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Abstract
Due to more complex tasks and changing environments in professional and educational organizations,
teamwork is becoming more common since teams are expected to be more creative and expeditious in
solving problems. To have teams work together in a harmonious and effective way, team learning and
a shared mental model must be considered. Previous research has shown that team learning leads to a
shared mental model and that this results in team effectiveness. Most research measured team learning
and the shared mental model through perceptions of team members. However, it is proven that the shared
mental model is continuously changing through team member interaction. But, scarce research is
focussed on this. Therefore, two different measures of the explication of the shared mental model are
used in the current study to see how the shared mental model changes over time and how this leads to
sustained decisions. In this descriptive qualitative multiple case study data of two higher education
teacher teams are collected. Observations of higher education teacher team meetings are used to measure
team learning processes and the shared mental model of the team. With use of the chi-square analysis,
the Fisher’s exact test and qualitative analysis there are found some interesting results. Cognitive
decisions have an important role in the facilitation of the transition from engaging in team learning to
arriving at sustained decisions. In addition, action decisions are an important facilitator for cognitive
decisions to become sustained decisions. Thereby is found that topics that were discussed multiple times
have led to more sustained decisions than topics which were discussed less. Therefore, it is concluded
that the explication of the shared mental model can facilitate the transition from engaging in team
learning to arriving at sustained decisions in a positive way. The combination of qualitative and
quantitative research methods provides a view on how the shared mental model develops over time and
how sustained decisions can be reached.
Keywords: Higher education, Team learning, Shared mental model, Shared mental model explication,
Sustained decisions
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Introduction
Professional and educational organisations are facing more complex tasks and changing environments
than ever before (Dochy, Gijbels, Raes & Kyndt, 2014). Because of these complex tasks and the pressure
to perform better in a short period of time, teamwork is becoming more common. Teams consist of a
varying number of people with different backgrounds and in comparison to individuals, due to
interaction within teams, new ideas are more likely to arise than in an individual’s mind alone, and as
such, teams can produce more creative and innovative results (Akkerman, Admiraal, Simons & Niessen,
2006). Teams share responsibility and workload and therefore teams are a powerful tool to deal with
complex tasks (Mathieu, Heffner, Goodwin, Salas & Cannon-Bowers, 2000; Akkerman et al., 2006;
Van den Bossche, Gijselaers, Segers, Woltjer & Kirschner, 2011).
Although research has underlined the effectiveness of teamwork, it is still barely used in the
teaching context of higher education. But, over the years, attention has grown for multidisciplinary
education all over the world (Newell, 2009; Spelt, Biermans, Tobi, Luning & Muler, 2009; Akbari,
Kashani & Hooshmand Chaijani, 2016). To provide multidisciplinary education, it is important that
teachers of different backgrounds work together and share their knowledge. Most teachers in higher
education are accustomed to work individually on subjects. However, to cope with the challenges of
providing multidisciplinary education, collaboration between teachers is indispensable. It is known
that a shared understanding of the task and how to perform this task (in the current study named the
shared mental model) among the team members must be present to be effective. However, it can be a
challenge to develop a shared mental model among the team members, due to a large variation in
individual perspectives (Van den Bossche et al., 2006). To handle this, team members need to
communicate by sharing, talking (co-construction) and discussing (constructive conflict) about team and
task related subjects to reach an agreement which will be present in the shared mental model of the team.
Therefore, it can be stated that team learning processes are essential to build and maintain a shared
mental model (Van den Bossche et al., 2006; Decuyper, Dochy & Van den Bossche, 2010). Sometimes
teams change their minds about subjects and through team learning processes new or different
agreements can be reached. This means that the shared mental model can change or develop over time
due to the team learning processes in teams.
Previous research was mainly focussed on perceptions of team members about team learning
processes and the shared mental model (Langan-Fox et al., 2001; Van den Bossche et al., 2006). But,
since perceptions do not give a realistic view on the shared mental model, observational methods are
introduced. Recent studies of Van der Haar et al. (2013) and Raes et al. (2015) have used observational
methods to study team learning behaviour and shared mental models in teams. However, these do not
give insight in how team learning processes are building the shared mental model. By observing the
team learning processes and shared mental models in the interaction of teams, a very realistic view can
be created about how shared mental models are build, what they contain and how they develop over
time.
The current study adds new knowledge, by observing the actual team learning processes during
higher education teacher team meetings, so it can be understood how team learning processes build and
develop the shared mental model (Jonker, Van Riemsdijk & Vermeulen, 2011). The shared mental
model is measured longitudinally by looking at the explication of the shared mental model (through
wrap-ups) in the actual interaction, as a direct result of team learning. Since we will measure the shared
mental model multiple times during the development of the shared mental model and at the end of the
development phase (by looking at the educational design decisions), we can measure the development
of the shared mental model over time and how sustainability of the shared mental model is reached.
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Theoretical framework
In this paper the term ‘team’ is used according to the definition of Kozlowski & Bell (2003):
Two or more individuals who (a) exist to perform organizationally relevant tasks, (b) share one
or more common goals, (c) interact socially, (d) exhibit task interdependencies (i.e., work flow,
goals, outcomes), (e) maintain and manage boundaries, and (f) are embedded in an
organizational context that sets boundaries, constrains the team, and influences exchanges with
other units in the broader entity (p. 334).
To let teams work successfully and harmonious together, previous research states that team learning
must be considered. There are different ways to define team learning, on the one hand it can be seen as
an outcome, on the other hand as a process. To start with, Edmondson, Dillon and Roloff (2007) define
team learning as an outcome of team work. But, for example, Edmondson (1999) defines team learning
as an ongoing process of reflection. London and Sessa (2006) define team learning also as a process but
they define it more as a group process from moving from individual fragments to a group a whole. Van
den Bossche (2006) defined team learning as: ‘’The process of building and maintaining a shared
conception of a problem or task, distributing responsibility across members of the group, sharing
expertise, and mutually constructing and negotiating cognition” (p. 5). This definition fits with the
