU-35.1: The students are able to explain how social considerations influence the
design of solutions to meet a range of present .

AU-35.2: The students are able to explain how social considerations influence the
design of solutions to meet a range of future needs.

AU-35.3: The students are able to explain how ethical considerations influence the
design of solutions to meet a range of present needs.

AU-35.4: The students are able to explain how ethical considerations influence the
design of solutions to meet a range of future needs.

AU-35.5: The students are able to explain how technical considerations influence
the design of solutions to meet a range of present needs.

AU-35.6: The students are able to explain how technical considerations influence
the design of solutions to meet a range of future needs.

AU-35.7: The students are able to explain how sustainability considerations influ-
ence the design of solutions to meet a range of present needs.

AU-35.8: The students are able to explain how sustainability considerations influ-
ence the design of solutions to meet a range of future needs.
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AU-36.0: The students are able to explain how the features of technologies influ-
ence design decisions and how digital systems are connected to form networks.
AU-36.1: The students are able to explain how the features of technologies influ-
ence design decisions.

AU-37.0: The students are able to describe a range of needs, opportunities or
problems and define them in terms of functional requirements.

AU-37.1: The students are able to describe a range of needs, opportunities or
problems.

AU-37.2: The students are able to define a range of self-defined needs, opportuni-
ties or problems in terms of functional requirements.

AU-38.0: The students are able to collect and validate data from a range of sources
to assist in making judgments.

AU-38.1: The students are able to collect data from a range of sources to assist in
making judgments.

AU-38.2: The students are able to validate data from a range of sources to assist
in making judgments.

AU-39.0: The students are able to generate and record design ideas for specified
audiences using appropriate technical terms, and graphical and non-graphical rep-
resentation techniques including algorithms.

AU-39.1: The students are able to generate design ideas for specified audiences
using appropriate technical terms.

AU-39.2: The students are able to generate design ideas for specified audiences
using graphical representation techniques.

AU-39.3: The students are able to generate design ideas for specified audiences
using non-graphical representation techniques including algorithms.

AU-39.4: The students are able to record design ideas for specified audiences using
appropriate technical terms.

AU-39.5: The students are able to record design ideas for specified audiences using
graphical representation techniques.

AU-39.6: The students are able to record design ideas for specified audiences using
non-graphical representation techniques including algorithms.

AU-40.0: The students are able to plan, design, test, modify and create digital so-
lutions that meet intended purposes including user interfaces and a visual program.
AU-40.1: The students are able to plan digital solutions that meet intended pur-
poses including user interfaces and a visual program.

AU-40.2: The students are able to design digital solutions that meet intended pur-
poses including user interfaces and a visual program.

AU-40.3: The students are able to test digital solutions that meet intended pur-
poses including user interfaces and a visual program.

AU-40.4: The students are able to modify digital solutions that meet intended
purposes including user interfaces and a visual program.
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AU-40.5: The students are able to create digital solutions that meet intended pur-
poses including user interfaces and a visual program.

AU-41.0: The students are able to plan and document processes and resources and
safely produce designed solutions for each of the prescribed technologies contexts.
AU-41.1: The students are able to plan processes.

AU-41.2: The students are able to document processes.

AU-41.3: The students are able to plan resources.

AU-41.4: The students are able to document resources.

AU-41.5: The students are able to safely produce designed solutions for each of
the prescribed technologies contexts.

AU-42.0: The students are able to negotiate criteria for success, including sustain-
ability considerations, and use these to judge the suitability of their ideas, solutions
and processes.

AU-42.1: The students are able to negotiate criteria for success, including sustain-
ability considerations.

AU-42.2: The students are able to use criteria for success, including sustainability
considerations, to judge the suitability of their ideas, solutions and processes.
AU-43.0: The students are able to use ethical, social and technical protocols when
collaborating, and creating and communicating ideas, information and solutions
face-to-face and online.

AU-43.1: The students are able to use ethical, social and technical protocols when
collaborating.

AU-43.2: The students are able to use ethical, social and technical protocols when
creating ideas, information and solutions face-to-face.

AU-43.3: The students are able to use ethical, social and technical protocols when
creating ideas, information and solutions online.

AU-43.4: The students are able to use ethical, social and technical protocols when
communicating ideas, information and solutions face-to-face.

AU-43.5: The students are able to use ethical, social and technical protocols when
communicating ideas, information and solutions online.

A.3 CH: Switzerland Curriculum 21 [Leh14]

CH-1.0: The students are able to exchange experiences in their close environment,
media experiences as well as experiences in virtual living spaces and talk about their
use of media (e.g. outdoor, playground, film, television, picture book, audio book,
e-learning).

CH-1.1: The students are able to exchange experiences in their close environment.
CH-1.2: The students are able to exchange media experiences.

CH-1.3: The students are able to exchange experiences in virtual living spaces.
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CH-1.4: The students are able to talk about their use of media.

CH-2.0: The students are able to understand simple contributions in different me-
dia languages and are able to talk about them (text, picture, everyday symbol,
sound, film).

CH-2.1: The students are able to understand simple contributions in different me-
dia languages (text, picture, everyday symbol, sound, film).

CH-2.2: The students are able to talk about simple contributions in different media
languages (text, picture, everyday symbol, sound, film).

CH-3.0: The students are able to recognise advertising and talk about the aims of
the advertising messages.

CH-3.1: The students are able to recognise advertising.

CH-3.2: The students are able to talk about the aims of the advertising messages.
CH-4.0: The students are able to name the immediate emotions that media use
can trigger (e.g. joy, anger, grief).

CH-5.0: The students are able to learn using predefined media and obtain infor-
mation on a specific topic (e.g. book, magazine, educational game, game history,
website).

CH-5.1: The students are able to learn using predefined media.

CH-5.2: The students are able to obtain information on a specific topic.

CH-6.0: The students are able to experiment playfully and creatively with media.
CH-6.1: The students are able to experiment playfully with media.

CH-6.2: The students are able to experiment creatively with media.

CH-7.0: The students are able to create and present simple picture, text and sound
documents.

CH-7.1: The students are able to create simple picture documents.

CH-7.2: The students are able to create simple text documents.

CH-7.3: The students are able to create simple sound documents.

CH-7.4: The students are able to present simple picture documents.

CH-7.5: The students are able to present simple text documents.

CH-7.6: The students are able to present simple sound documents.

CH-8.0: The students are able to use the media to maintain existing contacts and
exchange information (e.g. telephone, letter).

CH-9.0: The students are able to sort things according to their own chosen prop-
erties so that they can find an object with a certain property more quickly (e.g.
colour, shape, size).

CH-10.0: The students are able to recognise and follow formal instructions (e.g.
cooking and baking recipes, play and craft instructions, dance choreographies).
CH-10.1: The students are able to recognise formal instructions (e.g. cooking and
baking recipes, play and craft instructions, dance choreographies).

CH-10.2: The students are able to follow formal instructions (e.g. cooking and
baking recipes, play and craft instructions, dance choreographies).
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CH-11.0: The students are able to switch devices on and off, start, operate and
exit programs, and use simple functions.

CH-11.1: The students are able to switch devices on.

CH-11.2: The students are able to switch devices off.

CH-11.3: The students are able to start programs.

CH-11.4: The students are able to operate programs.

CH-11.5: The students are able to exit programs.

CH-11.6: The students are able to use simple functions of programs.

CH-12.0: The students are able to log in to a local network or learning environment
with their own login.

CH-12.1: The students are able to log in to a local network with their own login.
CH-12.2: The students are able to log in to a learning environment with their own
login.

CH-13.0: The students are able to file and retrieve documents independently.
CH-13.1: The students are able to file documents independently.

CH-13.2: The students are able to retrieve documents independently.

CH-14.0: The students are able to work with basic elements of the user interface
(windows, menu, several opened programs).

CH-15.0: The students are able to name the advantages and disadvantages of di-
rect experiences through media or virtually transmitted experiences and justify their
personal use of media.

CH-15.1: The students are able to name the advantages of direct experiences
through media.

CH-15.2: The students are able to name the disadvantages of direct experiences
through media.

CH-15.3: The students are able to name the advantages of virtually transmitted
experiences.

CH-15.4: The students are able to name the disadvantages of virtually transmitted
experiences.

CH-15.5: The students are able to justify their personal use of media.

CH-16.0: The students are able to recognise and name consequences of medial and
virtual actions (e.g. identity formation, relationship management, cyberbullying).
CH-16.1: The students are able to recognise consequences of medial actions.
CH-16.2: The students are able to recognise consequences of virtual actions.
CH-16.3: The students are able to name consequences of medial actions.
CH-16.4: The students are able to name consequences of virtual actions.
CH-17.0: The students are able to identify the basic functions of media (informa-
tion, education, opinion-forming, entertainment, communication).

CH-18.0: The students know mixed forms and are able to give typical examples
(infotainment, edutainment).

CH-18.1: The students know mixed forms (infotainment, edutainment).
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CH-18.2: The students are able to give typical examples (infotainment, edutain-
ment).

CH-19.0: The students are able to obtain and select information from various
sources and assess its quality and usefulness.

CH-19.1: The students are able to obtain from various sources.

CH-19.2: The students are able to select information from various sources.
CH-19.3: The students are able to assess the quality of information from various
sources.

CH-19.4: The students are able to assess the usefulness of information from various
sources.

CH-20.0: The students are able to use media to create and present their work (e.g.
class newspaper, class blog, radio play, video clip).

