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ABSTRACT

Without shared understanding, hardly any group learning takes place. Though much has been written about
the essence of shared understanding, less is known about how to assess the process of reachingshared
understanding. Therefore, the study focuses on ways of assessing shared understanding. A conceptual
framework is described that makes a distinction between the process of reaching shared understanding and
the resulting shared understanding. The conceptual ideas lead to a coding scheme for observing the
processes of shared understanding and to the definition of product measures, among others a scale to assess
perceived shared understanding. Then an empirical study is presented, in which the model is applied. A
major conclusion is that it was hard to find reflective utterances in the protocols although the coding
scheme provided for them.
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I ntroduction

Understanding each other is not a trivial matter, both in face-to-face situations and in technology-mediated
situations. When group members are globally distributed and their interaction is completely mediated by
technology, it is even more difficult. In the current work we investigate the question: how do globally-distributed
group members reach shared understanding when they can only communicate using technology support?

Problem-based learning often goes hand h hand with ill-defined problems. Group members working and
learning together in problem-based projects need to pay attention to a variety of issues including a shared
definition of problem statements and project goals, the division of tasks and roles, and the co-ordination of
activities. In order to work and learn together, group members need a shared understanding of what they are
working on, how they are going to work together, and with whom they are working. Furthermore, in technology-
mediated interaction they need to know what technology they should use, and how they should use this
technology. In other words, we believe group members need a certain amount of shared understanding on the
content, the procedure, each other, and on the use of communication technology (Mulder & Swaak, 2000).

In group-based working and learning, synchronous and asynchronous communication may alternate. Tasks are
carried out groupwise, though this does not imply that group members are always working synchronously, as
self-study and individual literature review as well as working asynchronously on a document may be part of a
project. These communication modes have distinct goals: synchronous settings are more suited for reaching a
shared understanding (convergence), whereas asynchronous settings are better for exchanging information
(conveyance) (Dennis, Vaacich, Speier & Morris, 1998; Swaak, Mulder, Van Houten & Ter Hofte, 2000).
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In order to meet face-to-face, globally-distributed group members face problems like long travel time and high
travel costs. Even though technology support can bridge this geographical distance, these globally-distributed
teams might still find it difficult —due to time-zone differences— to meet synchronously.

Technology support for collaborative working and learning should support both synchronous and asynchronous
interaction as both interaction modes have distinct purposes. Until recently most collaborative technology has
supported either synchronous interaction or asynchronous interaction. Fortunately, developments in technology
are moving in the direction of better integration of synchronous and asynchronous tools, trying to solve problems
concerning the switching between these communication modes (Swaak et al., 2000).

To sum up, shared understanding is considered crucial for the quality of interaction (see, for instance, Clark &
Brennan, 1991; Donnellon, Gray & Bougon, 1986). Though much has been written about the essence of shared
understanding, less is known about the assessment of shared understanding. In the current work, therefore, we
focus on how we can assess shared understanding. We study the concept of shared understanding in a virtual
team that interacts both synchronously and asynchronously. Synchronous settings are more suited for reaching
shared understanding. Therefore, we pay in this work attention to the synchronous interaction in order to assess
shared understanding and group learning. First, we present our conceptual framework on shared understanding
and group learning, making the distinction between the process of reaching shared understanding and the level of
shared understanding. This allows observation of both the process and outcome of shared understanding. It leads
to a coding scheme for observing the processes of shared understanding and to the definition of product
measures, among others a scale to assess perceived shared understanding. Then, we apply our conceptual ideas
on shared understanding in an empirical study, and describe the main results. We conclude with a discussion of
the limitations of our research and future work.

Assessing shar ed under standing and group learning

Shared understanding refers to mutual knowledge, mutual beliefs, and mutual assumptions (Clark & Brennan,
1991). We view the process of reaching shared understanding as an important type of group learning. The
outcome of these group processes is a certain level of shared understanding: in other words, the overlap of
understanding and concepts among group members. When progress is made in the group, understanding
changes, and, therefore, group members need to update their shared understanding. When we refer to the process
of reaching shared understanding, we implicitly include the updating of shared understanding. Figure 1
represents our theoretical notions on reaching shared understanding. Conceptual learning, the use of feedback
and expressions of motivation are part of the process of reaching and updating shared understanding.

