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Abstract
Introduction: Working in teams has been a central part of how organizations organize activities,
that is seen even more often in the 21st century. Working in teams is also powerful for learning
as it can facilitate and stimulate a multitude of behaviours, such as collaborative problem
solving. To have an effective team learning process, it is necessary to have an environment
where communication between members in which behaviours such as co-construction are
present. The goal of this study is to observe how actual collaborative problem solving and co-
construction evolve over time in a collaborative team task.
Methods: Data was collected from 16 participants that were part of four teams consisting of three
or five participants. All teams participated in a collaborative task where they had to rank items
based on the survival probability in an imagined scenario where they had to visualise themselves
lost at sea and trying to reach the shore, first individually, then in a team. They were given a list
of items that were saved from the boat, and the task was to rank these items based on how it
would help them survive. At the end, their ranking was compared to the one done by the coast
guards. Throughout this task, the participants were video recorded. In addition, participants were
required to complete a questionnaire, to collect demographic information.
Results: The ranking results showed that only two teams survived and 7 out of 16 participants
survived individually. The timelines of the video-coded co-construction and CPS behaviours that
were made showed that in the two teams that did survive the task there was almost a pattern
between the behaviour’s idea development and idea explanation. Moreover, behaviours such as
off-topic conversation and loss in detail and repetition seem to be necessary for achieving a good

result as they balance out the conversation between participants.
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Conclusion: The current study highlights the importance of observing how co-construction and
collaborative problem solving appear in a collaborative team task. The results emphasize the
necessity of teams to continually build on each other’s knowledge and share their solutions as
they are increasing their chances of arriving at an optimal solution. Further research is needed to

delve deeper into this subject on a bigger, more varied sample size.

Introduction
Teamwork

Working in teams has been one of the central focuses of how organizations organize
activities. During the 21st century new light was shed on the importance of having projects with
teams working together to reach the objectives of these projects and tasks, as this is the answer to
the challenges faced currently. Some examples of these challenges are increased number of
responsibilities and greater task complexity (Harvey et al., 2023). These challenges came to light
as the problems faced at work are growing in complexity, requiring the expertise of multiple
disciplines in order to solve them (Wiltshire et al., 2017). Organizations responded by having
more employees working on certain tasks or project in team-structures (Wiltshire et al., 2017).

The formation of teams is done by humans to successfully solve tasks that they are
unable to complete on their own (Smith, 1994). By joining their powers, they will be capable of
overcoming problems that could not be solved individually. Moreover, it is a further step as each
member will bring their own knowledge to form something new, which creates a group
knowledge that can achieve the solution to higher level tasks (Carletti et al., 2020). Furthermore,
group thinking can be named collective intelligence (CI) which is a measure that follows the
advantage of being in a team in comparison to individual members. It can be defined as “the
property of a social structure that originates when individuals interact and result in the
acquisition of the ability to solve new or more complex problems” (Szuba, 2001). CI has since
gained a lot of attention, and it has been explained as a common factor that can explain the

performance of a group on a multitude of tasks (Woolley et al., 2010). Moreover, people tend to
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reach towards forming groups when they have to resolve a complex problem as they believe that
groups succeed at problem solving skills compared to a single person (Forsyth, 2018).

Hence, there are various benefits to having people working in teams, such as facilitating
learning, gaining a deeper understanding of the topic at hand, promoting a sense of agency by
observing the real-life solutions that result from collaborative work on interesting topics and
practice of constructive dialogue (Barron, 2000). Over time, the importance of certain benefits
were especially highlighted, such as collaborative problem-solving (CPS) (Chiriac, 2014). CPS is
defined as “a process whereby two or more agents attempt to solve a problem by sharing the
understanding and effort required to come to a solution and pooling their knowledge, skills and
efforts to reach that solution” (OECD, 2017, p.136). Moreover, it is important to understand that
there are also challenges for teams in this process of CPS, such as unequal participation and
rising conflicts (Chiriac, 2014). In order to combat these problems, it is important to choose tasks
that are best-suited for a team, such as tasks that are complex and vague, that can have a
multitude of possible solutions. By contrast, simple tasks that focus on recall, definitions or
finding information are better suited for individual work (Wilson, Brickman & Brame, 2018).
Collaborative problem solving

CPS was discovered to be an essential skill for teams in multiple fields, such as at home,
in the workforce and in communities (Graesser et al., 2018). Moreover, it is composed of two
parts, the first component consists of cognitive skills, and the second one of social skills
(Graesser et al., 2018). The cognitive component refers to the members of the team who must be
able to name the problem, understand which person knows what is on the team, be able to locate
gaps between what is known and what is required, integrate all of these steps into generating a
solution and, finally, keep track of the progress of the team goals (Graesser et al., 2018). A factor
that has been shown to intensify CPS of teams in the cognitive domain is transactive memory
system (Wegner, 1987). Transactive memory refers to the shared division of cognitive labor,
most especially the encoding, storage, retrieval, and communication of information from
different domains. It allows team members to depend on each other’s specialised knowledge
without knowing all of the information themselves (Wegner, 1987). A study by Lewis (2004)
took a closer look into the relationship between CPS and transactive memory by trying to
understand how the development of transactive memory systems within teams influences their

performance over time. The teams in his study completed a complex decision-making simulation
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for a fictional company. The conclusions showed that over a longer period of time, the teams that
developed a more robust transactive memory system, exhibited noticeable higher performance on
complex tasks. Transactive memory system fosters effective CPS by allowing a better allocation
of expertise and efficiency in collaborative reasoning (Lewis, 2004). Furthermore, past studies
have shown that this form of memory can lead to improved efficiency and effectiveness
(Brandon & Hollingshead, 2004).

The social component focuses on understanding, actions shared between members and
coordinated behaviour towards finding solutions (Graesser et al., 2018). It is of necessity that the
team manages to achieve these points, because the successful collaboration can be at risk through
a social loafer, or an uncooperative and unskilled member. At the same time it can be facilitated
by a strong member who highlights different points of view, helps in negotiating the conflicts,
assigns roles, promotes communication in the team and guides the team to overcome obstacles
(Fiore, Rossen et al., 2010; Letsky, Warner, Fiore,& Smith, 2008; Salas, Cooke, & Rosen, 2008).

CPS includes then the members ability to construct on each other’s knowledge through
transactive memory, which can lead to combining the knowledge. This means that transactive
memory, which includes alternating between sharing new ideas and building on other members'
ideas, is a necessary mechanism that CPS promotes which also fosters co-construction through
the knowledge it shares (Vogel et al., 2023). A study by Zhou et al. (2022) looked deeper into
understanding CPS by investigating the similarities and differences of a team’s verbal
behaviours, such as asking clarification, providing reasons and offering suggestions, develop
temporally during a collaborative physics game. The study focused on college students playing a
physics-based learning game through Zoom. The conclusions showed that temporal sequencing,
and not just frequency of CPS behaviours differentiate high-quality collaboration from lower
effectiveness. The study then highlights that CPS is highly researched in relation to video-based
coding, especially in the video game area. However, this concept in team performance lacks
research.

