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THE SUBJECT AND STRUCTURE OF THE DISSERTATION

Teamwork offers numerous advantages in the case of solving complex problems:
increased coverage of knowledge, skills and ideas becomes available through the members of
a team (Finnegan & O’Mahoney, 1996). The potential of teamwork has been widely
recognized and used in the workforce in recent decades; therefore, the ability to effectively
solve problems in collaboration with others represents a continuously growing value
(Brannick & Prince, 1997; Binkley et al., 2012; Cohen & Bailey, 1997; McGrath, 1997,
National Research Council, 2011). Consequently, it is a highly significant competence to
effectively work in groups and collaboratively create solutions to particular problems in the
world today. Thus, there is an urgent necessity of developing Collaborative Problem Solving
(CPS) skills in an educational context (Neubert, Mainert, Kretzschmar, & Greiff, 2015). In
addition, to be able to diagnose the level of CPS time to time, sufficient instruments are
necessary (Csapd, Lorincz, & Molnar, 2012).

Recently several major research projects have targeted to develop an effective tool for
assessing CPS skills. The measurement of the construct was aimed at the Assessment and
Teaching of 21st Century Skills (ACT21S) project, by the experts of the Educational Testing
Service, furthermore, CPS was the fourth, cross-curricular competence assessed in PISA 2015
(Griffin & Care, 2015; OECD, 2013, 2017; Hao, Liu, von Davier, & Kyllonen, 2017). Yet,
numerous basic researches would be still necessary until a valid and reliable, commonly
accepted measurement technology emerges as many serious methodological issues are
waiting for solutions.

In the first three chapters of the dissertation we give a detailed review of the different
perspectives of CPS. The traditions of publishing empirical researches would demand to
begin the expose of the theoretical background with the definitions of CPS. Nevertheless, a
different line is followed in our review, as we believe, one has to be familiar with the
background of its two great components, collaboration and problem solving, to be able to
interpret its models and descriptions. We stress the diversity of the traditional collaboration
and problem solving assessment methods as one reason for the complexity of measuring CPS.
Afterwards the so far existing CPS instruments are getting reviewed.

In the empirical chapters of the dissertation the development and the testing of two
different instruments are discussed. First the developmental process of an interactive CPS
instrument is presented which enables dyads to collaborate via many innovative
communicational options (Chapter 5 and 6). Then a questionnaire for exploring collaborative
skills (ColSQ — Collaborative Skills Questionnaire) is described followed by the results of
two studies in which we investigated the functioning of the questionnaire (Chapter 7). The
last chapter of the dissertation outlines, in our point of view, the probable future perspectives
of the research field based on our theoretical considerations and empirical data.



THEORETICAL BACKGROUND

One aspect which makes the assessment of CPS challenging is that the construct itself
in its current interpretation is quite new. Therefore, it has no solid empirical background. So
far there are four theoretical models to describe CPS (Hesse, Care, Buder, Sassenberg, &
Griffin, 2015; Liu, Hao, von Davier, Kyllonen, & Zapata-Rivera, 2015; OECD, 2013; O’Neil,
Chuang, & Chung, 2003; lasd Pasztor-Kovacs, 2015; Pasztor-Kovacs, Pasztor, & Molnar,
2018a, 2018b). There is one core similarity in all the four models: they contain two major
elements representing a social or collaborative and a cognitive or problem solving aspect of
the construct. However, they name different skills and subskills tied to the social and
cognitive components, and these subskills also differ in their arrangement; they are ordered in
a hierarchy as well as in a matrix. There was no empirical study which could have validated
any of the four models so none of them can be considered to cover the structure of CPS with
full certainty. In the lack of empirical data, the quality of the relation between the two major
components is also unclear. The matrix models indicate a tight connection, while the
hierarchical models do not signify any relation between them. Consequently, the question
arises whether there is a connection between the two components, and if so, in what way there
is and how strong it is. If we, for instance, assume that general intelligence predicts both
components, it is also reasonable to hypothesize that there is at least a minor correlation
between them.

