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Abstract

Multidisciplinary teams are used in industry, government, and education for solving complex
problems because they allow different perspectives to be brought to bear on a problem and thus
enrich the problem space. This, in turn, is expected to allow for rich problem analyses and solutions.
However, multidisciplinarity is not always advantageous. Good team solutions require team mem-
bers to possess a good degree of common ground. To address this, researchers and educators often
chose techniques such as collaboration scripts or scenarios to structure collaboration or how ICT-
tools are used. They do this by making use of formalisms or constraints to structure conversation
and discourse among collaborators with the aim of guiding the exchange of knowledge and informa-
tion or both. Such techniques and tools have attained good results on cognitive aspects of group
learning by focusing on task aspects. However, they have not explicitly addressed the problem of
how teams with expertise diversity reach common ground. This article presents the results of a series
of experiments that have shown that a tool that is capable of scripting the negotiation of both mean-
ing and standpoint can have very positive effects on achieving common ground.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Ernst Rothkopf (1970, p. 325), paraphrasing a well-known saying, stated that “you can
lead a horse to water but the only water that gets into his stomach is what he drinks”.
What Rothkopf meant is that learning depends less on what teachers or instructional
designers plan or want to have happen in learning situations than on what the learners
themselves actually do. Central to this idea is that, just as in the case of the horse at a
watering hole, what actually occurs is ‘““a matter of choice on the part of the student. In
relevant circumstances, students choose whether they will pay attention in lectures, read
assignments, or review what has previously been read; rarely are these activities the only
ones available” (Rhodes, 1993, p. 6).

The same goes for collaborative learning environments. Generally speaking, experi-
ence and research has shown that learners do not work or learn well in the collabora-
tive learning environments that are designed and developed ‘for them’. Kirschner,
Strijbos, and Kreijns (2003) accentuated this with respect to collaborative learning,
speaking of a probabilistic as opposed to a causal learning model or instructional
model. This is often the case for face-to-face environments, but is even more so for
computer-supported collaborative learning (CSCL). To remedy this, teachers and
instructional designers often make use of stopgap measures to get the students to work
and learn together such as:

e Requiring a certain number of emails or contributions to discussion forums from each
student in order for the student to be allowed to take an exam, complete and/or pass the
course, or to acquire extra points towards a final grade.

e Active teacher or teaching-assistant involvement via moderation of the hard-to-achieve
collaboration causing them to become very obvious and dominant in the environment.
McFadzean and McKenzie (2001), for example, go as far as stating that tutor—facilita-
tors should take of the job of steadily helping “learners through the process of clarify-
ing and agreeing goals, exploring capabilities, and ensure feelings are widely expressed”’
(p. 479).

Why is this necessary? Why is it that these same students who do not, or will not, col-
laborate in CSCL-environments spend a great deal of their waking hours when not at
school (primary or secondary education) or attending classes (higher education) emailing,
MSN® or AOL® messaging, or Skyping® each other? Something is definitely wrong here
either with the task, the social conditions, and/or the learning environment.

With respect to tasks, it is too often the case that the learning tasks are not suited to
collaboration (Kirschner, 2005). They are often too closed (i.e., there is little room in
the problem space to discuss), too easy (i.e., it can more efficiently be carried out by
one person than by a team), or too controlled (i.e., there is little room for learner initia-
tive). Pedagogically, thus, for collaborative learning to take place, the learning tasks need
to be open, complex, and allow for student initiative. They need to be perceived as prob-
lems that are situated in real-life contexts (Brown, Collins, & Duguid, 1989) where the
environment is rich in information and where there are no right answers, but many ade-
quate or plausible ones. The tasks should be authentic, where meaning is negotiated
through interactions with others, and where multiple perspectives exist (Von Glasersfeld,
1988).
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A second problem is that the social conditions for collaboration are too often missing
either because there is too much concentration on ‘on-task’ behavior in the environment
(thus neglecting the fact that collaboration is very social) and/or the computer application
used lacks tools that present opportunities to create a sound social space through aware-
ness. A sound social space allows and/or stimulates the social conditions necessary for
good collaboration such as acceptance, support, warmth, trust, and liking. Consequently,
the necessary preconditions for good teamwork, based upon mutual interdependence and
promotive interaction, do not exist. The result is a learning environment that is not soci-
able; that lacks the necessary affective work relationships, strong group cohesiveness, feel-
ings of trust, respect, belonging and satisfaction, and strong sense of community needed
for true collaboration (for an in-depth discussion see Kreijns & Kirschner, 2004; Kreijns,
2004).