Initial The process of
settings II reaching shared II Outcome: the level
understanding i.e., of shared
Experience, group learning understanding i.e.,
knowledge, overlap of
background and concepts
skills

= =
Conceptual learning Feedback Motivation
«Accretion «Confirm *(Un)certainty
*Tuning *Paraphrase *Evaluation
*Restructuring eSummarise eImpasse
«Co-construction *Explain

*Check understanding
*Check action
*Reflect

Figure 1. Conceptual framework on reaching shared understanding
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In the following we explain how conceptual learning, feedback, and motivation make up the group learning
process for reaching shared understanding.

Conceptual learning

In this study, conceptual learning refers to the exchange, reflection and refinement of facts and concepts.
Norman (1993) distinguished various modes of learning, which form the basis of our assessment of shared
understanding. Whereas Norman emphasises skills, we place more emphasis on concepts and understanding. We
adapt the modes distinguished by Norman (1993), and redefine these as follows. When concepts and facts are
added, we refer to histerm accretion. We use tuning for the fine-tuning of these concepts and facts (i.e., when
utterances involve more specifics, more detail, or when utterances define more boundaries, or make the scope
explicit). We use restructuring when new relations among concepts or when a new conceptual framework are
being created. Only after restructuring understanding can be updated. As our goal is to analyse continuously
updated shared understanding among the group members — focusing on group learning instead of individual
learning — we add co-construction of knowledge (Van der Meij, 2000) to Norman’'s accretion, tuning and
restructuring. The main difference between estructuring and co-construction is that restructuring involves
individual reflection, whereas co-construction concerns the restructuring of the whole group.

Feedback

Feedback mechanisms are used to structure the communication process, and also to encourage reflection. The
use of feedback contributes to reaching shared understanding because listeners understand better when more
feedback is provided (Krauss & Fussell, 1991; Schober & Clark, 1989). Moreover, some researchers view
feedback as a specific type of learning (Argyris & Schon, 1978). Based on the functions of feedback in
communication (Gramsbergen & Van der Molen, 1992), and our specific wish to measure understanding, we
define the following distinct feedback mechanisms. confirm, paraphrase, summarise, explain, reflect, check
understanding, and check action. We argue that the checking of actions and understanding is often difficult when
working together distributed. Therefore, we added these two variables to the feedback mechanisms defined by
Gransbergen and Van der Molen (1992).

M otivation

Learning is also affected by motivation (Bandura, 1986). Therefore, motivation has been added to include
evaluative expressions on the usefulness of acquired information. More specifically, we refer to the expression of
certainty and uncertainty, and subjective expressions of the ‘value’ of the situation. We distinguish the
expression of certainty and uncertainty, impasse, and eval uation.

Conceptual framework summarised

Conceptual learning, feedback, and motivation are complementary and closely related. They have distinct
purposes, though conceptual learning is more associated with cognition, whereas motivation involves the
motivational and emotional part of learning. With respect to this distinction Snow (1989) refers to cognitive and
conative structuresin learning. Finally, feedback focuses on the mechanisms that structure communication.

Based on these conceptual ideas we developed a coding scheme to assess group learning and shared
understanding. Both conceptual model and coding scheme were employed in an empirical study. In addition to
our notions that conceptual learning, the use of feedback and the expression of motivation enhance group
learning, we believe that group members working and learning together with technology need a certain level of
shared understanding about the content, the procedure, each other, and technology. Therefore, we analyse the
dynamic group processes and outcomes by means of these four interaction aspects. In addition, we assune that a
good balance between interaction aspects (content, procedure, relation, and technology) has a positive affect on
the process of reaching and updating shared understanding. With respect to social interaction, Kreijns, Kirschner
and Jochems (2002, n this issue of ET&S) argue that socia interaction can not be taken for granted, and
therefore socia interaction needs specific attention by means of communication technology and didactical
support.
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Empirical study

We explored group learning and shared understanding in a globally-distributed engineering team. This study was
embedded in a larger project caled International Networked Teams for Engineering Design (INTEND),
developed by an international consortium of universities and industry partners whose principle aim is to conduct
research on the eval uation of geographically dispersed team of engineers.