current study since it defines team learning as an essential component in the process of building and
maintaining a shared mental model. Team learning occurs, consciously or unconsciously, while team
members are working and communicating in teams (Decuyper, Dochy & van den Bossche, 2010). This
means that team members are learning together, even when they are not aware of this phenomenon.
According to Van den Bossche et al. (2011) there are three team learning processes which occur during
team members’ interaction: sharing, co-construction and constructive conflict.
Sharing is the process wherein a team member shares (new) information about his personal
knowledge, skills or thoughts while others are actively listening (Van den Bossche et al., 2011). When
another team member adds information in the conversation, it is possible that sharing transforms into
co-construction (Dochy et al., 2014). When team members start to refine, build on or modify the original
information, we speak of co-construction because it may result in new insights, which contributes to the
development of shared knowledge (Van den Bossche et al., 2006). Decuyper, Dochy and Van den
Bossche (2010) state that when engaging in co-construction, ‘’team members take the interaction one
step further as they engage in repeated cycles of acknowledging, repeating, paraphrasing, enunciating,
questioning, concretizing, and completing the shared knowledge, competencies, opinions or creative
thoughts” (p. 6). In this way team members are adjusting their own and other team members’ visions.
This leads to shared knowledge, which was not yet available in the team (Van den Bossche et al., 2006).
Sometimes team members do not agree with each other and diverge in their interpretations and
perspectives. This difference may lead to a constructive conflict, in which team members go into a
further elaboration and negotiation of the information to achieve a shared point of view (Van den
Bossche et al., 2011). Sometimes a disagreement does not lead to a constructive conflict because e.g.
team members could ignore the conflictual topic and move onto another topic, or a conflict could be a
personal rejection which makes it not constructive and therefore it does not lead to new knowledge or
beliefs of team members (Vangrieken, Dochy & Raes (2016). Constructive conflict is considered as the
most important and complex process (Van den Bossche et al., 2011), because it is ‘’necessary to come
to fundamental changes in thought and behaviour” (Dochy et al., 2014, p. 25).
When team learning processes occur in teams, it may result in the development of a shared
mental model. which means that all team members ‘’have a shared understanding of the team and the
task that is to be performed’’ (Jonker, van Riemsdijk, Vermeulen, 2010, p. 3). On the one hand, from a
cognitive view, it is seen as an overlap between individual mental models (Akkerman et al., 2007). On
the other hand, with a sociocultural view, it can be seen as a cognition which is constituted by the team
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through social interaction (Akkerman et al., 2007). We see the shared mental model as: each team
member has the same idea, agreement and understanding about the team and their task in his or her
mind. Therefore, it is very important for team functioning because it allows team members to predict
the behaviour of other team members (Mathieu et al., 2000). Since the shared mental model must be
present in each team members’ mind, it is important that each team member understands and agrees on
the shared mental model (Van den Bossche et al., 2006). While team members are talking about a
specific topic, they get a shared point of view on this topic and therefore it could be included in the
shared mental model (Van den Bossche et al., 2011). But, sometimes team members discuss a topic
again or a situation changes and this could lead to a reconsideration of a decision. This means that the
shared mental model is dynamic and there is a possibility that the shared mental model adapts over time.
Previous research has been using questionnaires, interviews, concept mapping and observations
to measure the shared mental model (Akkerman et al., 2007). Recent studies have found ways to measure
the shared mental model by looking at the explication of the shared mental model by means of wrapups in team meetings. The shared mental model is explicated when team members get to a decision
together and explicitly pronounce this decision, which is called a wrap-up. Wrap-ups are conclusions or
decisions during or at the end of a team learning process. Since it is a conclusion or a decision during a
team meeting, team members agree on the wrap-up, and therefore it will be present in their shared mental
model. However, there are four different types of wrap-ups according to Raes et al. (2015). We speak
of a postponed wrap-up when there is an agreement expressed to postpone a decision about the topic of
discussion (Raes et al., 2015). This occurs when team members are not able to decide yet due to various
reasons. It is called a cognitive wrap-up when there is an agreement about the topic and it is explicitly
summarized or repeated as a conclusion of the discussion (Raes et al., 2015). Sometimes a cognitive
wrap-up ends with an expressed explicit intention for action and therefore this is called an action wrapup (Raes et al., 2015). And lastly, sometimes a team learning process does not end with a wrap-up, since
none of the team members end the topic with an agreement or decision, this is what is called a no wrapup (Raes et al., 2015). According to Van der Haar et al. (2013) team learning processes that do have a
wrap-up have a greater impact on team effectiveness than team learning processes without a wrap-up.
By measuring wrap-ups, it becomes possible to measure the actual shared mental model during team
meetings instead of perceptions of the shared mental model afterwards. In addition, by measuring wrapups in different meetings of the same team, it becomes possible to measure how the shared mental model
develops and how it adapts over time.
When teachers in higher education develop a course together, they must make an intended
curriculum. The intended curriculum is a document wherein teachers decide on how to perform the
curriculum, which contains educational design decisions such as; ‘’aims and objectives, content,
learning activities, teacher role, materials and resources, grouping, location, time and assessment’’
(McKenney, Nieveen, & Van den Akker, 2006, p. 122). These educational design decisions are mostly
discussed during teacher team meetings, and when team members agree to decide about a specific topic,
this will be written in the intended curriculum. Therefore, the intended curriculum is seen as the ‘final’
shared mental model of the teacher team, which makes it possible to measure the sustainability of the
decisions which are made during the teacher team meetings.
In the current study we want to measure how the shared mental model develops over time and
how sustainable the shared mental model is. Since we are measuring this in the educational context, the
team members are discussing the development of their course during team meetings, wrap-ups can give
a view on which decisions there are made according to the educational design decisions. We want to
examine whether the explicated shared mental model (the wrap-ups) are utilized. By making a
comparison between the wrap-ups (the decisions out of the team meetings) and the course manual
(which contains the educational design decisions), we get a view on how sustainable the shared mental
model is and how sustained decisions are reached. A sustained decision is reached when wrap-ups have
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led to a decision which is present in the course manual. In figure 1 the research model of this study is
displayed.

