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Abstract—Because of the present deep impact of information
technology on society, school subjects that deal with topics of
computer science or digital literacy gain importance nowadays.
Some countries start to teach related topics in primary ed-
ucation and even in kindergarten. The underlying curricula,
educational standards and/or competency models have already
been developed and established and differ in a lot of points.
Because of these differences, a comparison is a complex task.
In this paper a graph-based approach is applied to introduce a
framework for comprehensibly evaluating the different curricula,
standards and competency models and to demonstrate its use by
analyzing and comparing six existing curricula, standards and
competency models. Our approach maps the content of curricula
and standards to a directed graph by connecting their knowledge
items with each other via dependency relations. This method
enables a formalized comparison using graph theoretical metrics
like the highest degrees, numbers of sources and sinks, or the
connectivity. The representation is mapped to a graph database,
allowing for further analysis of the content and preparing the
ground for teachers and curriculum-developers to individually
form a computer science-curriculum in primary schools.

I. INTRODUCTION

The deep impact of information technology (and with it
informatics/computer science) not only affects our everydays’
life, it also highly affects the education sector. Thus, infor-
matics can be found in different curricula around the world,
up to now mainly in secondary education. In addition to that,
more and more countries start to teach simple or simplified
topics of informatics in kindergarten and primary schools,
too. For this purpose, curricula, educational standards and/or
competency models were developed and in some countries
like England [1], Switzerland [2] or Australia [3] already
established. Some of these approaches are very extensive,
while others concentrate on particular concepts of computer
science only. Further they differ in aspects like structure,
formulation, and detailing. Because of the obvious differences,
a comparison of the approaches is a complex task and the
main objective of this contribution is (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 computer
science-curriculum in primary schools.

Although a lot of different curricula, standards, and com-
petency models for computer science in primary education
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have already been analyzed and compared, there exists no
analysis of structure, complexity, or central knowledge items.
A promising model, which can be found in the analysis of
curricula for higher education, represents curricula as directed
graphs and uses graph theory to compare the curricula [4], [5].

To introduce our approach, this paper gives answers to the

following main research questions:

1) Can a graph-based representation form be used to show
the main focus of a curriculum?

2) Can a graph-based representation form be used to de-
termine the complexity or central knowledge items of a
curriculum?

3) Does a graph-based representation form reveal structural
problems?

In order to answer these questions, in our approach basic
competencies and knowledge items are annotated by labels
(e.g. age group, ACM knowledge area, and so on) and then
mapped to a directed graph by connecting them with each
other via dependency relations. The elements of the curric-
ula or standards are displayed as the vertices. Dependencies
between these elements are then mapped to labeled edges,
resulting in a directed graph. At the end, the representation is
then mapped to a graph database, allowing for further analysis
(comparison, learning path selection etc.) of the content.

This paper is structured as follows. After a motivation
and an overview of related work in the first two sections,
the selected curricula, educational standards, and competency
models are described. Section 4 introduces the notion of a
graph-based and generic model of competencies. In section
5, the comparison process is summarized and first results are
presented. The paper concludes with a section for discussion
and future work.

II. RELATED WORK

During the last years the research interest for computer
science in primary and education rose. That is also reflected
by the number of published literature concerning this field of
study. A lot of these articles or books focus on one special
new developed curriculum and explain them in detail like for
instance Berry does it with the curriculum for the subject
“computing” in England [6]. But there exist only a few analy-
sis and comparisons of different curricula and standard-models



for computer science in primary education. One of them is
from Barendsen et al. [7]. Their article focuses on computer
science concepts in K-9 education and considers curricula
from England, Italy and the United States. For the analysis the
content of these documents is grouped in knowledge categories
and referred to knowledge areas of the ACM/IEEE Computer
Science Curriculum [8]. Further tasks from the Bebras in-
ternational competition are analyzed, to identify the assessed
concepts and the assessment methods [7]. To design a primary
school curriculum for computer science and programming,
Duncan and Bell [9] also compared different curricula. There,
the main English-language curricula for the primary school
level [9], the CSTA K-12 Copmuter Science Standards [10],
the UK computing curriculum [11], and the Australian Digital
Technologies curriculum [12] are considered. To identify key
ideas they define following six categories of themes, based
on themes of the chosen curricula: algorithms, programming,
data representation, digital devices and infrastructure, digital
applications, and humans and computers. The allocation of the
elements of the curricula to these themes shows differences
and also similarities of the chosen curricula [9].