Co-construction

Effective team learning needs an intended space where communication between team
members can occur, in which behaviours such as sharing and co-construction can exist in
symmetry; A model formed by Decuyper et al. (2010) shows this need by defining a team’s

learning process. According to this model, the three basic team learning processes are shared
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within the team. This concept is defined as sharing opinions, creative thoughts and knowledge to
other members, who had no understanding that they were present in the team before (Decuyper
et al., 2010). According to this article, two types of conversational actions appear from sharing,
depending on how the team acts: co-construction and constructive conflict. Co-construction can
be defined as “the mutual process of developing shared knowledge and building shared meaning
by refining, building on, or modifying an original offer in some way... leading to shared
knowledge and new meaning that was not previously available to the team” (Decuyper et al.,
2010, p.116). Sharing is a necessary pillar for co-construction to happen. Moreover, members of
the team take the interaction even further as they participate in repeated cycles of
acknowledging, repeating, paraphrasing, questioning, concretizing, enunciating, and forming a
shared knowledge, opinion, creative thoughts or competencies (Decuyper et al., 2010). On the
other hand, learners are not always able to gain high levels of critical thinking, argumentation or
even knowledge. Furthermore, collaboration between teams can be disrupted by socioemotional
challenges, such as setting aside other’s ideas and their expertise (Naykki et al., 2014).
Moreover, even though collaborative learning in teams can be successful, including negotiation
and co-construction of knowledge, there are studies in school which have shown that genuine
collaboration happens very rarely (Lehtinen et al., 2023). A study named ORACLE looked into
this by observing primary schools in their everyday activities in United Kingdom. They found
that just because several students were seated together at a table, that did not mean that they were
collaborating as well. The students would talk as they would work, and they could possibly talk
to each other about their work but the activities that they performed did not encourage them to
talk and work as a group (Mercer & Howe, 2012). There seem to be a common problem in
schools where the students are working in groups but rarely as groups (Alexander, 2005).
Therefore, it is necessary that members are drawn towards collaborating in achieving a great
result.
Connection between co-construction and collaborative problem solving

Collaborative problem solving is also used to attract learners in collaborative processes
which are necessary for gaining knowledge and skills. In this way, learners co-construct their
understanding by using transactive memory as a bridge between each other’s contributions
(Vogel et al., 2023). The aim of collaborative problem solving is to engage learners in

discussions and knowledge co-construction. Exchanging and exploring each other’s ideas,
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arguments, and even reasoning towards certain solutions to a problem is a necessary step towards
co-construction of knowledge (Vogel et al., 2023). A study by Rejon et al., (2023) investigated
this connection even further by comparing different types of sentence starters, such as novelty
and reference. The results showed the sentence starters indicating reference were connected with
more engagement in social activities, predicting then that co-construction of knowledge is
facilitated in the collaborative learning process. Therefore, co-construction and collaborative
problem solving can be connected by building up on each other's characteristics, namely sharing
knowledge and finding a solution. The AIFI System which was discovered in a study by Endrejat
et al. (2019) comes as an addition by focusing on a group flow and inertia momentum categories.
Namely, the researcher used the group flow category as indicating a team’s movement towards
generating new ideas. This is connected to co-construction as it is building upon each
participant’s ideas and sharing knowledge into a new meaning that was not accessible to the
participants before (Decuyper et al., 2010). The other category, inertia momentum, shows when
team members are moving away from generating new ideas. This is related to CPS as the groups
having more moments of not focusing on generating new ideas are expected to achieve better
solutions (Endrejat er al., 2019).
Current study

Previous studies have showcased the impact of collaborative problem solving. For
example, a study by Zhou et al., (2022) focused on discovering temporal relationships between
collaborative behaviours, i.e., information sharing, clarification request, providing reasoning and
such, in successful versus unsuccessful group problem solving attempts. The successful teams
had a clear sequence that they followed, participants asked questions to clarify their
understanding and others offered logical explanations. Then, the team after establishing the
reasoning, proposed new ideas. When the proposals were made in a team it often led to
acceptance and coordination action, indicating team alignment. In the end, positive
reinforcement maintained the collaboration. In the unsuccessful teams a different sequence can
be observed. The team would start with unrelated talk, then quickly offer ideas that are not fully
developed. When questions would be asked, they were either ignored or not answered correctly,
leading to confusion. Proposed ideas were frequently challenged without offering the necessary
follow-up. Moreover, it was observed that the participants would talk over each other or silent

stretches which suggest no coherent team management. Moreover, another study by Brundage,
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Malespina, & Singh (2023), focused on the impact of co-construction by showcasing the high
influence of co-construction in discussions with other teammates through exemplifying that pairs
of students commonly solve the problems correctly even when no one knew the answer initially.
They analysed this concept based on pre/post response patterns for each group. When no
individual had the correct answer in the pre-test, but the group produced a correct answer in the
task it suggested that the results was reached in the dialogue through collaboration. The research
assumed that the change in answer came from peer explanation, justification and critique and
collaborative reasoning. The study found that co-construction was seen variably in the study, it
was often seen only when around half of the participants knew the correct answer individually.
At the same time, unguided peer collaboration yield better results even when no participant was
correct individually. However, still, little literature has focused on the combination of
collaborative problem solving and co-construction. This current study aims to further increase
understanding of this concept, by looking at the development of team learning during a
collaborative team task and observing the influence of co-construction and collaborative problem
solving. More specifically, the influence of co-construction and collaborative problem solving in
a collaborative team task is studied, where the activity is video recorded and the material will be
coded moment by moment. Therefore, the research question is: “How does co-construction and
collaborative problem solving occur in a collaborative team task? .

Methods

This study employed a mixed method study, with quantitative data collected through the
ranking values and qualitative data based on the questionnaire questions, to observe the learning
behaviours displayed during collaborative team tasks in teams. Participants are assigned to a
team in a convenience sample method, in order to form a total of four teams consisting of five or
three participants (n=16).

Participants and procedure

The sample of the study consists of 16 adults (75% female, 18.75% male and 6.25% non-
binary), ages starting from 18 and older (M=22.12, SD=1.78). The selection of participants had
the following selection criteria: being 18 or older and speaking English. Participants were
recruited in two ways. Firstly, participants could sign up for the study through the SONA-

platform of the University of Twente. In this case, participants were assigned SONA credits after
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they had attended the study. Furthermore, to gather as many participants as possible, participants
were also personally recruited through platforms such as WhatsApp. These participants were not
rewarded with the SONA points in this case. The study was conducted in accordance with the
Ethical Committee of the University of Twente, with the ethical approval number: 250302.
Intervention

For this research, the participants were informed that they will be video recorded
throughout the experiment. Before diving in the activity, each participant signed up the consent
form and completed a short questionnaire focusing on their demographics (Appendix A).
Participants in the teams had to attend an hour long study in a one time session. The researcher
informed them of the questionnaire and the activity that they had to perform. After completion of
the survey, participants moved on to the collaborative task, known as the Lost at Sea task
(Nemiroff & Rasmore, 1975). The Lost at Sea task is described the following way: you are
imagining you are adrift on a private yacht in the South Pacific, a fire of unknown causes
affecting the yacht and its contents. The yacht is now slowly sinking, you are unsure of your
location and the crew is trying to bring the fire under control. You are given a list of fifteen items
that survived the damage and a serviceable, rubber life raft with oars large enough to carry
yourself, the crew and all of the items listed. In the survivor’s pockets you find several packets of
cigarettes, several books of matches and five one-dollar bills. The task is to rank the fifteen items
in terms of their importance to your survival. The first part of the task consists in ranking the
items individually, where the participants were offered 10 minutes to make their choices and the
second part is ranking the items together as a team, for this part the participants were given 20
minutes to complete. In the end, you will observe the difference in scores between the individual
and team ranking. Based on the score, you will find out if you survived or not (Nemiroff &
Rasmore, 1975). This scenario was chosen as it is realistic for the participants to imagine
themselves in and it creates an environment where participants must constantly communicate and
engage in shared decision-making. Moreover, it offers the opportunity for the participants to
promote and justify their choices while reaching a common solution (Nemiroff & Rasmore,
1975).