Figure 1. Research model of this study
The current study is focused on the following main research question:
1) How does explication of the shared mental facilitate the transition from engaging in team
learning to arriving at sustained decisions?
To answer the research question, the following sub questions will be answered:
a) Which types of wrap-ups exist in episodes of sharing, co-construction and constructive conflict?
b) How do different types of wrap-ups influence the sustainability of the decision?
c) How do shared mental models evolve during team learning discussions?

Method
Research design
To find out how the explication of the shared mental model facilitates the transition from engaging in
team learning to the arriving at sustained decisions, a descriptive mixed methods multiple case study was
conducted.
Sample
Two teams from different faculties were selected to create an as best possible representation of the
population, to make the current study generalisable. The two teams were picked because these teams
met on regular basis which gave the opportunity to measure how the shared mental models develop over
time.
In total, data from two teacher teams, with seven and eleven team members, of a university in
the Netherlands were collected. Through innovation new teacher teams, of teachers which only new
each other by face/which have never worked together, were formed to develop new courses. Team A
(n1 = 7) developed a course for social science education and team B (n2 = 11) developed a course for
technology science education. The team members met on regular basis wherein the development of the
course was discussed. Team A met five times and team B four times, both in a timeframe of a half year.
The duration of each team meeting varied between sixty to ninety minutes.
Procedure
The data of the teacher team meetings consisted of audio- and videotapes and was gathered for another
research. The course coordinator was contacted to ask for approval to record audio and video data of the
meetings. The team meetings were transcribed. Names of participants were changed into fictitious
names and all participants agreed that no fragments are cited which could lead to recognition of one
specific teacher team or team member. Furthermore, the course manual, in which the intended
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curriculum is stated and thus the educational design decisions, that both teams created during the
meetings were collected. The data was gathered during the development process of the course and ended
at the start of the developed course. Prior to the start of the research, all participants signed an informed
consent form to approve for the use of the data.
Instrumentation
After transcribing the team meetings, the word file was converted into an excel file in which further
analysis took place. Only verbal communication was considered in the transcription. The transcript was
segmented in episodes (a part of the transcript with one specific team learning process and topic), which
were based on eleven education-related topics which were coded bottom-up (see Appendix A, table 7).
The episodes with topic code Process were left out of the data since these episodes are only about rules,
actions and materials for coordinating or structuring the team meeting or the design process itself and
are therefore this does not give us usable information about the development of the intended curriculum.
Coding of team learning processes To measure team learning, the coding scheme of Bron and
Endedijk (2016), which was based on the codebook of Raes et al. (2015), has been used, since they also
studied team learning behaviour in higher education. Table 1 shows the team learning process codes
including descriptions. Based on the interaction utterances in the episode was decided whether sharing,
co-construction or constructive conflict was coded. Besides, there is considered that there is a hierarchy
in team learning processes, this means that a co-construction episode also contains parts of sharing and
that constructive conflict episodes can contain sharing and co-construction parts. For this reason, the
most complex team learning process will be coded.
Table 1
Description of the three team learning processes
Team learning process
Sharing

Description
When all relevant information introduced to the team in the episode is
coming from one team member, only interrupted by (verification)
questions, confirmations or statements that do not add information to the
topic at hand.
Co-construction
When other team member(s) build further on the information presented by
a first team member by asking for more information by means of open
questions, adding information (additional arguments, specifying conditions
etc.), presenting contradicting information or when they come up with
possible solutions.
Constructive conflict
A difference in opinion between team members is expressed and actively
discussed by providing arguments and counterarguments or by asking
questions about presented (counter) arguments and information.
Cited of Bron and Endedijk (2016)
During the development phase of the coding scheme, three coders regularly discussed the coding scheme
with each other and adapted it. The interrater reliability is calculated in a previous research for three
raters, based on 247 episodes. This resulted into an agreement of 86% with a Kohen’s Kappa of .68,
which is ‘substantial’ according to Landis and Koch (1977).
Measuring the explication of the shared mental model To measure the explication of the shared
mental model, wrap-ups and the course manual were used. To measure the development of the shared
mental model during team meetings, wrap-ups were coded in the episodes. Just like the coding of the
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team learning processes, the codebook of Bron and Endedijk (2016) is used, which is based on the
codebook of Raes et al. (2015). Four different types of wrap-ups were coded, which are presented in
Table 2.
Table 2
Description of the four different types of wrap-ups
Type of wrap-up
No wrap-up