In our distributed team, team members did not know each other before. In other words, the team was a zero-
history group. Before the team started, the members received instructions about the various communication tools
they could use. Students were free to decide how often they met each other, which media they used, and how
they proceeded and came up with the final result. With respect to technology, they could ask help from technical
staff as well as from the researchers. It was not possible for the whole group to meet face-to-face, though each
subteam had face-to-face contact. The students were recruited at their universities to participate in an
international design team, and volunteered to work on the engineering design task, in the context of an optional
assignment. Since the language in the international team was English, Dutch students were assessed on their
proficiency in English.

Unit of analysis

The subject of this study was a group of seven mechanical engineering students collaborating for four months on
an engineering design project. The students came from two different universities: Delft University of
Technology (TUD) in the Netherlands and Michigan State University (MSU) in the United States. In the Delft
subteam two Dutch male students participated (age 26 and 27), and one American male student (age 21) who
was spending the semester in Leuven, Belgium. The remote American subteam included two female and two
mal e students (all age 21). In the current study we studied the group communication process. The unit of analysis
is, therefore, the whole group (N = 1) rather than the seven individual students.

Task

The industry partners provided realistic projects, which gave the students a sense that their efforts had a real
client and a purpose. The collaborative design task given this engineering team was to develop a design process,
tool design concept and prototype to manually form the rear wheel well for a new car type. The students received
background information about the automotive industry partner. Furthermore, they needed to follow some
assumptions and criteria defined by the client. Thus, the students were performing a realistic task, with a
problem statement and basic constraints, though the problem was ill-defined and various ways of tackling the
problem were available.

Collaboration and communication tools

In order to fulfil their collaborative design task, the students could choose the media they preferred from the
following:

TeamSCOPE, a web-based collaboration tool (Steinfield, Jang & Pfaff, 1999) which integrates several functions,
such as sharing files, making comments and sending messages. It also includes awareness tools, a calendar and a
chat function (see figure 2);

ISDN desktop videoconferencing (Vteld );

Web-based desktop videoconferencing (NetMeetingd ), which includes chat, and whiteboard functionality;
(handsfree) telephone;

email; and,

fax.

The ISDN desktop videoconferencing has better image and sound quality than the web-based variant. In order to
use the videoconferencing systems, each subteam had a webcam installed on top of their monitor. Figure 2
shows an example of TeamSCOPE, giving details of each team member's activity (e.g., who has downloaded
which files, and when). One screen shows a table of users, activities and files. A second screen shows a message
board and calendar.
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Flgure 2. TeamSCOPE: activity list and team’s calendar and message board

The media set allowed the students to work both together at the same time (synchronous communication), as
well as allowing each individual to work on the engineering design task at the moment they preferred
(asynchronous communication).

Data collection

In order to assess group learning and shared understanding in the global design team, we used a variety of data
sources. We employed several methods to gather both rich, qualitative and more numerical, quantitative data
including: observations, transcripts, interviews, questionnaires, rating scales, weekly communication diaries,
monitoring system usage, and expert judgement of performance.

To get rich experience of the actual process of team communication we performed observation studies. We
observed the team during synchronous team communication (i.e., the video meetings) at both locations (semi-
structured). The verbal communication during the ISDN desktop video meetings was recorded. In addition, we
fully transcribed the team communication. The main objective of these transcripts was to study the whole
communication process in more detail. We coded the transcripts by means of a coding scheme (Mulder, 2000)
described below. Coded transcripts gave us insight in the balance of the interaction modes and the process of
reaching shared understanding. We conducted semi-structured interviews (at the individual and at the group
level), that we repeated three times (pre-term, mid-term and final). These interviews solicited team members’
feedback on their global team experience, in terms of such issues as media use, cultural difference,
misunderstanding and lessons |earned.