CH-20.1: The students are able to use media to create their work.

CH-20.2: The students are able to use media to present their work.

CH-21.0: The students are able to include the security rules for handling personal
data in their media content (e.g. personal details, password, nickname).

CH-22.0: The students are able to reuse media content and integrate it into their
own productions (e.g. lecture, blog/class blog), stating the source.

CH-22.1: The students are able to reuse media content.

CH-22.2: The students are able to integrate media content into their own produc-
tions, stating the source.

CH-23.0: The students are able to use media to present their thoughts and knowl-
edge to an audience and/or publish them.

CH-23.1: The students are able to use media to present their thoughts to an audi-
ence.

CH-23.2: The students are able to use media to present their knowledge to an
audience.

CH-23.3: The students are able to use media to publish their thoughts.
CH-23.4: The students are able to use media to publish their knowledge.
CH-24.0: The students are able to estimate the effects of their own media contri-
butions and consider them accordingly during production.

CH-24.1: The students are able to estimate the effects of their own media contri-
butions.

CH-24.2: The students are able to consider the effects of their own media contri-
butions during production.

CH-25.0: The students are able to use the media to work together and exchange
opinions, following the safety rules.

CH-25.1: The students are able to use the media to work together.

CH-25.2: The students are able to use the media to exchange opinions.
CH-25.3: The students are able to follow the safety rules when using media.
CH-26.0: The students are able to communicate through the media, following the
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rules of safety and conduct.

CH-26.1: The students are able to communicate through the media.

CH-26.2: The students are able to follow the rules of safety when communicating
through the media.

CH-26.3: The students are able to follow the rules of conduct when communicating
through the media.

CH-27.0: The students are able to use different forms of data representation (e.g.
symbols, tables, graphs).

CH-28.0: The students are able to encrypt data using codes they have developed
themselves.

CH-29.0: The students know analogue and digital representations of data (text,
number, image and sound) and are able to assign the corresponding file types.
CH-29.1: The students know with analogue representations of data.

CH-29.2: The students know with digital representations of data.

CH-29.3: The students are able to assign the corresponding file types to analogue
and digital representations of data.

CH-30.0: The students know the names of the document types they use.
CH-31.0: The students are able to recognize and use tree and network structures
(e.g. folder structure on the computer, family tree, mind map, website).

CH-31.1: The students are able to recognize tree structures.

CH-31.2: The students are able to recognize network structures.

CH-31.3: The students are able to use tree structures.

CH-31.4: The students are able to use network structures.

CH-32.0: The students are able to understand how error-detecting and error-
correcting codes work.

CH-32.1: The students are able to understand how error-detecting codes work.
CH-32.2: The students are able to understand how error-correcting codes work.
CH-33.0: The students are able to find solutions for simple problems and check
whether they are correct by trying them out (e.g. looking for a way, developing a
game strategy). They are able to compare different solutions.

CH-33.1: The students are able to find solutions for simple problems by trying
them out.

CH-33.2: The students are able to test solutions for simple problems for correct-
ness by trying them out.

CH-33.3: The students are able to compare different solutions.

CH-34.0: The students are able to recognise, describe and structure processes with
loops and branches from their environment (e.g. using flow diagrams).

CH-34.1: The students are able to recognise processes with branches in their en-
vironment.

CH-34.2: The students are able to describe processes with branches in their envi-
ronment.
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CH-34.3: The students are able to recognise processes with loops in their environ-
ment.

CH-34.4: The students are able to describe processes with loops in their environ-
ment.

CH-34.5: The students are able to structure processes with branches in their en-
vironment.

CH-34.6: The students are able to structure processes with loops in their environ-
ment.

CH-35.0: The students are able to read and manually perform simple operations
with loops, conditions and parameters.

CH-35.1: The students are able to read simple operations with conditions.
CH-35.2: The students are able to manually perform simple operations with con-
ditions.

CH-35.3: The students are able to read simple operations with loops.

CH-35.4: The students are able to manually perform simple operations with loops.
CH-35.5: The students are able to read simple operations with parameters.
CH-35.6: The students are able to manually perform simple operations with pa-
rameters.

CH-36.0: The students are able to understand that a computer only can execute
predefined instructions and that a program is a sequence of such instructions.
CH-36.1: The students are able to understand that a computer only can execute
predefined instructions.

CH-36.2: The students are able to understand that a program is a sequence of
predefined instructions.

CH-37.0: The students are able to write and test programs with loops, conditional
instructions and parameters.

CH-37.1: The students are able to write programs with loops.

CH-37.2: The students are able to test programs with loops.

CH-37.3: The students are able to write programs with conditional Instructions.
CH-37.4: The students are able to test programs with conditional Instructions.
CH-37.5: The students are able to write programs with Parameters.

CH-37.6: The students are able to test programs with Parameters.

CH-38.0: The students are able to distinguish between operating system and ap-
plication software.

CH-39.0: The students know different types of memory (e.g. hard disks, flash
memory, main memory), their advantages and disadvantages and understand units
of data size.

CH-39.1: The students know different types of memory (e.g. hard disks, flash
memory, main memory).

CH-39.2: The students know advantages of different types of memory.

CH-39.3: The students know disadvantages of different types of memory.
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CH-39.4: The students are able to understand units of data size.

CH-40.0: The students are able to apply solution strategies (e.g. help function,
research) to problems with devices and programs.

CH-40.1: The students are able to apply solution strategies to problems with de-
vices.

CH-40.2: The students are able to apply solution strategies to problems with pro-
grams.

CH-41.0: The students are able to explain how data can be lost and know the most
important measures to protect themselves against it.

CH-41.1: The students are able to explain how data can be lost.

CH-41.2: The students know the most important measures to protect themselves
against data loss.

CH-42.0: The students are able to understand the basic functionality of search
engines.

CH-43.0: The students are able to distinguish between local devices, local networks
and the Internet as storage locations for private and public data.

CH-43.1: The students are able to distinguish between local devices, local networks
and the Internet as storage locations for private data.

CH-43.2: The students are able to distinguish between local devices, local networks
and the Internet as storage locations for public data.

CH-44.0: The students are able to understand the performance units of informa-
tion processing systems and can assess their relevance for specific applications (e.g.
storage capacity, image resolution, computing capacity, data transfer rate).
CH-44.1: The students are able to understand the performance units of informa-
tion processing systems.

CH-44.2: The students are able to assess the relevance of performance units of
information processing systems for specific applications.

A.4 DE: GI Standards for Informatics in Primary Education
[Ges19]

DE-1.0: The students are able to explain that documents consist of data.
DE-2.0: The students are able to represent information using data.

DE-3.0: The students are able to interpret data in order to gain information.
DE-4.0: The students are able to state that agreements are necessary to encode
and decode data.

DE-4.1: The students are able to state that agreements are necessary to encode
data.

DE-4.2: The students are able to state that agreements are necessary to decode
data.
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DE-5.0: The students are able to encode data into a binary representation and
interpret binary elements as data.

DE-5.1: The students are able to encode data into a binary representation.
DE-5.2: The students are able to interpret binary elements as data.

DE-6.0: The students are able to execute algorithms in their environment.
DE-7.0: The students are able to use basic algorithmic components.

DE-8.0: The students are able to describe algorithms in everyday language.
DE-9.0: The students are able to describe automata in their environment as self-
acting machines.

DE-10.0: The students are able to describe the states of automata.

DE-11.0: The students are able to describe their interaction with automata.
DE-12.0: The students are able to explain that an automata changes its states in
a rule-controlled manner.

DE-13.0: The students are able to name the components of computer systems us-
ing the technical language of computer science.

DE-14.0: The students are able to describe that computer systems are designed by
humans.

DE-15.0: The students are able to interact purposefully with information technol-
ogy systems.

DE-16.0: The students are able to name and describe strategies to prevent data
loss.

DE-16.1: The students are able to name strategies to prevent data loss.
DE-16.2: The students are able to describe strategies to prevent data loss.
DE-17.0: The students are able to explain that computer science is omnipresent in
their world.

DE-18.0: The students are able to name ways to protect data from unwanted ac-
cess.

DE-19.0: The students are able to follow rules in dealing with data and computer
systems.

DE-19.1: The students are able to follow rules in dealing with computer systems.
DE-19.2: The students are able to follow rules in dealing with data.

DE-20.0: The students are able to explain that data can be person-related.
DE-21.0: The students are able to design their own binary encoding for a small
number of different elements.

DE-22.0: The students are able to present information in different forms of repre-
sentation (text, image, audio, video).

DE-23.0: The students are able to use and develop agreements to encrypt and
decrypt data.

DE-23.1: The students are able to use agreements to encrypt data.

DE-23.2: The students are able to use agreements to decrypt data.

DE-23.3: The students are able to develop agreements to encrypt data.
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DE-23.4: The students are able to develop agreements to decrypt data.
DE-24.0: The students are able to use and develop agreements for the transmission
of messages.

DE-24.1: The students are able to use agreements for the transmission of messages.
DE-24.2: The students are able to develop agreements for the transmission of mes-
sages.

DE-25.0: The students are able to design, implement and test algorithms with the
basic algorithmic blocks instruction, sequence, repetition and branching.

DE-25.1: The students are able to design algorithms with the basic algorithmic
block instruction.

DE-25.2: The students are able to design algorithms with the basic algorithmic
block sequence.

DE-25.3: The students are able to design algorithms with the basic algorithmic
block repetition.

