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Abstract. An important aspect of participatory enterprise modeling is the work
in a group. However, does the collaboration of the group members change
depending on which medium is used to generate the models? Are there for
example differences in the group’s behavior when working with a plastic wall,
similar to a whiteboard, or with a multi-touch table? Based on the state of
research and theoretical foundations of group work as well as previous research,
relevant research issues are raised and an experimental design will be described
in order to examine possible differences in the group work depending on the
medium. Relevant aspects will be forms of cooperation, i.e. verbal and non-
verbal contributions of the participants, but also territorial behavior and group
performance.
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1 Introduction

When an enterprise is faced with changes such as new products, new IT-systems, new
competitors or new legal regulations, it is important to know the enterprise as a whole
with all its processes, structures and dependencies. In this regard, business process
modeling and enterprise modeling provide important tools. They can visualize the as-is
state of an organization and they often provide the only means of revealing causes for
problems and potentials for changes at all [30]. To draw maximum benefits from
modeling, it is useful to include the persons concerned in the modeling process, i.e.,
persons in charge of individual departments and IT managers. Participative modeling
follows exactly this approach. It ensures that people actually concerned actively par-
ticipate in model development and the models, as a result, achieve higher acceptance.
To support the domain experts of the enterprise in modeling, persons providing
expertise in the modeling language are invited as moderators (so-called facilitators) to
lead the discussion and to document the results in digital form [28]. Thus, the group
work is an essential aspect of process and enterprise modeling.
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In a participative modeling session, very different tools can be used. [30] describe
the use of plastic walls as an appropriate way to motivate the persons involved to active
participation. Usually, the plastic wall is attached to a wall where it can be written on
and colored cards can be added, similar to a whiteboard. However, using the plastic
wall requires the moderators not only to lead the discussion but also to take care that all
group members follow the notation rules of the modeling language used. Finally,
moderators transfer the results into digital form. Therefore, it would be preferable to
use a modeling tool facilitating the observation of notation rules as well as the docu-
mentation of the results without losing the participative character of the modeling
session. Multi-touch tables, also called tabletops, enable several users to interact
simultaneously with a software by touching the surface [16]. Therefore, they could be
used as an alternative tool to the plastic wall for participative modeling. Since this is a
computer-aided tool, a development environment can be provided for modeling which
facilitates the application of the modeling language. Above this, the models can be
stored digitally already during the session.

This leads to the question to what extent a multi-touch table in its use for modeling
differs from the traditional plastic wall. An empirical study shall clarify the differences
between both tools in participative modeling. Particular emphasis is placed on which
differences the media cause in the group work and if the specific way how the tools are
used for the group work differs.

The goal of this article is the design of an experiment, which allows the comparison
between multi-touch table and plastic wall in collaborative modeling. Because group
work is the central issue of the study, the corresponding state of research as well as
related theories are briefly described in Sect. 2. Concerning multi-touch-table usage,
several studies have been conducted. Section 3 shows, however, that these studies are
usually either exploratory or, even more often, of a descriptive kind. Studies with an
experimental design comparing multi-touch tables with media such as paper or PCs, do
not yet provide a satisfactory picture of the group work with tabletops. On the one
hand, they do not provide a sufficient basis to draw conclusions for the comparison
with a plastic wall, and on the other hand, they show partially contradictory results.
After presenting the theories and the state of research, concrete research questions to be
answered through the study will be deduced. In Sect. 4, the research design of the study
will be introduced.