We also employed web-based pre-term, mid-term and final questionnaires. Pre-test questionnaires were used to
compare levels of interest, experience and skills among team members, as well as to assess expectations about
working with their remote counterparts. Post-test questionnaires assessed such measures as the degree to which
students were satisfied with their experience, their comfort with the group’s communication, their trust in other
team members, the usefulness of the communication and collaboration tools provided, and their assessment of
the group’ s output.

We added a self-scoring instrument (Mulder, 1999) to measure the perception of shared understanding (both
process and product). With this instrument we measured how group members perceived their understanding
concerning content, procedure and relation aspects. The students indicated their understanding on sixpoint and
seven-point rating scales (Likert) which refer respectively to their understanding of the several aspects and how
this understanding has evolved. We used a 6-point scale to measure how the (shared) understanding was at a
certain moment (how scale). Even points (6-points) force students to choose either negative or positive. With
respect to the evolving understanding scale, we used a 7-point scale. In this case we also want to give students
the opportunity to indicate their understanding had stayed the same (a score of 4), their understanding has been
changed positively (5, 6, or 7) or their understanding has been changed negatively (1, 2 or 3). An example of the
rating scaleis shown in the box 1.
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How well do you understand the definition and requirements of the problem?
Very badly (1)------ (2)------ (3)------ (4)------ (5)------ (6) Completely well

To what extent has your understanding of the group’s definition and requirements of the problem
changed since the previous meeting?

Understanding has decreased a lot (1)------ (2)------ (3)------ (4)----—-- (5)------ (6)------ (7) Understanding has increased a lot

Nothing has changed
To what extent does your group holds a shared interpretation/ understanding of the definition and
requirements of the problem?
No shared understanding at all (1)------ (2)------ (3)------ (4)------ (5)------ (6) Completely shared understanding

Since the previous meeting, to what extent has a common understanding of the definition and

requirements of the problem emerged in your group?
There is less common understanding (1)----- (2)----- (3)----- (4)----- (5)----- (6)----- (7) there is more common understanding

Nothing has changed

Box 1. Instrument for measuring the perception of understanding of the content

The team members completed communication diaries every week using web-based forms. On the form they
reported whether they had communicated with their team, and, if so, via which medium. They also answered a
few brief questions assessing aspects of team progress, communication for that week, and whether they had
faced any problems. Furthermore, log-files were made to monitor the system usage including the frequency of
use of TeamSCOPE and the number of electronic mail messages sent and received. The final source of collected
information was the expert judgement of the team’ s engineering work by engineering faculty.

Data analysis

Raw data were collected by the sources described above. We integrated all these data to analyse the results of the
current study. Our richest sources were the observations and transcripts of the video meetings. In order to get
results that better allow comparison across studies, we developed a scheme to code the transcripts of team
communications. Asthis coding schemeis new, we describe it in more detail.

Coding scheme

The purpose of a coding scheme is to acquire some objective measures from the rich and qualitative
transcriptions. This coding scheme is based on our theoretically founded conceptua ideas, in which four main
categories were distinguished: task/domain (content), social interaction (relation), planning of activities
(procedure), and technology. Because reaching understanding relates to use of feedback and to expression of
motivation, certainty and uncertainty as well as feedback and motivation were included. In order to acquire a
complete scheme, atwo-step procedure with segmentation preceding categorisation was followed (Van der Meij,
2000). First the transcripts were divided in segments (utterances). Then, each segment was categorised on a
certain dimension. Table 1 displays the categories and dimensions used in the coding scheme.

Linguistic Kind of Conceptual Feedback M otivation
expression interaction lear ning
Assertion Task/domain Accretion Confirm Uncertainty
Question Social Tuning Paraphrase Evaluation
Reaction Procedure Restructuring Summarise Impasse
Technology Co-construction Explain
Check understanding Check
action
Reflect

Table 1. Categories and dimensions used in the coding scheme

All segments were coded on linguistic expression, whether they contained an assertion, a question, or a reaction.
Assertions are statements of facts, principles, choices and so on, whose main intent is to inform the other group
members. Questions are explicit requests for information. Reactions are responses including answers to
questions and responses to assertions. In email communication this distinction is clear. In transcripts of

videoconferencing meetingsit is not always apparent.