Several researches have shown the connection between problem solving skills and
general intelligence (pl.: Greiff et al., 2013; Stadler, Becker, Gédker, Leutner, & Greiff, 2015;
Wiistenberg, Greiff, & Funke, 2012). However, we have not found any research exploring the
relation between collaborative skills and general intelligence. Nevertheless, the relationship
between emotional intelligence and collaborative skills were the focus of plenty of researches
(pl.: Feyerherm, & Rice, 2002; Goleman, 1995, 1998; Jordan & Troth, 2004; Prati, Douglas,
Ferris, Ammeter, & Buckley, 2003; Salovey & Mayer, 1990). These studies found a strong
connection between the two constructs. If we accept the theory that emotional intelligence is
independent of those mental abilities which are assessed by traditional intelligence tests [in
Gardner’s (1983) multiple intelligence model for example these are the elements of linguistic,
logical-mathematical and visual-spatial intelligence], we cannot have the assumption that the
collaborative component, similarly to problem solving is correlated to general intelligence.
Thus we cannot hypothesize even a small correlation between the collaboration and problem
solving components.

The completely different assessment traditions of the two components raise another
barrier to the creation of CPS tests. The measurement of problem solving skills by objective
tests relies on a stable empirical basis. The assessment of collaboration processes on the other
hand, rest on qualitative tools like natural observation, interview, self-reported questionnaires
and peer-rated scales. We are not aware of such an objective test which would assess one’s
collaborative skills based on his/her achievement in a given group. This means the
measurement of the collaborative component with objective methods is itself problematic.
The development of such an instrument which gives feedback about the unified construct on
individual level relying on the results of a single objective test seems extremely challenging
(Pasztor-Kovacs, 2013a, 2016a; Pasztor-Kovacs, Magyar, Hiilber, Pasztor, & Tongori, 2013;
Pasztor-Kovacs, Pasztor, & Molnar, 2018a, 2018c¢).

The target of collaborative assessments tends to be the whole team instead of the
individuals. Even if group members’ behaviours are in the focus of a given study, it is not an
aim to evaluate a member’s collaborative skills in global (Greiff, 2012; Pésztor-Kovacs,
2013c). A possible reason for the lack of research on the individual level in group assessments
is the complexity of isolating one’s achievement from one’s peers in a group, as group



members strongly depend on each other’s characteristics in a teamwork situation. To create a
clear picture of an individual’s CPS profile, the ideal procedure would actually be to test
him/her in multiple groups with different compositions and thus make it possible to manifest
his/her CPS skills with team members with highly different skill sets (Hao et al., 2017; Rosen,
2017).

In the case of summative assessments, where comparability is a core expectation and
time constraints are also frequent, this “mapping out” method of CPS skills is clearly not
feasible. To produce comparable data, test takers should receive the exact same stimuli within
the test, meaning everyone should solve the same problems in teams made up of members
with similar characteristics. This design may seem impossible to achieve at first sight;
technology, however, offers a creative and so far unique solution: the application of computer
agents as collaborators. In a technology-based assessment environment where the
collaborating peer is not another person but a conversational agent, it becomes possible to
develop a standardized test environment, as agents can generate their reactions from the same
pre-programmed set of responses to every test taker (Krkovic, Pasztor-Kovacs, Molnar, &
Greift, 2014; OECD, 2013).

There has only been one example so far of a standardized assessment of CPS skills that
uses computer agents, namely, the PISA 2015 summative assessment. Nevertheless, the
OECD decision on Collaborative Problem Solving measurement in PISA 2015 prompted
several significant studies on creating pioneer instruments of CPS with embedded computer
agents (Krkovic, Wiistenberg, & Greiff, 2016; Hao et al., 2017; Rosen & Foltz, 2014). There
have been some concerns about the aforementioned so called Human-Agent (H-A) design.
Proponents of the Human—Human (H-H) assessment line question the validity of results
produced by H-A instruments. They point out the obvious differences between human and
computer agents and therefore the unrealistic quality of the test environments (Graesser,
Forsyth, & Foltz, 2017; Krkovic, Mustafic, Wiistenberg & Greiff, 2018; Scoular, Care, &
Hesse, 2017; Rosen, 2017). Indeed, it is completely unexpected for a computer agent to
accurately imitate all human behaviours, such as displaying the wide range of emotions or the
sometimes rather irrational thinking that humans are known for. Nevertheless, the option of
creating a standardized test environment and thus ensuring comparability is such a crucial
advantage of H—A designs in summative assessments that we believe that commonly
accepted, reliable technology should rely on a H-A approach as it is developed. In our view,
the main question is in what ways we can maximize the validity level of H-A designs.