Different approaches to analyze and compare curricula are
to be found by extending the area of interest. Most of these
approaches focus on academic courses and undergraduate de-
gree programs. In the field of undergraduate degree programs
Pedroni, Oriol, and Meyer [13] present a framework to de-
scribe and compare curricula. It is based on relations between
knowledge units of two levels of granularity: the so called
“Trucs (Testable, Reusable Unit of Cognition)” represent a set
of concepts and skills connected to an idea, and the ’notions”
represent single concepts [13]. There are also three types
of relations defined: notions can be related by ”is a” and
“requires”, whereas Trucs can have a “dependency” to other
Trucs. In another approach Sekiya, Matsuda, and Yamaguchi
[14] generate a map of the syllabi of a curriculum to analyze
the structure and to get an holistic understanding. Lightfoot
[4] describes a graph-theoretic approach with a focus on the
improvement of the structure and the placement of assessment
within a curriculum. For that purpose, the courses of a cur-
riculum correspond to vectors, and prerequisite requirements
display the edges of a simple acyclic directed graph. Basic
graph metrics like structural centrality, clustering density, and
degree are used to analyze a curriculum and to determine
a good placement of topic introduction and assessment [4].
Another graph-theoretic approach to compare core aspects of
curricula is presented by Marshall [5] by comparing three
undergraduate degree computer science curricula including the
ACM/IEEE Computer Science Curriculum [8]. It represents
topics, knowledge areas, knowledge units or modules as ver-
tices and the dependencies between these vertices as the edges
of a graph. The comparison of the resulting directed graphs
(digraphs) of the different curricula is conducted visually and
algorithmically.

The graph-based approach of this contribution can be
compared to those of Lightfoot [4] and Marshall [5], but it
focuses on curricula, educational standards, and competency

models for computer science in primary education. Further
the resulting graphs are mapped to a graph-database, to offer
the possibility of gaining information of a curriculum by
simple queries. The graph-database also enables the integration
of all selected curricula into one big graph collecting all
competencies and knowledge items.

In the next section the curricula, educational standards, and
competency models which were selected to be analyzed during
this project, will be described.

III. STANDARDS AND CURRICULA

There exist a lot of different curricula, educational standards
and competency models for computer science in secondary
education. Related to organizational circumstances, learning
goals, topics, and teaching methods they differ in several
points [15].

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 [16], [7]. It
differed 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 primary education and contains,
besides the use of technologies for learning, topics like binary
numbers, algorithms, and fundamental logic [16]. 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.

Following a report from European Schoolnet [17], several
European countries already introduced computer science in
their national curriculum for primary education, including
Spain, France, and the United Kingdom (UK). Also, in Aus-
tralia the national curriculum contains a subject called “Digital
Technologies” [12].

This contribution focuses on the analysis and comparison
of the following six national and important international cur-
ricula, educational standards, and competency models:

o the CSTA K-12 Computer Science Standards [10],

o the UK computing curriculum following the detailed
description of Berry from CAS (Computing at School)
(6],

o the Australian Digital Technologies curriculum [3],

« the Austrian competency model for digital competencies
and computer science education called digi.komp4 [18],

« the new curriculum in Switzerland called "Lehrplan 217
(2],

« the educational standards for computer science in primary
education by the GI (the German Informatics Society)
[19] in Germany, which is still under development.

The authors perceive the detailed description of each of
the selected curricula, educational standards, and competency
models as an important part of the analysis process, which is
therefore provided in the following part of the contribution.
Some of the quoted example elements had to be translated
from German into English language by the authors.



a) CSTA K12 computer science standards: In 2011 the
CSTA presented the "CSTA K-12 Computer Science Stan-
dards” [10] which are often referenced in relevant literature
[71, [9], [15]. The CSTA K-12 Computer Science Standards
are divided into the three levels (1) Computer 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 age
range from five to twelve years. Those levels are again divided
into Level K-3 and 3-6 standards. Overall, the levels K to 6
include 45 standards, 16 for levels K-3 and 29 for levels 3-6.
Further the standards are categorized into the following five
strands, containing the corresponding number of standards for
the levels K to 6:

« Collaboration: 5 standards

o Computational Thinking: 11 standards

o Computing Practice and Programming: 16 standards

o Computers and Communications Devices: 7 standards

o Community, Global, and Ethical Impacts: 6 standards

[10]

The level K-3 represents the age range from five to seven
years what will be displayed by level 1 in the further discus-
sion of this contribution. Level 2 will cover the ages from
eight to twelve years what corresponds to level 3-6 of the
CSTA K-12 Computer Science Standards.

b) Curriculum in England - Computing At School (CAS):
The ”Computing At School” curriculum was introduced in
2013 and established in 2014 in the National Curriculum. It
provides content for the new subject "Computing” replacing
“Information and Communication Technology (ICT)”, which
was often related to the use of technology instead of learning
the concepts of computer science or the creation of software
[11]. Since this new curriculum computer science is in England
taught compulsory from age five to sixteen. The curriculum is
divided into four key stages which correspond to levels of the
CSTA standards. The first two key stages cover the age range
from five to eleven years. Overall, the program of study for
this curriculum 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:

o "Understand what algorithms are; how they are imple-
mented as programs on digital devices, and that programs
execute by following precise and unambiguous instruc-
tions.” [6]

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 pro-
grams on digital devices.”

o "Understand that programs execute by following precise
and unambiguous instructions.”

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

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

o Computer Science (CS): 8 statements
« Information Technology (IT): 3 statements
o Digital Literacy (DL): 5 statements [6]

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 represents statements
for students that are eight to eleven years old, and will
correspond to level 2.

c) Australian Curriculum (AC): In Australia, the curricu-
lum 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” [12]. 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
primary school what means the age range from five to twelve
years. For ”Design and Technologies” the main topics are the
impact of technologies on society and related design topics,
whereas “Digital Technologies” focuses on the background
and the use of information technology. Therefore only the
curriculum for “Digital Technologies” will be discussed in
this contribution. Overall, the levels F-6 contain 22 learning
objectives, six of them in the F-2 level, seven in level 3-4, and
nine in level 5-6. It is 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 learning objectives:

« Digital systems: 3 learning objectives

o Representation of data: 3 learning objectives

o Collecting, managing and analyzing data: 3 learning
objectives

o Creating digital solutions by investigating and defining:
3 learning objectives

o Creating digital solutions by generating and designing: 2
learning objectives

o Creating digital solutions by producing and implement-
ing: 2 learning objectives

o Creating digital solutions by evaluating: 3 learning ob-
jectives

o Creating digital solutions by collaborating and managing:
3 learning objectives

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 eleven and will be
merged to level 2.

d) Competency model in Austria (digikomp4): In Austria
computer science or informatics is not a subject in primary
education on its own. For this reason there exists no national



curriculum, but suggestions for interested teachers in form
of a competency model presented in 2013 by Mulley and
Zuliani [20]. The model focuses on digital literacy but also
considers some basic concepts of computer science. 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:

o Informationtechnology, humans and society: 16 compe-
tencies

o Informaticssystems - Usage of digital devices and net-
works: 13 competencies

o Applications - Digital tools in everyday life: 15 compe-
tencies

o Informaticsconcepts - First steps in informatics: 5 com-
petencies

In the tables I, II, and III the digikomp4 competency model
will be shortened to ”dk”.

e) Standards from German Informatics Society (GI): In
Germany the “Gesellschaft fiir Informatik (GI)” (the German
Informatics Society) already developed and published educa-
tional standards for informatics in lower secondary eduction
in 2008 [21] and also for higher secondary education in 2016
[22]. A group of experts is actually working on standards for
informatics in primary education called “Bildungsstandards
Informatik fiir den Primarbereich” [19]. Since these standards
are still under development an early, not-final version from
August 2016 had to be analyzed for this contribution. It covers
the primary education what 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
the two levels what students should be able to do after the
second year and after the fourth year. Overall, this version
included 49 competencies, 27 for the first two years and 22
for the third and fourth year. The standards define five content
areas that stayed the same also in newer released versions.
What changed were the competencies themselves as well as
the number of competencies for each area. The following
numbers of competencies for the following content areas only
count for the early version of the standards.