Finally, and related to the previous problem, is that environments themselves are not
suited to the specific collaborative working and learning required. By this we mean that
they either have an ontology that does not match the problem or task at hand and/or they
lack the tools that either stimulate or coerce the needed activities. With respect to ontol-
ogy, there is often a mismatch between the ontology of the task and the ontology of the
environment. We see this, for example, when an environment meant for problems/tasks
in one domain such as the natural sciences — whose ontology concentrates on hypothesis
generation and testing (e.g., Belvedere; Suthers, 2001) — is used for solving problems in
domains with a completely different ontology such as the design domain (e.g., instructional
or industrial design) or the argumentative domain (e.g., philosophy, law) and vice versa
(Kirschner & van Bruggen, 2004; Van Bruggen, 2003).

Although there has been much research carried out on the first two problems, there has
been very little research carried out on how these problems can be solved with the use of
the specific technological affordances that CSCL-environments have available, and partic-
ularly with specific tools for coercing necessary collaborative activities.

2. Coercion

Merriam-Webster Online® defines “coerce” as meaning “to compel to an act or
choice.” In these times of politically correct speak' — especially with respect to education
and learning - coercion could be seen as something very negative. However, if we reflect
on what teachers, parents, employers or whoever actually do, it is apparent that others
are constantly ‘coerced’. We require or constrain certain acts or choices so as to shape
or compel certain actions.

Many researchers have used information and communication technology (ICT) tools in
their attempts to stimulate and sustain working in teams. These tools use formalisms,
which is defined as sets of rules that, for example, structure conversation and discourse
among collaborators so as to guide the exchange of knowledge and information. They
are sets of moves or actions that users are allowed to make within a specific environment
or situation. Specific formalisms have been tailored to influence specific aspects of problem

' The modern day equivalent of Newspeak from 1984 by George Orwell. Newspeak was the official language of
Oceania, and had been devised to meet the ideological needs of Ingsoc, or English Socialism. The purpose of
Newspeak was not only to provide a medium of expression for the world-view and mental habits proper to the
devotees of IngSoc, but to make all other modes of thought impossible.
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solving, and a few ICT-tools have been developed to coerce (Dillenbourg, 2002) people to
follow the rules of such formalisms.

Coercion, as used in this article, refers to the degree to which participants are required
to follow a specific formalism. Another way of saying this is that it is the degree to which
the participant is constrained in her or his behavior (e.g., actions or choice of actions) with
using the formalism. Together, coercion and formalism constitute a collaboration script.
The higher the script’s coerciveness, the more participants are required to adhere to its for-
malism. Scripting requires ‘‘subjects. . . to make a particular type of speech act in a specific
context” (Baker & Lund, 1997, p. 176). For Dillenbourg a “‘script is a set of instructions
regarding to how the group members should interact, how they should collaborate and
how they should solve the problem” (p. 64). A script that uses little or no coercion leaves
participants many degrees of freedom and thus its usage attains a high degree of idiosyn-
crasy (1.e., learners use it as they see fit or understand it). A script with a high level of coer-
cion severely constrains the number of options participants have, thus guiding them along
the lines of the formalism and/or forcing them to use it as intended. The script as a whole
acts as a performance constraint in that it makes actions unavailable that are not relevant
to the instructed activities (Van Merriénboer & Sweller, 2005). In the research reported in
this article, three types/levels of scripting were used.

3. Supporting negotiation for complex problem solving

This article focuses on coercing the negotiation of common ground, which can be seen as
a shared cognitive frame of reference (Bromme, 2000). Many researchers agree upon the
importance of common ground, for various reasons. For instance, learning occurs best
when grounding forces co-learners to elaborate explanations (Webb, 1991) and negotiate
decisions or meaning (Baker, Hansen, Joiner, & Traum, 1999). Boshuizen and Tabach-
neck-Schijf (1998) hold that both degree of common ground and co-operation (i.e., keep-
ing track of what is said and making sure that the addressees should be able to understand
the meaning) are of prime importance for collaboration of team members. They state that
the ““shared/non-shared dimension” — where shared representations are used and/or
agreed upon by agents such that they are similar enough to be considered variants of
the same representation — is crucial to understanding how teams deal with developing
and sharing multiple representations when solving complex problems. Common ground,
once achieved, can act as a shared interface between multiple representations among mul-
tiple actors (Boshuizen and Tabachneck-Schijf).

Bromme’s (2000) theoretical account of the negotiation of common ground fits nicely in
the work of Boshuizen and Tabachneck-Schijf (1998). Bromme theorizes about the causes
of misunderstanding in the case of multiple representations, noting that people communi-
cate on the basis of imperfect assumptions about the others’ perspectives (Bromme, Ram-
bow, & Niickles, 2001). Thus, one’s perspective of the other affects one’s own
externalization of knowledge, and one’s understanding of others’ contributions, some-
times causing misunderstanding. Bromme introduces the concept of negotiation of com-
mon ground, in which participants iteratively make their own private understanding of
the other explicit and providing feedback so as to reach common ground; a common cog-
nitive frame of reference.