Description:
When none of the team members ends the topic with some kind of
agreement or decision.
Postponed wrap-up
When there is an agreement to postpone a decision about the topic of
discussion is expressed.
Cognitive wrap-up
When there is an agreement or decision about the topic and it is explicitly
summarized or repeated as a conclusion of the discussion about the topic.
Action wrap-up
When there is an agreement or decision about the topic and there is an
explicit intention for action expressed.
Based on Bron and Endedijk (2016)
The interrater reliability of two coders was based on 94 episodes, of which the coders had an agreement
of 93% with a Cohen’s Kappa of .82 which is ‘almost perfect’ according to Landis and Koch (1977).
To make a comparison with the course manual and to analyse the recurrence of specific topics, the
content of the wrap-up was logged.
To measure the sustainability of the shared mental model the course manuals of the teams were
collected. The course manual is a document for teachers who will teach in this course and for students,
so they know what to expect during the course. In addition, these course manuals include the intended
curriculum in which the educational design decisions are presented, which means that all characteristics
of the course are written down.
Data analysis
With the coded team learning processes, topics and (content of) wrap-ups, and the course manuals,
multiple analyses were done. First, we have investigated how often each team learning process results
in the different types of wrap up. Second, the content of the wrap-ups (the decisions the team made) was
compared with the educational design decisions in the course manual. With this comparison we know
which team learning process and wrap-up are present in the course manual. Third, we identified wrapups about the same topics to see if topics are recurring and decisions are changing. To check which
relationship exists between team learning processes, wrap-ups and the presence of educational design
decisions in the course manual are significant, the Chi-square analysis and the Fisher’s Exact test will
be used. Finally, sustainability of the shared mental model is examined, by making the development of
the shared mental model visible with wrap-ups out of the team meetings and the comparison with the
stated educational design decisions in the course manual.
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Results
The purpose of the current study was to determine how wrap-ups facilitate the transition from engaging
in team learning to arriving at sustained decisions, by looking at the development and the sustainability
of the shared mental model. In this section the results of the current study are presented. First, descriptive
statistics of the variables are provided. Subsequently, chi-square analysis and Fisher’s Exact tests have
been conducted. In the end, qualitative analysis has been done to see how the shared mental model
develops over time.
Descriptives
In total there were 214 episodes in all team meetings of which 26 episodes of sharing, 156 episodes of
co-construction and 32 episodes of constructive conflict. In table 3, the occurrence of the different types
of wrap-ups in the different team learning processes are shown.
Table 3
Crosstab with Team learning processes and Wrap-up, including Observed Frequencies, Expected
Frequencies and Adjusted Residuals
Wrap-up
No
Postponed
Team learning process
wrap-up wrap-up Action Cognitive Total
Sharing
Observed Frequency
7
6
4
9
26
Expected Frequency
11.2
1.6
2.9
10.3
Adjusted Residual
-1.8
3.9
.7
-.6
Co-construction
Observed Frequency
71
5
19
61
156
Expected Frequency
67.1
9,5
17.5
62.0
Adjusted Residual
1.2
-2.9
.7
-.3
Constructive conflict
Observed Frequency
14
2
1
15
32
Expected Frequency
13.8
1.9
3.6
12.7
Adjusted Residual
.1
.0
-1.6
.9
Total
Observed Frequency
92
13
24
85
214
Significant deviations of the observed frequency from the expected frequency are presented in Bold.
An important result was the large number of cognitive wrap-ups in the team learning processes. 85 of
the 214 episodes were coded as cognitive, which indicates that a huge part of the episodes in the team
meetings ended with a cognitive wrap-up. Also, another major part of the episodes is ended without a
wrap up.
Comparison with the course manual Since we wanted to measure the development of the shared
mental model, we have compared the content of the wrap-ups with the educational design decisions in
the course manual. To check how many times and which wrap-up are (not) present in the course manual,
we have divided the wrap-ups in three categories. First, some wrap-ups were not present in the course
manual. After further analysis, it can be concluded that this can be caused by different reasons. A first
reason could be that some decisions in the wrap-ups are too specific to be present in the course manual.
For example, if each location of each lecture is provided in the course manual, the course manual must
change all the time since a timetable does too. A second reason could be that the decisions in the wrapups are not specific enough to be present in the course manual, for e.g. ‘The course will be a remix of
course [A] and course [B]’. A third reason could be that the wrap-up is not related to the educational
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design decisions, for example; ‘[..] money is available’ and ‘the module coordinator will receive a
compensation of 1 EC’. A last cause could be that however the decision in the wrap-up seems relevant
in relation to the educational design decisions, it is for some reason not present in the course manual.
For example: ‘The integral test could be made in two parts’, ‘Students can fail course [A] but still
complete the course’, ‘The first four weeks will be about subject [X]’ and ‘Students will be judging each
other’s professional attitude’. Since the content of the wrap-ups was not present in the course manual
due to these four different reasons, each wrap-up was categorised as not present. Thereafter we found
wrap-ups present in the course manual in two different ways. The first category is that the wrap-up is
present (fully or partly) in the course manual, but that this is related to the development of a final wrapup. The content is therefore leading to deciding, a step before making the decision. Wrap-ups were
categorised as in development for example: ‘We need to think about how we will implement the
evaluation’, ‘It is hard to make a decision about the materials; therefore, we need to discuss about it
first’ and ‘Person [X] will check whether the exercises can be made in Dutch’. However, sometimes the
content of the wrap-up is present in the course manual, but is it stated differently. This means that the
shared mental model has changed. For example, a wrap-up with the following content was present: ‘For
now we say that a grade between 4,5 and 5,5 may be compensated with a 7’ but the course manual states
that compensating is only possible between a 5,0 and a 5,5. Therefore, these wrap-ups are also
categorised as in development. The last option is, that the content of the wrap-up is very concrete and
related to the educational design decisions. Therefore, we say that the wrap-up is fully present in the
shared mental model and thus in the course manual. The following wrap-ups were for example coded
as fully: ‘In total there will be four exams’, ‘The main language will be English’ and ‘Each student has
to make an individual evaluation report’. In total 122 wrap-ups were categorised based on their presence
in the course manual. The episodes without a wrap-up were not categorised since the content was not
logged.
An important result was that not present was categorised most (81 times, 66%) and in
development was categorised least (19 times, 16%). In table 4, the presence in the course manual is
divided by the team learning processes. In table 5, the presence in the course manual is divided by the
wrap-ups.
Table 4
Frequencies of the presence in the course manual in the team learning processes
Presence in the course manual
Not present
Team learning process
Sharing
Co-construction
Constructive conflict
Total