Throughout the ranking process, the participants also had a column available, where they
were required to explain why they chose each item to be ranked this way. This could help them

promote their own ideas and reasoning in the team part of the task. The whole session was video
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recorded. Furthermore, each participant was fitted with a heart monitor. The data of the heart
monitor was collected to be used in a different study and was therefore not analysed in this
research.
Measures
Background and study characteristics

Participants provided information regarding their age and gender, as well as their
nationality and their relationship with the other participants. For the assessment of gender, the
provided options were: a) Female, b) Male, ¢) Other:...., d) Not willing to mention. Additionally,
for the nationality assessment the offered options were: a) African, b) Asian, c) European, d)
North American, €) South American, f) Oceania/Pacific Islander and g) Middle Eastern. For the
assessment of relationships between participants in one single session, they were asked to answer
how many participants they know and to indicate if they are: a best friend, friend or
acquaintance. Moreover, another question referred to if the participants participated in a similar
study, where they were asked to answer with yes or no.
Video recording

The participants were video recorded throughout the experiment using a GoPro camera.
The teams formed of three to five participants were recorded from the beginning of activity,
namely the questionnaire, until the end, the team ranking. The videos were coded in the Noldus
Observer XT software. The code book used for the coding of the videos is based on the AIFI
system (Endrejat et al., 2019), which can be seen in Appendix B. This system was used as a tool
in better understanding how co-construction and CPS occur in a collaborative team task.
Namely, the behaviours that are presented in the AIFI system, such as Idea Exploration, Idea
Development and such are necessary when understanding the concepts, as they provide a base
between participants to understand the contribution of each participant, observe the gaps in
knowledge and trying to reach a common conclusion reaching in the end a new meaning. The
system was created to observe critical moments of learning and innovation throughout a team
collaboration, which made it possible to understand that this will come as a helping tool to this
analysis. This system will be able to transform complex social interactions into observable
behaviour which will identify how knowledge is constructed and problems are solved in a team.

Analysis Plan
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The data obtained from the video recordings were put into the Noldus Observer XT
software where each session of the experiment was coded, and the results were then exported
into an Excel file which was later on analysed in R Studio. The codes used in R studio can be
found in the Appendix C.

For the coding, the codebook is based on the AIFI System, which differentiates two
recurring team states: group flow versus inertia momentum. The group flow theme indicates a
team’s movement toward generating and developing new ideas. As opposed to this group flow
theme, the inertia momentum category shows when team members are moving away from
generating new ideas. Behaviours that did not fall in either of the categories, were coded as
neutral behaviour. All of the videos were coded once using this system. The final codes were
allocated to these three themes, with the complete distribution of the codes being further
elaborated in the result section, and the codebook which can be found in Appendix B.

Additionally, the information gathered was imported to RStudio. A document was
formed based on the answers in the questionnaire concerning the age and gender in order to
observe the variation. Furthermore, this programme was used to calculate the percentage of each
category to observe the data further. After the videos were coded in Noldus, an Excel file was
exported to RStudio, to form the timelines that will be described further in the Results section.

Results

Demographics and performance category table

All the information from the questionnaire was imported into RStudio, where a dataset
was formed from the questionnaire showcasing information such as age, gender, nationality, but
also the score that each participant achieved. While looking at the dataset, the first step was to
observe the range of the results on the individual ranking task.

For this to be possible, a calculation was performed, in the interest of visualising the data
that will be further analysed in the timelines. This analysis was performed to observe the scores
of each individual participant, in the order from the highest score to the lowest score. The result
showed that the scores varied from 84 to 46. In order to have a better understanding of this
variation, a table was formed showing the individual scores of each participant in each team,
while also including the team score.

Figure 1
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Team and individual scores on the Lost at Sea task

Team 1 Team 2 Team 3 Team 4
| Participant 1 | 76 | 74 | 80 | 56
| Participant 2 | 46 | 74 | 58 | 73
| Participant 3 | 58 | 84 | 72 | 66
| Participant 4 | 80 | 62 | |
| Participant 5 | 76 | 58 | |
| Team Total | 74 | 56 | 70 | 73

Note. This table shows the individual scores and the team scores of each team. The green
scores are the participants that survived the Lost at Sea task based on the Coast Guard ranking

This table shows that the team scores and the individual scores varied, while also
showing that team 3 and 4 had only three participants each. The team scores varied from 84 to
56.

For a closer look, another calculation was performed categorising the individual scores of
each participant in the individual task, based on the ranking scores of the Coastal Guard
rankings. This categorisation was also offered to the participants during the experiment and this
is how they found out if they survived or not. The Coast Guard ranking categorised the scores
into six categories, namely excellent, good, average, fair, poor and very poor. For the first
category, excellent, the participant had to score between 0 and 25 points, for the good category
between 26 and 32 points and for average between 33 and 45. For the last three categories, for
fair the participant had to have between 46 and 55 points. For the poor category, the participant
had to score between 56 and 70 and for the last category, very poor, the participant had to have a
score of 71 or higher.

Furthermore, it can be observed that in the individual tasks 7 out of 16 participants
survived and they were categorised in the teams of Fair, Poor and Very Poor. There were no
participants that reached the levels of Average, Good or Excellent. Regarding the teams, two out
of four teams managed to survive based on their ranking. The teams that survived this challenge

were categorised into the Poor scores. No team reached a high level of ranking.
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Moreover, a further graph was formed showcasing the teams and their assigned
participants in order to observe the individual scores of the participants in comparison to their
team score.

Figure 2
Within-team variation
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This visualisation highlights how, even if half of the participants in a team managed to
have a fair or poor performance individually, overall as a team they could still score a differing
value, such as a very poor value. The cut-off score was set at 71, every team that reached a value
higher than this automatically did not survived the task. For the group score value, a calculation
was performed by calculating the differences in the team rankings and the Coast Guard ranking
and adding the difference up. The lower the total score, the higher the chances of surviving.
CPS and co-construction results

All teams spent around twenty-three minutes for the experiment, with the exception of
the first team, where the analysis in the software was only possible for a part of the video
recording, as the other part of the video was encrypted. This time was expected, as the

participants were offered twenty minutes for this section of the experiment.

For a better understanding of the differences between the four teams it is necessary to

observe the timelines of each experiment and see the differences that occur there. This will offer
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insight into the differences between teams and help us understand how the collaboration between
members was when trying to reach a common solution. The code book for this study was based
on the AIFI System which has three big categories, namely Emergent State, Process and
Behavioural Codes. For the Emergent State, there are three other subcategories, namely Group
Flow, Neutral and Inertia Momentum. For the Process category, there are several subcategories,
such as idea facilitation, team spirit facilitation, idea inhibition and team spirit inhibition. For a
better understanding of this system, the codebook can be seen in Appendix B.

A frequency table was formed to observe the frequency of each coded behaviour
throughout the teams.
Figure 3

Frequency of each coded behaviour

Nr. Behaviour Team 1 Team 2 Team 3 Team 4 Total
| | | | | | | 1
1. Humour 1 3 0 4 8
[ | | | | | | 1
2. Idea 1 2 3 2 8
Development
[ | | | | | | 1
3. Idea 0 4 3 2 9
Expression
| | | | | | | 1
4. Idea 1 2 1 4 8
Explanation
| | | | | | | 1
5. Knowledge 1 1 0 3 5
[ | | | | | | 1
6. Loss in detail 0 2 2 2 6
and repetition
| | | | | | | 1
7. Oft-topic 1 1 2 1 5
conversation
| | | | | | | 1
8. Process 0 0 0 1 1
Organisation
I ] ] ] | | | |
9. Silence 0 0 0 3 3
| | | | | | | 1
10. Support 0 1 4 2 7

Note. This table shows the frequency of each behaviour in each experiment session
This table shows that the most frequent coded behaviours are Idea Expression,

which was seen nine times throughout the teams, Idea Explanation was seen eight times, Humour
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was present eight times and Idea Development was also seen eight times. All the behaviours that
were mentioned as most frequently used are all part of the Group Flow category. Some of the
behaviours that are seen very rarely displayed throughout the experiments are Process
Organisation and Silence. Both behaviours are seen in team four.