o Information and data: 13 competencies

o Algorithms: 10 competencies

o Language and automata: 12 competencies

o Informaticssystems: 6 competencies

o Informatics, humans and society: 8§ competencies

It has to be mentioned, that in this version it is indicated, that
some of the content areas are not complete and will include
more competencies in later versions. 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.

f) Curriculum in Switzerland (Lehrplan 21): In Switzer-
land, the curriculum for primary and lower secondary edu-

cation (called Lehrplan 21) was presented in 2014. 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 [2] 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 competence 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 competencies and content areas are described,
four for the "media” part and three for “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 levels for cycles one
and two exist, 14 for cycle one and 30 for cycle two. The
following 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

¢ Media: Understand media and media products: 7 compe-
tency levels

¢ Media: Produce media and media products: 7 competency
levels

e Media: Communicate and cooperate with media: 3 com-
petency levels

o Informatics: Data structures: 7 competency levels

o Informatics: Algorithms: 6 competency levels

o Informatics: Informatics systems: 11 competency levels

Cycle one covers a age range from five to eight years and
will therefore correspond to level 1 in this discussion. The
second cycle starts with the third year of primary education at
an age of nine and ends after four years with an age of twelve
and will correspond to level 2.

A summary of the facts described in the section above
can be found in table I. Because of the different terms like
standards, competencies, statements, or learning objectives
used in the curricula, educational standards, and competency
models, we define the term “knowledge items” as the general
term for all of the mentioned concepts.

Table I does not explain differences in structure or com-
plexity. So, where do the curricula, educational standards, and
competency models differ? Do they cover the same content
areas? Does a structural difference exist? Are there some
problems concerning the connections of the components?

To answer these questions the chosen curricula, educational
standards and competency models will be analyzed and com-



TABLE I
SUMMARY OF THE DESCRIPTIONS

CSTA | CAS AC dk GI 21
1. | Number 45 16 22 49 49 44
knowledge
items
2. | Number level 16 6 6 / 27 14
1 knowledge
items
3. | Number level 29 10 16 / 22 30
2 knowledge
items
4. | Age range 5-12 5-11 | 5-11 | 6-10 | 6-10 | 5-12

pared, applying the method described in section IV. The results
will be presented in section V.

IV. A GRAPH-BASED APPROACH

This paper aims at comparing curricula, educational stan-
dards and competency models by making use of a graph-based
approach. Whereas the idea of using a graph is not new, our
approach goes one step further. It uses typed edges and vertices
(so both of them can be and are enriched by different types
of annotations), and maps them to a neo4j graph database.
We call the resulting model a Generic Standards Model (or
GSM), and this section briefly describes its properties and
possibilities.

A. Graph-based Model

Based on experts’ (teachers and researchers active in the
field of computer science education) ratings, competencies and
knowledge items were carved out from the standards. They
are mapped to vertices in the graph and are annotated by
the related curriculum, the age-group, keywords (describing
the content), a reference to the classification scheme of the
ACM/IEEE Computer Science Curriculum, experts’ ratings
about their relevance for digital literacy or computer science,
and a unique identification number. In a second step, the
vertices were analyzed again and related to each other. For
this, we classified the relations as either being a “required
by” relation or an “expanded by” relation, leading to labeled
(and directed) edges in the graph. The “required by” relation
indicates that one vertex is required by another one, and
the “expanded by” relation represents either a generalization
or a specialization relationship. Mapped the relations to the
graph database, a generic standard competency model for a
curriculum or standard is created.

B. Basic Graph-theoretic Metrics

The representation of curricula, educational standards, and
competency models in form of graphs offers new possibili-
ties to analyze and compare. With the help of graph-theory
and selected metrics, central vertices, structural problem, and
complexity can be determined. In the article ”Mathematics
of networks” [23] Newman defines different ways to locate
“important” vertices of a network or a graph, depending on

what is meant with “important”. Besides others he describes
different measures of centrality in a graph, like degree central-
ity, eigenvector centrality, or betweenness centrality. Lightfoot
points out, that these three measures are of interest for a
curricula analysis and adds a clustering measure [4]. In this
contribution we focus on the degree centrality, which gives a
lot of information about central elements in a curriculum and
is described as follows:

The degree or degree centrality of a vertex represents the
number of connected relations. It is a simple method to
measure the influence or importance of a vertex within a graph
[23]. In directed graphs two types of degree can be determined:
indegree and outdegree. The indegree of a vertex v counts the
number of incoming relations to v, the outdegree of v counts
the number of the outgoing relations of v. Vertices with a
outdegree of 0 are called sources and vertices with an indegree
of 0 are called sinks. These special vertices can help to find
origins (sources) or destinations (sinks) in networks [4].

