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ABSTRACT

Group or team formation has been a well-studied field in
numerous contexts, such as business teams, project teams,
and educational teams. There has, however, been little con-
sideration of how groups or particularly project teams might
have to be reorganized during a lecture in order to yield an
optimal learning outcome. Empirical studies show that the
outcome of groups will be affected by a number of factors, in-
cluding the individual behavior of each group member, their
skills and inclinations. In this research, the authors aim
at finding correlations between the individual characteris-
tics and learning outcomes during a running lecture so that
teaching and learning can be improved. A study has been
carried out that involved software engineering students over
the past three years. The results show an improvement in
the learning outcomes for groups that were systematically
formed, which, for future settings, could enable educators
as well as project leaders to systematically form groups and
improve the outcomes of these groups in various domains.
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1. INTRODUCTION

A large body of literature confirms the advantages of col-
laborative group work. These advantages may however vary
upon circumstances [9] [26]. Panitz [21] points out that
there are academic, social, and psychological advantages
that might arise from collaborative work. As part of aca-
demic advantages, when learning collaboratively, Panitz sees
the development of critical thinking, improved engagement
of learners in the learning process and improved problem-
solving skills. Social advantages include the development
of conflict resolution skills, and learners, engaged in multi
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ethnic groups, experience how different people from differ-
ent cultures approach their work. One of the major advan-
tage of collaborative learning is however that students can
support each other when teaching staff is not available and
they therefore gain important skills for their future career
[26]. We assume that these advantages are also valid in our
domain of interest, software project management courses.

When we reflect on our personal situation we find our-
selves as members of various groups throughout our lives
[5]. We might be members of business groups, project teams,
learning groups, club teams, etc. Each group member will
have different characteristics including the age, skills, moti-
vation, personality, etc. Regardless of the variety of group
members characteristics, groups will typically exist for a
particular reason and will target at one or multiple out-
comes [10]. A general distinction can however been made
between task-oriented groups (business teams to make finan-
cial profit, project teams to achieve various project related
outcomes, sports team to win a match or a competition) and
groups that are natural (families) [1].

A systematic and rigorous formation of groups is a very
complex and challenging task when it comes to particularly
designing the group composition in such a way that desired
outcomes can be improved [8]. There are also other factors
that might affect the outcomes of groups. These factors in-
clude the context in which the group activity takes place,
the individual characteristics, the individual behavior and
the group composition. As we will use these terms through-
out the paper it is useful to briefly clarify their meaning;:

e Individual characteristics are observable traits that
can be used to differentiate between individuals. These
traits exist independently of human’s behavior and in-
clude cognitive and physical abilities, cultural values,
personality traits, etc. Examples of individual charac-
teristics include the age, the level of knowledge, or the
intelligence quotient of an individual.

e Group metrics are measures of innate group proper-
ties that are solely a consequence of the group mem-
bership. These measures might potentially be derived
from the available individual characteristics (once a
group has been formed). Examples include the aver-
age age of group members or the range of ages within
a group.

e Individual behavior are the actions of an individ-
ual within the context established by a particular task



occurring within a particular environment. Examples
include the level and diversity of a chat dialogue that
occurs between group members or potentially the num-
ber and nature of requests for assistance.

In this paper we are strongly interested in the reformation
of learning groups to enhance their outcomes and therefore
improve their individual performances. We begin by review-
ing and analyzing related work in chapter 2. Chapter 3 dis-
cusses our approach to systemic formation of groups, the
experiment design, the setting where the experiment took
place, research questions, the methodology and the study
including the results. Threats to validity will be discussed
in chapter 4. Chapter 5 discusses the results and concludes.

2. BACKGROUND
2.1 Related Work

This section presents the review and analysis of the litera-
ture that is related to understanding project-based learning,
Five-Factor Model (FFM), Five-Factor and Stress Theory
(FFS), personality types, group effectiveness and the im-
portance of the group composition. A previously developed
group outcome model will be introduced that was devel-
oped as a result of an extensive literature review on col-
laborative work, group dynamics and technology enhanced
learning [20].

The interest in project-based learning in engineering edu-
cation disciplines has been increasing and is very often seen
as a key mechanism to prepare students for future jobs. In
good project-based learning situations, such as for exam-
ple introduced by Graham [12], students solve real world
problems through which they gain knowledge and skills by
tackling complex tasks. They also get a chance to reflect on
their individual skills and their personality.