The negotiation of common ground is intrinsic to solving complex problems in multi-
disciplinary teams, because common ground is needed to afford the sharing of knowledge
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and the subsequent construction of a shared problem representation. To do so, one must
require problem solvers to explicitly verify their understanding of each other’s contribu-
tions to a conversation and to explicitly articulate their own positions on those
contributions.

4. Support framework

Beers, Boshuizen, Kirschner, and Gijselaers (2005) hypothesized that unshared knowl-
edge in one participant’s head becomes newly constructed team knowledge via three inter-
mediate forms and four processes (see Fig. 1).

In this ‘cascade’, negotiation of both meaning and position are fundamentally impor-
tant for achieving common ground (Alpay, Giboin, & Dieng, 1998; Baker et al., 1999).
Negotiation of meaning concerns making a private understanding of a contribution pub-
lic, verifying whether and to what extent one’s own understanding differs from what others
intend, receiving feedback on this, re-verifying, etcetera. Negotiation of position concerns
making a private opinion about a contribution public, checking whether one’s own posi-
tion is clear to others, and vice versa.

To support this, five support-principles for effective communication in teams that
mimic the process of negotiation (see Table 1) were developed by Beers, Boshuizen, Kirs-
chner, and Gijselaers (2005). These support-principles require participants in the process
of solving complex problems to follow certain rules.

Beers, Boshuizen, Kirschner, and Gijselaers (2005) developed a set of rules that serves
as a model for conversation (i.e., a formalism) for both contiguous and distributed
groups to negotiate meaning and position to ultimately increase common ground.
According to these rules, new conversation topics are introduced via a contribution mes-
sage, and verified and clarified using verification and clarification messages. Furthermore,
participants can use agree- and disagree-messages to make their position known to their
teammates, and can post rejections to messages that are unintelligible or objectively
incorrect in their eyes. That formalism, aimed at making individual perspectives explicit
to other team members, was developed, tested, and implemented in an ICT negotiation
tool (NTool; see Fig. 2) which has been shown to be both valid, reliable and useful for

Unshared
knowledge
External
knowledge
Externalisation
Shared
knowledge
Internalisation
Common
ground
Negotiation
Constructed
knowledge
Integration

Fig. 1. From unshared knowledge to constructed knowledge.
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Table 1

The NTool support principle

No. Rule

1 Every new issue is termed a contribution

2 Contributions require a verification by the other team members

3 Each verification is responded to with clarification by the original contributor

4 When all verifications are clarified, and no new verifications are performed, all team members state
whether they accept or reject the statement

5 All team members state their position about accepted statements

=16 x|
~1oyxi|
[ Date | Faensre |
DAFeb2004 143051 Gwns
7 D4Feb2004, 143200  10rwe
Subject: [iguw punt- de codenng 04-Feb-2004, 143259 1.rwes
Body:[1) wie goaat dat doen? B
2) Wanneer komt de toest i van het ?
Op beide punten hisr antwoord:
E|
P ' =
Use this message to introdud —-—
8ubje | Try to be clear and singular in [ | :“’""_‘ :‘ni.’m
Boc| multiple conversation topics w H ontribs ;
Contribution for each topic. CDntthUte ——
[e— 051 taking:
All team members
have to Agree,
‘-'IE”I:':." Disagree or Reject
About this
discussion:
H
Tse the agenda to add
RE]ECt new contnbutions el
dstort| | 2 [ E B B & & || Swesows | ":"gree gg‘ég: 1434
AEEREES O ?}‘n:mm
; ¥ Disagree
Fig. 2. NTool.

this purpose (Beers, Boshuizen, Kirschner, & Gijselaers, 2005; Beers, Boshuizen, Kirsch-
ner, Gijselaers, & Westendorp, 2007).

The rest of this article will deal with how NTool made the individual perspectives of the
different team members explicit to the other team members and achieved shared knowl-
edge in CSCL by coercing its users into negotiating common ground.

5. Method

The authors carried out four related empirical studies to determine whether it was pos-
sible to design and develop a tool that could facilitate the negotiation meaning and posi-
tion while solving a complex problem in collaborative-learning environments. The
research centered on answering the following research questions:
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e Does coercion affect (negotiation of) meaning and position and thus facilitate teams in
achieving shared knowledge and common ground?

and if so,

e How does the degree of coercion affect negotiation and common ground? and
e How does the degree of coercion disrupt discussions?

In the following sections, the general set-up of the studies will be discussed. First, the
operationalization of the coercion is discussed. This is followed by a general discussion
of the variables used and data collected in the studies. Finally, the most important results
are discussed. For a full, in depth, discussion of the studies as well as of the methodolog-
ical problems encountered and their solutions, the reader is referred to Beers, Boshuizen,
Kirschner, and Gijselaers (2005), Beers, Boshuizen, and Kirschner (2005); Beers, Boshui-
zen, Kirschner, and Gijselaers (2007), and Beers, Boshuizen, Kirschner, Gijselaers, and
Westendorp (2007).