Figure 4

Timeline for Team 1
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After observing this timeline, it can be observed that the timeline is on the shorter side,
compared to the other teams. This is a result of one of the videos not working to be coded into
the Noldus software, as the video was encrypted. This means that for the first team the timeline
is formed of half of the experiment that the participants took part in. While looking at this short
timeline, a calculation was performed to observe the exact percentages of time spent in each
category, namely the Group Flow and Inertia Momentum categories. This calculation showed
that 96.06% of the time is spent in the Group Flow category and the rest 3.94% in the Inertia
Momentum category.

For the three most common behaviours, the analysis in R Studio showed that the most
common are Knowledge, Idea Expression and Idea Development. To be more exact, Knowledge
is seen as a behaviour in this team 36.57% of the experiment. Idea Expression is seen 24.04%
with Idea Development being seen 22.94% throughout the experiment.

The timeline shows that the group spent the big majority of the experiment in the group
flow category, with the behaviours that are part of this category being in a sequence of idea
development, idea expression, humour and then knowledge.

Figure 5
Timelines for Team 2
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Relative Time
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For the second team, the visualisation shows that the team presented behaviours that are
part of the sections Group Flow and Inertia Momentum. While looking at the visualisation it can
be observed that a bigger proportion of the time was spent in the Group Flow category. To be
more exact, a calculation was performed based on the amount of minutes spent in each category
and then calculated to observe the values in percentages for a better understanding for the reader.
The calculations showed that the second team spent 86.49% of the experiment in the Group Flow
category and 13.51% in the Inertia Momentum category.

For the second team, the top three behaviours displayed for the longest period of time
were as follows: Idea Explanation, Loss in detail and repetition and Idea Expression. To be more
precise, idea explanation was present 26.62% throughout the entire duration of the experiment,
loss in detail and repetition 20.59% and idea expression 18.1%.

While looking at this visualisation, certain points can be highlighted. First, when focusing
on the behaviours that are part of the group flow category, a certain sequence can be observed.
Namely, idea explanation building up towards idea development or humour. When looking at the
timeline, it can be observed that the group start with idea expression, then the next participant
comes and builds upon it with idea explanation, the idea is developed further then the knowledge
of others is shared and idea explanation comes again for the next item. Second, it is also
important to observe the short moments where behaviours that are part of the inertia momentum

group are used, at the beginning, in the middle and at the end, which can indicate the need of a

22:00.00

24:00.00
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short break from the focus of ranking or losing the attention to the task to focusing too much on
certain details. Lastly, the presence of behaviours such as humour and support, seem to also be
part of a good flow, as they appear in short periods of time and sporadically throughout the entire
experiment.

Figure 6
Timelines for Team 3

Relative Time
10:46.46 (mm:ss.ff) :00.00 -02:00.00 00:00.00 02:00.00 04:00.00 06:0000 08:00.00 10:00.00| 12:00.00 14:00.00 16:0000 18:00.00 20:00.00 22:00.00 24:0000 26

Results
Group Flow

Results
Inertia
Momentum

For the third team the visualisation showed that the team had behaviours attributed to the
categories Group Flow and Inertia Momentum. For a better understanding, a calculation was
performed transforming the minutes spent in the entire Inertia Momentum category and also for
the Group Flow category in order to observe the percentages. This resulted in 61.58% of the
experiment spent in the Group Flow category and 38.42% in the Inertia Momentum category.

This team also showed three behaviours that were most common based on the timeline. A
calculation was performed to signal how long each behaviour was exhibited throughout the
duration of the experiment, using percentages. The three most common behaviours were Off-
topic conversation, Idea development and Loss in detail and repetition. For the off-topic
conversation 23.44%, the idea development was 20.02% seen throughout the experiment and
loss in detail and repetition was observed 18.77%.

When observing this group certain aspects seem to be highlighted. While looking at the
group flow category, the behaviours idea explanation and idea development seem to be
interconnected, as the group starts with idea development, then moves to idea explanation, then
idea development and then again exchanging these two behaviours throughout the experiment. It
is also necessary to mention, that support is also seen often throughout the experiment but is
being used for short periods of time. Lastly, the behaviours that are part of inertia momentum

category are also present, but this time they are most often seen in the middle of the experiment
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for a long period of time. This can indicate the need of the participants to decompress from the
activity and wanting to just discuss with the other participants.

Figure 7
Timelines for Team 4

Relative Time
10:47.06 (mm:ss.ff) :00.00 -02:00.00 00:00.00 02:0000 04:00.00 06:00.00 08:0000 10:0000 12:0000 14:0000 16:00.00 1800.00 20:00.00 22:00.00 24:0000 26
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For the last team, the visualisations show that the team also had behaviours that are part
of the Neutral category. The same calculation was performed for a better understanding. For the
last team, 86.7% of the experiment, the participants displayed behaviours that are part of the
Group Flow category, 11.30% of the experiment was part of the Inertia Momentum category and
the rest 2% was spent in the Neutral category.

For this last team the three most common behaviours are Idea Explanation, Knowledge
and Idea Development. To be more exact, idea explanation is seen in this team 22.8%,
knowledge is present 21.05% in the experiment and idea development is present for 15.31%
throughout the experiment.

For the last group, certain conclusion can be drawn. When looking at the group flow
category of behaviours, it is easy to observe that the group starts with idea expression, continues
with idea explanation, but then switches to knowledge and then idea development. In this group
there seems to be an almost pattern of interchangeable behaviours by using first idea explanation
and then continuing with knowledge. When looking at the behaviours that are part of the neutral
category, it seems to be used only once as it is process organisation, for a short period of time.
The behaviours that are part of inertia momentum category seem to be used more often in the
second part of the experiment and at the very beginning, with silences also being used for short

amount of the times towards the end of the experiment.
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Overall, all teams spent around twenty-three minutes for the experiment, with the
expectation of the first team, where the analysis in the software was only possible for a part of
the video recording. This time was expected, as the participants were offered twenty minutes for
this section of the experiment.

Moreover, it can be observed that certain teams displayed similar sequences of
behaviours, resulting in almost a pattern. Namely, teams two and three both used idea
explanation and idea development interchangeably. Moreover, both teams have short moments
where behaviours such as support and humour are used which offers a good balance and flow to
the conversation. The same thing can be mentioned to the behaviours that are part of the inertia
momentum category, namely off-topic conversation and loss in detail and repetition seem to
have a positive impact on the results of the task, as they offer a break in the experiment from the
ranking process and also strengthen the conversation between participants. For the first team as
the video was encrypted, not a lot can be said when looking at the timeline. It can be seen that
humour is also present in there for a long period of time, the same thing can be mentioned for the
behaviours in the group flow category, with the mention that idea explanation is not used there.
The behaviours that are part of the inertia momentum category they are present at the beginning,
middle and end of the experiment. The last team also uses for a short period of time a behaviour
that is part of the neutral category. The behaviour that are part of the group flow category have a
different sequence by using idea explanation in relationship with knowledge throughout the
experiment. Moreover, this team displays also short moments of silence towards the end of the
experiment.

For an even closer look at each behaviour, a table was formed that shows the percentage
for each team. The table is based on the codebook scheme, showcasing the three categories,
namely Group Flow, Neutral and Inertia Momentum and their assigned behaviours.