Research on personality has a long history and also very
big potential for future research. Researchers have identi-
fied five dimensions of personality that provide a beginning
of understanding what psychologist are interested in. These
five dimensions are FEzxtraversion, Agreeableness, Conscien-
tiousness, Neuroticism and Openness. People who fall under
the Faxtraversion category could be described as active, as-
sertive, enthusiastic, outgoing, talkative, etc. Someone who
falls in the category of Agreeableness could be described as
appreciative, forgiving, kind, trusting, etc. Conscientious-
ness describes people who are efficient, organized, reliable,
responsible, thorough, etc. People who tend to be anxious,
self-pitying, tense, unstable, worrying fall under the Neuroti-
cism category and artistic, curious, imaginative and original
people fall in the category of Openness [19].

Studies such as the one by Salleh, Mendes and Grundy
[27] investigated the extent to which the personality based
on the Five-Factor Model affects the outcomes of pair pro-
gramming exercises. Their study particularly examines the
impact of Conscientiousness on the educational success of
undergraduate students. Their experiment has been con-
ducted at The University of Auckland and involved 218 stu-
dents. It turned out that Openness has a stronger impact
on the academic performances of students than Conscien-
tiousness. Our study looks at a similar problem just from a
quite different perspective. In our research we aim at find-
ing be best group composition of students to improve their
learning outcomes.

Similarly, the pilot study by Peslak [24] investigates the
relationships between the personality and group outcomes in
the context of Information Technology. The focus of their
study is at finding impacts of personality traits and diversity
of personalities within teams on the general team processes
and the project success. Findings of their study did not show
significant impact of personality on the outcomes. However,
their results have to be carefully interpreted due to a very
small sample size of 18 students. This threat to validity has
also been addressed by the author of the study.

Parrington and Harries [23] introduced a study that fo-
cuses on the investigation whether the balance of team roles
has an effect on the total team performances. They con-
ducted their study with 43 teams of students, but did not
find any significant relationship between the balances of cer-
tain team roles. They conclude that some of these roles
might have an impact on the total performances.

Yamada et al. [31] present research based on FFS The-
ory that has been carried out to find characteristics that
high performing teams have in common. In addition, their
study investigates the learning process and the experience
perceived by the students. Yamada et al. found out that het-
erogeneous teams perform better than homogeneous teams.
Members of heterogeneous teams have different strength and
skills and they can learn from each other as they work on
complex tasks.

Chong [6] targets at finding relations between the group
member roles, the total number of existing roles, the role
development stage and the total team performance. To ad-
dress this issue, 342 management students (organized into
33 teams) participated in a study where they planned a pro-
duction of a custom made paper bag. As a result of the
study, correlations could be found between the team role
and total team performance. Although the examination of
the impact of roles on the total performances seems to be
an interesting research issue, it is not the focus of our work.

Many researchers have already considered the group for-
mation problem. A rich consideration of literature that fo-
cuses on the formation of groups in various domains (where
a number of different approaches and techniques for the for-
mation of groups has been used) is given in [16].

The example introduced by Tourtoglou and Virvou [30]
supports students with learning the Unified Modelling Lan-
guage (UML). The formation of groups for this purpose is
based on the students personality, performances type and
the level of expertise. More detailed information on the
group formation process is however missing.

Another approach by Zakrzewska [32] shows research that
uses different learning styles and unsupervised classification
methods to form groups. Similarly, the work by Papadim-
itriou, Grigoriadou and Gyftodimos [22] uses the learning
style but also the total performance to form student groups.

A web-based tool for group formation has been introduced
by Christodoulopoulos and Papanikolaou [7] in which up to
three characteristics can be used to form homogeneous and
heterogeneous groups. Heterogeneous groups are formed by
randomly assigning students to groups based on the uniform
distribution and homogeneous groups are created by using
fuzzy classification methods.

Alfonseca et al. [2] have carried out a study to find out
whether the learning style of students has an impact on the
learning outcomes achieved by self-selected groups. Their in-



tention is also to use this knowledge to automatically form
educational groups in adaptive e-Learning systems. Their
findings suggest that certain learning styles have an im-
pact on the quality of students’ results and that collabora-
tive learning might be improved by systematically forming
groups of students.