5.1. Scripting and coercion

Three levels or types of scripting were used. The first type was called idiosyncratic, a
situation in which coercion is fairly low. Participants were supplied with the formalism
and/or negotiation tool with specific message types (i.e., contribution, verification, clarifi-
cation, agree, disagree, reject, accept), but without restrictions as to posting. In other
words, they could use the different message types in the tool as they saw fit and in the order
that they chose. They could first post 10 contributions and then discuss them one by one,
completely discuss one contribution before posting a second, or even choose not to discuss
or negotiate either meaning or position.

The second type was called scripted and used a medium level of coercion. Participants
were again supplied with negotiation tool with the same specific message types, but were
restricted in their use of it. This was done by ‘tweaking’ the tool to accept certain moves or
acts or combinations of moves or acts, but to not accept others. Participants were required
to negotiate meaning of all contributions first and then negotiate their positions. In other
words, everyone needed to verify and choose to either accept or reject EACH of the con-
tributions, but they did this by first negotiating the meaning of all of the contributions and
then by negotiating their position on them.

The final type was called stringent and used a high level of coercion. Participants used the
same tool, but it was now ‘tweaked’ such that they were required to verify each contribution —
one contribution at a time — through a series of clarification—verification ‘moves’ before
accepting or rejecting the contribution (i.e., negotiating the meaning of a specific contribu-
tion) and then agreeing or disagreeing with it (i.e., negotiating position on the contribution).

5.2. Variables and data

Common variables were used and comparable data were collected in all four studies.
Two of the studies (1 and 3) were in face-to-face situations, while the other two were car-
ried out in a CSCL-environment. Regardless of the setting, the same or similar variables
were involved and similar data were collected.
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5.2.1. Negotiation

The analysis goal was to identify aspects of communication that deal with negoti-
ating common ground. To that end the same theoretical framework used for defining
the formalism was used to characterize and measure negotiation. This strategy of using
the same theory for both the design of CSCL and the analysis of its effects is
described by Chi (1997). The main advantage of this approach is the relationship
between theory and formalism. As stated earlier, the formalism used here is a set of
rules and objects that together model conversation. Thus, the definition of a CSCL-
formalism requires the translation of educational theory to actual communication.
In the case of negotiation of common ground, this is based upon the combination
of a linguistic approach to negotiation (Clark & Schaefer, 1989) and cognitivist one
(Bromme, 2000). The linguistic approach describes what negotiation of common
ground looks like in conversation, while the cognitivist approach focuses on how
new knowledge is processed, and the role that prior knowledge plays in this process.
The combination links the content of a collaborative learning process to the way peo-
ple communicate with each other. The step from a theoretical framework of negotia-
tion to a formalism for the support of negotiation resulted in the following earlier
presented steps (see Table 1) as well as codes for cognitive conversation content
directly related to solving the problem:

e Contribution: Introduction of a new topic of conversation.

e Verification: Direct or indirect request for information about the intended meaning of a
contribution.

e Clarification: Reaction to a verification or a perceived lack of understanding in which
the intended meaning of a contribution is elucidated.

e Acceptance: Reaction to a contribution in which the contribution is judged intelligible
and/or correct.

e Rejection: Reaction to a contribution in which the contribution is judged unintelligible
and/or incorrect.

e Agreement: Reaction to a contribution in which the sender voices his/her agreement
with the contribution.

e Disagreement: Reaction to a contribution in which the sender voices his/her disagree-
ment with the contribution.

As a result of the coding that actually took place (Beers, 2005), two extra categories
were added that were not a part of the theoretical basis of the research, namely elaboration
and regulation.

e Elaboration: During initial coding, it was found that people built upon each other’s
statements (i.e., cognitive content) without explicitly negotiating common ground. This
resulted in the category Elaboration, defined as a statement that expands upon a con-
tribution either by adding information to it or by summarizing it.

e Task regulation: When the coders noted that much conversation dealt with regulating
what the participants were doing. Two regulative categories were added, namely Mon-
itoring the problem solving-process (e.g., “‘I think we have not yet arrived at a good
problem definition”), and Regulation of the conversation (e.g., “Could you make a note
of that on the board please™).
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5.2.2. Common ground

Common ground was operationalised as the extent to which the content of each indi-
vidual representation was present in other individual representations. To characterize
the content of the individual representations, the discussion content itself was character-
ized (see Fig. 3). The discussion episodes identified earlier served as a basis for character-
izing the discussion content.