To determine information about the complexity of a graph,
simple metrics are the size, the number of edges, and the
density. Size and number of edges don’t need a description,
but the density has to be defined:

The density of a graph reflects the ratio of numbers of
existing edges and possible edges. For directed graphs it is
calculated by dividing the number of existing edges by the
number of vertices multiplied with the number of vertices
minus one.

The detection of structural problems used in this paper
bases on different aspects. One indication for problems in
structure can be, that there exist vertices without edges to other
vertices. These vertices have a degree of zero and can easily
be determined. Further the connected components of a graph
give more information about the structure:

Connected components of a graph are subgraphs with the
restriction, that every vertex of this subgraph is reachable from
every other vertex of the same subgraph. For directed graphs
the weakly connected components are connected components
without considering the directions of the edges, whereas
strongly connected components also consider the edge direc-
tion.

V. RESULTS AND COMPARISON
A. Using Graph-database for Calculation

As mentioned this approach uses the graph database neo4j
[24] to store the data, model the graph, and calculate the
needed graph-theoretic metrics. Graph databases belong to the
NoSQL databases and differ in some points from well known
relational databases. They store the data and their connections
in form of vertices and edges of a graph and don’t rely on
indexing. That means, connected vertices directly “’point” at
each other, what can lead to performance improvements [25].

The following query is written in cipher, the query language
of neo4j, and shows one example of the many queries, that
were used for this research. It determines the density for the
graph of the CSTA standards.



Fig. 1. The Australian Curriculum for digital technologies.

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

The graph database offers an interesting platform to repre-
sent curricula in form of graphs, and to analyze and compare
different approaches. In further steps it will be used to build an
online service to develop own curricula in the field of computer
science education.

B. Analysis of Focus

The graph-based representation form offers the possibility
to display the focus of a curriculum, educational standards,
or competency models in a very clear way, by using different
colors. In this contribution this method is used to show two
aspects of focus: which level and which category of the
two categories “computer science” and “digital literacy” is
represented more frequently.

Figure 1 shows one example graph of the the Australian
curriculum for “digital technologies”. The different colors of
the vertices show the two levels: blue vertices correspond to
level one, green vertices correspond to level two. The numbers
in table I and the colored vertices in the graph show, that the
Australian curriculum focuses on level 2, with 16 standards in
level 2 and 6 in level 1.

A second aspect of focus is the categorization of the knowl-
edge items into the areas “computer science” and “digital
literacy”. With regard to this, seven experts evaluated the cur-
ricula, standards, and competency models. The results for the
curriculum of Switzerland are shown in figure 2. In this case
the red vertices represent knowledge items concerning “digital
literacy”, and the blue vertices correspond to “computer sci-
ence”. It shows a focus on “digital literacy” with 33 knowledge

Fig. 2. The curriculum from Switzerland colored by categorization into
computer science and digital literacy.

items from overall 44. The graph-based representation form
gives a very useful overview of the situation.

The two examples of possible aspects for the focus of cur-
ricula, educational standards, and competency models show,
that a graph-based representation has advantages compared to
other existing approaches. However, even more information
can be extracted when looking at graph measures.

C. Analysis of Central Knowledge Items

The degree centrality, as it is described in section 4.B, is
used to determine central and interesting knowledge items.
In case of curricula analysis those vertices with lowest and
highest degrees are of special interest. A high degree indi-
cates a very important knowledge item, that can either be a
prerequisite or a merging link, connecting knowledge from a
lot of different knowledge items together, for a lot of other
items. The first row of table II shows the highest degrees of
the six analyzed curricula, standards, and competency models.
For example the vertex with the highest degree in the CSTA
standards has a degree of 11. None of the other curricula
contains a vertex with so many relations. Having a look at
the standards gives an answer, why this standard has such a
high degree:

”Use technology resources (e.g., puzzles, logical thinking
programs) to solve age-appropriate problems.” [10]

In this case it is a very basic and general standard, that has
impact on many other standards. Therefore its high degree
is obvious. The GI standards show the lowest degree of the
vertex with most relations, with a degree of 4.