DE-25.4: The students are able to design algorithms with the basic algorithmic
block branching.

DE-25.5: The students are able to implement algorithms with the basic algorithmic
block instruction.

DE-25.6: The students are able to implement algorithms with the basic algorithmic
block sequence.

DE-25.7: The students are able to implement algorithms with the basic algorithmic
block repetition.

DE-25.8: The students are able to implement algorithms with the basic algorithmic
block branching.

DE-25.9: The students are able to test algorithms with the basic algorithmic block
instruction.

DE-25.10: The students are able to test algorithms with the basic algorithmic
block sequence.

DE-25.11: The students are able to test algorithms with the basic algorithmic
block repetition.

DE-25.12: The students are able to test algorithms with the basic algorithmic
block branching.

DE-26.0: The students are able to present algorithms in various formal forms of
representation.

DE-27.0: The students are able to compare algorithms using technical language.
DE-28.0: The students are able to program a computer science system.
DE-29.0: The students are able to describe states and state transitions of automata.
DE-29.1: The students are able to describe states of automata.

DE-29.2: The students are able to describe state transitions of automata.
DE-30.0: The students are able to create models of automata to accept (linguistic)
inputs and generate (linguistic) outputs.
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DE-30.1: The students are able to create models of automata to accept (linguistic)
inputs.

DE-30.2: The students are able to create models of automata to generate (linguis-
tic) outputs.

DE-31.0: The students are able to control automata by programming.

DE-32.0: The students are able to explain the need for a formal language for in-
teraction with computer systems.

DE-33.0: The students are able to provide basic, general descriptions of the func-
tion and working methods of computer systems (IPO model).

DE-33.1: The students are able to provide basic, general descriptions of the func-
tion of computer systems (IPO model).

DE-33.2: The students are able to provide basic, general descriptions of the work-
ing methods of computer systems (IPO model).

DE-34.0: The students are able to save and retrieve data.

DE-34.1: The students are able to save data.

DE-34.2: The students are able to retrieve data.

DE-35.0: The students are able to distinguish between local and global data stor-
age.

DE-36.0: The students are able to use procedures to back up data.

DE-37.0: The students are able to list the basic components of the Internet and
describe how data is transferred on the Internet using fixed arrangements (proto-
cols).

DE-37.1: The students are able to list the basic components of the Internet.
DE-37.2: The students are able to describe how data is transferred on the Internet
using fixed arrangements (protocols).

DE-38.0: The students are able to name and describe the use of digital tools in
school and their free time.

DE-38.1: The students are able to name the use of digital tools in school and their
free time.

DE-38.2: The students are able to describe the use of digital tools in school and
their free time.

DE-39.0: The students are able to take steps to protect data from unwanted access.
DE-40.0: The students are able to apply simple procedures to ensure the integrity
of data.

DE-41.0: The students are able to develop and evaluate agreements on the use of
data and computer systems.

DE-41.1: The students are able to develop agreements on the use of computer
systems.

DE-41.2: The students are able to evaluate agreements on the use of computer
systems.

DE-41.3: The students are able to develop agreements on the use of data.
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DE-41.4: The students are able to evaluate agreements on the use of data.
DE-42.0: The students are able to explain that personal data can be collected and
processed with computer systems.

DE-42.1: The students are able to explain that personal data can be collected with
computer systems.

DE-42.2: The students are able to explain that personal data can be processed
with computer systems.

A.5 GB: Model for the National Curriculum England |[Berlj]

GB-1.0: Understand what algorithms are, how they are implemented as programs
on digital devices, and that programs execute by following precise and unambiguous
instructions.

GB-1.1: The students are able to explain what an algorithm is.

GB-1.2: The students are able to explain how algorithms are implemented as pro-
grams on digital devices.

GB-1.3: The students are able to explain how programs execute by following pre-
cise and unambiguous instructions.

GB-2.0: Create and debug simple programs.

GB-2.1: The students are able to create simple programs.

GB-2.2: The students are able to debug simple programs.

GB-3.0: Use logical reasoning to predict the behaviour of simple programs.
GB-3.1: The students are able to use logical reasoning to predict what will happen
when I run a program.

GB-3.2: The students are able to use logical reasoning to predict what will happen
when I read through computer code.

GB-4.0: Use technology purposefully to create, organise, store, manipulate and
retrieve digital content.

GB-4.1: The students are able to use technology purposefully to retrieve digital
content.

GB-4.2: The students are able to use technology purposefully to store digital con-
tent.

GB-4.3: The students are able to use technology purposefully to organise digital
content.

GB-4.4: The students are able to use technology purposefully to create digital con-
tent.

GB-4.5: The students are able to use technology purposefully to manipulate digital
content.

GB-5.0: The students are able to discuss common uses of information technology
beyond school.
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GB-6.0: Use technology safely and respectfully, keeping personal information pri-
vate; identify where to go for help and support when they have concerns about
content or contact on the internet or other online technologies.

GB-6.1: The students are able to explain how to keep personal information private.
GB-6.2: The students are able to explain how to use technology safely.

GB-6.3: The students are able to explain how to use technology respectfully.
GB-6.4: The students are able to explain where to go for help and support when
pupils have concerns about content.

GB-6.5: The students are able to explain where to go for help and support when
pupils have concerns about contact.

GB-7.0: Design, write and debug programs that accomplish specific goals, includ-
ing controlling or simulating physical systems; solve problems by decomposing them
into smaller parts.

GB-7.1: The students are able to design programs that accomplish specific goals.
GB-7.2: The students are able to write programs that accomplish specific goals.
GB-7.3: The students are able to debug programs that accomplish specific goals.
GB-7.4: The students are able to control physical systems.

GB-7.5: The students are able to simulate physical systems.

GB-7.6: The students are able to solve problems by decomposing them into smaller
parts.

GB-8.0: Use sequence, selection, and repetition in programs; work with variables
and various forms of input and output.

GB-8.1: The students are able to use sequence in programs.

GB-8.2: The students are able to use selection in programs.

GB-8.3: The students are able to use repetition in programs.

GB-8.4: The students are able to work with variables.

GB-8.5: The students are able to work with various forms of input.

GB-8.6: The students are able to work with various forms of output.

GB-9.0: Use logical reasoning to explain how some simple algorithms work and to
detect and correct errors in algorithms and programs.

GB-9.1: The students are able to use logical reasoning to explain how some algo-
rithms work.

GB-9.2: The students are able to use logical reasoning to detect errors in algo-
rithms.

GB-9.3: The students are able to use logical reasoning to correct errors in algo-
rithms.

GB-9.4: The students are able to use logical reasoning to detect errors in pro-
grams.

GB-9.5: The students are able to use logical reasoning to correct errors in pro-
grams.

GB-10.0: Understand computer networks, including the internet; how they can
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provide multiple services, such as the World Wide Web, and the opportunities they
offer for communication and collaboration.

GB-10.1: The students are able to explain how computer networks work, including
the internet.

GB-10.2: The students are able to explain how computer networks can provide
multiple services such as the World Wide Web.

GB-10.3: The students are able to understand what opportunities computer net-
works offer for communication.

GB-10.4: The students are able to understand what opportunities computer net-
works offer for collaboration.

GB-11.0: Use search technologies effectively, appreciate how results are selected
and ranked, and be discerning in evaluating digital content.

GB-11.1: The students are able to explain how search results are selected.
GB-11.2: The students are able to explain how search results are ranked.
GB-11.3: The students are able to explain how to be discerning in evaluating dig-
ital content.

GB-11.4: The students are able to explain how to use search technologies effec-
tively.

GB-12.0: Select, use and combine a variety of software (including internet services)
on a range of digital devices to design and create a range of programs, systems and
content that accomplish given goals, including collecting, analysing, evaluating and
presenting data and information.

GB-12.1: The students are able to design a range of programs that accomplish
given goals.

GB-12.2: The students are able to create a range of programs that accomplish
given goals.

GB-12.3: The students are able to design a range of systems that accomplish given
goals.

GB-12.4: The students are able to create a range of systems that accomplish given
goals.

GB-12.5: The students are able to design a range of content that accomplish given
goals.

GB-12.6: The students are able to create a range of content that accomplish given
goals.

GB-12.7: The students are able to collect data.

GB-12.8: The students are able to analyse data.

GB-12.9: The students are able to evaluate data.

GB-12.10: The students are able to present data.

GB-12.11: The students are able to collect information.

GB-12.12: The students are able to analyse information.

GB-12.13: The students are able to evaluate information.
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GB-12.14: The students are able to present information.

GB-12.15: The students are able to select a variety of software (including internet
services) on a range of digital devices.

GB-12.16: The students are able to use a variety of software (including internet
services) on a range of digital devices.

GB-12.17: The students are able to combine a variety of software (including inter-
net services) on a range of digital devices.

GB-13.0: Use technology safely, respectfully and responsibly; recognise accept-
able/unacceptable behaviour; identify a range of ways to report concerns about
content and contact.

GB-13.1: The students are able to explain how to use technology responsibly.
GB-13.2: The students are able to discuss the difference between acceptable and
unacceptable behaviour online.

A.6 USI: CSTA K-12 Computer Science Standards 2011 [SCFT 11

US1-1.0: The students are able to gather information and communicate electroni-
cally with others with support from teachers, family members or student partners.
US1-1.1: The students are able to gather information with support from teachers.
US1-1.2: The students are able to gather information with support from family
members.

US1-1.3: The students are able to gather information with support from student
partners.