Each episode was first numbered and summarized. Then, the content of all individual
representations, both initial (pre-test) and subsequent to collaboration (post-test), and
the group representation was characterized. The summaries were used to identify the
content within the individual representations. For every individual representation, the
topics that were and were not represented were assessed. In Fig. 3, for example, episode
7 is present in Jane’s initial individual representation, in the group discussion, and in all
post-tests. By repeating this procedure for all episodes in the discussion, the origin of
each conversation topic, whether it was present in the group representation, and whether
participants used it in their post-tests was determined. Using these data, the mean num-
ber of pre-tests and post-tests that a contribution was present was computed for each
group. This mean number of post-tests per contribution was used as a measure of com-
mon ground.

5.2.3. Cognitive load

Any task that needs to be carried out, either individually or in a team brings with a cer-
tain amount of cognitive load (Sweller, 1988). Some of this load is intrinsic to the task
itself and is determined by the complexity of the task itself (i.e., the number of elements
that need to be processed by person or persons carrying out the task and the interactivity
between the elements). Added to this intrinsic cognitive load are the load caused by pro-
cessing activities not directly beneficial to carrying out the task at hand (extraneous load)
and the load caused by processing activities that are beneficial (germane load). Since the
team members have to both carry out the task AND work with NTool (including the
learning of how to use it), it might be the case that the combination of these two activities

Individual
representations

Fig. 3. Analysis of common ground; numbers indicate episodes.
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could tax working memory to such an extent that the respondents are hampered in their
primary activity (i.e., cognitive overload). To see whether this was the case, cCognitive
load was measured in two studies through self-report of invested mental effort on a scale
ranging from 1 (very, very low mental effort) to 9 (very, very high mental effort) (Paas,
Tuovinen, Tabbers, & Van Gerven, 2003). Mental effort refers to the cognitive capacity
actually allocated to solve the problem and can be considered to reflect the actual cognitive
load (Sweller, Van Merriénboer, & Paas, 1998).

5.3. The four studies

All studies were variations on the same methodological theme, that is, they all involved
three-person groups assigned the task of collaboratively solving a complex problem. Also,
both prior to and after group assignment, participants had to solve the same problem indi-
vidually. To promote construction of individual perspectives, as well as allow the research-
ers to determine participants’ individual representations, participants first wrote
individually down their solutions (pre-test). After this, they carried out the task collabo-
ratively after which they were again asked to individually carry out the task (post-test).
In the studies with cognitive load-measurements, load was measured three times, namely
after the pre-test, after the team collaboration, and after the post-test. In the NTool prac-
tical studies, this process was carried out twice.

Two face-to-face studies were carried out to gain insight in ‘raw’ effects of the formal-
1sm without coercion; in other words, to test whether the formalism affected collaboration.
Two subsequent studies used an ICT-implementation of the formalism that enabled the
three levels of coercion. There were some differences between studies in terms of task
and participants, but all studies are the same in that they involve three-person multidisci-
plinary teams solving the solution of a complex problem of interest to all disciplines
involved (see Table 2).

The pen-and-paper studies used a whiteboard and flip-over as working aids. Half of the
groups were instructed to use the formalism when working with a whiteboard and flip-over

Table 2
Studies, measurements and experimental conditions
Conditions Cognitive Task Disciplines N?
load
Face-to-face  Idiosyncratic and Investment Marketing, Macro-economics, 6
pilot 1 Formalism groups decision and Organisation Science
Face-to-face ~ Idiosyncratic and X Solve high-school Psychology, Economics, and 4
pilot 2 Formalism groups drop-out Cultural Sciences
NTool Low, Medium, and Solve high-school Psychology, Economics, and 17
laboratory  High Coercion drop-out Cultural Sciences
study
NTool Low and High X I: Design a High-tech Metal-Electrics, 22
practical Coercion Floating Infrastructure, and Architecture
study House
2: “Amer-
sfoort-by-the-
Sea”

% N is the number of groups, not individual participants.
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to structure their collaboration (support principle). The other groups could use these
materials any way they wanted to (no support principle). Participants in these studies were
senior university students.

In the NTool studies (Beers, 2005; Beers, Boshuizen, Kirschner, & Gijselaers, 2005;
Beers, Boshuizen, & Kirschner, 2005) three versions of NTool with low, medium and high
coercion (the idiosyncratic, scripted, and stringent condition, respectively) were developed,
implemented, and tested. Before starting on the task, participants received instructions
about how to use Ntool, about the formalism, and about the specific performance con-
straints (i.e., the scripting) during problem solving. Each team was supplied with three
computers running NTool, one for each participant. The first NTool study was carried
out in a laboratory setting with senior university students. The second NTool study took
place in a ‘real’ educational setting, with second-year senior secondary vocational educa-
tion students.

6. Results
6.1. Quality of negotiation

Table 3 shows all statistically significant results on negotiation.