Figure 8

Percentage of each coded behaviour

Emergent  Behavioural codes Team 1 Team 2 Team 3 Team 4
state
[ ] | | I ] 1

Idea expression 24.04% 18.1% 5.48% 7.33%

Idea explanation 0% 26.62% 17.06% 22.8%
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Group Flow Idea development 22.94% 10.93% 20.02% 15.31%
| | | | | 1
Knowledge 36.57% 7.56% 0% 21.05%
| | | | | 1
Support 0% 6.09% 14.87% 10.51%
| | | | | 1
Humour 12.33% 6.44% 0% 8.91%
[ ] | | | I 1
Neutral Process 0% 0% 0% 2.12%
organisation
[ ] | | | I 1
Off-topic 4.12% 3.66% 23.44% 2%
conversation
| | | | | 1
Inertia Loss in detail and 0% 20.59% 18.77% 7.72%
Momentum repetition
| | | | | 1
Silence 0% 0% 0% 2.24%

Note. This table shows the percentage of each coded behaviour in each team

This table shows the distribution of each coded behaviour across all teams in percentages.
It offers an even more detailed description of how much each behaviour was observed across all
teams. It can be observed that behaviours such as silence or process organisation are not used
that often throughout the teams. In contrast, behaviours such as idea expression or idea
development are present throughout the teams and have varying percentages. This comes as no
surprise as idea expression is seen to be used in almost every group as a behaviour in the start of
the experiment by having one participant taking the lead in expressing their point of view.
Moreover, idea development is used in every group, sometimes interchangeably, with idea
explanation. This is especially seen in team two and three where an almost pattern ca be detected
when looking at the timelines. Moreover, humour and support seem to be necessary in almost all
teams as they offer a good conversation flow and strengthen the relationship between
participants. The behaviour process organisation which is seen in the last group does not seem to
offer any added value. The same conclusion can be made about silence, as it is only observed in
one team and does not seem to have a big impact on the team’s results. But the behaviours that
are part of the inertia momentum category, namely off-topic conversation and loss in detail and
repetition seem to be present in almost all groups and seem to be necessary when being part of a
team. As they seem throughout the experiment, being present for quite some time based on the
percentages and seem to add to reaching a good score by connecting the participants through

discussing different related topics.



CO-CONSTRUCTION AND COLLABORATIVE PROBLEM SOLVING 21

When taking a closer look to team two and three, the only teams that survived the task,
they seem to both have high percentages and frequencies of behaviours such as idea explanation,
idea expression, idea development and loss in detail and repetition. The first three behaviours are
part of the Group Flow category, which is no surprise, as the timelines also showed the strong
connection between idea explanation and idea development. Moreover, the loss in detail and
repetition strengthens the necessity of behaviours that are part of the inertia momentum category,
as they are a tool when it comes to a good flow in conversation and it also connects the
participants through the topics that are developed in this conversation. In the second team with
the best score on the task, it is seen that loss in detail and repetition is seen at the beginning,
middle and end of conversation, indicating a natural occurrence of these behaviours and not a

long amount of time was spent at any one point.

Discussion

The current study aimed to observe the influence of collaborative problem solving and
co-construction displayed during a collaborative team task. The analysis was conducted using the
data from 16 participants, who in teams, collaborated to solve a task at hand. Results show that
only two out of four teams managed to survive in the ranking process and seven out of sixteen
participants survived in the individual part of the task.

For the timelines analysis it can be seen that all of the teams had a significant portion of
their time in the experiment spent in the Group Flow and Inertia Momentum categories and one
team, team four, also had behaviours that are part of the Neutral category. Looking at the
frequency of behaviours that are part of the group flow, neutral and inertia momentum
categories, throughout all teams it is easy to observe that some behaviours have a higher
frequency than others. Namely, idea expression, idea explanation, idea development and humour
are the most frequent behaviours seen in the entire experiment. All of these behaviours are part
of the Group Flow category. On the other hand, behaviours such as process organisation, silence,
knowledge and off-topic conversation are the least frequent behaviours. Process organisation is
part of the Neutral category, while the rest of the behaviours are part of the Inertia Momentum
category. The teams paid more attention to matters surrounding group flow, rather than matters

which oppose this. This could be a result of trying to finish the activity in the designated time as
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well as offering their opinions without taking breaks or focusing on other matters. It is in line
with the research by Walker (2010), where it can be observed that in order to maintain a group
flow it is necessary that the participants are either absorbed in a task or in a group-centered
focus.

At the same time, it is necessary to observe the percentages of each behaviour throughout
the experiment as there are some interesting findings to take into account. Namely, behaviours
such as off-topic conversations and knowledge which have a low frequency overall, but a high
percentage. That means that off-topic conversation and knowledge are not repeated actions, as
observed in the frequency table, but the time spent by the participants in that behaviour is high,
as it can be observed in the percentage table.

A factor that could have influenced the outcomes of this study, is the difference in the
ranking per person, when comparing an individual's personal scores between the solitary task,
and the team task. It seems that the main difference that is seen between the teams is the
behaviours that are displayed in the team task. Namely, it seems that the teams 2 and 3 that
survived the task, tended to spend more time generating and developing new ideas, compared to
teams that did not survive the task. Having a high frequency of behaviours that are part of the
group flow category indicates a team’s movement towards generating and developing new ideas.
The findings emphasize the importance of co-construction as it is a pillar for the decision making
process in a team by combining all of the knowledge of each participant until the team reaches
an idea that was not available before (Decuyper et al., 2010). Collaborative problem solving also
has a high influence on this aspect as it coordinates behaviours towards finding a solution and
generates a solution based on the skills of each member (Graesser et al., 2018).

Influence of co-construction and collaborative problem solving

The findings presented that teams that continually build on each other’s knowledge and
share their solutions are more likely to arrive at an optimal solution. This has been observed in
the timelines, as the participants moved through different phases of group flow, building on each
other’s ideas. Behaviours such as idea expression, idea explanation and such are seen to have a
positive impact on the ranking activity, namely being part of the group flow category it increases
the chances of surviving the imagined scenario. The timelines also came as an aid in
understanding better when and how the co-construction happened. In team two and three an

almost pattern can be detected when looking at the timelines, as the participants build upon each
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other’s ideas by using first idea development and then continuing with idea explanation. These
two behaviours are seen to be used interchangeably between the teams. Furthermore, behaviours
such as humour and support seem to be necessary in almost all of the teams as they offer a good
conversation flow. Behaviours that are part of the inertia momentum category and can be seen in
almost all groups in the timeline seem to offer an added value, as they have a high frequency in
the teams that did survive the task. It seems to offer a possibility to the participants to connect to
each other by having discussing beside the ranking process. These results are in line with the
study by Zahedi et al. (2017) where timelines effectively relieved the influence of co-
construction by analysing the team session and locating when and how did it showed and paying
close attention to tensions and contradictions between team members, which ended up in co-
constructed outcomes. The aim of the study was to discover how designers engage in co-creation
and mutual alignment during ideation sessions. The findings showed that team had noticeable
moments where individuals combined different perspectives to reach new conclusions.
Moreover, successful design outcomes were closely related to participants verifying common
understanding through verbal confirmations, gestures, shared references. These behaviours and
moments were most seen when teams had a stable understanding of tools, roles and constraints.
This can also be observed in this study, as each member builds upon each other’s knowledge
throughout the experiment, moving through the different stages of group flow or inertia
momentum. It is important to note that the inertia momentum phases throughout the experiment,
helped in forming a co-constructed outcome, as they helped in having a more relaxed atmosphere
between members. This can be especially seen in the teams 2 and 3 that did survive, as they had
quite a high percentage in behaviours that are part of this category. The behaviours loss in detail
and repetition and off-topic conversation being observed to have a low frequency overall
throughout the teams, but when looking at the percentages, it can be observed that the teams
spent a more time in this stage, compared to other behaviours. Another thing that was observed
was when did these behaviours occurred. Namely, they happened in the middle of the
experiment, with a bit of time spent in the end and beginning. This shows that the participants
took breaks from the ranking, discussing other topics as well. Moreover, this study delve deeper
by linking success through observing the coded sequences, connecting them to the task score and

taking into consideration negotiation measures.
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The collaborative team task influenced the participants to integrate their diverse
perspectives and form a shared understanding. Throughout the experiment, it was possible to
observe that certain teams, namely team 2 and 3, managed to achieve a better result as a team
than individually. This shows that in those cases, the team managed to reach a high level of
collaboration and to reach different conclusions than the ones in the individual part. This is also
supported by the study of Laughlin et al., (1998), where the group performance equalled that of
the best individual and even managed to significantly outperform the other standings. This
highlights that collaboration can rival top individual performances. The strength of the team was
seen to lay in carefully selecting the right option and maintaining that position. This can be
especially seen in team two and three as the groups had a better score as a team then
individually. This difference can be explained through the options the team made when
discussing the ranking process. Namely, the building upon each other that is seen in the
timelines, through behaviours such as idea development and idea explanation, whereas
individually this interchange between behaviours will not be possible when only having one
opinion. This study then adds up even further onto the information provided by Laughlin et al.,
(1998) as this study delves even deeper through video-recorded interactions that are then coded
moment by moment.