Martin and Paredes [17] introduce a merge between learn-
ing styles and collaborative learning. They primary used
learning styles to form groups of students to meet their
”learning preferences”. For this purpose the authors have
used TANGOW which provides opportunities for adapta-
tion of online courses. The authors have strongly focused
on a group formation that is based on the students learn-
ing style. Their system generates by default diverse group
regarding their learning style. Once there are enough stu-
dents available to complete a collaborative task an appropri-
ate workspace will be dynamically created. Students with
a dominant visual learning style will perform the task in a
workspace with more graphical user interface and students
with a dominant verbal learning style will complete their
task in an environment with more textual interface.

It is obvious that these relationships between the charac-
teristics of groups and the intended outcomes are complex.
As a complement to other approaches, our research now fo-
cuses on a systematic re-formation of groups that will en-
hance the learning outcomes of groups and their individuals.

2.2 Group Outcome Model

A significant research area that considers groups is the
scientific field of groups dynamics. This research field be-
came very popular after the 1940s and was coined by Kurt
Lewin [14] who studied the individual interaction within
small groups.

It seems to be clear how a group is defined until one be-
gins to analyze this concept. Is a number of people on the
bus, train or aircraft a group? How about a crowd at a
concert or a number of people having dinner, or is a group
something else? Apparently these questions are not easy to
answer and it is therefore challenging to identify factors that
define a group. The etymology of the word group suggests
that this word was used to express that there is more than a
single person or multiple items behind this concept. Many
researchers looked deeper into this area and formulated defi-
nitions of a group. Two definitions that are very often found
in the literature are the definitions by Bass and Schein [1].

Schein’s understanding is that groups generally consist of
any number of people who interact with one another in some
way, who are physiologically aware of one another and who
perceive themselves as a group. Bass however regards a
group as a number of individuals whose existence as a whole
group is beneficial for each individual. According to Bass,
group members do not necessarily perceive that they are
member of a group nor they share common goals. Even
if interaction and the diverse roles of group members are
included in many other definitions they are not part of Bass’
understanding of a group [1] [15].

These results in a significant disagreement in Schein’s and
Bass’ definition which suggests that a group is a general
concept with significant variations in their characteristics
that are assumed to define the existence of a group [1] [20].

There is an interesting comparison between teams and
work groups in [13] which broadly relates to the collective
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Figure 1: Group Outcome Model [20]

actions and the collective outcomes. From this it can be con-
cluded that there will be different types of groups which will
exist for various reasons and outcomes and therefore they
will have different characteristics such as different structures
and compositions that will affect the overall group outcome.
Extensive literature considers the effectiveness of a group.
One example is Hackmann’s model of group effectiveness
that provides an insight into the components that affect the
effectiveness of a group. These components include the or-
ganizational context, material resources, group synergy, pro-
cess criteria and, particularly, the design of groups [10, 20].

Figure 1 presents a group outcome model that has been
developed by analyzing the literature on group dynamics,
team effectiveness, collaborative work and technology en-
hanced learning. This model shows the key components
that might affect the outcomes with the focus of this re-
search with dashed lines. By considering this model it can
be concluded that the outcome of groups will be directly
affected by the context in which the group activities take
place and by the individual performances. These individual
performances might in turn be affected by the individual
characteristics and by the composition of the group.

There are many ways how the outcome of a group might
be improved. Looking at Figure 1, one could try to control
the context in some way. However, another option is to
keep the context stable and to change the group attributes
by controlling the composition of the group [20]. This is
exactly what we did when we tried to improve the learning
outcomes of a software project management lecture that has
been part of the curriculum in Klagenfurt since 2002.

3. SYSTEMATIC GROUP FORMATION
3.1 AMEISE

Experience-dominated subjects like software project man-
agement cannot be learned by merely attending lectures [18,
29]. Additional labs, however, even with only modest real-
life projects, call for substantial effort to be spent by the
instructors as well as by the partaking students. With these
issues in mind, the concept for AMEISE (A Media Educa-
tion Initiative for Software Engineering) has been developed.
It is a simulation framework for practicing management of
software engineering projects and is based on Stuttgart Uni-
versity’s SESAM (Software Engineering Simulation by Ani-
mated Models) [11]. The AMEISE tool-set allows for repeat-
edly experiencing the complexity of software project man-
agement within a game-like simulation environment [3] [4].