Not present
11
59
11
81

Fully
4
15
3
22

Present
In development
3
11
5
19

Total
18
85
19
122
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Table 5
Crosstab with Wrap-up and the presence in the course manual., including Observed Frequencies,
Expected Frequencies and Adjusted Residuals
Presence in course manual
Not present
Fully
In development
Total
Observed Frequency
9
0
4
13
Expected Frequency
8.6
2.3
2.0
Adjusted Residual
.2
-1.8
1.6
Action
Observed Frequency
18
1
5
24
Expected Frequency
15.9
4.3
3.7
Adjusted Residual
1.0
-2.0
.8
Cognitive
Observed Frequency
54
21
10
85
Expected Frequency
56.4
15.3
13.2
Adjusted Residual
-1.0
2.9
-1.8
Total
Observed Frequency
81
22
19
122
Significant deviations of the observed frequency from the expected frequency are presented in Bold.

Wrap - up
Postponed

Although there were a lot of cognitive wrap-ups, the analysis showed that 54 of the cognitive wrap-ups
were not present in the course manual. Overall only 34% of the wrap-ups were present in the course
manual, which means that almost two third of the wrap-ups were not present in the course manual.
Recurring topics Next to the content of the wrap-up, we logged whether the topic of the wrapup recurred during the team meetings. We found that in total, 67 different topics were discussed during
the team meetings. Team A discussed 36 different topics and team B 31 different topics. In table 6, the
topics are divided by the times they recurred and how many times these topics were present in the course
manual.
Table 6
Frequencies of recurring topics and the presence in the course manual

Amount
43 topics
11 topics
7 topics
6 topics
Total: 67 topics

Recurrence
1 time
2 times
3 times
3+ times

Presence in the course manual
Not present
Fully
In development
33
4
6
15
4
3
13
3
5
21
12
3
Total