2 Group Work

Participative modeling is a classical group work in which domain experts and
methodology experts work on a shared task. In the literature, different features may be
found to characterize groups. A group is referred to as three or more persons interacting
directly and over a longer period of time. According to [20], group phenomena actually
emerge only from a number of at least three persons. Within the group, different roles
evolve over time, such as the role of the leader or the specialist. In order to know how
to behave in their working with others, common standards, values and goals have to be
determined. The group members typically perceive and present themselves as
belonging together to the outer world [13, 25, 32].
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Group work can lead to numerous advantages, especially when tasks are too complex
to be solved by a single person. However, in many cases it was shown that the perfor-
mance of a group can be lower than the performance obtained by its members separately.
Thus, the actual performance deviates from the potential performance in such a way that
a loss in performance occurs due to group processes. This depends, amongst others, on
the kind of the task the group is working on [13]. According to [29], tasks can be
distinguished by their possibility to be split among the members, whether quantity or
quality is aimed at and in what way the group members contribute to the overall result.
Gains and losses by group processes result from motivation, individual skills and
coordination [10]. Social facilitation and social compensation are examples of process
gains in the area of motivation [32]. In social facilitation, the mere presence of others
makes a person work harder than being alone. We talk of social compensation when a
stronger member of the group tries to counterbalance performance deficits [10, 32].
Thus, if some members of a modeling session could contribute less due to a possible lack
of knowledge, another member with a higher expertise would work even harder than
working on this task only by himself in order to compensate the deficits of his colleagues.

However, process losses can also occur due to a lower motivation of the group
members. So-called social loafing occurs when group members perform less than
working alone because they cannot see their own contribution to the overall solution
[10, 15, 32]. If the individual input is made visible for the group members, motivation
will rise again. This can even lead to the so-called Köhler effect [14], a form of social
facilitation, where a group member works harder to avoid being responsible for a lower
group performance [10]. If colors have not yet been assigned a certain meaning in the
notation of a modeling language, the contributions of individual group members could
remain identifiable by the colors of their cards or pens they use.

If group members deliberately perform less believing that they have only little
influence on the result of the group work, it is called free-riding effect [10, 13].
A participant of a modeling session should not get the feeling that his contributing or
not to a solution is irrelevant. This could happen in a modeling session, for example,
when modeling is done at the computer with only one mouse and one keyboard, as in a
study of [24]. The authors found that oral and physical contribution in the sense of
inputs were distributed significantly unevenly among the group members using a laptop
only compared to the use of a multi-touch table.

Process losses and gains in the area of individual proficiency can result, for
instance, from cognitive limitation and cognitive stimulation respectively [10, 13]. In
enterprise modeling, ideas and knowledge are partly collected in the style of brain
storming according to [21]. On the one hand, the statements of one group member can
direct the others towards a certain topic and thus limit their range of thoughts. On the
other hand, these statements can inspire new ideas, which they would possibly not have
produced otherwise [10].

Process losses can also occur due to difficulties in coordination. During brain-
storming, for example, group members have to let one another speak out before they
can present their own ideas. Empirical studies have shown several times that actually
fewer ideas were produced during brainstorming than when group members recorded
their idea by themselves [18]. Process gains in the area of coordination could not be
stated so far [10].
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3 Multi-touch Table as a Tool in Group Work

Because of their direct and natural handling and their very good visualization options,
multi-touch tables are introduced in many different areas, e.g. as teaching tool [22], in
medicine [17], and in architecture [19]. The size of the medium and innovations with
regard to data input [16] enable several persons to operate the user interface simulta-
neously. Therefore, they are especially useful for tasks concerning collaborative
designs and modeling. There are some studies describing how public places are
designed using a multi-touch table [19, 24] or how software is developed by several
persons drawing UML diagrams [5]. They have also been approved for tasks implying
more generally creativity and the collecting of ideas as used in brain storming [4, 26].

In this section, previous findings concerning territorial behavior and awareness
(Sect. 3.1), behavior in cooperation (Sect. 3.2) and performance (Sect. 3.3) are
presented.

3.1 Territorial Behavior and Awareness

In a study with students being asked to assemble pieces of a poem like a puzzle, [23]
put the focus on the size of tabletops. They found out that even larger groups in their
study would not profit from a larger table. The test persons using the larger table were
neither faster nor did the size of the table influence the division of labor or the sub-
jective evaluation by these persons. The authors partially explain this by the setting up
of territories on the table. [23] always observed three kinds of territories for the users:
one area within reach of the respective user only, one area within reach of the
respective users as well as for all the other users, and one area in reach of the other
users only. [27] describe a similar territorial behavior mentioning a personal area that
no other user has access to without being asked, one area accessible by the entire group
and another area accessible for the respective user and their neighbors. The latter serves
primarily to store work objects temporarily. Both [23, 27] concluded that the sense of
responsibility for objects decreases with a growing distance between them and the
users. Therefore, a larger table may lead to a larger area of the table that no user feels
responsible for.