Among other Universities in Europe, AMEISE is used in
a couple of Software Engineering lectures in Klagenfurt and
we selected these lectures for very good reasons:

e First, the lectures’ content did not change a lot dur-
ing the past couple of years. In every lecture two



simulation runs are done by groups of students, with
assessment and reflection units in-between and after
the simulation runs. And, standardized questionnaires
(pre-, intermediate and post-tests) show the learning
progress.

e Secondly, the assessment schemes (criteria) of the whole
lectures and the simulation runs did not change. Fur-
thermore, all AMEISE results are still stored in a data-
base for our analysis.

e Finally, AMEISE lectures have constantly been im-
proved (adopting also brain-based teaching recommen-
dations in 2013), so that we thought that a further im-
provement of the lecture is hard to achieve, setting a
high bar for our research questions.

The traceability of all the results of the lectures and the
constancy of the teaching model behind AMEISE-related
lecture units make them an ideal candidate for studying ef-
fects in adjusting the group outcome model in Figure 1.

The outcome is measured by several dimensions. First,
the achievements in the AMEISE simulation runs are taken
into account. Typical measures include the duration of the
project, the project cost, and product (and intermediate
products) quality. The AMEISE web-site’ provides more
information about the data that is gathered. It allows for a
very fine-granular assessment of the goal achievements.

Another set of measures for the performance of students
is rooted in the results of pre-, intermediate- and post-tests
related to previous knowledge and software project manage-
ment skills. Here, again, we use a set of questionnaires that
has been unchanged for years now. The AMEISE web-site?
contains the latest versions of these documents, too.

3.2 Research Questions

Based on the previous discussion (and different to other
approaches), it is reasonable to assess the extent to which
the outcome of AMEISE groups might be improved by rig-
orously constructing these development groups and to see
whether this also improved the individual performances. To
address this issue the following hypothesis is proposed:

Hypothesis 1 By systematically reconstructing groups of
students it is possible to enhance their outcomes and improve
the individual performances and therefore raise the outcome
level of the software engineering lecture.

This hypothesis can be broken down into two core research
questions:

1. To what extent is it possible to improve the group
outcomes by systematically reorganizing the student
groups?

2. To what extent is it possible to improve the outcomes
and raise the total performances of each individual and
therefore achieve better total outcomes of the lecture
by reorganizing the student groups?

The following methodology has been applied to address
our core research questions.

!Typical AMEISE evaluation criteria can be found at
http://ameise.aau.at and following the link to Tutorial —
Tutorial Documents — Classification of the Evaluation Cri-
teria.

2AMEISE questionnaires can be found at the web-site by
following the link to Documents — Set of Questionnaires.
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Figure 2: Experiment Design for the Examination
of the Group Outcomes

3.3 Methodology

Prior to drilling down into details it is worthwhile to men-
tion that our study has been conducted in two major stages
(see Figure 2 for an overview). The first stage was the ran-
dom formation of groups that performed a software project
management exercise. The outcomes of the first stage were
then analyzed, and the analysis results were used for the
second stage, where we tried to reconstruct the cohorts in
a way that an improvement of the outcomes became more
likely, which is exactly the focus of this research.

Through the questionnaires (pre-tests as mentioned above)
individual characteristics of each student were gathered. Be-
fore we started, we looked at the previous knowledge and
skills of the students (e.g. the number of enrolled semesters
or passed lectures) and their personality type according to
the aforementioned FF'S model. Once these individual char-
acteristics have been collected, each student was randomly
placed into groups (pairs of students), and each group per-
formed an AMEISE simulation run which was then assessed
as described above (simulation results and results from the
intermediate test), yielding the outcome for each group. The
outcome and the students’ metrics were analyzed to find de-
pendencies between the characteristics of the groups and the
actual outcome. The two metrics that showed the highest
correlation factors (enrolled semester and personality) were
selected as an optimization criteria for the second step, con-
sisting of another simulation run and a post-test. But, this
time we changed the composition of the groups. One third of
the groups then consisted of those students with the highest
number of enrolled semesters and skills (highest previous
knowledge, Cohort SA), one third was grouped according
to their personality types (Cohort PA), and one third of
the groups stayed unchanged (Cohort RG). At the end, we
looked at their performances to answer research question 1.