Total
43
22
21
36
122 wrap-ups

An interesting result is that 43 topics ended only once with a wrap-up, while three quarter of these
decisions about these topics is not present in the course manual. Eleven topics had twice a wrap-up of
which 68% was not present in the course manual. Seven topics had three wrap-ups, of which 62% is not
present in the course manual. A striking result, six topics had four or even more wrap-ups and these
were most fully present in the course manual. Each topic that returned four or more times were all at
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least once fully present in the course manual. In total this means that only 40 of the 122 wrap-ups are
present in the course manual.
Chi-square analysis
In this chapter the Chi-square analysis and the Fisher’s Exact test have been performed to analyse if
there are relationships between the variables team learning process, wrap-up, presence in the course
manual and recurring topics.
Relationship between team learning process and wrap-up The results from the Chi-square test
showed a significant relationship between team learning processes and wrap-ups, χ2 (6) = 19.283, p =
.004. Results from the post-hoc analysis showed significant deviations from the expected frequencies in
the team learning processes, as shown in table 3. Results showed that the postponed wrap-up in the
sharing team learning process was observed more often than the expected frequency (AR = 3.9). On the
contrary, the postponed wrap-up in the co-construction team learning process was observed less (AR =
-2.9) than would be expected by chance.
Relationship between wrap-ups and the presence in the course manual Since the assumptions
for the Chi-square analysis were not met, it was decided to use the Fisher’s Exact test. The results from
the Fisher’s Exact test showed a significant relationship between wrap-ups and the presence in the course
manual, p = .021. Results of the post-hoc analysis showed significant deviations from the expected
frequencies of the presence in the course manual in the wrap-ups, as shown in table 5. Results showed
that fully was categorised more to cognitive wrap-ups than the expected frequency (AR = 2.9). On the
contrary, fully was categorised less (AR = -2.0) in action wrap-ups than would be expected by chance.
Team learning process and presence in course manual To analyse which team learning process
is present in the shared mental model, the occurrence in the course manual was measured. Since the
assumptions for the Chi-Square analysis were not met, it was decided to use the Fisher’s Exact test. The
results from the Fisher’s exact test did not show a significant relationship between the team learning
processes and the presence in the course manual, p = .620. This indicates that there is not an unequal
distribution between the team learning processes and to what extent they are present in the course
manual.
Recurring topics and presence in the course manual Since the assumptions for the Chi-Square
analysis were not met, it was decided to use the Fisher’s Exact test. The results from the Fisher’s exact
test did not show a significant relationship between the recurring topics and the presence in the course
manual, p = .155. This indicates that there is not an unequal distribution between the recurring topics
and to what extent they are present in the course manual.
Qualitative analysis
We analysed when topics were recurring, to make the development of the shared mental model visible.
While we were looking at the wrap-ups for the recurring topics, two different kinds of recurring topics
were found. First, recurring topics directing to the process or development of the shared mental model
were found. The wrap-ups (mostly postponed wrap-ups) about these specific recurring topics mostly
involved sentences like: ‘Let’s talk about this another time’ or ‘I need to ask [X1] about this, let’s fill
this in another time’. In addition, sometimes topics are not relevant or urgent enough to be discussed at
first and other topics need attention first due to deadlines or other appointments. Teams think about the
scarce time they have and therefore make decisions about what needs to be discussed first. Second, we
found recurring topics in which decisions take place, but the decision adapts through time and thus
builds on the previous decision. These recurring topics are very interesting to look at, since this shows
the development of the shared mental model. In the following paragraph various examples of topics will
be displayed to show how the shared mental model develops over time.
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Figure 2. Graphic that demonstrates recurring topic Materials
Example 1 In figure 2 a graphic of an important recurring topic of team A is displayed. For team
A the decision about the to be chosen materials was very important. First, although all team members
preferred a specific material, the team members were on the same page, since they only were coconstructing with each other. The first two cognitive wrap-ups show that the team was talking about
choosing the right material, but that they could not decide yet. In the third (action) wrap up, the decision
was made to provide the materials at a student association (which they will contact). In the next meeting
they change their plans and decide that the course will pay for the materials. We did not expect this in
the course manual since money is not related to educational design decisions. In the last meeting the
team chooses the material, which is present in the course manual. However, they end their last meeting
with an action wrap-up about the materials to check if the materials will be ready on time, since this is
too specific this is not present in the course manual.
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Figure 3. Graphic that demonstrates a recurring topic from team B
Example 2 In figure 3 a graphic of a recurring topic of team B is demonstrated. Unlike team A,
team B gets to agreements immediately after they start talking about it. The first three wrap-ups are all
cognitive wrap-ups achieved by the co-construction team learning process. The wrap-ups were present
in the course manual. In meeting four they first repeat that the chosen way of testing fits with the subject
(which is not related to the educational design decisions) and then, in the last wrap-up, they make plans
about how the tests will be implemented.

Figure 4. Graphic that demonstrates a recurring topic from team A
Example 3 In figure 4 a graphic of the topic teamwork (Team A) is demonstrated. This topic
starts with a sharing team learning process, which means that only one team member shares information
about the topic and thereafter postpones deciding. In the next meeting again one team member shares
that the topic will be discussed later in the meeting. In the same meeting the team members are coconstructing with each other and this results in an action wrap-up which is fully present in the course
manual.
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Figure 5. Graphic that demonstrates a recurring topic from team A
Example 4 In figure 5 a graphic of the topic compensation (Team A) is demonstrated. First the
team is in conversation with each other about the possibility to compensate a grade between 4.5 and 5.5
with a 7 and decide that this is possible by having a cognitive wrap-up. However, two meetings later
another team disagrees with the compensating rule and therefore they postpone the decision. In the last
team meeting a team member shares that there is an agreement with the other team and that a grade
between 5.0 and 5.5 may be compensated with a 7. This is an example of external influences on the
decision making of the team.

Figure 6. Graphic that demonstrates a recurring topic from team A
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Example 5 In figure 6 a graphic of the topic digital learning environment (Team A)
demonstrated. Since the topic digital learning environment is part of the course, but not part of the
educational design decisions, this topic is not present in the course manual. However, the digital learning
environment needed to be developed. To get some inspiration the team looked at the digital learning
environment of another team. In the last meeting the digital learning environment is ready.