Nevertheless, a multi-touch table that is big enough for the users to set up their
private spaces offers certain advantages. [9, p. 107] emphasize the importance of
awareness defining it as “an understanding of the activities of others, which provides a
context for your own activity.” In order to coordinate the group work, it is essential for
everybody to know who is doing what and why. A private space on the multi-touch
table enables the user to try things apart from the group whereas the other group
members still can have a look over his shoulder. In this way, the group members are
kept informed about the activities and can possibly ask questions to their neighbors or
provide help [27].

An outsourcing to external devices like tablets or other mobile devices may seem
obvious. The results of a study from [8] suggest, however, that a group is most
encouraged to cooperate when using a tabletop exclusively. [27] also dissuade from
establishing fixed areas on a multi-touch table observing that the territories continuously
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change. There are also design approaches, which provide for special features of the user
interface to ensure awareness (see [11], for example). Plastic walls, on the contrary, offer
only limited possibilities. The setting up and the dynamic change of territories on the
plastic wall seem rather unlikely, since changes and corrections are more complicated.
[22] showed that children preferred tabletops to paper for solving tasks, because mis-
takes could be corrected more easily. Similar results can be found in studies from [3]
comparing paper and multi-touch table for developing UML diagrams and in interviews
by [24] on using tabletops, beside other tools, for designing a park. Thus, tabletops seem
to offer an advantage through their flexibility. In sum, awareness is an important aspect
for the coordination among the group members and thus for the entire collaboration. It
might be supported by offering areas on the work surface where individuals may try out
designs or models on their own, but which are still visible to the other group members.

3.2 Behavior in Collaboration

In studies dedicated to the collaboration at multi-touch tables, the authors are primarily
interested in how close the cooperation of the group member is, whether the persons
work in parallel and if the contributions are evenly distributed. These contributions
mainly refer to oral contributions, gestures or interactions with the user surface to work
on the task. With their experiments, [4] showed that less oral contributions and gestures
were produced during a brainstorming task using a tabletop than those using a table
covered with paper, even though the authors provided software with attractive features
for the multi-touch table. Flipcharts, however, scored lower than tabletops. [4] con-
cluded from their study that the arrangement of the work surface essentially influenced
the collaboration, whereas the attractiveness of the tabletop with its features provided
were rather distracting. [3] also compared in first place the use of paper and pen with
multi-touch tables and concluded that the test persons spent a larger proportion of time
working together closely. In contrast, the group members using paper spent a larger
proportion of time working on their own. In another study, [6] compared the use of PC
and multi-touch table. They examined how evenly the contributions in the form of
inputs to generate UML state diagrams were distributed in a two-person team. The
contributions were significantly more balanced at the tabletop. Moreover, they stated
that the collaboration was closer at the multi-touch table and that at the PC, it was more
likely that one person was working while the other person was only watching. [24]
came to a similar result in experimentally comparing laptop, tabletop, and tabletop
connected with boards and tangible objects by which one can additionally interact with
the tabletop. The authors focused on interactions with the user interface as well as oral
contributions. Tabletops, especially in connection with tangible objects, seem to foster
collaboration and obviously make it easier to invite other users to participate.

The authors noticed that persons participating less by oral contributions did com-
pensate this by more pointing and gesticulating when using a more tangible interface.
However, this could be an advantage of the plastic wall, because the persons operate
with objects like colored cards and can thus draw attention to themselves. In sum, most
studies existing on the subject compare multi-touch tables with paper media or PCs.
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Plastic wall could turn out more flexible, however, since it allows small corrections and
the media seems more tangible by using of additional auxiliary tools such as cards.