Then, each segment was coded according to the type of interaction, whether it dealt with task/domain, social
interaction, procedure or technology. Utterances that involved the task or the project description were coded as
task/domain. Utterances that did not involve the task, but were more persona and cultural were coded as social
interaction. With procedure we refer to planning of a next meeting and structuring the current meeting. Finally,
utterances related to use of communication technology or media choices were placed in the (communication)
technology category. More specific, we refer to the category technology, when students discussed how they
should use communication technology, how the communication technology should work, and when the
communication broke down due to communication technology. Specific task-related technology, for instance
AutoCAD, was coded as task/domain, because even in face-to-face project meetings team members would have
used thistechnology.

In addition, each segment was coded on a specific category-related dimension, a type of conceptual learning, the

use of feedback, and the expression of motivation. Conceptual learning was used when the content of the

information was being manipulated. With respect to conceptual learning we were interested if an utterance

involved accretion, tuning, restructuring, or co-construction. We coded these learning types as follows:

» Accretion: adding or repeating concepts and facts;

» Tuning: finetuning of concepts (i.e., making them more specific, adding detail, adding boundaries or
making the scope more explicit);

» Restructuring: providing new relations between concepts or a new conceptual framework (i.e., reflecting on
the individual level);

» Co-construction: restructuring of the whole group.

To analyse the use of feedback, we used the following categories. confirm, paraphrase, summarise, explain,

check understanding, check action, and reflect. In our coding manual (Mulder, 2000) we used the following

definitions:

Confirm: Reaction that can be indicated as an agreement. The understanding is shared.

Paraphrase: Summarising using one' s own words. Thisisaso aform of reflection.

Summarise: One of the group members summarises what has been told before.

Explain: Reaction on other utterances, which provides new information or increases the understanding.

Check understanding: Checking self-understanding or another group member’s understanding of a previous

utterance.

Check action: Checking whether an action has been understood by another group member.

Reflect: This code represents a feedback mode to indicate meta-communication, which is not necessary

procedure or technology related. This code should be used as akind of evaluation and afeedback mode.

» Other: We added an extra category in case we didn’t capture dl feedback categories. In other words, if an
utterance involved feedback, though it was difficult to subscribe it to one of the categories mentioned above,
on should code this utterance as other.

VVVYVYVYVY

Y VvV

Finally, in order to indicate motivation, we distinguished evaluation, uncertainty, and impasse. Evaluation was
chosen when there was an opinion stated, or when something was evaluated, uncertainty was related to the
expression of confusion or doubt, and an impasse was indicated when the group expressed they did not know
how to go any further.

Infigure 3 weillustrate how transcripts were coded. The end of asegment isindicated by ||.

. . Coding of this segment:
~ Coding of this segment: S: We are in the dark J linguistic expression: assertion
linguistic expressmn. assertion Al s category: task/ domain
category]; ‘a_SE/ domain we have got a little or state of mind: uncertainty
et e cho descrpion sbout | ~\______feedback mode:none )
_/ the project. ||
We wonder if you could
Coding of this segment: tell us some more /‘/-_ Coding of this segment:
linguistic expression: assertion about it? ——— linguistic expression: question
category: task/ domain Be: uhm, you mean category: task/ domain
state of mind: uncertainty the trip report state of mind: uncertainty
feedback mode: check_understanding ..proposal ...I think, feedback mode: none

Figure 3. Example of a coded transcript

In order to calculate the reliability of our coding scheme a random sample of 128 ssgments (of every other
meeting) had been coded independently by two experienced raters who have been instructed using the coding
manual (Mulder, 2000). These 128 segments were coded for all categories. This represented 5% of the segments
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of the current study (i.e., 2531 segments). To calculate the inter-rater reliability, the equality of coding by the
two raters, we used coefficient kappa. This coefficient indicates the amount of agreement corrected for the
agreement expected by chance. The overall average value of the inter-rater reliability was .839, which is
considered ‘almost perfect’ by Landis and Koch (1977).