US1-1.4: The students are able to communicate electronically with others with
support from teachers.

US1-1.5: The students are able to communicate electronically with others with
support from family members.

US1-1.6: The students are able to communicate electronically with others with
support student partners.

US1-2.0: The students are able to work cooperatively and collaboratively with
peers, teachers and others using technology.

US1-2.1: The students are able to work cooperatively and collaboratively with
teachers.

US1-2.2: The students are able to work cooperatively and collaboratively with
peers.

US1-2.3: The students are able to work cooperatively and collaboratively others.

US1-2.4: The students are able to work cooperatively and collaboratively with
teachers using technology.

US1-2.5: The students are able to work cooperatively and collaboratively with
peers using technology.
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US1-2.6: The students are able to work cooperatively and collaboratively with
others using technology.

US1-3.0: The students are able to use technology resources (e.g. puzzles, logical
thinking programs) to solve age-appropriate problems.

US1-4.0: The students are able to use writing tools, digital cameras, and drawing
tools to illustrate thoughts, ideas, and stories in a step-by-step manner.

US1-4.1: The students are able to use writing tools to illustrate thoughts in a
step-by-step manner.

US1-4.2: The students are able to use digital cameras to illustrate thoughts in a
step-by-step manner.

US1-4.3: The students are able to use drawing tools to illustrate thoughts in a
step-by-step manner.

US1-4.4: The students are able to use writing tools to illustrate ideas in a step-by-
step manner.

US1-4.5: The students are able to use digital cameras to illustrate ideas in a step-
by-step manner.

US1-4.6: The students are able to use drawing tools to illustrate ideas in a step-
by-step manner.

US1-4.7: The students are able to use writing tools to illustrate stories in a step-
by-step manner.

US1-4.8: The students are able to use digital cameras to illustrate stories in a
step-by-step manner.

US1-4.9: The students are able to use drawing tools to illustrate stories in a step-
by-step manner.

US1-5.0: The students are able to understand how to arrange (sort) information
in useful order, such as sorting students by birth date, without using a computer.
US1-5.1: The students are able to understand how to arrange (sort) information.
US1-5.2: The students are able to understand useful order, such as sorting students
by birth date.

US1-6.0: The students are able to recognize that software is created to control
computer operations.

US1-7.0: The students are able to demonstrate how Os and 1s can be used to rep-
resent information.

US1-8.0: The students are able to use technology resources to conduct age-appropriate
research.

US1-9.0: The students are able to use developmentally appropriate multimedia re-
sources (e.g., interactive books and educational software) to support learning across
the curriculum.

US1-10.0: The students are able to create developmentally appropriate multimedia
products with support from teachers, family members or student partners.
US1-10.1: The students are able to create developmentally appropriate multimedia
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products with support from teachers.

US1-10.2: The students are able to create developmentally appropriate multimedia
products with support from family members.

US1-10.3: The students are able to create developmentally appropriate multimedia
products with support from student partners.

US1-11.0: The students are able to construct a set of statements to be acted out
to accomplish a simple task (e.g., turtle instructions).

US1-12.0: The students are able to identify jobs that use computing and technol-
ogy.

US1-12.1: The students are able to identify jobs that use technology.

US1-12.2: The students are able to identify jobs that use computing.

US1-13.0: The students are able to gather and organize information using concept-
mapping tools.

US1-13.1: The students are able to gather information using concept-mapping
tools.

US1-13.2: The students are able to organize information using concept-mapping
tools.

US1-14.0: The students are able to use standard input and output devices to suc-
cessfully operate computers and related technologies.

US1-14.1: The students are able to use standard input devices to successfully op-
erate computers.

US1-14.2: The students are able to use standard ouput devices to successfully op-
erate computers.

US1-14.3: The students are able to use standard input devices to successfully op-
erate computer related technologies.

US1-14.4: The students are able to use standard output devices to successfully
operate computer related technologies.

US1-15.0: The students are able to practice responsible digital citizenship (legal
and ethical behaviors) in the use of technology systems and software.

US1-15.1: The students are able to practice responsible digital citizenship (legal
and ethical behaviors) in the use of technology systems.

US1-15.2: The students are able to practice responsible digital citizenship (legal
and ethical behaviors) in the use of software.

US1-16.0: The students are able to identify positive and negative social and ethical
behaviors for using technology.

US1-16.1: The students are able to identify positive social behaviors for using
technology.

US1-16.2: The students are able to identify negative social behaviors for using
technology.

US1-16.3: The students are able to identify positive ethical behaviors for using
technology.
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US1-16.4: The students are able to identify negative ethical behaviors for using
technology.

US1-17.0: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for individual and collaborative writ-
ing, communication and publishing activities.

US1-17.1: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for individual writing activities.
US1-17.2: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for individual communication activ-
ities.

US1-17.3: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for individual publishing activities.
US1-17.4: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for collaborative writing activities.
US1-17.5: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for collaborative communication ac-
tivities.

US1-17.6: The students are able to use productivity technology tools (e.g., word
processing, spreadsheet, presentation software) for collaborative publishing activi-
ties.

US1-18.0: The students are able to use online resources (e.g., email, online dis-
cussions, collaborative web environments) to participate in collaborative problem-
solving activities for the purpose of developing solutions or products.

US1-18.1: The students are able to use online resources (e.g., email, online dis-
cussions, collaborative web environments) to participate in collaborative problem-
solving activities for the purpose of developing solutions.

US1-18.2: The students are able to use online resources (e.g., email, online dis-
cussions, collaborative web environments) to participate in collaborative problem-
solving activities for the purpose of developing products.

US1-19.0: The students are able to identify ways that teamwork and collaboration
can support problem solving and innovation.

US1-19.1: The students are able to identify ways that teamwork can support prob-
lem solving.

US1-19.2: The students are able to identify ways that teamwork can support in-
novation.

US1-19.3: The students are able to identify ways that collaboration can support
problem solving.

US1-19.4: The students are able to identify ways that collaboration can support
innovation.

US1-20.0: The students are able to understand and use the basic steps in algo-
rithmic problem-solving (e.g., problem statement and exploration, examination of
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sample instances, design, implementation and testing).

US1-20.1: The students are able to understand the basic steps in algorithmic
problem-solving (e.g., problem statement and exploration, examination of sample
instances, design, implementation and testing).

US1-20.2: The students are able to use the basic steps in algorithmic problem-
solving (e.g., problem statement and exploration, examination of sample instances,
design, implementation and testing).

US1-21.0: The students are able to develop a simple understanding of an algorithm
(e.g., search, sequence of events, or sorting) using computer-free exercises.
US1-22.0: The students are able to demonstrate how a string of bits can be used
to represent alphanumeric information.

US1-23.0: The students are able to describe how a simulation can be used to solve
a problem.

US1-24.0: The students are able to make a list of sub-problems to consider while
addressing a larger problem.

US1-25.0: The students are able to understand the connections between computer
science and other fields.

US1-26.0: The students are able to use technology resources (e.g., calculators,
data collection probes, mobile devices, videos, educational software and web tools)
for problem-solving and self-directed learning.

US1-26.1: The students are able to use technology resources (e.g., calculators,
data collection probes, mobile devices, videos, educational software and web tools)
for problem-solving.

US1-26.2: The students are able to use technology resources (e.g., calculators,
data collection probes, mobile devices, videos, educational software and web tools)
for self-directed learning.

US1-27.0: The students are able to use general-purpose productivity tools and
peripherals to support personal productivity, remediate skill deficits, and facilitate
learning.

US1-27.1: The students are able to use general-purpose productivity tools and
peripherals to support personal productivity.

US1-27.2: The students are able to use general-purpose productivity tools and
peripherals to remediate skill deficits.

US1-27.3: The students are able to use general-purpose productivity tools and
peripherals to facilitate learning.

US1-28.0: The students are able to gather and manipulate data using a variety of
digital tools.

US1-28.1: The students are able to gather data using a variety of digital tools.
US1-28.2: The students are able to manipulate data using a variety of digital tools.
US1-29.0: The students are able to construct a program as a set of step-by-step
instructions to be acted out (e.g., make a peanut butter and jelly sandwich activ-
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ity).

US1-30.0: The students are able to implement problem solutions using a block
based visual programming language.

US1-31.0: The students are able to use computing devices to access remote infor-
mation, communicate with others in support of direct and independent learning and
pursue personal interests.

US1-31.1: The students are able to use computing devices to access remote infor-
mation.

US1-31.2: The students are able to use computing devices to communicate with
others in support of direct learning.

US1-31.3: The students are able to use computing devices to communicate with
others in support of independent learning.

US1-31.4: The students are able to use computing devices to pursue personal in-
terests.

US1-32.0: The students are able to navigate between webpages using hyperlinks
and conduct simple searches using search engines.

US1-32.1: The students are able to navigate between webpages using hyperlinks.
US1-32.2: The students are able to conduct simple searches using search engines.
US1-33.0: The students are able to identify a wide range of jobs that require knowl-
edge or use of computing.

US1-33.1: The students are able to identify a wide range of jobs that require knowl-
edge of computing.

US1-33.2: The students are able to identify a wide range of jobs that require use
of computing.

US1-34.0: The students are able to demonstrate an appropriate level of proficiency
with keyboards and other input and output devices.

US1-34.1: The students are able to demonstrate an appropriate level of proficiency
with keyboards.

US1-34.2: The students are able to demonstrate an appropriate level of proficiency
with input and output devices.