3.3 Performance

Some of the above-mentioned studies comparing multi-touch tables with other media
also investigated possible differences in group performance. Regarding the perfor-
mance, the authors were mostly interested in how much time a group needed to tackle a
problem, as well as the quality of the solution. [2] reports that test persons needed more
time to elaborate UML state diagrams using a tabletop than using the PC. According to
the author, this is due to the more difficult input of text using a touch keyboard, since
the test persons performed twice as fast with a common PC keyboard. On the other
hand, the quality of the solutions was significantly higher at the multi-touch table, as
measured by two software experts on a scale of ten. [4] did not find any differences in
the amount of ideas produced in the group when either using flipcharts and tables
covered with paper or multi-touch tables for brainstorming tasks. However, the authors
also evaluated the categorization of the ideas produced in the group with the paper table
obtaining the best results.

While [12] did not try to compare multi-touch tables and other media, they still
found out that the quality of a solution for an analysis task was higher at the tabletop
when the group worked more closely together.

4 Research Questions and Method

4.1 Research Questions

The previous sections showed that empirical investigations regarding multi-touch
tables were mostly of a descriptive or exploratory kind. Experimental studies in this
area allow predictions regarding the comparison of plastic wall and multi-touch tables
only to a small extent. The tasks assigned to the test persons were not always exactly
comparable with the issues of enterprise modeling, even though some elements, such as
brainstorming, can be recognized. Above this, often groups of only two persons were
examined in the studies, e.g. in [5, 8, 12]. According to [20], though, group phenomena
emerge only at a number of at least three persons. Furthermore, some of the empirical
findings are contradictory. Moreover, the plastic wall is not quite comparable to the
media which were contrasted with multi-touch tables in the studies presented.

Since the previous results in collaborative modeling at multi-touch tables have to be
considered still insufficient, we suggest an exploratory study in order to generate
hypotheses on differences in the use of multi-touch tables and plastic walls. To further
define the investigated area, concrete research questions have to be elaborated. As
mentioned before, the main issue of the study is collaboration, whereas it is of interest
how well and how closely the group members work together. Previous studies con-
sidered how evenly the contributions were distributed among the participants. To get
indications for possible process losses such as coordination losses or motivation losses,
subjective individual contribution should also be scrutinized. However, it would be
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particularly interesting to find out if and how the relevant medium is used for col-
laboration: E.g., do group members gesticulate with cards, or do they move objects on
the multi-touch table to illustrate their ideas? Hence, the first research question arises
with the following subquestions:

1. Is there a difference in participative enterprise modeling between multi-touch table
and plastic wall in group collaboration?

(a) Are there differences in the actual distribution of the contributions?
(b) Are there differences in the distribution of the contributions as perceived by the

group members?
(c) Are there differences in the use of the media for the collaboration?
(d) Are there differences in the motivation of the group members depending on the

medium?
(e) Are there differences in the coordination of the group members depending on the

medium?

It is important for the collaboration that the group members are informed about
what the others are working on at the moment. In this context, we use the term
awareness. Whether the group members feel informed, however, can be best assessed
by asking them. For this reason, subjectively perceived awareness will be of prior
interest. But how do the group members notice what the others are currently working
on? Our study will also deal with this question. To this end, the notion of personal
working areas that are nevertheless recognizable to the others could be probably
helpful. This could also be interesting for future investigations, since motivational
aspects could play a role here. If one group member realizes, what, and above all, that
others contribute to the solution, it is possible that this group member wants to avoid
“lagging behind”. The group member could also realize the weaknesses of the others
and try to support them in the sense of social compensation. Activities in one’s own
working area could also contribute to social facilitation, i.e., the own performance is
rising because it is visible for the others. This cannot be explained completely by the
first study, yet it could provide first indications. For this reason, both awareness and the
setting up of territories will be explored with the following research questions:

2. Are there differences in participative enterprise modeling between multi-touch table
and plastic wall regarding the setting up of territories?

3. Are there differences in participative enterprise modeling between multi-touch table
and plastic wall in the perceived awareness of the persons in relation to the other
group members?