Communication between collaborators contains core information about the problem-
solving process and participants’ CPS skills, so it is a key issue in what way it is realized and
what solutions can be found to evaluate it (Hesse et al., 2015). There are many
methodological questions to consider when we decide on the communication design of a CPS
instrument. Technology offers a number of advantages for the field of educational assessment
(Csapd6, Ainley, Bennett, Latour, & Law, 2012). Automated coding, for example, is such a
practical feature of technology that it would be extremely resource- and time-consuming not
to take advantage of it in large-scale assessments. In the case of CPS, everyday educational
practice would also require instruments which generate results that can be coded
automatically, as teachers are not necessarily experts on methods of analysing human
discourse.

In the case of open-ended communication, which is without doubt the most valid way
of exchanging ideas, it is again quite challenging, however, to exploit this potential as content
analysis, the traditional method for analysing interactions at the current stage of technology,
cannot be implemented with the full elimination of human rating (Care, Griffin, Scoular,
Awwal, & Zoanetti, 2015). The solution to handling the complicated case of automated
coding was to eliminate the option of conversing freely in the rest of the CPS instruments.
More specifically, group members can only talk by exchanging a set of pre-defined messages,



which are previously assigned to different skills, so automated data coding can be developed
and implemented with this pre-assignment.

What we have learned so far from recent researches was that pre-defined message
exchange could be an efficient way to interact with the aim of problem solving (Chung,
O’Neil, & Herl, 1999; Hsieh & O’Neil, 2002; Krkovic et al., 2016; OECD, 2017; O’Neil,
Chung, & Brown, 1997; Rosen & Foltz, 2014). However, besides its effectiveness for
problem solving and automated coding, pre-defined message exchange also proved to have its
limits, as it may lead to frustration; participants may be disturbed at not being able to express
themselves if the messages fail to cover every possible scenario for talk (Krkovic et al., 2014;
Pasztor-Kovacs, 2016a, 2016b, 2017a; Pasztor-Kovacs et al., 2018a, 2018b). To conclude,
one of the main tasks of this research area at this point is to maximize the flexibility and the
convenient use of these restricted communication options and thus increase the validity level
of the interactions realized in a restricted way.

RESEARCH AIMS

Our ideas about the necessary developmental stages of such a CPS instrument which
can ensure a standard test environment and automated data coding in the most valid way can
be summarized in this process model:

(1) the development should be started by setting up the H-H version of the instrument,
which permits open-ended discussion;

(2) pre-defined messages and further restricted communication options should be based
on an analysis of data gathered via the H—H instrument, which permits open-ended
discussions;

(3) after eliminating free chat, restricted communication options, including pre-defined
messages, should be tested in several further H-H tests;

(4) if the restricted ways of communicating can be considered well-established, the
response set of the computer agent to be embedded should be strictly built on the H-H
interactions that emerge through restricted communication options;

(5) the automated coding scheme in the H-A instrument should also be based on an
analysis of students’ interactions using the restricted communication options in the H-H
version.

The long-term aim of our research is to create a H-A CPS instrument suitable from the
age of 13 by proceeding along the stages we defined as ideal for maximizing the validity level
of the assessment tool. Till the submission of the dissertation we have reached the third stage,
namely the creation of such a Human-Human instrument within which students can interact
by restricted communication options only. The development of a H-H instrument should not
only be considered as a necessary step in the project of creating a H-A assessment tool. Our
aim is to make the H-H version a valuable tool for formative CPS assessments in its own
right (Pasztor-Kovacs, 2013b, 2013d).

By the first version of our CPS instrument we have observed the collaboration of four-
member teams solving analytical, decision-making type of problems with the condition of
using free chat (Magyar, Péasztor, Pasztor-Kovdcs, Pluhar, & Molnar, 2015; Pasztor-Kovécs,
2014a, 2014b, 2016a, 2016b). Following the stricter definition of collaboration, the tasks of
the test were not interdependent. The results of the trial provided important conclusions.
Relying on them some major changes have been implemented on the instrument.

By using the revised version of the assessment tool, we investigated the collaboration of
dyads solving interdependent, interactive problems based on the MicroDYN model. In this
new version many restricted communication options were developed in line with our long-
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term research goals (Péasztor-Kovacs, 2017b; Péasztor-Kovacs et al., 2018a, 2018b, 2018c). We
created the content of the pre-defined messages based on the results of our in-house studies.
Several innovative options were ensured for the interaction, we developed visual channels
besides the verbal ones to exchange information so that the flexibility and by that the validity
of restricted communication could increase.