Expected results

As we view that conceptual learning, feedback, and motivation are part of the process of reaching shared
understanding, we epect at the operational level that a higher amount of utterances devoted to these three
categories is related to a higher rating of perceived shared understanding. Concerning the outcome of shared
understanding we expect that the perception of shared understanding increases. In other words, we expect that
the students indicate a score of 4 or higher on our rating scales to measure their perceived shared understanding.
More specifically, a score of 4 on the now scales means a positive score on the understanding (‘I understand
completely well’), whereas a score of 4 on the evolve scales implies that the (shared) understanding has not
changed. A score of 5, 6, or 7 refers to an increased understanding.

Results

In this section we describe the main results briefly (for more details, see Mulder & Swaak, 2000). We then
display the results concerning our hypothesis that conceptual learning, feedback, and motivation are part of the
process of reaching shared understanding. We conclude by discussing whether the perception of shared
understanding increases during the project.

Main results

By combining results from our different sources the following main results were found. The data regarding task-
related interaction seem to support the assumption that a certain level of shared understanding about the problem
formulation is necessary in order to learn. In addition, we found that task-related utterances predominated during
the project. Of these task-related utterances a relatively high number were devoted to the use of feedback and to
conceptual learning. Most conceptual learning that occurred was coded as accretion and tuning. While task-
related interaction prevailed during the project, we found little social interaction. Interestingly, we found that
when time was devoted to social aspects, this was near the end of the video meetings. Utterances devoted to
social interaction increased during the project, with the exception of the second meeting, which contained the
highest amount of social-related utterances. In aldition to socia interaction, the total amount of conceptual
learning and the expression of motivation were also highest in the second meeting. The most commonly
performed types of conceptual learning were accretion and tuning.

250
200 —e—task/domain
/\ (content)

(%] . . .
© 150 —E—somaj interaction
c / \ (relation)
©
€ 100 f\ —aA—procedure
5

50 i technology

0 [ = 6 \A_

1 2 3 4 5 6 7 8 9 10 11
Meeting

Figure 4. Total number of utterances devoted to the four kinds of interaction
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The number of utterances devoted to process-related interaction decreased during the project. In the first
meeting, the participants learned most and provided the most feedback concerning the procedure. Surprisingly,
the participants did not learn much regarding technology use. The team had defined their specific way of
communicating early on, which can be seen as their shared understanding of how to use the technology. Later in
the project they did, however, try to use other technologies. During those meetings they also expressed more
motivation and provided more feedback than in the other meetings. The total number of utterances devoted to the
four kinds of interaction isdisplayed in Figure 4.

A general question in our observations was whether the interaction modes were in balance. Asthe participantsin
the study employed al four interaction modes, interaction was, in principle, not unbalanced. The lack of social
interaction in the first meeting, and the absence of utterances to technology-related interaction, seem to indicate
an unbalanced start. Nevertheless, the high score on social interaction in the second meeting suggests a kind of
re-bal ancing action.

Conceptual learning, feedback, and motivation. We hypothesised that conceptual learning, feedback, and
motivation are part of the process of reaching shared understanding. The following findings seem to support this
hypothesis. Though we did not find an increase in the utterances devoted to conceptual learning, feedback, and
motivation, we did find evidence that the number of utterances devoted to conceptual learning, feedback and
motivation supported the process of reaching understanding. The most common types of conceptual learning that
were accretion and tuning, especially in the beginning of the project. Interestingly, we found that the highest
amount of conceptual learning occurred in the fourth meeting (100 utterances: 49 accretion, 45 tuning, and 6
restructuring). This was the next meeting after the participants had solved a big misunderstanding and had
reframed their problem statement (meeting 3). After this miscommunication a team member stated in the weekly
diaries: “We talked to our team mates again this week and they now understand more about the project.” The
amount of conceptual learning seems to go hand in hand with an increasing shared understanding, as the students
indicated the highest ranking on shared understanding of the content on the rating scales. This would tend to
support the assumption that conceptual learning is part of the process of reaching shared understanding. In
addition, these results also seem to support another assumption that a certain level of shared understanding, in
this case, enough shared understanding on the problem formulation, seems to be necessary in order to learn.