4. What kind of information is important to the group members to stay informed about
their colleagues when using plastic wall and multi-touch table, respectively?

As mentioned, multi-touch tables have been compared to media such as PCs, paper
tables and flipcharts so far. Paper tables and flipcharts are only partly comparable to a
plastic wall. As with flipcharts, additional cards can be used. The orientation of the work
surface is similar as well, although at the plastic wall, corrections are possible – although
not as easy and as fast as on the multi-touch table. Therefore, it is not exactly predictable
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how multi-touch table and plastic wall will differ regarding their performance opera-
tionalized through speed and quality. This results in the last research questions:

5. Are there differences in participatory enterprise modeling between multi-touch table
and plastic wall regarding the group performance?

(a) Are there differences in the task duration?
(b) Are there differences in the quality of the solution?

4.2 Method

As mentioned in the previous section, an exploratory study is suggested for the empirical
comparison of multi-touch table and plastic wall. This means that at first no hypotheses
will be formulated, since previous empirical findings and theories did not provide
sufficient knowledge. The study rather aims at exploring the research area and, if pos-
sible, setting up hypotheses which have to be tested in future explanatory studies [7].

Sample and Procedure. For the study, a group size of three persons is chosen since
group phenomena emerge only from a number of at least three persons [20]. In
practice, usually more persons concerned should be involved in the enterprise modeling
[30]. However, the size of the multi-touch table available for the study is a limiting
factor since everybody should find enough space at the table.

As test persons, students of Business Informatics and Computer Science familiar
with the modeling language 4EM are to be recruited. The first goal is to provide a
homogeneous sample to minimize influences that could possibly emerge from sample
properties. Nevertheless, the test persons should the target group as well as possible.
We chose an experimental design: The experimental design is the only possibility to
prove causal relationships [7]. An independent variable will be manipulated in order to
measure its effects on one or more dependent variables. In order to measure the effects
of the modeling tool (independent variable) on dependent variables such as the per-
formance (measured by speed and quality) or the collaboration, the modeling tool itself
will be manipulated in the first place: modeling tasks are carried out either with the
plastic wall or the multi-touch table. After the randomized selection of the work tool,
the group is asked to solve a task from the area of goal-oriented modeling and
problem-oriented modeling. To motivate the test persons, it is announced that their
results have to be officially presented afterwards. We suggest a repeated measurement
design where the groups are supposed to work at two different dates on one task
respectively. In case the same group works on two tasks, learning effects are probable.
In order to minimize this influence, the order of the employed media will be ran-
domized for each group, i.e., it will be randomly decided whether a group will use the
plastic wall first and then the tabletop or vice versa.

For measuring the dependent variables, it is necessary to employ several survey
instruments. These are behavioral observations on the one hand and the survey with
semi-structured interviews as well as questionnaires on the other hand. Table 1 shows
all dependent variables in summary arranged according to the research questions and
how they are to be gathered.
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Observation as Method of Data Collection. As mentioned above, we intend to apply
several methods to collect data. However, here, we will concentrate on presenting how
we plan to implement the data collection by means of observation, because it appears to
be the most important method of exploring the collaboration in the group working
either with a plastic wall or a multi-touch table. In similar studies (e.g. [4, 5, 12]), the
authors observed their tests persons with video cameras to investigate details of their
collaboration. Usually, more than one observer is needed in order to raise the reliability,
i.e., the measuring accuracy [7, 20]. This means that several observers have to be
recruited. These persons have to undergo an intensive observation training first. With
the help of video recording, the procedure can be significantly simplified, since the
observers can watch the recordings independently from one another and as often as
necessary.

Scientific, structured observations are made using an observation scheme [7, 20].
While [5, 12] were coding the observed behavior according to a scheme by [31], which
was set up in an inductive way by the researchers, it is recommendable to employ a
more established observation scheme for group work like the interaction process
analysis by [1]. It divides actions into 12 categories, such as “agrees” and “asks for
opinion.” Finally, an observation scheme can be used to determine how often a certain
kind of behavior occurred on group level or personal level.