Figure 7. Graphic that demonstrates a recurring topic from team B
Example 6 In figure 7 a graphic of the topic planning exams (Team B) is demonstrated.
However, the team only made a wrap-up about this topic once. An action is expressed in the wrap-up,
but we do not know what happened after this wrap-up. In addition, this wrap-up is categorised as in
development since the topic is related to educational design decisions and therefore it could be present
in the course manual.
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Figure 8. Graphic that demonstrates a recurring topic from team B
Example 7 In this example team members of team B have a constructive conflict about the main
language of the course. Since they have a constructive conflict, team members diverge in their opinions
and therefore the wrap-up is postponed. In the next meeting they still have a constructive conflict,
however, the decision is made that the main language will be English.
Analysis of the examples
To give a view on how the shared mental model develops over time, various examples were given. On
the one hand, the examples show how the shared mental model is developing by different wrap-ups
through different team meetings. Sometimes an action wrap-up is expressed to make the cognitive wrapup happen or to check if the cognitive wrap-up is clear to others. In addition, sometimes teams get to a
cognitive wrap-up immediately and then extra wrap-ups are formulated to complement the first wrapup and therefore these were categorised as in development. Next to this, wrap-ups can be fully present
in the course manual halfway through the team meetings and therefore, wrap-ups does not necessary
have to be at the end of the team meetings. However, sometimes a cognitive wrap-up cannot be reached
since the right team members are not present, when other teams have an influence on the decision, or
when team members are having a constructive conflict with each other and an external source
(examination committee) needs to decide. It also occurred that topics were only discussed once, like
when there is only one action needed to get something done or when a topic is postponed but the team
never gets to a wrap-up again.
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Discussion and conclusion
In this research we have gathered data from higher education teacher teams, which consisted of
observations of team meetings and the course manuals of the teams. We have analysed the team meetings
by coding the team learning processes, topics and the wrap-ups, and we have logged the content of the
wrap-ups. To get a view on how the explication of the shared mental model facilitates the transition
from engaging in team learning to arriving at sustained decisions, we made use of quantitative (Chi
Square and Fisher’s exact) and qualitative analysis (by comparing the content of the wrap-ups with the
educational design decisions of the team) of which the results will be discussed. Therefore, the following
research question will be answered: How does explication of the shared mental model facilitate the
transition from engaging in team learning to arriving at sustained decisions? To answer this question,
the sub questions will be answered first.
Types of wrap-ups in team learning processes We found that all team learning processes can
lead to all different types of decisions (no wrap-up, postponed wrap-up, action wrap-up and cognitive
wrap-up). However, we found that the biggest part of the team learning processes did not result in a
decision or a conclusion, which is in line with the results of Raes et al. (2015). Sometimes team members
are just sharing information with each other and building further on the information somebody else
shared before (Raes et al., 2015), which is also seen in the teacher team meetings of this study. This
indicates that, when a topic does not end with a decision or conclusion, subsequently a decision will not
be expressed. For instance, sometimes team members do not have enough knowledge to decide about a
specific topic (for e.g. in example 3, figure 4) or the team members do not feel the need to decide or take
an action yet (Raes et al, 2015). To sum up, team learning processes do not always result in (sustained)
decisions. Since we wanted to measure the explication of the shared mental model, we did not analyse
the content of the team learning processes without a decision or conclusion. However, future research
should be focussed on this, since Raes et al. (2015) has mentioned that expressed decisions or
conclusions are not necessary to add new knowledge to the shared mental model of the team.
We found that the sharing team learning process significantly lead more to postponed decisions.
Which indicates that, when only one team member is speaking about a topic, this will lead more to
decisions wherein deciding is postponed. We found that the sharing team learning process mostly occurs
when a team member wants to introduce a new topic or when the team leader wants to share a list of the
discussion points for the meeting. This indicates that the sharing team learning process is not resulting
in a discussion, which is necessary to achieve mutual agreement according to Van den Bossche et al.
(2006). Therefore, the result we found was expected to be found.
On the other hand, we found that the co-construction team learning process have led less to the
postponed decision. This indicates that, when team members are discussing with each other, they do less
conclude to postpone deciding. This is something we were expecting since teachers in teacher teams do
not have a lot of time, due to other activities such as teaching, searching/developing study materials and
doing research next to their task to develop their course together. Therefore, this could be a possible
reason why the teacher teams in this research do not postpone a decision when they are already
discussing with each other.
Influence of wrap-ups on the sustainability of the shared mental model We found that the
explicit conclusions drawn by the teams in their meetings, were mostly not adopted in the intended
curriculum. This indicates that most decisions cannot be analysed for their sustainability. We were
expecting to find that teams were discussing a lot about the educational design decisions, but, in fact
they were not. We found four different reasons which could cause this result. First, some decisions were
too specific to be adopted in the intended curriculum. Secondly, other decisions were not specific enough
to be adopted in the intended curriculum. Thirdly, sometimes decisions were not related to the
educational design decisions. Last, although the decision seems to be relevant for the educational design
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decisions, it is for some reason not adopted in the intended curriculum. We did not expect to find four
different reasons; therefore, future research should be focussed on other ways to measure the explication
of the shared mental model or the sustainability of decisions. What we do know is that decisions about
the educational design decisions should be specific and concrete before they can be adopted in the
intended curriculum. This is something we did not have any influence on.
We found that cognitive wrap-ups are significantly more adopted into the intended curriculum.
The purpose of the co-construction team learning process is to get to know each other’s knowledge and
ideas and to discuss these. By discussing, team members can achieve a shared point of view which could
be adopted into the shared mental model. Therefore, we already expected that decisions out of coconstruction are likely to be more adopted in the intended curriculums. Although this is in contrast with
what is found in research of Van den Bossche et al. (2011) wherein is stated that co-construction does
not contribute to and even hinder the development of the shared mental model. By way of contrast,
research of Van den Bossche et al. (2011) stated that constructive conflict is necessary to make the
development of the shared mental model possible, but we did not find these results. Future research is
needed to further investigate what the facilitating role of co-construction and constructive conflict is to
have decisions become sustained.
On the other hand, action wrap-ups are significantly less adopted in the intended curriculum.