For the other teams, team 1 and 4, the participants had better results for the individual
part then the team one. This could maybe be attributed to the fact that they had a low frequency
of behaviours attributed to the group flow category such as idea development and idea
expression. Moreover, both teams have a low percentage of behaviours that are part of the inertia
momentum category. It can be assumed that both teams did not survive the collaborative task,
because they did not reach a good balance between generating ideas and focusing on other
aspects of collaborating as well.

The timelines showcased the influence of certain behaviours that were part of the group
flow category. The group flow category is described as a team’s movement towards generating
and developing new ideas. Behaviours such as idea expression, idea development and such are
the moments where each participant understood the other members ideas and developed them
even more with their own knowledge. The study by Noel et al. (2022) has a similar view to this,
by analysing how multimodal timeline visualisations can support teachers in analysing

collaborative problem solving in face-to-face educational settings. The study showed that
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timeline visualisation was the perfect tool for observing when and how collaborative behaviours
happened. Moreover, they were able to detect phases of idea proposal, elaboration and co-
regulation throughout teamwork. This supports the idea that timelines are necessary when
analysing movement toward collaborative problem solving and co-construction. The timeline
observed in the study of Noel et al. (2022) focused on visualising non-verbal collaboration signs,
while this study is focusing on investigating cognitive and social processes in CPS and co-
construction in a collaborative team task through verbal interactions. This shows that using the
timelines for this analysis requests verbal behaviour that can be then carefully coded moment by
moment.

Limitations and future research

While this study provided more information to the limited body of knowledge on the
influence of both collaborative problem solving and co-construction on a collaborative team task,
it is important to understand the limitations, and provide recommendations for future research.
One of the challenges that this study was faced with was the very limited sample size, there were
only four teams that totalled sixteen participants. Future research should be conducted with ten
teams with a total number of fifty participants at least, for more accurate results (Van Voorhis &
Morgan, 2007). Another limitation that is related to the small sample size, is the unequal
distribution of participants throughout the teams. The first two teams had five participants each,
whereas the last two teams had three participants each. For a better analysis, an equal distribution
of participants between the teams would yield more accurate results (Noel et al., 2022).
Furthermore, no team has managed to reach a very good result with the only teams having scores
that are part of the poor and fair category. For a better analysis, diversity in team scores can offer
a diverse range of approaches between participants (Horwitz & Horwitz, 2007).

Moreover, another limitation that had a significant impact on the results of the ranking
activity was that one participant took part in a similar study before. This was seen to have a high
impact, as that participant managed to reach the best individual score in the ranking activity. This
score was a 46 which entered the fair category based on the coast guard ranking. It is the only
score in this experiment that surpassed the very poor and poor category of the individual and
team rank standings. However, it could also be that this preexisting knowledge can have no
significant effect on a study. For example, a study by Wieman & Holmes (2015) faced the same

issue of having participants who took part in similar studies in this case. The conclusion that they
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reached was that there was no significant difference between the participants that took part in a
similar lab or not. Another factor that limited the results of this research was the small sample
size consisting of male participants, namely out of sixteen participants only three of them were
male. This could have an impact on the overall results of ranking tasks, as the diversity presented
by an equal distribution of genders in groups could have yielded a different result in the
frequency distribution of behaviours (Yuan et al., 2019).

Furthermore, another limitation that has an impact on the results is the fact that there was
only one coder, and there was no second independent coder. This can have an impact on the
accuracy of the coding of behaviours and the overall accuracy of frequencies of behaviours.
However, it can be possible that having only one coder does not have a significant impact on the
results of a study. For example, the study of O’Connor & Joffe (2020) offers a closer look at
intercoder reliability in qualitative research. Their suggestion is that when a coding frame
reaches high reliability, either quantitatively assessed, for example Cohen’s kappa or
qualitatively through coder consensus, a single trained coder can be enough to code the entire
dataset. They support this suggestion by explaining that first, coders should initially test the
coding frame through statistical methods or through iterative coding and then discuss. Secondly,
once stability is demonstrated, the lead coder can start coding the remaining of the data. This
scenario is not a perfect fit for this study, as this study implies a mixed methodology. Therefore,
this could still have an impact on the overall results of the vide coded data, as a second conder
could offer a different view on how to code the different scenes as well as the duration offered to
each behaviour. Future research should use more than one coder as this will increase the
reliability of the study (Church et al., 2019).

This study provided valuable information within the field of group-learning in group-
based tasks. Future research can build upon this research and can potentially harness new results
by incorporating a larger sample size, and more equally distributed variety of participants.
Furthermore, a higher variation in age and gender between participants would also offer a more
detailed view on how different knowledge can have an impact on how co-construction appears in
a collaborative team task. For example, a study by Sun et al. (2021) focused on how specific
collaborative problem solving (CPS) behaviours predict team performance in a structural digital

environment. The study had a big sample size with a good distribution of participants and
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showed that in order to have a successful collaborative environment it is necessary to have
content knowledge as well as knowledge on how team members interact with each other.
Conclusion

To conclude, the main aim of this study was to observe the influence of both co-
construction and collaborative problem solving. The importance of both behaviours were
highlighted in the results after observing the timelines. An important influence that has been
observed in the frequency of each coded behaviour, the ones of the Group Flow category
appeared to be the most influential for the survival activity. Given the study’s limitations, such as
small sample size, with uneven distribution of participants, and unequal distribution between
genders. These findings require further development using a bigger sample size. Additionally,
delving deeper into certain aspects, such as comparing a low and high performance team could
harness interesting results. Furthermore, exploring the influence of knowing the majority of the
participants in the experiment, could lead to additional insights in better understanding how the
interaction would change between participants. This study contributes to the limited knowledge
on the influence of both co-construction and collaborative problem solving in a collaborative
team task. It serves as a foundation for future research to delve deeper into the complex influence

of co-construction and collaborative problem solving.
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Appendix A

Lost at Sea Questionnaire

Participant number: ..............c.u....

1. What is your age?

2. What is your gender?

a) Female

b) Male

c) Other: ......ccccevveenneen.

d) Not willing to say

3. What is your nationality?

a) African

b) Asian

c¢) European

d) North American

e) South American

f) Oceania/ Pacific Islander
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g) Middle Eastern

4. What are you studying at the moment? Please mention the year that you are in, as well as if it

is a Bachelor or a Master

7. Would you like to be contacted by the researcher with the results of the video coding at the

end of the data analysis?
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Appendix B

Overview of the AIFI System

Emergent Behavioral

state Process codes

ldea expression
ldea explanation
Ildea facilitation Idea
development
Knowledge
Team spirit Support
facilitation Humor
Process
organization
Neutral (0) Simultaneous
talk
Other
Off-topic
conversation
e |_oss in detail and
Inertia Sl il repetition
momentum Silence
(-1) Blocking
Relationship
conflict
Complaining

Group flow
(+1)

Team spirit
inhibition
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Appendix C
During the preparation of this work the author used ChatGPT in order to assist in
programming and debugging Code in RStudio without using the actual data. After using this
tool/service, the author reviewed and edited the content as needed and took full responsibility for
the content of work.