Research question 2 was examined by comparing the indi-
vidual grades (following a standard grading scheme in these
lectures, taking the collaboration during the semester, the
results of the simulation runs and the results of the final ex-
amination into account) and historical data that is available
for all the courses which used the AMEISE environment to
teach software project management.

Both research questions will be addressed in the following
experiment that has been designed and conducted at the
Alpen-Adria University of Klagenfurt in June 2015.



Group Nr. Questionnaires [..] Simulation Results|
Sim 1| Sim 2 FFS FFS |Sim 1| Sim 2|
Infor Domi
mal/ nant/
Form Easy:
Stud.|Cohort] Group | Group| Sex Sem.[ al  Goin |Grade| Grade| Delta
o] poy | poy | D) Jim,wl (Numifi<4..4] [-4..4] [1..5]] [1..5]

RG |aau-20|aau-20 12 - 1.45| 1.90 | 0.45]
RG |aau-16|aau-16| 11 1.00 | 1.30 | 0.30]
SA |aau-12|aau-05 10 2.30 | 1.45 | -0.85|
PA |aau-07|aau-11 4 1.95| 2.10 | 0.15]
PA |aau-07|aau-12| 16 1.95| 1.30 | -0.65]
PA |aau-18|aau-17| 6 1.65 | 1.50 | -0.15
PA |aau-02|aau-12| 1 2.10 | 1.30 | -0.80]
PA  |aau-05|aau-09 6 3.35| 2.30 | -1.05
SA |aau-02|aau-02| 14 2.10 | 1.90 | -0.20|
SA |aau-15|aau-01 16 1.90 | 1.65 | -0.25
SA |aau-11|aau-07 8 2.90 | 1.75 | -1.15
RG |aau-14|aau-14 4 1.40 | 1.20 | -0.20
SA |aau-06|aau-05 10 1.80 | 1.45 | -0.35
RG |aau-14|aau-14] 10 1.40 | 1.20 | -0.20]
SA |aau-18|aau-07| 10 1.65| 1.75 | 0.10
SA |aau-17|aau-01 15 1.75 | 1.65 | -0.10
PA |aau-01|aau-15] 4 2.65| 1.30 | -1.35
PA |aau-05|aau-19| 18 3.35| 1.90 | -1.45
PA |aau-09|aau-18| 10 1.65| 1.75 | 0.10
SA |aau-06|aau-03| 14 1.80 | 1.90 | 0.10]

©®NO OB WN

XN OB WON SO ©

©
NN LANvMOoOboNLLNoANdvALON

££3333s£3333=s£333=ss533S3
Lob-=2=2vononmnbENNMND LA 2 aNvo

N
=}

Figure 3: Data gathered for students 1 to 20. Out
of 48 factors, the table summarizes the student ID,
the assigned cohort, the assigned simulation groups
for both runs, the sex, and the number of semester
enrolled. (Continued in Figure 4).

3.4 The Study

At the beginning, the study involved 42 software engineer-
ing students enrolled in 3 software engineering subjects in
summer 2015. The students knew that they are taking part
in a study, but did not know what the study was about. To
measure the effect of group reorganization, the study has
been split into two steps. During both steps, student groups
(pairs of students) conducted a full AMEISE simulation run
[4] and were assessed as usual at the end of the lecture. The
lecturing staff, the exercises and the structure of the lecture
remained the same for the entire experiment, extending over
13 weeks in total.

As mentioned in Section 3.3, Figure 2 represents each pro-
cessing step of the study which began by randomly selecting
42 students to groups. During the courses, two students
performed the exercise on their own and they needed to be
removed from the study, yielding 20 groups at the end.