Because the analysis is based on directed graphs, two
different types of degree, indegree and outdegree, can be
determined. The indegree shows the amount of incoming
relations, the outdegree the number of outgoing relations. Also
in this case the maximum and minimum values are of interest.
Depending on the direction of the relation it can be a highly
required or an often expanded knowledge item, or an item,
that depends of a lot of other knowledge items. Concerning



the overall outdegree again the same standard from the CSTA
standards with the maximum degree stands out, having an
overall outdegree of 10.

The highest indegree value refers to the knowledge item,
that requires and expands most other knowledge items. Here
the highest values of the six curricula are very balanced. An
example from the Australian curriculum (AC) with an overall
indegree of 4, representing the following learning objective:

o "Collect, access and present different types of data using
simple software to create information and solve prob-

lems” [3]

With the help of the outdegree and the indegree special
vertices can be identified, sources and sinks. Sources represent
the vertices with no incoming relations, sinks are vertices
without outgoing relations. In curricula sources can be in-
terpreted as good knowledge items to start with, because
they require no prior knowledge within this subject. Sinks
in curricula refer to vertices, 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. As it can be seen in row
four of table II the curriculum from Switzerland contains with
8 sources the highest number of sources from all analyzed
curricula. Examples from these sources would be the following
competency levels:

o "Students can compare notes from their direct environ-
ment concerning experiences with media or virtual living
environments and can talk about their use of media.”

o "Students can recognize and follow formal instructions.”

o "Students can use different representation forms for
data.” [2]

The numbers of sinks of all six curricula are very diverse.
Most of them can be found in the CSTA standards with 17
sinks. In the curriculum from England there only occur 2 sinks.
Two examples for sinks in the CSTA standards are following
standards:

o "Develop a simple understanding of an algorithm using
computer-free exercises.”
o "Recognize that computers model intelligent behavior.”
(10]
Reading these two standards shows, that they don’t complete
a topic and therefore it seems obvious that both will be
continued in higher school grades. The two only sinks in the
curriculum from England represent the following statements:

o "Use logical reasoning to explain how some simple
algorithms work and to detect and correct errors in
algorithms and programs.”

o "Use technology safely, respectfully and responsibly;
recognise acceptable/unacceptable behaviour; identify a
range of ways to report concerns about content and
contact.” [6]

The two statements show Both of them can complete a topic
or also be continued. It seems to be not that clear as the two
presented standards from the CSTA standards.

TABLE II
RESULTS OF THE ANALYSIS OF CENTRAL KNOWLEDGE ITEMS

CSTA | CAS | AC | dk | GI | 21
1. | max. degree 11 7 8 7 4 7
2. | max. outdegree 10 4 6 5 3 6
3. | max. indegree 4 4 4 2 3
4. | Number of sources 6 3 3 5 7 8
(indegree = 0)
5. | Number of sinks 17 2 7 13 10 13
(outdegree = 0)

With the help of graph-theoretical metrics central and im-
portant knowledge items of the analyzed curricula, standards,
and competency models could be determined and described.
Therefore some possibilities using a graph-based approach
could be shown.

D. Analysis of Complexity and Structure

Besides the analysis of the focus and central knowledge
items also the complexity and the structure are of interest.

To evaluate the complexity of the curricula, standards, and
competency models this contribution focuses on the two basic
metrics size and density. To calculate the size the number
of vertices and relations can be considered. As the overall
numbers of knowledge items for each curriculum are already
shown in table I, row one of table III gives some information
about the number of relations. The highest number of knowl-
edge items have the Austrian competency model “digikomp4”
and the educational standards from the GI, with 49 items, and
the highest number of relations can again be found in the
”digikomp4” competency model, with 64 relations. It has to
be considered, that the numbers of relations highly depend on
the numbers of knowledge items. Therefore the density of each
graph has been calculated. A comparison of the density values
shows, that the graph of the CAS curriculum from England
has with 0.079 the highest density of all analyzed curricula,
educational standards, and competency model. So although
this curriculum contains least knowledge items and relations,
the density indicates a high complexity.