In the second part of our research a self-reported questionnaire was developed to
explore the collaborative component of CPS (Pasztor-Kovacs & Pasztor, 2017). The aim of
the development of ColSQ was twofold. For future external validation of the CPS assessment
tool suitable instruments are necessary. In case of the problem solving component, this is
easily achievable with the application of the individual test based on the MicroDYN
problems. For the exploration of different aspects of the collaborative component many
methods are available, mostly qualitative ones. However, in most cases these instruments do
not observe the individuals but the whole groups. Also, if the assessment tool measures on
individual level, it is a peer or an expert who gives the evaluation. This is again not in line
with our research plan, which is to create such a design where students first solve a problem
solving and a collaborative test, then the results of the thirdly registered CPS test can be
compared to the first two ones.

We have found two instruments in the literature which, on one hand, explore
collaborative skills in global (and not referring to a given teamwork task post hoc), and which
are, on the other hand, self-reported and by that fit to our research plan for a validation study
(Cumming et al., 2015; Kasik, 2013). Nevertheless, these instruments in their content hardly
cover the collaborative component of the CPS models. We decided to develop a new
instrument, a self-reported questionnaire based on one of the CPS models which measures
collaborative skills in general and not referring to one case.

The second aim of developing the questionnaire was to learn more about the structure of
CPS. None of the CPS models have been tested empirically so far so we also intended to fill
this gap with our questionnaire which was based on the collaborative component of the
ATC21S model (Hesse et al., 2015).

Within a large-scale online assessment, we had the opportunity to deepen our
knowledge about the construct of CPS. Based on the results of our questionnaire, a problem
solving test with MicroDYN problems and an inductive reasoning test, we could explore the
relations between the collaboration and the problem solving component and additionally their
relation to inductive reasoning skills.

RESEARCH QUESTIONS AND HYPOTHESES

In our research we were looking for answers to the following research questions:

RQI1: On which phase (the knowledge acquisition or the knowledge application) of the
MicroDYN problems do students achieve better in the collaborative problem solving test?

RQ 2: Is it possible to solve the collaborative problem solving test with the application of
restricted communication options only?

RQ 3: Does the Collaborative Skills Questionnaire prove to be reliable?

RQ 4: Does the theoretical model on which the questionnaire is based on appear behind the
factor structure of the questionnaire?

RQ 5: Which results do the scores of the inductive reasoning test (as an indicator of general
intelligence) show a closer connection with: the results of the Collaborative Skills
Questionnaire or the problem solving test?



RQ 6: In which direction is there and how strong is the relationship between the results of the
Collaborative Skills Questionnaire and the problem solving test?

The following hypotheses were phrased connected to research questions, based on the
research results presented in the literature review part of the dissertation:

H;: Students (similarly to the pattern experienced in the individual problem solving test)
achieve better on the knowledge acquisition than on the knowledge application phases of the
problems in the collaborative problem solving test.

H>: It is possible to solve the collaborative problem solving test with the application of
restricted communication options only.

H3: The Collaborative Skills Questionnaire proves to be reliable.

Hy: The theoretical model on which the questionnaire is based on appears behind the factor
structure of the questionnaire.

Hs: The scores of the inductive reasoning test (as an indicator of general intelligence) show a
closer connection to the results of the problem solving test than to the results of the
Collaborative Skills Questionnaire.

Hs: There is a weak positive correlation at most between the results of the Collaborative
Skills Questionnaire and the problem solving test.

DEVELOPMENT OF THE FIRST VERSION OF OUR COLLABORATIVE
PROBLEM SOLVING INSTRUMENT AND THE RESULTS OF ITS TRIAL

In the first version of the CPS instrument in the eDia system analytical, decision making
problems were applied of which development was inspired by the PISA 2003 problem solving
assessment tasks (Molnar, 2006). Students had to understand the problem situation, consider
the possible outputs of the situation and the limiting aspects, finally, choose the best one from
the offered solutions. The complexity of the problems could have been increased by the
growing number of the limiting aspects and the growing difficulty of identifying these
aspects. We developed domain-general problems to control the variable of prior knowledge in
team members’ achievements. The problem situations were such scenarios which could
happen in students’ daily lives in the target age group (e.g. choosing a birthday present, a
summer camp or a school with the consideration of given parameters). Following the stricter
definition of collaboration, the problems were not independent, students had the same pieces
of information by getting the same instruction.