Twenty groups performed a software project management
exercise and each group was assessed on a scale between
1 and 5 (1=excellent, 2=good, 3=passed, 4=satisfactory,
5=fail). Group metrics that represent the individual char-
acteristics of the group members were correlated with the
simulation results and, additionally, two factors that repre-
sent the personality (according to the FFS model) of each
student have been calculated. For this, the students had
to fill out a short questionnaire determining their level of
formality (on a range between [—4..4] ) and dominance (on
a range between [—4..4] ). According to FFS this helps in
estimating the degree of being a Renovator, an Analyst, a
Coach, or a Manager (most of us are mixed-types). Figures
3 and 4 summarize parts of the data that has been gath-
ered (due to limitations of space, a lot of other factors we
collected have been excluded from the tables).

To find dependencies between group metrics and the sim-
ulation results, a correlation analysis has been performed.
According to an Anderson-Darling test, the grades of the
simulation runs are normally distributed (with a given signif-
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oj| ooy | poy | D) |im,w] [Num]|[-4..4] [4..4]| [1..5]] [1..5]
21| PA |aau-12]aau-19| 8 2.30 | 1.90 | -0.40|
22| RG [aau-10]aau-10| 1.15| 1.50 | 0.35
23| SA |aau-01]|aau-08| 2.65| 2.15 | -0.50
24| PA |aau-19]aau-15| 2.25] 1.30 | -0.95|
25| SA |aau-08]|aau-08| 2.50 | 2.15 | -0.35|
26| RG |aau-10|aau-10| 1.15| 1.50 | 0.35]
27| RG |aau-04]aau-04 1.15| 1.45 | 0.30]
28| PA |aau-11]aau-22| 2.90 | 1.60 | -1.30|
29| RG [aau-13]aau-13| 1.15| 1.60 | 0.45
30| PA |aau-03|aau-17| 2.60 | 1.50 | -1.10
31l RG |aau-04]aau-04 1.15| 1.45 | 0.30]
32| SA |aau-17]aau-06| 1.75| 2.00 | 0.25
33| SA |aau-19|aau-06| 2.25] 2.00 | -0.25|
34| RG |aau-16|aau-16| 1.00 | 1.30 | 0.30]
35| PA |aau-08|aau-09| 2.50 | 2.30 | -0.20
36| PA |aau-15|aau-18| 1.90 | 1.75 | -0.15
37| PA |aau-03]|aau-11 2.60 | 2.10 | -0.50]
38| RG |aau-13|aau-13| 1.15| 1.60 | 0.45]
39| SA [aau-22]|aau-02| 1.45| 1.90 | 0.45
40| SA |aau-22]|aau-03) 1.451 1.90 | 0.45
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Figure 4: Data gathered for students 21 to 40. The
table also includes the two factors from the FFS-
model (informal/formal and dominant/easy-going
dimensions), the grades for the first and second run,
and the delta between the two grades.

Table 1: Outcome correlation Rp, Rs, Rk (n=40) in-
cluding p-value in brackets.

[ Measure | Rp(p) | Rs( | Rx(p |
Semester | 0.793 (0.04) | 0.437 (0.12) | 0.521 (0.07)
Formality | 0.853 (0.03) | 0.818 (0.03) | 0.784 (0.03)
Dominance | 0.090 (0.26) | 0.106 (0.26) | 0.113 (0.19)

icance of 0.05). The data set describing the enrolled semester
is not normally distributed, the personality types Renovator,
Analyst, and Coach are normally distributed, the manager
type is not normally distributed.

So, as we can not assume normal distribution, three differ-
ent statistical tests were used to assess the data: the Pear-
son’s Correlation Coefficient, the Spearman’s Rank Corre-
lation Coefficient, and the Kendall’s Tau Correlation Coef-
ficient. The Pearson’s correlation coefficient (Rp) measures
the degree of association between the variables, assuming
normal distribution of the values ([25, p.212]). Although
this test might not necessarily fail when the data is not nor-
mally distributed, the Pearson’s test only looks for a linear
correlation. It might indicate no correlation even if the data
is correlated in a nonlinear manner. The Spearman’s rank
correlation coefficient (Rg) ([25, p.219]) is a nonparametric
test of correlation and assesses how well a monotonic func-
tion describes the association between the variables. Finally,
the Kendall’s robust correlation coefficient (Rx ) can be used
as an alternative to the Spearman’s test ([25, p.200]). It is
also nonparametric and investigates the relationship among
pairs of data. However, it ranks the data relatively and is
able to identify partial correlations.