US1-35.0: The students are able to understand the pervasiveness of computers
and computing in daily life (e.g., voicemail, downloading videos and audio files,
microwave ovens, thermostats, wireless Internet, mobile computing devices, GPS
systems).

US1-35.1: The students are able to understand the pervasiveness of computers in
daily life.

US1-35.2: The students are able to understand the pervasiveness of computing in
daily life.

US1-36.0: The students are able to apply strategies for identifying simple hardware
and software problems that may occur during use.

US1-36.1: The students are able to apply strategies for identifying simple hardware
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problems that may occur during use.

US1-36.2: The students are able to apply strategies for identifying simple software
problems that may occur during use.

US1-37.0: The students are able to identify that information is coming to the com-
puter from many sources over a network.

US1-38.0: The students are able to identify factors that distinguish humans from
machines.

US1-39.0: The students are able to recognize that computers model intelligent
behavior (as found in robotics, speech and language recognition, and computer an-
imation).

US1-40.0: The students are able to discuss basic issues related to responsible use
of technology and information, and the consequences of inappropriate use.
US1-40.1: The students are able to discuss basic issues related to responsible use
of technology.

US1-40.2: The students are able to discuss basic issues related to responsible use
of information.

US1-40.3: The students are able to discuss basic issues related to the consequences
of inappropriate use of technology and information.

US1-41.0: The students are able to identify the impact of technology (e.g., social
networking, cyber bullying, mobile computing and communication, web technolo-
gies, cyber security and virtualization) on personal life and society.

US1-41.1: The students are able to identify the impact of technology on personal
life.

US1-41.2: The students are able to identify the impact of technology society.
US1-42.0: The students are able to evaluate the accuracy, relevance, appropriate-
ness, comprehensiveness, and biases that occur in electronic information sources.
US1-42.1: The students are able to evaluate the accuracy that occur in electronic
information sources.

US1-42.2: The students are able to evaluate the relevance that occur in electronic
information sources.

US1-42.3: The students are able to evaluate the appropriateness that occur in
electronic information sources.

US1-42.4: The students are able to evaluate the comprehensiveness that occur in
electronic information sources.

US1-42.5: The students are able to evaluate biases that occur in electronic infor-
mation sources.

US1-43.0: The students are able to understand ethical issues that relate to comput-
ers and networks (e.g., equity of access, security, privacy, copyright and intellectual
property).

US1-43.1: The students are able to understand ethical issues that relate to com-
puters.
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US1-43.2: The students are able to understand ethical issues that relate to net-
works.

A.7 US2: CSTA K-12 Computer Science Standards 2017 [CST17]

US2-1.0: The students are able to select and operate appropriate software to per-
form a variety of tasks, and recognize that users have different needs and preferences
for the technology they use.

US2-1.1: The students are able to operate appropriate software to perform a vari-
ety of tasks.

US2-1.2: The students are able to select appropriate software to perform a variety
of tasks.

US2-1.3: The students are able to recognize that users have different needs for the
technology they use.

US2-1.4: The students are able to recognize that users have different preferences
for the technology they use.

US2-2.0: The students are able to use appropriate terminology in identifying and
describing the function of common physical components of computing systems (hard-
ware).

US2-2.1: The students are able to use appropriate terminology in identifying the
function of common physical components of computing systems (hardware).
US2-2.2: The students are able to use appropriate terminology in describing the
function of common physical components of computing systems (hardware).
US2-3.0: The students are able to describe basic hardware and software problems
using accurate terminology.

US2-3.1: The students are able to describe basic hardware problems using accurate
terminology.

US2-3.2: The students are able to describe basic software problems using accurate
terminology.

US2-4.0: The students are able to explain what passwords are and why we use
them, and use strong passwords to protect devices and information from unautho-
rized access.

US2-4.1: The students are able to explain what passwords are.

US2-4.2: The students are able to explain why we use passwords.

US2-4.3: The students are able to use strong passwords to protect devices from
unauthorized access.

US2-4.4: The students are able to use strong passwords to protect information
from unauthorized access.

US2-5.0: The students are able to store, copy, search, retrieve, modify, and delete
information using a computing device and define the information stored as data.
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US2-5.1: The students are able to store information using a computing device.
US2-5.2: The students are able to copy information using a computing device.
US2-5.3: The students are able to search information using a computing device.
US2-5.4: The students are able to retrieve information using a computing device.
US2-5.5: The students are able to modify information using a computing device.
US2-5.6: The students are able to delete information using a computing device.
US2-5.7: The students are able to define the information stored as data.
US2-6.0: The students are able to collect and present the same data in various
visual formats.

US2-6.1: The students are able to collect the same data in various visual formats.
US2-6.2: The students are able to present the same data in various visual formats.
US2-7.0: The students are able to identify and describe patterns in data visualiza-
tions, such as charts or graphs, to make predictions.

US2-7.1: The students are able to identify patterns in data visualizations, such as
charts or graphs, to make predictions.

US2-7.2: The students are able to describe patterns in data visualizations, such as
charts or graphs, to make predictions.

US2-8.0: The students are able to model daily processes by creating and following
algorithms (sets of step-by-step instructions) to complete tasks.

US2-8.1: The students are able to model daily processes by following algorithms
(sets of step-by-step instructions) to complete tasks.

US2-8.2: The students are able to model daily processes by creating algorithms
(sets of step-by-step instructions) to complete tasks.

US2-9.0: The students are able to model the way programs store and manipulate
data by using numbers or other symbols to represent information.

US2-9.1: The students are able to model the way programs store data by using
numbers.

US2-9.2: The students are able to model the way programs manipulate data by
using numbers.

US2-9.3: The students are able to model the way programs store data by using
symbols to represent information.

US2-9.4: The students are able to model the way programs manipulate data by
using symbols to represent information.

US2-10.0: The students are able to develop programs with sequences and simple
loops, to express ideas or address a problem.

US2-10.1: The students are able to develop programs with sequences, to express
ideas.

US2-10.2: The students are able to develop programs with sequences, to address
a problem.

US2-10.3: The students are able to develop programs with simple loops, to express
ideas.
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US2-10.4: The students are able to develop programs with simple loops, to address
a problem.

US2-11.0: The students are able to decompose (break down) the steps needed to
solve a problem into a precise sequence of instructions.

US2-12.0: The students are able to develop plans that describe a program’s se-
quence of events, goals, and expected outcomes.

US2-12.1: The students are able to develop plans that describe a program’s se-
quence of events.

US2-12.2: The students are able to develop plans that describe a program’s goals.
US2-12.3: The students are able to develop plans that describe a program’s ex-
pected outcomes.

US2-13.0: The students are able to give attribution when using the ideas and cre-
ations of others while developing programs.

US2-13.1: The students are able to give attribution when using the ideas of others
while developing programs.

US2-13.2: The students are able to give attribution when using the creations of
others while developing programs.

US2-14.0: The students are able to debug (identify and fix) errors in an algorithm
or program that includes sequences and simple loops.

US2-14.1: The students are able to identify errors in an algorithm that includes
sequences.

US2-14.2: The students are able to fix errors in an algorithm that includes se-
quences.

US2-14.3: The students are able to identify errors in an algorithm that includes
simple loops.

US2-14.4: The students are able to fix errors in an algorithm that includes simple
loops.

US2-14.5: The students are able to identify errors in a program that includes se-
quences.

US2-14.6: The students are able to fix errors in a program that includes sequences.
US2-14.7: The students are able to identify errors in a program that includes sim-
ple loops.

US2-14.8: The students are able to fix errors in a program that includes simple
loops.

US2-15.0: The students are able to using correct terminology, describe steps taken
and choices made during the iterative process of program development.

US2-15.1: The students are able to using correct terminology, describe steps taken
during the iterative process of program development.

US2-15.2: The students are able to using correct terminology, describe choices
made during the iterative process of program development.

US2-16.0: The students are able to compare how people live and work before and
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after the implementation or adoption of new computing technology.

US2-16.1: The students are able to compare how people live before and after the
implementation or adoption of new computing technology.

US2-16.2: The students are able to compare how people work before and after the
implementation or adoption of new computing technology.

US2-17.0: The students are able to work respectfully and responsibly with others
online.

US2-17.1: The students are able to work respectfully with others online.
US2-17.2: The students are able to work responsibly with others online.
US2-18.0: The students are able to keep login information private, and log off of
devices appropriately.

US2-18.1: The students are able to keep login information private.

US2-18.2: The students are able to log off of devices appropriately.

US2-19.0: The students are able to describe how internal and external parts of
computing devices function to form a system.

US2-20.0: The students are able to model how computer hardware and software
work together as a system to accomplish tasks.

US2-21.0: The students are able to determine potential solutions to solve simple
hardware and software problems using common troubleshooting strategies.
US2-21.1: The students are able to determine potential solutions to solve simple
hardware problems using common troubleshooting strategies.

US2-21.2: The students are able to determine potential solutions to solve simple
software problems using common troubleshooting strategies.

US2-22.0: The students are able to model how information is broken down into
smaller pieces, transmitted as packets through multiple devices over networks and
the Internet, and reassembled at the destination.

US2-22.1: The students are able to model how information is broken down into
smaller pieces.

US2-22.2: The students are able to model how information is transmitted as pack-
ets through multiple devices over networks.

US2-22.3: The students are able to model how information is transmitted as pack-
ets through multiple devices over the Internet.

US2-22.4: The students are able to model how information is reassembled at the
destination.