In the trial of the instrument our aim was to find out its reliability and the time required
to solve the test, and also, to learn about the attitudes of the test takers toward the instrument.
Furthermore, in line with our long-term research aims, we were focusing on the questions
whether the four-member team design is eligible, if a discussion of the problems emerges in
the lack of interdependence, and whether decision making problems are appropriate for our
future research plans.

71 BSc students were participating in the study. They were collaborating in seventeen
groups which had three, four or five members. At the beginning of the test students learned
about the way they could give solutions to the problems jointly and they could try out the chat
function. After a pilot task four problems were provided containing 11 items. At the end of



the test we asked students to answer three close-ended questions offering a five-point scale
and also one open-ended question to give their opinions about the instrument.

The reliability index of the 11 items was Cronbach’s a=.78. The average score on the
test was 8.91 (SD=2.50) out of 11, the four problems required approximately 30 minutes to
solve (Mmin=29.99; SD=5.96). Significant positive correlation was found between the first
and the second (r=.66, p<.01), furthermore between the second and the third problems (r=.47,
p=.05). The fourth problem did not correlate with any other ones. More than half of the
students (59.7%) reported to enjoy the joint problem solving. Most of them found the
problems moderately difficult (70.1%) and evaluated team work successful (86.5%). 37
participants gave their opinion about the test in the last, open-ended question. The answers
could be organized in six categories. The biggest category contained responses expressing
general attitudes about the test. 93% of these answers mirrored positive opinions.

From psychometrical aspects the test was basically satisfying, so were the attitudes
toward the instrument. However, from the viewpoint of our long-term research aims, the
results of the study indicated the need of some major changes. For example, in the answers
given to the open-ended question it was clearly outlined that the exchange of messages was
slow. Also, it was difficult to follow and to search back what kind of messages and
particularly, solution plans students had sent to each other. This feedback made us conclude
that although from the perspective of generalizability we would find teams with bigger
number of members working together to be optimal, written chat hardly fits to this condition.

The second conclusion was connected to the design of exposing the problems. We had
to face the fact that the presentation of the complete set of information was not a good choice
considering our long-term plans because of the lack of interaction. The results indicated that
we have to accept the wider definition of collaboration in the future, which allows the
condition of interdependence. This condition can ensure the interaction of team members,
which is substantial for evaluating students’ CPS skills.

The analysis of the interactions made us clear that the type of the problems also needs to
be changed. Although there were some objective criterions to consider, students tended to
make decisions based on subjective elements like their own experience and opinions. This
might have been caused by the familiar, lifelike context. We realized that we have to present
such problems which are completely exact, there are no subjective elements related to their
solutions, and also they are domain-general.

Furthermore, we found out that the chosen problem type cannot be solved by restricted
communication options. Based on the messages students sent to each other we failed to
develop such a pre-defined message set which could fairly cover everything that the
participants would potentially want to express. We recognized that the possible outcomes of
the interactions which are induced by the decision making problems are too many and too
uncertain to be suitable for solving them by restricted communication. The conclusion we
made was that we needed such problem types in which the problem space is relatively small,
the process of the problem solving is well-predictable, so the development of a pre-defined
message set connected to it is also easier to realize.

DEVELOPMENT OF THE SECOND VERSION OF THE CPS INSTRUMENT AND
THE RESULTS OF ITS TRIAL

Based on the conclusions of the prior study we had implemented, some great changes
connected to the instrument. The improved version was suitable for the collaboration of
dyads. For the exact, domain-general problems with a relatively small problem space we
looked for, we found the interactive MicroDYN problems to be the most appropriate. The so
called MicroDYN model was developed by the researchers of the University of Heidelberg.



The Hungarian adaptation of the MicroDYN problems, which assess a knowledge acquisition
and a knowledge application phase separately, was tested several times via the eDia platform
and proved to be effective (Csapé & Molnar, 2017; Greiff, Wiistenberg, & Funke, 2012;
Molnar, 2016a, 2016b, 2017; Molnar & Csapo, 2018; Molnar & Pasztor-Kovéacs, 2015;
Wiistenberg et al., 2012).