We found that in their second meeting the students devoted most utterances to conceptual |earning, feedback and
motivation related to social aspects. After this meeting they all agreed that they felt they knew the other group
members better (see rating scales, Table 3). After the first meeting the students also devoted more time to social
interaction (raw transcripts). Again there seems to be evidence for the assumption that a certain level of shared
understanding is first necessary in order to learn and update shared understanding. In particular, the use of

feedback modes such as reflect, check understanding, paraphrase and explain seems to go hand in hand with the
process of reaching shared understanding.

The perception of shared understanding. According to our conceptual framework, perceived shared
understanding should increase during a project, at least if the team learns. However, it is an interesting question
how we can assess this. The tables below display the results of the rating scales used to measure the perception
of shared understanding. (We applied the rating scales after meeting 2, 3, 4, 5, and 10.) The ‘now questions’ are
on a 6-point scale, the ‘evolve questions’ on a 7-point scale. A score of 4 ranked on a six-point scale means that
understanding has increased a bit. On the seven-point scales a score of 4 means that nothing has changed. The
instrument concerning content was shown in Box 1.

CONTENT Now Evolve | Shared now [Shared evolve
At the end of|6-point scale|7-point scale|6-point scale| 7-point scale

Meeting 2 3 45 4.5 4.5
Meeting 3 433 6 467 5
Meeting 4 55 5 55 55
Meeting 5 4 6 5 5
Meeting 10 45 5 5 45

Table 2. Scores of perceived understanding of content



Table 2 displays the results of the rating scales related to ‘content’. A score of 4 and higher on the now scales
indicates a high level of shared understanding. A score higher than 4 on the evolve scales indicates an improved
shared understanding. Only in the second meeting was a now score below 4 indicating the understanding of the
definition and requirements of the problem (content) was low. Thus, the data show that the perceived
understanding of content and shared understanding of content increased during the project.

RELATION Now Evolve |Shared now |Shared evolve

At the end of|6-point scale|7-point scale|6-point scale| 7-point scale
Meeting 2 5 5 4 4
Meeting 3 333 5 3.67 4.67
Meeting 4 4.5 5 4.5 5
Meeting 5 5 4 4 4
Meeting 10 4.5 4 5 4.5

Table 3. Scores of perceived understanding of each other

After the third meeting the perceived understanding of the other group members was low in relation to the other
scores (now scores below 4, see Table 3). Also the perceived shared understanding of each other was low after
the third meeting. However, the students indicated that their understanding had improved since the previous
meeting. Only after meetings 2 and 5 their shared understanding was unchanged (evolve score is 4). Individual
understanding did not change in the last meetings (gvolve score is 4). Another interesting remark is that the
students scored their understanding of each other after the second meeting with a 5 (among the highest scores
given). This is high compared with the scores on content (3) and procedure (4.5). In this second meeting the
students devoted relatively more timeto social interaction.

PROCEDURE Now Evolve [ Shared now|Shared evolve

At theend of |6-point scale|7-point scale|6-point scale| 7-point scale
Meeting 2 45 5 45 55
Meeting 3 333 4.33 4.33 4.33
Meeting 4 5 55 5 5
Meeting 5 4 5 5 4
Meeting 10 4 5 4 45

Table 4. Scores of perceived understanding of the procedure

Table 4 shows the results of the rating scales related to understanding the procedure. The lowest score here was
after the third meeting (3.33), while all the other measurements have a score of 4 or higher. Individual and
shared understanding of procedure improved during the project; on the evolve scales, the students ranked higher
than a 4. Only after meeting 5 the perceived shared understanding of procedure had not changed.

OVERALL |Shared evolve
At theend of| 7-point scale

Meeting2 |5
Meeting3 |5
Meeting4 |5
5
5.

Meeting 5
Meeting 10 5
Table5. Scores of overall perceived understanding

Table 5 presents the scores for overall perceived understanding. As a score of 4 on the 7-point scale means that
nothing had changed, we can see that overall perceived understanding increased during the project. The results
of the rating scales confirmed our hypothesis that the level of perceived shared understanding increases during a
project. And, of course, successful project completion can be seen as evidence for the increasing level of shared
understanding. The students’ final result was considered successful by their faculties, and the client firm was
satisfied as well.