In the first face-to-face study, formalism groups worked longer, discussed more contri-
butions, and negotiated the contributions more thoroughly (see the amount of negotiation
of meaning per contribution), than Idiosyncratic groups. The number of verifications and
clarifications was higher in the formalism groups. The difference in number of clarifica-
tions was marginally significant (p = 0.072). Furthermore, in the formalism groups the
mean number of participants per conversation-episode was significantly higher than in
the Idiosyncratic groups, y*(2, N = 150) = 8.77, p < 0.05. No other differences were statis-
tically significant, although all of the observed differences were sizeable and in the expected
direction.

Table 3

Main negotiation results
Metric Statistical test result

Study 1 Most clarifications in formalism groups U(N = 6) =0.500, p =0.072
Most participation per episode in formalism groups (2, N =150)=28.77, p <0.05

Study 2 No statistically significant differences

Study 3 Coercion correlated with Verification r(N=17)=0.63, p <0.01
Coercion correlated with Clarification rN=17)=0.54, p <0.05
Most contributions in Idiosyncratic groups UN =17) =4.00, p <0.005
Most acceptance messages in Scripted groups U(N =17) <0.001, p <0.005
Most regulation messages in Scripted groups UN =17) =4.00, p <0.01
Coercion correlated with negotiation per contribution r N =17)=0.83, p <0.0005

Study 4 Most clarifications in Stringent groups F1,11)=6.17, p<0.05
Most regulation in Stringent groups F(1,11)=4.56, p =0.06
Most ‘Other’ communication in Stringent groups K1, 12)=6.05, p <0.05

Most negotiation per contribution in Stringent groups F(1,11)=8.17, p <0.05
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In Study 2, no statistically significant differences were found with regard to negotiation.
However, contrary to the first study, this time contributions were most heavily negotiated
in the Idiosyncratic groups, formalism groups made more contributions. Furthermore,
most negotiation took place in the Idiosyncratic groups, in terms of both verifications
and clarifications. Finally, the Formalism groups regulated most. It appears that in the
second face-to-face pilot differences were sizeable, but in the unexpected direction. On
the whole, the data from the two face-to-face studies lend little credence to whatever
hypothesis about negotiation and the formalism.

In the first NTool-study, NTool was shown to be increasingly effective with increasing
coercion. Statistical testing (Kruskal-Wallis) revealed significant differences between the
conditions for the number of contributions y*(2, N = 17) = 8.85, p < 0.05, verifications,
(2, N=17)=17.08, p <0.05, clarifications, y*(2, N=17)=7.33, p <0.05, acceptance
messages, x°(2, N =17) = 10.58, p <0.01 and regulation messages, y*(2, N = 17) = 8.03,
p <0.05. Spearman correlations revealed significant correlations between coercion and ver-
ification, ry(N =17) =0.63, p <0.01, and coercion and clarification, r(N = 17) = 0.54,
p <0.05. Post hoc contrasting of Idiosyncratic groups with scripted and Stringent groups
revealed a significantly higher number of contributions in the Idiosyncratic groups,
U(N =17) =4.00, p <0.005. Finally, contrasting of Scripted groups with Idiosyncratic
and Stringent groups revealed a significantly higher number of acceptance
UN =17) <0.001, p <0.005 and regulation messages U(N = 17) =4.00, p <0.01 in the
scripted groups. In other words: the Idiosyncratic groups made significantly more contri-
butions, verification and clarification were significantly correlated with coercion, and the
Scripted groups accepted significantly more statements and regulated more. Finally, Krus-
kal-Wallis tests showed that the amount of negotiation of meaning per contribution dif-
fered significantly between the different versions of NTool, 7*(2, N=17)=11.17,
p <0.005. Coercion was significantly correlated with negotiation per contribution,
rs(N =17) =0.83, p <0.0005. These results indicate that contributions were most heavily
negotiated in the Stringent groups and least heavily in the Idiosyncratic groups.

In the second NTool-study, ANOVA revealed a significant main effect of coercion on
verification, F(1, 11) =5.61, p <0.05; Stringent teams made more verifications than Idio-
syncratic. Furthermore, a non-significant, but notable effect was found for coercion on
regulation, F(1, 11) =4.56, p = 0.06, which is mentioned here because it may assist in
explaining the unexpected results; regulation was highest in the stringent groups. Finally,
there was a significant main effect of coercion on ‘other’ communication, F(1, 12) = 6.05,
p <0.05; ‘other’ communication occurred most in the Stringent groups. Finally, there was
a significant main effect of coercion on negotiation of meaning per contribution,
F(1,11) =8.17, p < 0.05; negotiation per contribution was highest in the Stringent groups.