Problems were interdependent. To ensure that, in their first, knowledge acquisition
phase we created a jigsaw design in which team members have different pieces of
information. Half of the information was available only for one member of the dyad, the other
half was available for the other member. For creating the solution, the two students had to
collaborate. In the knowledge application phase the jigsaw design was not found appropriate
for maintaining interdependence. Instead, students had to build consensus on how to
manipulate the different variables to come to the solution.

This instrument version was already suitable for developing restricted communication
options in it for automated coding in the future. We were trying to create such restricted ways
for interacting which could ensure a flexible communication even in the lack of typing in
messages freely, which was convenient to use, fairly covered the potential messages of the
students and by all of these features increased the validity of the assessment tool. To be able
to fulfil this aim we based the content of the pre-defined messages on the results of our prior
in house studies in which it was allowed to form messages freely. Furthermore, we developed
several new, innovative ways besides the pre-defined messages for restricted communication,
for example, options for visual information exchange.

This new version with its innovative elements was tried out in two small-scale studies to
find out how well students can handle the new, unorthodox test environment and
communicational options. We wanted to explore how challenging it is to solve the problems;
whether the innovative options besides pre-defined messages represent a sufficient way for
communication; what patterns the participants use for the different options. Furthermore, it
was again intended to investigate the test takers’ attitudes toward the instrument: whether they
find it user-friendly; whether they believe communication is flexible enough via these
channels; and how difficult they find understanding the use and later on utilizing the restricted
communication options.

In the first study, besides the restricted communication options, we also provided the
chance of typing in messages freely, however, we asked the participating students (N=10) to
use this option only if they cannot express themselves in any other way. Options for restricted
communication managed to substitute free communication by more than 85%. This promising
result encouraged us to fully eliminate the chance for free chat in the next study. The freely
typed messages in the first study represented a rich input for further improving the list of pre-
defined messages.

Eight girls and two boys from the seventh and eighth grades (Mage=13.3; SD=.5)
participated in the second study, which was carried out via the eDia platform in the ICT lab of
the primary school which the participants attended. The data collection required two periods
out of the school day. First, a three-task individual problem-solving test was administered
containing MicroDYN problems to make students familiar with their context. Then a four-
problem CPS test was provided for the dyads. There was no time limit to solve the problems;
however, students were asked to stop working on the test after 50 minutes. In the last section
of the data collection, we administered a questionnaire to investigate students’ attitudes
toward the instrument. It contained two open-ended and eight close-ended questions, out of
which seven offered a five-point scale for the answer and one was a dichotomous, yes-no
item.

None of the pairs managed to complete the whole test, three of them provided their last
solutions to the knowledge acquisition phase of the third problem, and the remaining two only
reached the knowledge application phase of the second problem. The knowledge acquisition
phases required more interactions and more time to discuss and proved to be much more



difficult to complete than the knowledge application phases. In the first two problems, the
knowledge acquisition phase basically produced a floor effect, while the knowledge
application phase produced a ceiling effect. Our first hypothesis (H1: Students achieve better
on the knowledge acquisition than on the knowledge application phases of the problems in the
collaborative problem solving test) was not supported; the knowledge acquisition phase in
every aspect was proved to be more difficult.

The contradictory tendency with the individual problem solving tests is supposedly
caused by the different designs in the two phases. The jigsaw design and the broader spectrum
of restricted communication options in the knowledge acquisition phase might have posed
students a bigger challenge. The finding that students’ achievements display a divergent trend
in knowledge acquisition and knowledge application on the individual and the collaborative
problem solving tests hints at a promising hypothesis: the two tests measure distinct
constructs. Nevertheless, the low sample size does not allow us to make strong claims, so
further researches need to be conducted to investigate this assumption.

The test was quite time-consuming; one student even commented that more time would
have been necessary for him/her to become effective. To make sure that students experience
some success during the test, one option is to prolong it. This is not necessarily the best
option, however, as it is not always possible to devote more than two periods out of the school
day to the test.

Another, more feasible option is to replace the problems with easier ones, for example,
problems with two input variables and only one output variable. This solution is also
supported from the perspective of the low achievement on the knowledge acquisition tasks. In
addition, a time limit might be introduced to these task types to eliminate the ceiling effect on
the knowledge application phases. By providing easier problems but also a time limit in the
knowledge application phases, we could possibly bring the level of challenge in the two
phases closer to the optimal.