As shown in Table 1, there is medium to high positive
correlation between the number of the enrolled semester,
formality, and the results of the first simulation run. How-
ever, there is no correlation between the level of dominance,
but as the p-value is higher than 0.05, this result is not sig-
nificant. Other factors (not shown in Figures 3 and 4) did
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Figure 5: Box-plot of group outcome improvements
(a value lower than 0 indicates an improvement)
achieved by systematically formed students cohorts
(RG, n=12; PA, n=14; SA, n=14).

not yield high correlations, thus we decided to focus on the
number of enrolled semesters and personality only, and for
testing our hypothesis we created three different cohorts.
Cohort 1 (SA) involved students of the highest possible
semester. For the second group we followed the recommen-
dations in literature [28, p.7], stating that one should have at
least one manager (meaning high informality and low domi-
nance in the FFG model) or coach in a team (meaning high
informality and high dominance in the FFG model). This
yielded cohort 2 (PA), where one member of the group was
either more of a manager or coach type. Cohort 3 (RG) then
consisted of the remaining randomly formed groups.

3.4.1 Results - Research question 1

All three cohorts performed the same exercise again us-
ing the AMEISE simulation environment. As a result of
this study, the average simulation outcomes across all co-
horts improved from grade 1.86 (on average) to 1.68 (on
average). This was expected, as there is, of course, also a
learning effect between the first and the second simulation
run. One can assume that this learning effect is equally dis-
tributed over all groups, but in our case the improvement of
the groups was different.

The greatest improvement has been made by the groups
that were constructed according to the personality type.
They raised their average grades from 2.38 to 1.73 (which
is 27%). The second best performance has been achieved
by the semester optimized cohort. This cohort raised the
average grade from 2.02 to 1.83 which is an improvement
by 9.3% on average. Interestingly, the student cohort that
had excellent grades in the first simulation run could not im-
prove their average simulation results. Their average simula-
tion result dropped from 1.20 to 1.45 (on the Austrian scale
1..5). These results on the changes of the average simulation
outcome are visualized in Figure 5.

3.4.2  Results - Research question 2

There has also been an improvement of performances of in-
dividuals. Figure 6 presents the points of individuals achieved
in software project management lectures between 2013 and
2015. The plot on the left side represent an aggregation
of results in the years 2013 and 2014 where the lower ex-
treme lies at 70 and the upper extreme at 100 points. The
lower quartile is at approximately 85 and the upper quar-
tile at 95 points. The median is at around 91 points. In
comparison with the year 2015 when the systematic group
formation has been performed as previously discussed, a sig-
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Figure 6: Box-plot of individual points achieved in
software project management lectures at AAU Kla-
genfurt using AMEISE in 2013 and 2014 (to the left,
n==82) and 2015 (to the right, n=40).

nificant improvement of individual learning outcomes has
been achieved. The plot on the right side shows the lower
extreme at 80 points, the lower quartile at roughly 91 and
the upper quartile at almost 100 points. The median lies
at 96 points which clearly shows that the performances of
individuals were raised comparing to previous years.

Based on previous discussions and the presented results
there is evidence that supports our hypothesis that group
and individual outcomes can, to some extent, be improved
by systematically construction groups.

4. THREADS TO VALIDITY

The individual characteristics have been gathered through
a survey. The survey is based on self-perception and the re-
sponses may therefore not accurately represent the skills and
personality of each student. Though not very likely, there
is also a chance that the different improvement of the out-
comes was based only on an learning effect between the first
and second simulation run. Another issue is that even if
students undergo the same curricula, their previous knowl-
edge had a camouflaging impact on our study. These are
possible threats to internal validity. Threats to external va-
lidity are that we can not guarantee that our results can be
transferred to other settings, as the number of participating
groups and lecture types/settings is too low.

S. DISCUSSION AND CONCLUSION

This paper presented a group reformation approach that
is based on the results of a correlation analysis and previ-
ous studies with the aim to improve the learning outcomes
of groups as a whole and also the performances of each in-
dividual within a group. Our results provide evidence that
support our hypothesis. The average group outcomes could
be improved by reorganizing the students cohorts based on
the results of our correlation analysis and on the insights of
previous studies. Our plan is to conduct further studies in
the future (currently we have a lecture at TU Kosice with
170 students) and collect more evidence that either supports
or rejects our hypothesis.
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