6.2. Common ground

Neither face-to-face study yielded statistically significant results. In the first, the number
of discussion topics mentioned in the post-tests (overlap after collaboration) by all mem-
bers was the same for both conditions, which means that no difference in common ground
was found. In the second, Idiosyncratic groups achieved the most common ground after
collaboration as shown by the content overlap in post-tests.

In the first NTool-study, no statistically significant differences were found for common
ground with regard to pre-tests, y*(2, N = 17) = 1.78, p = 0.41. The distribution of contri-



P.A. Kirschner et al. | Computers in Human Behavior 24 (2008) 403—420 415

Table 4
Main common ground results

Metric Statistical test result
Study 1 No statistically significant differences
Study 2 No statistically significant differences
Study 3 Coercion correlated with common ground r(N=17)=0.57, p <0.05
Study 4 Most common ground in Idiosyncratic groups F(1,12)=8.46, p <0.05

Table 5
Main cognitive load results
Metric Statistical test result
Study 2 Most cognitive load in Formalism groups UN =12) =17.00, p <0.05*
Study 4 Most cognitive load in Stringent groups F(1,52)=3,67, p=0.06

% One-tailed test.

butions across post-tests was significantly different between conditions, (2,
N =17) =6.14, p <0.05. Subsequent Spearman correlation testing showed that the distri-
bution of contributions across post-tests was significantly correlated with coercion,
rN=17) =0.57, p <0.05 (see Table 4); the higher the coercion, the higher the number
of post-tests a contribution would end up in.

Finally, in the second NTool-study, there was a significant effect of coercion on com-
mon ground, but not in the expected direction., F(1, 12) = 8.46, p < 0.05; common ground
was highest in the Idiosyncratic groups.

6.3. Cognitive load

In the second face-to-face study, participants in the Scripted groups reported signif-
icantly more cognitive load after the post-tests, UN = 12) = 7.00, p <0.05, one-tailed.
This suggests that Scripted collaboration required more processing in the post-test than
Idiosyncratic collaboration. Likewise, in the second NTool-study a marginally signifi-
cant main effect of coercion on cognitive load was found, F(1, 52)= 3,67, p=0.06,
suggesting that cognitive load was highest in the Stringent groups. In sum, it appears
that overall cognitive load was higher in the Stringent groups than in the Idiosyncratic
groups (see Table 5).

7. Conclusions

What can be concluded from these studies? The primary research question underlying
the four studies was: How can collaborative construction of knowledge in multidisciplin-
ary teams be supported so as to help the teams to better solve complex problems? The
hypothesis underlying the research was that encouraging people to make their individual
perspectives tangible to fellow team members would facilitate the negotiation of common
ground resulting in more common ground. The formalism used in the research aimed at
achieving this by requiring each team member to explicitly verify her or his own under-
standing of the contributions of other team members. Finally, it was assumed that the
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more coercively the formalism was applied, the more effective it would be in terms of
increasing grounding activity in communication and the amount of common ground a
group would achieve.

Studies 1 and 2 yielded contradictory results, though not statistically significant.
Study 3 — with an electronic NTool — showed that coercion is positively related to
both the negotiation of and the amount of common ground. However, it also appeared
that the specific way that the medium coercion condition (i.e., Scripted) was designed
had unexpected disruptive effects on communication, as the users of this version used
more regulation activities than users of the high and low coercion versions. Finally,
Study 4 in a practical educational setting using the electronic NTool, revealed that
high coercion with NTool resulted in the most negotiation activities. However, con-
trary to expectations, and also contrary to previous findings, common ground was
highest in the non-coerced groups. The high coercion teams appear to have been more
taxed than the non-coerced teams, as shown by increased ‘other’ communication and
increased regulation.

In other words, coercion increases negotiation, but differentially affects common
ground. At the university level, coercion did not appear to disrupt collaboration while this
may have been the case at the secondary vocational school level. Coercion taxes the cog-
nitive resources of the students (high CL), but this extra cognitive load is primarily ger-
mane (beneficial for learning) — something that education strives towards. Finally, the
use of the formalism may have a longer lasting effect than an effect on the specific situa-
tion. That those students using the formalism chose to wait for a clarification shows that
they might be getting used to presenting and requesting clarification of contributions when
working together.

7.1. Negotiation and common ground

The experiments showed that the formalism affected negotiation activity, and that
negotiation increased with coercion, confirming the stated hypothesis. Results of common
ground differed between studies; in the NTool laboratory-study (Study 3) common ground
increased with coercion, while common ground in the practical educational study (Study 4)
decreased with coercion. The latter result is especially interesting because negotiation in
that same study increased with coercion.

The difference between the NTool laboratory-study and the NTool practical educa-
tional study can be explained in a number of ways. The first explanation lies in the differ-
ence in participants. In the NTool laboratory-study, participants were senior year
university students with high degrees of both domain knowledge and workgroup experi-
ence. The participants in the practical educational study were considerably younger, less
knowledgeable, and less experienced with working in groups.