The second hypothesis of the dissertation (H>: It is possible to solve the collaborative
problem solving test with the application of restricted communication options only) was
confirmed. The results indicate that the restricted communication ways of the instrument
create a suitable basis for solving the problems collaboratively. Our innovative options were
found to be usable and rather popular. Options for visual information exchange were used
more frequently in both the knowledge acquisition and application phases of the test than
options for verbal information exchange and were also used more and more frequently as
students went along the test.

The results from the questionnaire led us to conclude that most of the students enjoyed
the testing but felt that their joint work was unsuccessful. Responses to the question “Was it
more difficult to solve the problems jointly than alone?”” covered a broader spectrum, showing
that the new design with the elimination of free chat posed a greater challenge for some
students. This tendency is also reflected in the rest of the questions: most participants chose
the middle of the scale to express how easy they found it to understand and implement the
innovative ways of communicating. Although they tended to answer that they were able to
express themselves easily through the messages, they consistently noted that they missed
being able to type in messages on their own.

Eight students out of ten said yes to the dichotomous question “Was there a message
you would have needed but didn’t find in pressing the Message button?”. We also provided
the chance to list any lacking messages. Considering the rate of free messages and restricted
ways of communicating used in the prior trial of the test, this result was somewhat
unexpected. Either restricted communication proved to be a greater challenge for this sample
or the small amount of free communication realized in the previous study was more crucial
for students to express themselves than we thought.

To reduce the frustration shown with the lack of free chat, there is great potential in
further developing the pre-defined message set. Messages suggested by the students should be



added to the current set. The layout should also be reconsidered, as three students
recommended such content which was already available. A different arrangement may
improve the perspicacity of the message set and help students keep all the messages in mind.

Once we reach a point where students report that they barely miss free communication
within the test, the next problem is how to create a coding scheme. In this Human—Human
version, we cannot ensure the complete automation of the data coding; however, limiting the
interaction space itself makes evaluation much simpler for the H-H instrument. Based on a
log file analysis, several indicators can be developed to describe students’ CPS skills.

DEVELOPMENT AND TRIAL OF THE COLLABORATIVE SKILLS
QUESTIONNAIRE

The self-reported questionnaire was based on the collaborative component of the
hierarchical model connected to the ATS21S project (Hesse et al., 2015). We intended to
cover 9 social subskills (action, interaction, task completion, adaptive responsiveness,
audience awareness, negotiation, self-evaluation, transactive memory, responsibility
initiative) assigned to the three skills of participation, perspective taking and social regulation.
The questionnaire was pilot tested in a paper-based study (N=96). Based on the results of this
data collection we improved the instrument further. In the next, large-scale online
measurement the improved version was applied already with 36 items. Four-four items were
assessing 9 subskills connected to 3 subscales. 15 out of the 36 items were reverse-scored.
Students had to rate on a five-point scale how much the given statements described them.

In the large-scale assessment 1613 8th grade students (Mag.=14.60 years, SD=.52)
from 65 schools gave answers to the online questionnaire via the eDia platform all around the
country. 49.7% of the students were boys, 49.6% were girls, .7% of them did not provide
data. 1044 students of the sample solved a problem solving test including 10 MicroDYN
problems, 1233 students a 45-item inductive test (Péasztor, 2016), too.

The third hypothesis of the dissertation (H3: The Collaborative Skills Questionnaire
proves to be reliable) was supported. Based on the results of the confirmatory factor analysis
the questionnaire was reduced to 17 items. The reliability index of this reduced scale
(Cronbach’s 0=.91) and its subscales (Cronbach’s a=.69-.85) were acceptable, consequently,
the instrument could be considered reliable.

The fourth hypothesis (H4: The theoretical model on which the questionnaire is based
on appears behind the factor structure of the questionnaire) was also confirmed. We were the
first ones who empirically tested a CPS model, its collaborative component more precisely.
Our results underpinned the idea of the ACT2IS expert group about the structure of
collaborative skills. The three skills clearly appeared behind the collaborative component, and
the subskills were also represented, not on factor level but at least on item level. The only
exception was the transactive memory subskill.