US2-23.0: The students are able to discuss real-world cybersecurity problems and
how personal information can be protected.

US2-23.1: The students are able to discuss real-world cybersecurity problems.
US2-23.2: The students are able to discuss how personal information can be pro-
tected.

US2-24.0: The students are able to organize and present collected data visually to
highlight relationships and support a claim.
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US2-24.1: The students are able to organize collected data visually to highlight
relationships.

US2-24.2: The students are able to present collected data visually to highlight
relationships.

US2-24.3: The students are able to organize collected data visually to support a
claim.

US2-24.4: The students are able to present collected data visually to support a
claim.

US2-25.0: The students are able to use data to highlight or propose cause-and-
effect relationships, predict outcomes, or communicate an idea.

US2-25.1: The students are able to use data to highlight cause-and-effect relation-
ships.

US2-25.2: The students are able to use data to propose cause-and-effect relation-
ships.

US2-25.3: The students are able to use data to predict outcomes.

US2-25.4: The students are able to use data to communicate an idea.

US2-26.0: The students are able to compare and refine multiple algorithms for the
same task and determine which is the most appropriate.

US2-26.1: The students are able to compare multiple algorithms for the same task.
US2-26.2: The students are able to refine multiple algorithms for the same task.
US2-26.3: The students are able to determine which algorithm for the same task
is the most appropriate.

US2-27.0: The students are able to create programs that use variables to store and
modify data.

US2-27.1: The students are able to create programs that use variables to store
data.

US2-27.2: The students are able to create programs that use variables to modify
data.

US2-28.0: The students are able to create programs that include sequences, events,
loops, and conditionals.

US2-28.1: The students are able to create programs that include sequences.
US2-28.2: The students are able to create programs that include events.
US2-28.3: The students are able to create programs that include loops.
US2-28.4: The students are able to create programs that include conditionals.
US2-29.0: The students are able to decompose (break down) problems into smaller,
manageable subproblems to facilitate the program development process.
US2-30.0: The students are able to modify, remix, or incorporate portions of an
existing program into one’s own work, to develop something new or add more ad-
vanced features.

US2-30.1: The students are able to modify portions of an existing program, to
develop something new.
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US2-30.2: The students are able to remix portions of an existing program, to de-
velop something new.

US2-30.3: The students are able to incorporate portions of an existing program
into one’s own work, to develop something new.

US2-30.4: The students are able to modify portions of an existing program, to add
more advanced features.

US2-30.5: The students are able to remix portions of an existing program, to add
more advanced features.

US2-30.6: The students are able to incorporate portions of an existing program
into one’s own work, to add more advanced features.

US2-31.0: The students are able to use an iterative process to plan the development
of a program by including others’ perspectives and considering user preferences.
US2-31.1: The students are able to use an iterative process to plan the develop-
ment of a program by including others’ perspectives.

US2-31.2: The students are able to use an iterative process to plan the develop-
ment of a program by considering user preferences.

US2-32.0: The students are able to observe intellectual property rights and give
appropriate attribution when creating or remixing programs.

US2-32.1: The students are able to observe intellectual property rights.
US2-32.2: The students are able to give appropriate attribution when creating
programs.

US2-32.3: The students are able to give appropriate attribution when remixing
programs.

US2-33.0: The students are able to test and debug (identify and fix errors) a pro-
gram or algorithm to ensure it runs as intended.

US2-33.1: The students are able to test an algorithm to ensure it runs as intended.
US2-33.2: The students are able to debug (identify and fix errors) an algorithm to
ensure it runs as intended.

US2-33.3: The students are able to test a program to ensure it runs as intended.
US2-33.4: The students are able to debug (identify and fix errors) a program to
ensure it runs as intended.

US2-34.0: The students are able to take on varying roles, with teacher guidance,
when collaborating with peers during the design, implementation, and review stages
of program development.

US2-34.1: The students are able to take on varying roles, with teacher guidance,
when collaborating with peers during the design stage of program development.
US2-34.2: The students are able to take on varying roles, with teacher guidance,
when collaborating with peers during the implementation stage of program devel-
opment.

US2-34.3: The students are able to take on varying roles, with teacher guidance,
when collaborating with peers during the review stage of program development.
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US2-35.0: The students are able to describe choices made during program devel-
opment using code comments, presentations, and demonstrations

US2-35.1: The students are able to describe choices made during program devel-
opment using code comments.

US2-35.2: The students are able to describe choices made during program devel-
opment using presentations.

US2-35.3: The students are able to describe choices made during program devel-
opment using demonstrations.

US2-36.0: The students are able to discuss computing technologies that have
changed the world, and express how those technologies influence, and are influ-
enced by, cultural practices.

US2-36.1: The students are able to discuss computing technologies that have
changed the world.

US2-36.2: The students are able to express how computing technologies influence
cultural practices.

US2-36.3: The students are able to express how computing technologies are influ-
enced by cultural practices.

US2-37.0: The students are able to brainstorm ways to improve the accessibility
and usability of technology products for the diverse needs and wants of users.
US2-37.1: The students are able to brainstorm ways to improve the accessibility
of technology products for the diverse needs and wants of users.

US2-37.2: The students are able to brainstorm ways to improve the usability of
technology products for the diverse needs and wants of users.

US2-38.0: The students are able to seek diverse perspectives for the purpose of
improving computational artifacts.

US2-39.0: The students are able to use public domain or creative commons media,
and refrain from copying or using material created by others without permission.
US2-39.1: The students are able to use public domain or creative commons media.
US2-39.2: The students are able to refrain from copying or using material created
by others without permission.
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B.1 Data Representation
INT-001-DR:
1. AU-4.2: The students are able to display collected data to convey meaning.

2. CH-27.0: The students are able to use different forms of data representation
(e.g. symbols, tables, graphs).

3. DE-22.0: The students are able to present information in different forms of
representation (text, image, audio, video).

INT-002-DR:
1. GB-12.10: The students are able to present data.

2. US2-6.2: The students are able to present the same data in various visual
formats.

INT-003-DR:
1. AU-9.4: The students are able to recognise patterns in data.

2. US2-7.1: The students are able to identify patterns in data visualizations,
such as charts or graphs, to make predictions.

INT-004-DR:
1. DE-5.1: The students are able to encode data into a binary representation.

2. US1-7.0: The students are able to demonstrate how 0Os and 1s can be used
to represent information.

INT-005-DR:

1. AU-30.0: The students are able to explain how digital systems use whole
numbers as a basis for representing a variety of data types.
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2. US1-22.0: The students are able to demonstrate how a string of bits can be
used to represent alphanumeric information.

INT-006-DR:

1. CH-28.0: The students are able to encrypt data using codes they have de-
veloped themselves.

2. DE-23.3: The students are able to develop agreements to encrypt data.

B.2 Digital Applications

INT-001-DA:

1. AU-11.0: The students are able to (with guidance) produce designed solu-
tions for each of the prescribed technologies contexts.

2. US1-10.1: The students are able to create developmentally appropriate mul-
timedia products with support from teachers.

3. US1-10.2: The students are able to create developmentally appropriate mul-
timedia products with support from family members.

4. US1-10.3: The students are able to create developmentally appropriate mul-
timedia products with support from student partners.

INT-002-DA:
1. AT-30.1: The students are able to enter texts.
2. AT-30.2: The students are able to format texts.

3. US1-17.1: The students are able to use productivity technology tools (e.g.,
word processing, spreadsheet, presentation software) for individual writing
activities.

INT-003-DA:
1. AU-5.1: The students are able to create ideas using information systems.

2. AU-5.2: The students are able to create information using information sys-
tems.

3. CH-T7.1: The students are able to create simple picture documents.

4. CH-7.2: The students are able to create simple text documents.
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5.

6.

CH-7.3: The students are able to create simple sound documents.

GB-4.4: The students are able to use technology purposefully to create digital
content.

INT-004-DA:

1.

2.

3.

AT-33.2: The students are able to present their works by using media.
CH-20.2: The students are able to use media to present their work.

US1-17.3: The students are able to use productivity technology tools (e.g.,
word processing, spreadsheet, presentation software) for individual publishing
activities.

INT-005-DA:

1.

AT-8.1: The students respect the copyright (music, film, pictures, texts, soft-
ware).

. AT-8.3: The students respect particular the right to one’s own image.

CH-22.1: The students are able to reuse media content.

US2-39.1: The students are able to use public domain or creative commons
media.

INT-006-DA:

1.

CH-22.2: The students are able to integrate media content into their own
productions, stating the source.

. US2-39.2: The students are able to refrain from copying or using material

created by others without permission.

INT-007-DA:

. AT-29.1: The students know that digital devices can be used differently.

GB-12.15: The students are able to select a variety of software (including
internet services) on a range of digital devices.

US2-1.2: The students are able to select appropriate software to perform a
variety of tasks.

INT-008-DA:
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1. AT-29.2: The students are able to use digital devices in everyday life.

2. GB-12.16: The students are able to use a variety of software (including
internet services) on a range of digital devices.

3. US2-1.1: The students are able to operate appropriate software to perform a
variety of tasks.

INT-009-DA:

1. AU-4.1: The students are able to collect familiar data.

2. CH-5.2: The students are able to obtain information on a specific topic.
INT-010-DA:

1. CH-42.0: The students are able to understand the basic functionality of
search engines.

2. GB-11.1: The students are able to explain how search results are selected.

3. GB-11.2: The students are able to explain how search results are ranked.
INT-011-DA:

1. AT-26.1: The students are able to use networks to search information.

2. AU-9.1: The students are able to collect familiar data from a range of sources.

3. GB-4.1: The students are able to use technology purposefully to retrieve
digital content.

4. US2-5.3: The students are able to search information using a computing
device.

INT-012-DA:
1. AT-40.2: The students are able to use search engines for children.