Also, some data suggested that participant motivation in this study may have been
rather low. It could be argued that participants did try to carry out the instructions,
resulting in increased negotiation processes in communication, but without an associ-
ated significant increase of cognitive processes of comparing another’s perspective
with one’s own perspective. In other words, surface aspects of communication were
affected by NTool, but not the underlying cognitive processes. This, however, does
not explain why groups with less common ground reported more cognitive load
during the post-test.
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Another explanation might be that participants needed to reorganize their own knowl-
edge before they could integrate the others’ knowledge. It is known that new knowledge
can trigger reorganization of prior knowledge, especially when the new knowledge is
not readily understandable in terms of the prior knowledge (Boshuizen & Tabachneck-
Schijf, 1998). If NTool did in fact increase negotiation processes and affect the processing
of others’ knowledge during collaboration, it may have been the case that the teams that
negotiated most also needed to reorganize their prior knowledge more. As there was no
additional time to do this during discussion, this reorganization must take place during
the post-test (solving the problem individually after having done so collaboratively), which
would explain why these teams also reported a higher cognitive load during the post-test,
especially in the afternoon session.

This explanation is more far-reaching because it implies a different relation between
negotiation and common ground. The former explanation and the other studies
reported here all implicitly assumed a positive relation between negotiation processes
and common ground, albeit excluding negotiation as a superficial aspect of communi-
cation only.

In sum, the studies showed that NTool and its accompanying formalism affect negoti-
ation; the more coercively the formalism is applied, the more negotiation of common
ground takes place. Furthermore, there is evidence that NTool can increase common
ground, although this effect may be bound to specific user conditions, such as motivation
and sophistication of prior knowledge.

7.2. An NTool effect mechanism

The main hypothesis included an assumption about a mechanism for NTool to affect
communication, namely that explicit verification of understanding would make explicit
the differences in perspective between group members. This, in turn would offer a starting
point for reaching common ground. However, it was not clear on how NTool would
achieve this. Though not reported here, exploratory interviews were carried out to study
the actual mechanism through which the formalism affected grounding processes and to
compare it with the hypothesized mechanism. This was done for both face-to-face studies
(Studies 1 and 2) and the NTool laboratory study (Study 3).

The interview data suggested that the scripting did this by keeping participants from
immediately voicing their opinions, allowing them to devote time to considering their
fellows team members’ contributions instead. This data supported the hypothesis that
encouraging people to make their individual perspectives known and thus tangible —
instead of implicit or tacit — to their fellow team members facilitates the negotiation
of common ground. The interview analyses from the face-to-face studies suggested that
the formalism allowed or promoted co-construction of knowledge and negotiation
activities by delaying participants’ primary reactions. This delay allowed for additional
consideration of another’s contributions. Analyses from the NTool laboratory study
are in line with these findings. Participants reported that they initially were inclined
to immediately voice their opinion in reaction to a new contribution. Using NTool
restrained them from doing so, which may have led to additional consideration and
verification of contributions. Subsequent clarification may have changed their opinions
from ‘disagreeing’ to ‘accepting’ and sometimes ‘agreeing’ upon a contribution. In sum,
it seems that first verifying and clarifying contributions instead of immediately taking a
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position increases the chances that contributions are accepted, and become part of
common ground.

7.3. The value of cognitive load measurements

Cognitive load measurements were employed in two studies to determine whether coer-
cion had adverse effects on communication that are not apparent when only measures of
intended outcomes are used. These measurements made it possible to gain insight into
whether high coercion taxed the users’ cognitive capacities too much for an effect on
grounding to take place. This would be the case, for example, when stringent use of the
formalism resulted in significantly higher levels of cognitive load during collaboration.
A comparison of the Stringent and Idiosyncratic versions in the secondary vocational edu-
cation study (Study 4) showed that this indeed might have been the case for that specific
population. No cognitive load measurements were taken in the laboratory NTool study
(Study 3), but the data suggested that the Scripted version of NTool might have caused
cognitive overloading for the population of senior year university students (based on
increased regulation activity in that version), whereas this did not seem the case for the
Idiosyncratic and Stringent versions.

Cognitive load measurements can also help detect differences in processing after the
stringent formalism had been used which could suggest a lasting effect not attributable
to extraneous effects of the coercion itself. Such effects were shown in both the face-to-face
cognitive load study (Study 2) and the secondary vocational education study (Study 4).
Although in the latter study results of cognitive load measurements seemingly contradicted
the common ground measurements, they still offered additional explaining power. Overall
it may be concluded that cognitive load measurements can provide additional insights in
the (possibly adverse) effects of techniques and tools, while they are highly unobtrusive
and easy to implement.
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