Action decisions are expressed when there is an agreement or decision about the topic and there is an
explicit intention for action expressed. This indicates that action decisions are mostly expressed to
implement the cognitive decision, by for e.g. stating an action to arrange something for the next meeting,
which is in line with the findings of Raes et al. (2016). Since these are actions, which implement the
cognitive decision, these decisions are less adopted in the intended curriculum and are therefore not
leading to sustained decisions.
In addition, we did not find significant results that a specific team learning process or the amount
of recurrence of a specific topic leads to more or less sustained decisions.
Development of shared mental models We found that the higher education teacher teams were
discussing a lot of different topics. But, about more than a half of these topics only one decision was
made, which were not adopted in the intended curriculum. This indicates that most of the times the
decision was not sustained. However, we found that topics of which teams had made more decisions,
were more adopted in the intended curriculum. This indicates, although we did not find significant
results, that the more teams decide about a topic, it will more result in sustained decisions. In addition,
we found that action decisions are mostly expressed to facilitate the cognitive decision. In this way team
members are taking care that the cognitive decision will be executed.
On the contrary, we found that a decision cannot always be reached. This can be caused by
various reasons. First, sometimes not all team members are present in the team meeting and therefore
the deciding needs to be postponed to another meeting. This is, for e.g., the case when team members
with relevant information or knowledge are not present. Secondly, sometimes other teams have an
influence on the decisions of the team, which could cause for e.g. that the decision must be changed.
Last, we found that team members, which are having a constructive conflict, are not always capable to
come to a decision together. Sometimes an external source, like an examination committee, must give
the redeeming answer.
Overall conclusion We can conclude that the explication of the shared mental model has an
important role in the facilitation of the transition from engaging in team learning to arriving at sustained
decisions. With the explication of the shared mental model by formulating cognitive wrap-ups, team
learning will better last in sustained decisions. In addition, action wrap-ups are an important facilitator
for cognitive wrap-ups to become a sustained decision. Multiple decisions about the same topic are
leading more to sustained decisions than topics which were not. Thus, explicating the shared mental
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model can facilitate the transition from engaging in team learning to arriving at sustained decisions in a
positive way.
Limitations The first limitation is that we only focussed on the content of the wrap-ups. We did
not measure the content of the no wrap-ups since we were interested in the explication of the shared
mental model. Since the shared mental model is not explicated in the no wrap-ups, these were left
behind. But, previous research has mentioned that although there is no decision or conclusion expressed,
there is a possibility that team members do discuss topics of which new knowledge is adopted in the
shared mental model (Raes et al., 2015). Therefore, it is important that future research should focus on
this. A second limitation is that we do not know if team members have contact with each other outside
of the team meetings, which is expected, and therefore we do not know what kind of influence this has
on the shared mental model and on the sustainability of the decisions. However, it is not an easy task to
keep up with all the communication that exists in teams. Therefore, future research should search for a
way to measure this. A third limitation concerns the methods of observation since this is only limited to
the observation of explicitly verbally spoken words. We did not include non-verbal communication, and
this could have caused that we have missed for e.g. essential facial expressions or hand gestures. In
addition, we do not know if team members were feeling not safe enough to express his or her
disagreement with the decisions made in the team meetings, since Raes et al. (2015) state that a safe
climate is necessary to have more team learning. Therefore, future research should be focussed on the
measurement of the verbal and non-verbal communication. A fourth limitation is that we only used data
of two teams. The small sample makes the generalisability questionable, but it did give the opportunity
to zoom in at the development of the shared mental models of the teams, since this was very time
consuming. It must be considered that there could have been other results if a larger sample was taken.
The last limitation is that there was only one coder for the content of the wrap-up and for the presence
in the intended curriculum. Therefore, we state that validation of the coding scheme is necessary.
Implications for practice By focussing on the facilitating role the explication of the shared
mental model, new knowledge can be gained about team’s shared mental models. With the knowledge
that the co-construction team learning process causes more cognitive decisions, it must be considered
that teams need instruction in how to communicate with each other. By adopting this knowledge into
team communicating training, team members need to be guided into co-construction and ‘wrapping-up’.
To get to a decision, mutual agreement is necessary and therefore co-construction must be present in the
team meetings. Next to this, we want to recommend summarizing the core decisions out of the previous
meetings at the start of each meeting. The team leader should repeat the decisions in the first minutes of
the next meeting and then the team members have the opportunity to respond to this, whether they still
agree or maybe disagree about the decisions which were made. In this way you make the shared mental
model very visible and this results in each team member having the same idea and knowledge. Finally,
we would recommend writing the shared mental model down in a document. This could be done by
giving someone the task to write all the decisions down in the notes of the meeting. For higher education
teachers the intended curriculum is the document wherein these decisions are written down. This will
cause a better understanding of the teams’ shared mental model.
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Appendix A
Table 7
Description of the eleven topic codes given to each episode
Topic code

Description
Episodes about how different parts of the course relate to each other, and how
Internal integration
they can form a coherent whole.
Episodes about how the course relates to and can be best embedded in the study
External integration
program.
Episodes about which teaching methods (lectures, practicals, demonstrations,
self-study) will be used and why these will be used. Also episodes that concern
Teaching methods
the way in which students are grouped in the course (individual work, pairs,
group work).
Episodes about which materials (books, software, hardware, etc.) will be used
Materials
and why these will be used.
Content
Episodes about the content of the course.
Episodes about planning and roster issues, such as the day-to-day planning of
Roster
the course and specific deadline dates.
Episodes about task distribution among the team members and other parties
Task distribution
involved in the course. Both in terms of workload and availability and in terms
of different roles that need to be fulfilled by teachers in the course.
Episodes about other organisation-related issues, such as availability of
Organisation
materials and rooms, course language, expected number of students in the
course, etc.
Episodes about the assessment content and form, grading rules and planning of
Assessment
tests, both at the level of single tests and the grading of the entire course.
Episodes about the (design of a) way in which students can provide feedback
Evaluation
about the course.
Episodes about rules, actions and materials for coordinating or structuring the
Process
team meeting or the design process itself.
Cited of Bron and Endedijk (2016)