2. US1-8.0: The students are able to use technology resources to conduct age-
appropriate research.

INT-013-DA:
1. AT-19.1: The students are able to use digital devices to learn.

2. AT-19.2: The students are able to use the Internet to learn.
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3. US1-9.0: The students are able to use developmentally appropriate multi-
media resources (e.g., interactive books and educational software) to support
learning across the curriculum.

INT-014-DA:
1. AT-46.1: The students are able to collect data.

2. AU-18.1: The students are able to collect different data when creating infor-
mation and digital solutions.

3. DE-34.1: The students are able to save data.
4. GB-12.7: The students are able to collect data.

5. US1-28.1: The students are able to gather data using a variety of digital
tools.

INT-015-DA:

1. AU-38.1: The students are able to collect data from a range of sources to
assist in making judgments.

2. CH-19.1: The students are able to obtain from various sources.

INT-016-DA:

1. AU-38.2: The students are able to validate data from a range of sources to
assist in making judgments.

2. CH-19.3: The students are able to assess the quality of information from
various sources.

3. US1-42.1: The students are able to evaluate the accuracy that occur in elec-
tronic information sources.

INT-017-DA:

1. CH-19.4: The students are able to assess the usefulness of information from
various sources.

2. US1-42.2: The students are able to evaluate the relevance that occur in
electronic information sources.

INT-018-DA:
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1. CH-9.0: The students are able to sort things according to their own chosen
properties so that they can find an object with a certain property more quickly
(e.g. colour, shape, size).
2. US1-5.1: The students are able to understand how to arrange (sort) infor-
mation.
3. US1-5.2: The students are able to understand useful order, such as sorting
students by birth date.
INT-019-DA:
1. AT-46.2: The students are able to store data.
2. GB-4.2: The students are able to use technology purposefully to store digital
content.
3. US2-5.1: The students are able to store information using a computing device.
INT-020-DA:
1. AU-5.3: The students are able to organise ideas using information systems.
2. AU-5.4: The students are able to organise information using information
systems.
3. DE-34.2: The students are able to retrieve data.
4. GB-4.3: The students are able to use technology purposefully to organise
digital content.
5. US2-5.2: The students are able to copy information using a computing device.
6. US2-5.4: The students are able to retrieve information using a computing
device.
7. US2-5.6: The students are able to delete information using a computing
device.
INT-021-DA:
1. AT-46.3: The students are able to modify data.
2. GB-4.5: The students are able to use technology purposefully to manipulate

digital content.
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3. US2-5.5: The students are able to modify information using a computing
device.

INT-022-DA:

1. AU-18.2: The students are able to manipulate different data when creating
information and digital solutions.

2. US1-28.2: The students are able to manipulate data using a variety of digital

tools.

B.3 Digital Infrastructure
INT-001-DI:

1. AT-20.1: The students are able to start a computer.

2. CH-11.1: The students are able to switch devices on.
INT-002-DI:

1. AT-20.2: The students are able to shut down a computer.

2. CH-11.2: The students are able to switch devices off.
INT-003-DI:

1. AT-22.1: The students are able to start programs.

2. CH-11.3: The students are able to start programs.
INT-004-DI:

1. AT-22.2: The students are able to use programs.

2. CH-11.4: The students are able to operate programs.
INT-005-DI:

1. CH-14.0: The students are able to work with basic elements of the user
interface (windows, menu, several opened programs).

2. DE-15.0: The students are able to interact purposefully with information
technology systems.

INT-006-DI:
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1. AT-21.1: The students are able to properly log in.

2. CH-12.2: The students are able to log in to a learning environment with their
own login.

INT-007-DI:

1. AT-23.1: The students are able to save files in a folder system.

2. CH-13.1: The students are able to file documents independently.
INT-008-DI:

1. AT-23.2: The students are able to retrieve files in a folder system.

2. CH-13.2: The students are able to retrieve documents independently.
INT-009-DI:

1. DE-13.0: The students are able to name the components of computer systems
using the technical language of computer science.

2. US2-2.2: The students are able to use appropriate terminology in describing
the function of common physical components of computing systems (hard-
ware).

INT-010-DI:

1. AU-14.0: The students are able to describe how a range of digital systems
(hardware and software) and their peripheral devices can be used for different
purposes.

2. US2-19.0: The students are able to describe how internal and external parts
of computing devices function to form a system.

INT-011-DI:

1. AU-29.1: The students are able to explain the fundamentals of digital system
components (hardware, software and networks).

2. DE-33.2: The students are able to provide basic, general descriptions of the
working methods of computer systems (IPO model).

3. US2-20.0: The students are able to model how computer hardware and soft-
ware work together as a system to accomplish tasks.

INT-012-DI:
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1. AT-18.1: The students are able to name storage media.

2. CH-39.1: The students know different types of memory (e.g. hard disks, flash
memory, main memory).

INT-013-DI:

1. CH-40.1: The students are able to apply solution strategies to problems with
devices.

2. US2-21.1: The students are able to determine potential solutions to solve
simple hardware problems using common troubleshooting strategies.

INT-014-DI:

1. CH-40.2: The students are able to apply solution strategies to problems with
programs.

2. US2-21.2: The students are able to determine potential solutions to solve
simple software problems using common troubleshooting strategies.

INT-015-DI:

1. CH-41.1: The students are able to explain how data can be lost.

2. DE-16.1: The students are able to name strategies to prevent data loss.
INT-016-DI:

1. CH-41.2: The students know the most important measures to protect them-
selves against data loss.

2. DE-16.2: The students are able to describe strategies to prevent data loss.
INT-017-DI:

1. AU-29.2: The students are able to explain how digital systems are connected
to form networks.

2. DE-37.1: The students are able to list the basic components of the Internet.

3. GB-10.1: The students are able to explain how computer networks work,
including the internet.

INT-018-DI:

1. DE-37.2: The students are able to describe how data is transferred on the
Internet using fixed arrangements (protocols).
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2. GB-10.2: The students are able to explain how computer networks can pro-
vide multiple services such as the World Wide Web.

INT-019-DI:

1. CH-43.1: The students are able to distinguish between local devices, local
networks and the Internet as storage locations for private data.

2. DE-35.0: The students are able to distinguish between local and global data

storage.

B.4 Human Factors and Ethics
INT-001-HF:
1. AT-17.1: The students are able to name digital devices of everyday life.

2. DE-38.1: The students are able to name the use of digital tools in school and
their free time.

INT-002-HF:

1. AT-3.2: The students are able to talk about their use of digital media with
their parents and teachers.

2. CH-1.4: The students are able to talk about their use of media.
INT-003-HF:

1. US1-41.1: The students are able to identify the impact of technology on
personal life.

2. US2-16.1: The students are able to compare how people live before and after
the implementation or adoption of new computing technology.

INT-004-HF":
1. US1-41.2: The students are able to identify the impact of technology society.

2. US2-16.2: The students are able to compare how people work before and
after the implementation or adoption of new computing technology.

INT-005-HF:

1. AT-43.0: The students are able to pay attention to manners on the Internet.
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. AU-19.1: The students are able to safely use information systems for identi-

fied needs using agreed protocols.

DE-19.1: The students are able to follow rules in dealing with computer
systems.

INT-006-HF:

1.

AT-17.2: The students are able to use digital devices of daily life responsibly.

2. US1-15.2: The students are able to practice responsible digital citizenship

(legal and ethical behaviors) in the use of software.

INT-007-HF:

1.

GB-13.2: The students are able to discuss the difference between acceptable
and unacceptable behaviour online.

2. US1-40.2: The students are able to discuss basic issues related to responsible
use of information.
INT-008-HF:
1. AT-16.0: The students are familiar with the historical development of com-
munication technology in broad outlines.
2. US1-25.0: The students are able to understand the connections between
computer science and other fields.
3. US2-36.1: The students are able to discuss computing technologies that have
changed the world.
INT-009-HF:
1. AT-27.0: The students are able to use networks to communicate.
2. AU-13.3: The students are able to safely communicate ideas and information
online.
3. CH-8.0: The students are able to use the media to maintain existing contacts
and exchange information (e.g. telephone, letter).
4. US1-1.6: The students are able to communicate electronically with others

with support student partners.

INT-010-HF:
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1. CH-25.1: The students are able to use the media to work together.

2. US1-2.6: The students are able to work cooperatively and collaboratively
with others using technology.

INT-011-HF:
1. AT-44.0: The students are able to use digital tools to collaborate.

2. AU-5.5: The students are able to share ideas and information with known
people in safe online environments.

3. CH-25.2: The students are able to use the media to exchange opinions.

4. US1-17.6: The students are able to use productivity technology tools (e.g.,
word processing, spreadsheet, presentation software) for collaborative publish-
ing activities.