In the third row of table III, the numbers of vertices with a
degree of 0 are presented. These vertices have no relations
to any other vertex of the graph. This indicates, that they
cover knowledge, that is more or less independent from other
knowledge items, what can signify structural problems. In case
of the ”digikomp4” competency model from Austria there can
be found one vertex without relations to other vertices:

o "I can encrypt and decrypt some information from every-
day life.” [20]

This competency represents the start of a new topic that
is not continued by other competencies in this model for
primary education. Of course that can be a indication, that this
competency will be required in parts of secondary education.
Comparing all curricula the number of vertices with a degree
of 0 is very low, with a maximum of 2. The curricula from



TABLE III
RESULTS OF THE ANALYSIS OF COMPLEXITY AND STRUCTURE

CSTA | CAS AC dk GI 21

1. | Overall 61 19 30 64 50 51
relations

2. | Density 0.034 | 0.079 | 0.065 | 0.027 | 0.021 | 0.027

3. | Vertices 2 0 0 1 2 2
with
degree = 0

4. | Vertices 0 0 0 / 2 1
with
degree = 0
in level 1

5. | Vertices 2 0 0 / 0 1
with
degree = 0
in level 2

6. | Connected 3 1 1 3 4 4
compo-
nents

England (CAS) and Australia (AC) have no vertices without
relations.

As it can be seen in row four and five of table III the
standards from the GI and the curriculum 21 from Switzerland
contain knowledge items in level 1, which have no relations to
knowledge items in level 2. This can indicate structural prob-
lems. In case of the curriculum 21 the following competency
level is affected:

o "Students can arrange things considering self chosen
attributes, to find objects with certain attributes faster.”
(2]

The number of connected components can also give some
information about the structure of curricula, educational stan-
dards, and competency models. In case of this contribution the
weakly connected components are considered. The higher the
number of these components is, the more vertex cluster are not
connected to each other. This can indicate more independent
content areas. Taking a look at the numbers of connected
components, the standards from GI and the curriculum 21
from Switzerland show the highest numbers. Here has to
be considered, that vertices without any connection are also
counted as single connected components. That means for both
curricula two connected components are single vertices. In
case of the curriculum 21 the other two connected components
can be interpreted as the two major topics of this curriculum
“media” and “informatics”.

With the help of basic graph-theoretic metrics the complex-
ity of analyzed curricula, educational standards, and compe-
tency models could be determined and some conclusions about
the structure and possible structural problems could be drawn.

VI. CONCLUSION AND FUTURE WORK

In this contribution we wanted to show, that a graph-
based approach to analyze and compare curricula, educational
standards, and competency models offers new possibilities.
Therefore six different models were selected and, in a first

step, described. Already within this first phase some differ-
ences could be found, but the questions regarding focus, com-
plexity, central knowledge items, and structure could not be
answered by this method. In order to answer these questions,
the knowledge items of the selected curricula, standards, and
competency models were connected via dependency relation,
resulting in individual directed graphs. With the help of
this representation form and a graph database, the required
information could be assembled. Concerning the focus of a
specific curriculum a graph-based representation form can give
a clear overview of the situation. It is possible to differ content
areas or levels by color and simultaneously show the content or
level crossing connections. This paper also shows, that by de-
termining some basic graph-theoretic values, some conclusion
about central knowledge items, complexity, and structure of
the selected curricula, standards, and competency models can
be drawn. The degree was used to find central knowledge items
and identify possible structural problems with not connected
knowledge items. The complexity was determined with the
help of the size and the density of the graphs. The structure
was further investigated by finding the connected components
of the graphs. Therefore all three research questions can be
answered with “yes” and the results show, that a graph-
based representation and graph-theoretic calculations offer
new possibilities for analysis and comparison of curricula,
educational standards, and competency models.

In future steps the knowledge items of the curricula will
be categorized into the knowledge areas of the ACM/IEEE
curriculum and broken down to their smallest knowledge
items. Similar knowledge items will be merged together and
a general graph, containing all the knowledge items of the
existing curricula, standards, and competency models, will be
generated. To enable collaborative work, an online platform
will be developed, based on the graph database neo4j. Experts
will have the possibility to evaluate existing graphs from
curricula, and users like teachers will be able to develop an
own curriculum from knowledge items defined in existing
curricula.
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