Discussion and conclusions

In this study we gained insight into group learning and shared understanding by studying the group interaction
process in detail. Using our conceptual framework and the developed coding scheme in an empirical study, our
understanding of the role of conceptual learning, feedback, and motivation has increased.

One major conclusion is that it was still difficult to find reflective utterances in the protocols. A possible
explanation seemsto be that it isindeed difficult to assess reflectivity. Particularly, no co-construction was found
in the transcripts. As co-construction involved restructuring by all group members, it may indicate that this
learning mode needs to be coded across segments. In our following work this is to be studied in more detail.
Another explanation for not finding reflective utterances is that little reflective activity took place. It may be
more difficult to express this kind of utterances in technology-mediated interaction. If this is true the importance
of assessing group learning and shared understanding increases, and it emphasises the changing role of support
in problembased learning. By support we refer not only to technology support, but also to social support, such
astherole of atutor.

A main conception of the current study was that interaction should be balanced. Based on the analysis of the
current study, we defined some guidelines for balancing interaction (see also Mulder & Swaak, 2000).
Concerning task-related interaction, it seems fruitful to integrate questioning and listening functionalities during
video meetings. With respect to social interaction, it is highly recommended to first meet face-to-face or to
exchange background information on the team web site. To support the procedure, the use of an agenda and the
use of an electronic schedule are helpful. Finally, a general rule for technology-related interaction could be that
the whole team received an introduction on optimal media use at the start of the project. These guidelines could
be helpful for atutor when starting up distributed |earning teams or when intervening in problem-based learning.

Limitations

We are aware that we conducted only one study with one group (N=1). However, our main intent was to tackle
the problem of assessing group learning and shared understanding in an empirical study. In order to make this
assessment theory-driven, we developed a model to describe and explain group learning and shared
understanding. As mentioned earlier, this study was part of a larger project called INTEnD, which makes
comparative analysis possible. By participating in an international research project, we could profit from both the
quality of an in-depth study and the comparison across studies. Between the fall of 1998 and the end of 2000, a
total of nineteen teams involving participants in two or more countries were studied. Although comparative
analyses have been made (Steinfield et al., 2001), these analyses were not in the same level of detail as took
place in the current study. Nevertheless, two general conclusions from these comparative analyses could be
shown regarding (1) the low amount of learning on technology se, the so-called media stickiness, and (2)
limited social interaction that took place in the international teams.

In the current analysis we focused on video meetings (i.e., synchronous interaction). In learning teams and
project work continuous alternation between synchronous and asynchronous interaction is common. Therefore,
we should also apply our research model (including the coding scheme) to asynchronous interactions like email
exchange. Though we did pay attention to this kind of interaction and media use during our observations and in
the weekly diaries, we did not analyse thisto the same level of detail as we did the videoconferencing meetings.

Another characteristic of this study was that the students formed a zero-history group on engineering design.
Questions arise whether the current students can be conceived as real project members, and to what extent the
results found in engineering design are applicable to other project work. Moreover, the students had hardly any
experience working in project teams and with technology use. Thus, in this case a zero-history group not only
implied that the students did not know each other; the group also had zero-history on task, procedure, and in this
case, technology support. All this makes the current project team a very specific case. Therefore, we are to be
careful in generalising our results.

Future work
In a forthcoming study guidelines as formulated earlier are to be tested in quasi- experimental set-ups. To do this

we use a more comprehensive framework that would involve at least the following ingredients: (1) the area of
group-based learning, (2) a balance among task-related interaction, procedural, technology-related and social



interaction, and (3) both synchronous and asynchronous interaction. With respect to group-based learning, we
address both project-based and problem-based learning (see also Van der Veen, 2001). We focus on some kind
of learning: the more problem-based learning and working in project teams to which we apply our conceptual
framework on group learning and shared understanding. Since most project work has focused on the task, we
find the need for balanced interaction, i.e., task-related interaction (content), social interaction (relation),
planning of activities (procedure), and technology. Third, we want to pay more attention to asynchronous
interaction and switching between synchronous and asynchronous interaction. Then, our research results on and
guidelines for group learning and shared understanding do not only apply to synchronous interaction, but also
pay attention to asynchronous interaction.
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