Out of the one, three and nine dimensional models the three dimensional, 17-item model
was proved to be the most adequate for describing the construct (x?>=574.08; df=115; p<.01;
CFI=.920; TLI=.905; RMSEA=.068). However, with the exclusion of one item the one
dimensional model showed the same level of fit as the three dimensional model. Therefore, on
one hand, it is necessary to investigate the case further; on the other hand, it is not required by
all means to reject one of the models. Both the complete 17-item model and the three
subscales had acceptable indices, so it might be worth observing the results of all the four
scales after a data collection to get a more detailed profile of one’s collaborative skills.

Our fifth hypothesis (H5: The scores of the inductive reasoning test show a closer
connection to the results of the problem solving test than to the results of the Collaborative
Skills Questionnaire) was again supported. The inductive reasoning, which can be considered
as the indicator of general intelligence, showed significant positive correlation with both the
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collaboration (r=.19, p<.01) and the problem solving (r=.55, p<.01) component (N=623).
However, the correlation between the problem solving and the inductive reasoning test results
were significantly stronger (Zs;=5.75 >1.6). Furthermore, the results of the inductive test were
better predicting the problem solving test results [B=.55; t(622)=-5.62, p <.01], than the
ColSQ results [B=.19; t(622)=31.56; p <.01]. These findings show that general intelligence,
unlike its relation to problem solving, does not influence the collaborative achievement
firmly, so it is not necessarily required to have a high level of general intelligence for being a
great collaborator.

The sixth hypothesis (H6: There is a weak positive correlation at most between the
results of the Collaborative Skills Questionnaire and the problem solving test) was also
confirmed. We found a weak positive correlation between the collaboration and the problem
solving component (r=.17, p=.01; N=623), which technically disappeared (r=.08) with
partialling out the inductive reasoning test variable. Consequently, those theoretical models
which represent the two major elements of CPS with no relation between them seem right:
our results indicate that the components are practically independent of each other.

SUMMARY

The aim of the dissertation was to describe the complex construct of Collaborative
Problem Solving, to review the challenges of defining and assessing CPS skills, and to present
our own two instruments for exploring CPS and its collaborative component. Being quite a
new research field, the studies presented in the dissertation can be considered as basic
researches. The analysis and synthesis of the literature is also in this category: we gave a
pioneer review of the methodological challenges and created a five-stage process model for
the sake of developing valid CPS assessment tools.

Some of our researches was based on this process model, aiming the final stage of
developing a Human-Agent CPS instrument in a long-term, which has its own Human-Human
version, creates a standardized test environment and which is suitable for automatic data
coding. The developmental process both from researcher and programmer sides proved to be
a very complex task with constantly new obstacles rising up. That is why by the time of
submitting the dissertation we have reached only the third stage. The third stage represents
such a Human-Human CPS instrument which is not only a pre-version of the H-A version but
also a valuable tool itself for creating a detailed profile of students’ CPS skills.

In the latest version of our CPS instrument, primarily again, we have transformed
MicroDYN problems suitable for Human-Human collaboration. Students interact via
restricted communication options exclusively. To make this kind of interaction convenient we
have developed several new, innovative ways besides the pre-defined messages for restricted
communication, for example options for visual information exchange.

In the trial of the instrument students were able solve the problems collaboratively
without typing in messages freely, which result means, on one hand, a positive feedback
connected to the restricted communication options within our assessment tool. On the other
hand, it provides evidence and pioneer example for the assumption that besides the exchange
of pre-defined messages, which has been the only option so far to ensure automated data
coding, it is worth exploring and implementing other alternatives to make restricted
communication more flexible.

A further important output of our research is a 17-item questionnaire based on one of
the CPS models which reliably measures students’ collaborative skills. It was the first time
that a theoretical model of CPS, more specifically its collaborative component has been
empirically tested. By confirmatory factor analysis we identified the elements of the ATC21S
model behind our items.
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We were again the first ones to explore whether there is a relation, and if so, how strong
it is between the collaboration and the problem solving component of CPS. The results of our
study, in which our collaborative questionnaire, furthermore, a MicroDYN-type problem
solving test and an inductive reasoning test were administered, indicate that the two
components are practically independent of each other. Considering these findings, we believe
it is necessary to rethink whether the new concept of the unified CPS construct is worthy to
build upon. The diagnosis and the development of both the collaborative and problem solving
skills is a high priority task in education, nevertheless, we suggest assessing these two
elements isolated, like we did before the idea of the PISA 2015 CPS assessment.
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