##Bachelor Thesis###

library(tidyverse)

library(ggplot2)

install.packages ("psych")
library(psych)

library(readxl)

library(dplyr)

install.packages (""summarytools")
library(summarytools)

###Load data set##

participant_data <- read excel("participants.xlsx", sheet = "Sheet1")

# Check your data

head(participant data)
mean(participant_data§Age, na.rm = TRUE)
sd(participant_data$Age, na.rm = TRUE)

##Finding the gender



CO-CONSTRUCTION AND COLLABORATIVE PROBLEM SOLVING

# Basic frequency table

gender counts <- table(participant data$Gender)

# Convert to percentages

gender percentages <- prop.table(gender counts) * 100

# Print the result

gender percentages

##Demographics table

# This gives you a full summary of all variables
dfSummary(participant_data)
table(participant_data$Gender)
table(participant_data$§Nationality)
table(participant_data$Knows_Others)

table(participant_data$Prior_Study)

install.packages("car"
library(car)

#H##H TIMELINES###
library(readxl)
library(dplyr)

library(ggplot2)

38
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# Load Excel file

df <-read_excel("noldus_participants.xIsx")

##H#Create performance category###

library(dplyr)

library(readxl)

demographics <- read_excel("participants_questionnaire.xlsx", sheet = "Sheet1")

demographics <- demographics %>%

mutate(Performance Category = case_when(

Score Activity >= 0 & Score Activity <= 25 ~ "Excellent",
Score Activity >= 26 & Score Activity <= 32 ~ "Good",
Score Activity >= 33 & Score Activity <=45 ~ "Average",
Score Activity >= 46 & Score Activity <= 55 ~ "Fair",
Score Activity >= 56 & Score_Activity <= 70 ~ "Poor",
Score Activity >= 71 ~"Very Poor",
TRUE ~ NA_character  # fallback for missing or invalid data

)

colnames(demographics)

colnames(df)
demographics <- read _excel("path/to/your/participants questionnaire.xlsx", sheet = "Sheet1")
summary_table <- df %>%

group_by(Performance Category) %>%

summarise(
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Mean Age = mean(Age, na.rm = TRUE),
SD Age =sd(Age, na.rm = TRUE),
Count =n()

)

library(dplyr)

demographics <- demographics %>%
mutate(Performance Category = case_when(
Score Activity >= 0 & Score Activity <= 25 ~ "Excellent",
Score Activity >= 26 & Score Activity <= 32 ~ "Good",
Score Activity >= 33 & Score Activity <=45 ~ "Average",
Score Activity >= 46 & Score Activity <= 55 ~ "Fair",
Score Activity >= 56 & Score_Activity <= 70 ~ "Poor",
Score Activity >= 71 ~"Very Poor",
TRUE ~ NA_character
)
table(demographics$Performance Category)
summary_table <- demographics %>%
group_by(Performance Category) %>%
summarise(
Mean_Age = mean(Age, na.rm = TRUE),
SD Age =sd(Age, na.rm = TRUE),

Count =n()
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)
install.packages("gt") # Only once
library(gt)
install.packages("rlang")
install.packages("gt")
library(gt)

Is("package:gt")

summary_table %>%
gt() %0>%
tab_header(
title = "Summary of Participant Demographics by Performance Category"
) %>%
fmt number(
columns = ¢(Mean_Age, SD Age, Mean Known, SD Known),
decimals = 2
) %>%
cols_label(
Performance Category = "Performance Level",
Mean Age = "Mean Age",
SD Age ="SD Age",

Mean_Known = "Mean Known People",
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SD Known ="SD Known People",
Count ="N"
)
remove.packages("gt")

remove.packages("rlang")

install.packages("rlang", dependencies = TRUE)
install.packages("gt", dependencies = TRUE)
library(gt)
gti:gt
summary_table %>%
gt() %0>%
tab_header(
title = "Summary of Participant Demographics by Performance Category"
) %>%
fmt number(
columns = ¢(Mean_Age, SD Age, Mean Known, SD Known),
decimals = 2
) %>%
cols_label(
Performance Category = "Performance Level",
Mean Age = "Mean Age",

SD Age ="SD Age",
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Mean_Known = "Mean Known People",
SD Known = "SD Known People",

Count ="N"

)

library(gt)

summary_table %>%
gt() %0>%
tab_header(
title = "Summary of Participant Demographics by Performance Category"
) %>%
fmt number(
columns = ¢(Mean_Age, SD_Age),
decimals = 2
) %>%
cols_label(
Performance Category = "Performance Level",
Mean Age = "Mean Age",
SD Age ="SD Age",
Count ="N"
)
###Behavioral timeline###

# Load libraries
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library(tidyverse)

library(readxl)

# Load the Noldus data

noldus_data <- read_excel("noldus_participants.xlsx", sheet = "Sheet1")

# Inspect column names if needed

colnames(noldus_data)

# Prepare the data: calculate end time
noldus_timeline <- noldus_data %>%
mutate(
Start = as.numeric(Time Relative sf),
End = Start + as.numeric(Duration_sf),
Group = as.factor(Observation),

AIFI_Category = Subject # flow, inertia, neutral

# Plot the behavioral timeline
# Load required packages
library(tidyverse)

library(readxl)
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# Read the Excel file

noldus data <- read excel("noldus_participants.xlsx", sheet = "Sheet1")

# Clean and prepare the data
noldus_timeline <- noldus_data %>%
mutate(
Start = as.numeric(Time Relative sf),
End = Start + as.numeric(Duration_sf),
Group = as.factor(Observation),

AIFI Category = Subject # flow, inertia, neutral

# Create the behavioral timeline plot
ggplot(noldus_timeline) +
geom_segment(aes(
x = Start, xend = End,
y = Group, yend = Group,
color = AIFI Category
),
size=4) +
labs(
title = "Behavioral Timeline per Group (AIFI System)",

x = "Time (seconds)",
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y = "Group (Observation)",
color = "AIFI Category"
)+
scale color manual(values = c¢("flow" = "#66C2AS5", "inertia" = "#FC8D62", "neutral" =
"#8DAOCB")) +
theme minimal() +
theme(axis.text.y = element_text(size = 10))
library(tidyverse)
library(readxl)
ggplot(noldus_data, aes(
x = Time Relative f,
y = Observation,
fill = Subject # now should reflect AIFI categories
)+
geom_bar(stat = "identity") +
labs(
title = "Behavioral Timeline per Group (AIFI System)",
x = "Time (seconds)",
y = "Group (Observation)",
fill = "AIFI Category"
)+
theme_ minimal()

# Basic participant scores table
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participant data %>%
select(Participant_ID, Score Activity) %>%
arrange(desc(Score Activity)) # Optional: sort by highest score

library(knitr)

# Simple table of participant scores
participant data %>%
select(Participant ID, Score Activity) %>%
arrange(desc(Score Activity)) %>%
kable(

caption = "Table: Individual Participant Scores for the Collaborative Task",

digits = 2,
align = "lc"
)
library(ggplot2)

ggplot(participant_data, aes(x = reorder(Participant_ID, -Score_Activity), y = Score Activity)) +
geom_col(fill = "#4E79A7") +
labs(
title = "Participant Task Scores",
x = "Participant ID",
y = "Score"