It is interesting to learn whether the individual actions of the participants are
concrete contributions to the solution, whether they are verbal or non-verbal and from
whom exactly they originate. In this way, the balance among the members’ contri-
butions can be analyzed. Furthermore, the way in which the respective medium is used
for these actions can be analyzed. Specific ways of usage can thus be determined which
may be transferred from plastic wall to tabletop, or completely new ways of usage at
the tabletop may be observed.

In order to capture the possible set up of territories on the work surface, a procedure
following [27] will be chosen. For the observation, the work surface will be divided
into several fields by a (virtual) grid. Using the video material, it will be analyzed in

Table 1. Overview of the dependent variables and how they are measured arranged according to
the corresponding research questions.

Dependent variable Data collection method

1. (a) Contributions (type, distribution etc.) Observation
1. (b) Perceived contribution Questionnaire
1. (c) Media usage for the contributions Observation
1. (d) Motivation Questionnaire
1. (e) Coordination Questionnaire, interview
2. Territorial behavior Observation
3. Awareness Questionnaire, interview
4. Awareness-indications Interview
5. (a) Task duration Time measurement
5. (b) Quality of the solution Evaluation by means of Experts Criteria
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which section and how often the single test persons work – measured by the frequency
of the interactions with the user interface. This should show whether personal areas
emerge where a particular test person works primarily.

4.3 Lab Environment

The experiments will be performed in the “enterprise modeling observatory” at
Rostock University. This lab consists of various enterprise modeling tools and a lab
room equipped with cameras and recording tools for observing modelers, decision
makers and other enterprise stakeholders in using tools, modeling languages, notations
and software systems. The purpose of this lab is to contribute to a better understanding
what kind of role distribution in modeling teams, notations or modeling languages,
human computer interaction and software functionality supports what kind of enter-
prise architecture management task in the best way. All modeling phases from initial
modeling on plastic to modeling with specialized enterprise modeling software are
supported for teams of up to six persons. Most relevant equipment of the observatory
for the planned experiment is:

Table 2. Equipment in the modeling lab and supported modeling phases

Phase Equipm.
Established industrial tools Tools with

innovation
potential

Documentation and
analysis tools

Scoping and
goal modeling

Whiteboard, moderator’s case SmartBoard,
Mobile
Modeling

Video recording

Initial
conceptual
modeling

Whiteboard, moderator’s case SmartBoard
Tabletop

Video recording,
tracking software

Conceptual
modeling

Modeling tools (Troux, 4EM) SmartBoard
Tabletop
Mobile
Modeling

Video recording,
software for
usability testing

Model
verification
and analysis

Whiteboard + Modeling on
paper; modeling tool + beamer
or SmartBoard

Digital Pen
Touch Table
Mobile
Modeling

Video recording,
Software for
usability testing

Development
of operational
models

Workflow-Tool (Troux, ARIS) Software for
usability testing

Model
maintenance
and evolution

Workflow Tool + Software
development environment

Digital Pen
Mobile
Modeling

Software for
usability testing
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• Two 5600 multi-touch tables (Tacton and 3M)
• Plastic wall, whiteboards and smartboard for participatory modeling
• Enterprise modeling environments (Troux Architect, 4EM, Sparx)
• Cameras and microphones for video and audio recording in the room
• Software MaxQDA for qualitative content analysis and TechSmith Morae for

usability/tracking analysis

Table 2 summarizes the equipment and supported modeling phases in the room.

5 Summary and Future Work

The paper investigated the background for conducting an experiment that compares the
use of plastic walls and multi-touch tables during participatory modeling. Based on
theoretical background, we derived an experimental design, which was presented in
large parts. The actual experiments still have to be performed which is planned for
autumn 2016.

Our long-term objective is to develop a theory of collaborative modeling with
multi-touch tables. This will require a larger number of experiments, where factors
possibly affecting collaborative modeling will be systematically manipulated similar to
the procedure in grounded theory using theoretical sampling [7]. We are especially
interested in how group members’ contributions can be made visible for others and
how this will influence motivation.
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