INT-012-HF:
1. AU-28.1: The students are able to use agreed protocols when collaborating.
2. CH-25.3: The students are able to follow the safety rules when using media.
3. US2-17.1: The students are able to work respectfully with others online.
INT-013-HF:

1. AU-28.5: The students are able to use agreed protocols when communicating
ideas, information and solutions online.

2. US2-17.2: The students are able to work responsibly with others online.
INT-014-HF:

1. DE-18.0: The students are able to name ways to protect data from unwanted
access.

2. US2-4.2: The students are able to explain why we use passwords.
INT-015-HF:

1. CH-21.0: The students are able to include the security rules for handling per-
sonal data in their media content (e.g. personal details, password, nickname).

2. GB-6.1: The students are able to explain how to keep personal information
private.
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3. US2-18.1: The students are able to keep login information private.
INT-016-HF:

1. AT-9.1: The students are aware of the risks associated with the use of infor-
mation technologies.

2. GB-6.2: The students are able to explain how to use technology safely.
3. US2-18.2: The students are able to log off of devices appropriately.
INT-017-HF:

1. AT-9.2: The students know how they should behave in a given case concerning
the risks associated with the use of information technologies.

2. GB-6.4: The students are able to explain where to go for help and support
when pupils have concerns about content.

INT-018-HF:

1. AT-10.2: The students are able to get help concerning the dangers of dealing
with people they only know from the Internet.

2. GB-6.5: The students are able to explain where to go for help and support
when pupils have concerns about contact.

INT-019-HF:

1. AT-12.3: The students are aware that there are dangers such as malware,
especially when using the Internet.

2. US2-23.1: The students are able to discuss real-world cybersecurity problems.
INT-020-HF:
1. AU-7.2: The students are able to identify how digital systems are used.

2. US2-1.3: The students are able to recognize that users have different needs
for the technology they use.
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B.5 Programming and Algorithms
INT-001-PA:
1. AT-47.1: The students are able to understand simple instructions.

2. CH-10.1: The students are able to recognise formal instructions (e.g. cooking
and baking recipes, play and craft instructions, dance choreographies).

INT-002-PA:
1. AT-47.2: The students are able to execute simple instructions.

2. CH-10.2: The students are able to follow formal instructions (e.g. cooking
and baking recipes, play and craft instructions, dance choreographies).

INT-003-PA:

1. AU-3.1: The students are able to design solutions to simple problems using
a sequence of steps.

2. GB-7.6: The students are able to solve problems by decomposing them into
smaller parts.

INT-004-PA:

1. US1-24.0: The students are able to make a list of sub-problems to consider
while addressing a larger problem.

2. US2-11.0: The students are able to decompose (break down) the steps needed
to solve a problem into a precise sequence of instructions.

INT-005-PA:

1. AU-10.0: The students are able to record design ideas using techniques in-
cluding labelled drawings, lists and sequenced instructions.

2. US1-4.1: The students are able to use writing tools to illustrate thoughts in
a step-by-step manner.

3. US1-4.2: The students are able to use digital cameras to illustrate thoughts
in a step-by-step manner.

4. US1-4.3: The students are able to use drawing tools to illustrate thoughts in
a step-by-step manner.
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5. US1-4.4: The students are able to use writing tools to illustrate ideas in a
step-by-step manner.

6. US1-4.5: The students are able to use digital cameras to illustrate ideas in a
step-by-step manner.

7. US1-4.6: The students are able to use drawing tools to illustrate ideas in a
step-by-step manner.

8. US1-4.7: The students are able to use writing tools to illustrate stories in a
step-by-step manner.

9. US1-4.8: The students are able to use digital cameras to illustrate stories in
a step-by-step manner.

10. US1-4.9: The students are able to use drawing tools to illustrate stories in a
step-by-step manner.
INT-006-PA:

1. GB-1.1: The students are able to explain what an algorithm is.

2. US1-21.0: The students are able to develop a simple understanding of an
algorithm (e.g., search, sequence of events, or sorting) using computer-free
exercises.

INT-007-PA:

1. AU-16.2: The students are able to design digital solutions using algorithms
that involve decision-making.

2. DE-25.4: The students are able to design algorithms with the basic algorith-
mic block branching.

INT-008-PA:

1. GB-9.2: The students are able to use logical reasoning to detect errors in
algorithms.

2. US2-14.1: The students are able to identify errors in an algorithm that in-
cludes sequences.

3. US2-14.3: The students are able to identify errors in an algorithm that in-

cludes simple loops.

INT-009-PA:
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1. GB-9.3: The students are able to use logical reasoning to correct errors in
algorithms.

2. US2-14.2: The students are able to fix errors in an algorithm that includes
sequences.

3. US2-14.4: The students are able to fix errors in an algorithm that includes
simple loops.

INT-010-PA:

1. DE-27.0: The students are able to compare algorithms using technical lan-
guage.

2. US2-26.1: The students are able to compare multiple algorithms for the same
task.

INT-011-PA:

1. CH-36.2: The students are able to understand that a program is a sequence
of predefined instructions.

2. GB-1.3: The students are able to explain how programs execute by following
precise and unambiguous instructions.

INT-012-PA:

1. AU-25.0: The students are able to plan a sequence of steps (algorithms) to
create solutions, including visual programs.

2. GB-8.1: The students are able to use sequence in programs.

3. US2-10.1: The students are able to develop programs with sequences, to
express ideas.

4. US2-10.2: The students are able to develop programs with sequences, to
address a problem.

INT-013-PA:
1. CH-37.1: The students are able to write programs with loops.
2. GB-8.3: The students are able to use repetition in programs.

3. US2-10.3: The students are able to develop programs with simple loops, to
express ideas.
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4. US2-10.4: The students are able to develop programs with simple loops, to
address a problem.

INT-014-PA:

1. AU-16.3: The students are able to implement digital solutions using algo-
rithms that involve decision-making.

2. CH-37.3: The students are able to write programs with conditional Instruc-
tions.

3. GB-8.2: The students are able to use selection in programs.
4. US2-28.4: The students are able to create programs that include conditionals.
INT-015-PA:

1. AU-16.5: The students are able to implement digital solutions using algo-
rithms that involve user input.

2. GB-8.5: The students are able to work with various forms of input.

3. US2-28.2: The students are able to create programs that include events.
INT-016-PA:

1. GB-8.4: The students are able to work with variables.

2. US2-27.1: The students are able to create programs that use variables to
store data.

3. US2-27.2: The students are able to create programs that use variables to
modify data.

INT-017-PA:

1. GB-9.4: The students are able to use logical reasoning to detect errors in
programs.

2. US2-14.5: The students are able to identify errors in a program that includes
sequences.

3. US2-14.7: The students are able to identify errors in a program that includes
simple loops.

INT-018-PA:
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1. GB-9.5: The students are able to use logical reasoning to correct errors in
programs.

2. US2-14.6: The students are able to fix errors in a program that includes
sequences.

3. US2-14.8: The students are able to fix errors in a program that includes
simple loops.

INT-019-PA:
1. CH-37.2: The students are able to test programs with loops.

2. CH-37.4: The students are able to test programs with conditional Instruc-
tions.

3. CH-37.6: The students are able to test programs with Parameters.

4. US2-33.3: The students are able to test a program to ensure it runs as
intended.

INT-020-PA:

1. AU-40.2: The students are able to design digital solutions that meet intended
purposes including user interfaces and a visual program.

2. GB-7.1: The students are able to design programs that accomplish specific
goals.

INT-021-PA:
1. DE-28.0: The students are able to program a computer science system.

2. GB-12.4: The students are able to create a range of systems that accomplish
given goals.
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IT-Curriculum: Elementarbereich

Dieser Fragebogen dient dazu, das im Zuge des Projekts "Lakeside IT-Curriculum” erstellte
Curriculum fiir den Elementarbereich zu evaluieren.

* Erforderlich

Bitte geben Sie an, wie viele Jahre Sie schon im Elementarbereich tatig sind. *

Meine Antwort

Haben Sie selbst schon an Aktivitaten mit Technikbezug teilgenommen? *
O Nein

Haben Sie selbst schon Aktivitaten mit Technikbezug gestaltet? *

O Ja

O Nein

Haben Sie selbst schon an Aktivitaten mit Informatikbezug teilgenommen? *
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Haben Sie selbst schon Aktivitaten mit Informatikbezug gestaltet? *

O Ja
O nNein

Wie wurden Sie die Einsatzmoglichkeit des Curriculums fur den
Elementarbereich einschatzen? *

sehr gut nutzbar O O O O O gar nicht nutzbar

Ist die Reihenfolge der Kompetenzen passend? *

auf jeden Fall O O O O O nein gar nicht

Werden die wichtigsten Themen der Informatik bzw. digitalen Bildung lhrer
Meinung nach durch das Curriculum abgedeckt? *

1 2 3 4 5

auf jeden Fall O O O O O nein gar nicht
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Sollten Themen der Informatik bzw. digitalen Bildung fur den Elementarbereich
im Curriculum fehlen, tragen Sie diese bitte hier ein.

Meine Antwort

Sind lhrer Meinung nach die im Curriculum enthaltenen Kompetenzen im
Kindergarten erlernbar? *

auf jede Fall O O O O O nein gar nicht

Geben Sie bitte ein Beispiel fur eine eher unpassende Kompetenz an und
begrinden Sie lhre Meinung. (Es kénnen einfach die Nummern der Kompetenzen
angegeben werden, die im Curriculum verwendet werden.) *

Meine Antwort

Geben Sie bitte ein Beispiel fur eine besonders passende Kompetenz an und
begriunden Sie lhre Meinung. (Es kénnen einfach die Nummern der Kompetenzen
angegeben werden, die im Curriculum verwendet werden.) *

Meine Antwort
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