)+
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theme minimal() +
theme(axis.text.x = element_text(angle = 45, hjust = 1))
library(tidyverse)

library(readxl)

# Load updated data
participant_data <- read excel("participants _questionnaire.xIsx", sheet = "Sheetl") # or

whichever sheet has the column

# Check that the column exists

colnames(participants_questionnaire)

# Plot
ggplot(participants_questionnaire, aes(x = reorder(Participant ID, Score Activity), y =
Score Activity, fill = Coast_Guard)) +
geom_col() +
geom_hline(yintercept = 0, linetype = "dashed", color = "black") +
labs(
title = "Participant Task Scores Categorized by Coast Guard Evaluation",
x = "Participant ID",
y = "Score (Lower = Better)",
fill = "Performance Category"

)+

48



CO-CONSTRUCTION AND COLLABORATIVE PROBLEM SOLVING 49

theme minimal() +
theme(axis.text.x = element_text(angle = 45, hjust = 1))
HHEXtra##

library(readxl)

# This line loads the data and stores it as "participants_questionnaire’
participants_questionnaire <- read_excel("participants questionnaire.xlsx", sheet = "Sheet1")

colnames(participants_questionnaire)

library(dplyr)
library(knitr)
participants _questionnaire2 <- read excel("participants_questionnaire2.xlsx", sheet = "Sheet1")
colnames(participants_questionnaire2)
participants_questionnaire2 %>%
select(Group_ID, Group_Score, G_Coast_Guard) %>%
distinct() %>%
arrange(Group_Score) %>%
kable(
caption = "Group Scores and Coast Guard Categories on the Lost at Sea Task",
digits = 2,
align = "lcc"
)

library(ggplot2)
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participants questionnaire2 %>%
distinct(Group ID, Group Score, G_Coast _Guard) %>%
ggplot(aes(x = reorder(Group_ID, -Group_Score), y = Group_Score, fill = G_Coast_Guard)) +
geom_col() +
geom_hline(yintercept = 0, linetype = "dashed", color = "black") +
labs(
title = "Group Task Scores Categorized by Coast Guard Evaluation",
x ="Group",
y ="Score (Lower = Better)",
fill = "Performance Level"
)+
theme minimal() +
theme(axis.text.x = element_text(size = 12),
legend.title = element_text(size = 10),
legend.text = element_text(size = 10))

###Group Values divided by each participant##

library(ggplot2)

library(dplyr)

# Ensure the Group_Score is distinct per group
group_scores <- participants_questionnaire2 %>%

select(Group ID, Group_ Score, G_Coast Guard) %>%
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distinct()

# Plot
ggplot() +

# Group bars

geom_col(
data = group_scores,
aes(x = Group_ID, y = Group_Score, fill = G_Coast_Guard),
width = 0.6,
alpha = 0.6

)+

# Participant dots

geom_jitter(
data = participants_questionnaire?2,
aes(x = Group_ID, y = Score Activity, color = Coast_Guard),
width =0.15, size =3

)+

labs(
title = "Group Scores and Individual Participant Scores",
x = "Group",
y = "Score (Lower = Better)",
fill = "Group Performance",

color = "Participant Performance"
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)+
theme minimal() +
theme(
axis.text.x = element_text(size = 12),
legend.title = element_text(size = 10),
legend.text = element_text(size = 10)
)
##Frequency Tables###
# Load libraries
library(dplyr)

library(readxl)

# Load your data (update the path as needed)

data <- read_excel("four_groups.xlsx")

# Filter for 'State start' events only
start_events <- data %>%

filter(Event Type == "State start")

# Function to create summary per group
summarize group <- function(group name) {

group_data <- start_events %>% filter(Observation == group _name)
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total duration <- sum(group_data$§Duration_sf, na.rm = TRUE)

summary_table <- group data %>%
group_by(Behavior) %>%
summarise(
Frequency = n(),
Total Duration = sum(Duration_sf, na.rm = TRUE)
) %>%
mutate(
Percentage = round((Total Duration / total duration) * 100, 2)
) %>%

arrange(desc(Percentage))

return(summary_table)

}

# Get summaries for Group 2, 3, and 4

groupl summary <- summarize group("Group 1")
group2 summary <- summarize group("Group 2")
group3 summary <- summarize group("Group 3")

group4 summary <- summarize group("Group 4")

# View the tables
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print("Group 1:")

print(groupl summary)

print("Group 2:")

print(group2 summary)

print("Group 3:")

print(group3 summary)

print("Group 4:")
print(group4 summary)

# Load ggplot2

library(ggplot2)

# Function to plot summary for each group
plot_group summary <- function(summary_table, group name) {
ggplot(summary _table, aes(x = reorder(Behavior, -Percentage), y = Percentage)) +
geom_bar(stat = "identity", fill = "skyblue") +
geom_text(aes(label = pasteO(Percentage, "%")), vjust = -0.5, size = 3.5) +
labs(
title = paste(""Behavior Duration % -", group name),
x = "Behavior",

y = "Percentage of Total Time"
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)+
theme minimal() +

theme(axis.text.x = element_text(angle = 45, hjust = 1))

# Plot each group's summary

plot_group summary(groupl summary, "Group 1")
plot_group summary(group2 summary, "Group 2")
plot_group summary(group3 summary, "Group 3")
plot_group summary(group4 summary, "Group 4")
###SINGLE TABLE##

# Load libraries

library(dplyr)

library(readxl)

library(tidyr)

# Load your dataset (update the file path if needed)

data <- read_excel("four_groups.xlsx")

# Keep only 'State start' events
start_events <- data %>%

filter(Event Type == "State start")
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# Function to get frequency per behavior for a group
frequency summary <- function(group_name) {
start_events %>%
filter(Observation == group name) %>%

count(Behavior, name = paste0("Frequency ", group name))

# Generate frequency tables for all groups

groupl <- frequency summary("Group 1")
group2 <- frequency summary("Group 2")
group3 <- frequency summary("Group 3")

group4 <- frequency summary("Group 4")

# Combine into one wide table

combined frequencies <- full join(groupl, group2, by = "Behavior") %>%
full join(group3, by = "Behavior") %>%
full join(group4, by = "Behavior") %>%

arrange(Behavior)

# View the result
print(combined_frequencies, n = Inf)
###Behavior Percentages for Group 1###

# Load required packages
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library(dplyr)

library(readxl)

# Load your dataset (update file path if needed)

data <- read_excel("four groups.xlsx")

# Filter for 'State start' events only
start_events <- data %>%

filter(Event Type == "State start")

# Filter only Group 1
groupl data <- start_events %>%

filter(Observation == "Group 1")

# Calculate total duration for Group 1

total duration_groupl <- sum(groupl data$Duration_sf, na.rm = TRUE)

# Summarize behavior durations and calculate percentages
groupl summary <- groupl data %>%
group_by(Behavior) %>%
summarise(
Frequency = n(),

Total Duration = sum(Duration_sf, na.rm = TRUE),

57



CO-CONSTRUCTION AND COLLABORATIVE PROBLEM SOLVING

.groups = "drop"
) %>%
mutate(

Percentage = round((Total Duration / total duration_groupl) * 100, 2)
) %>%

arrange(desc(Percentage))

# View the result
print(groupl summary)

# Load ggplot2 for visualization

library(ggplot2)

# Plot behavior percentages for Group 1
ggplot(groupl summary, aes(x = reorder(Behavior, -Percentage), y = Percentage)) +
geom_bar(stat = "identity", fill = "steelblue") +
geom_text(aes(label = pasteO(Percentage, "%")), vjust = -0.5, size = 3.5) +
labs(
title = "Behavior Time Percentage — Group 1",
x = "Behavior",
y = "Percentage of Total Time"
)+
theme minimal() +

theme(axis.text.x = element_text(angle = 45, hjust = 1))
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