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Abstract—The present study describes a proposed multi-
tabletop system for supporting collaborative database design
activities in the classroom. Additionally, two experiments were
conducted to evaluate students’ and teachers’ perceptions of the
proposed system potential on aspects of group work assessment
such as: ease of grading individuals as well as groups; equality
of students’ participation; and, capability to accurately reflect
individual contributions. Ten educators and 22 students from a
Computer Science program participated in the experiments. The
findings of this work show that the use of the proposed system
impacted positively on the educators’ perception about the ease of
grading individuals and groups. In addition, distinguishing users
in collaborative group work is key for decreasing social-loafing.
The results suggest that the proposed system does have potential
to support a better group work assessment.

I. INTRODUCTION

Traditionally, software design teaching has been one of
the strongest focus of Computer Science (CS) undergraduate
education [1]. Around the world, most CS programs have
based their software design education on a group project-
based approach [2][3][4]. This focus on group work allows CS
programs to offer students real life-like experiences, as well as
to meet professional accreditation requirements and employ-
ers’ demands [5][6]. Nonetheless, the management of group
work in the classroom imposes a number of challenges that
can impact negatively on educators’ and students’ enthusiasm
and motivation. Most of these difficulties are related to the
assessment of the work done: fear of free-riding of individual
members and doubts on the ability to assess individual con-
tributions [7][8][9]. Additionally, educators face the challenge
of supporting each group effectively, given time constraints,
their skills for class control and their ability to manage each
group’s learning pace [10].

Previous research on multi-touch tabletops has shown that
this novel technology has a strong potential to support group
work in the classroom [10][11][12][13][14][15], while provid-
ing educators a mean for class management and control task
[16][17][18][12]. Although some of this work has extended the
application of these technologies to multi-tabletop classroom
environments, few research has explored the usage of tabletops
for real and concrete purposes, within realistic environments
[10][13][14]. In order to better understand the strengths and
limitations of tabletop-mediated classrooms, usage observa-

tions should follow the recommendations of Suchman [19],
Nebe et al. [20] and Xambo et al. [21], and be conducted
within the classroom, with the participation of students and
educators on tasks directly related to their interest.

Additionally, specific studies on in-class group work sup-
ported by tabletops have mostly focused on: helping educators
gain awareness of group activities to decide when to intervene
[16]; analyzing and visualizing data captured from the usage
of tabletops to reveal aspects such as the process and the
quality of group work, interactions, contributions and lead-
ership [22][15][23]; and, investigating the impact of design
choices on educators’ pedagogy [18]. In spite of the relevance
of assuring students a fair assessment of their work to improve
their attitude towards group work, little attention has been
paid to study the influence of this technology on students’
and educators’ perceptions of group work assessment during
in-class activities.

This research explored the potential of a proposed multi-
tabletop system (MTS) in software design classrooms, in
contrast to a paper-based design approach. To be more specific,
this study investigated the MTS’ potential for the assessment
of design group-based activities throughout a CS Database
course. The aim of this work was to answer questions about
the differential impact of students’ and educators’ perceptions
of assessment-related variables when using the MTS versus
the paper-based approach. The variables were: educators’
perception of ease of grading at an invidual and group level;
educators’ perception of the equality of participation of their
students; students’ perception of the equality of participation
amongst group members; students’ perception of the capability
of tools to accurately reflect individual contributions. This
work’s findings show that the use of MTS impacted positively
on the educators’ perception of the ease of grading individuals
and groups. Additionally, distinguishing users in collaborative
group work is key for achieveing a better group assessment.
The results suggest that the proposed MTS has potential to
help assure students they will be rewarded for their efforts.

This paper is structured as follows: first, a related work
section is presented, the design guidelines and implementation
specifications of the proposed MTS are explained. Then the
research context, experiments and corresponding results are
described. Finally, a discussion section along with reflections
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about further research is proposed.

II. RELATED WORK

Group work assessment is a critical but hard task. Several
studies have proposed frameworks for group work assessment
that considers individual contributions [24] [25] [2][4]. For
example [26], presented an on-line Team Contribution System
that attempted to provide an accountable assessment for both
individuals and groups. This solution, however, heavily de-
pended on students self-reporting, which could be cumbersome
and inaccurate.

Conversely, multi-touch tabletops have the ability to cap-
ture students interactions during in-class group activities. Pre-
vious work on this technology has shown that the captured
data can be transformed into visualizations of the collabora-
tion process [17][23] [27]. Collaid [17], a tabletop learning
environment that captures collaborative multimodal data, offers
visualizations that provide real-time feedback and recognizes
frequent interaction patterns.

Moreover, there is a growing interest in researching the
integration of the captured data with the learning process.
Based on a critical analysis of previous work, [28] generated
a set of guidelines for the design of multi-tabletop learning
systems for the classroom. Other research presented a group
of visualizations to help educators decide when to intervene
[16]. SynergyNet [18] [29] is a MTS that explores the quality
of school children’s collaboration and its impact on educators’
pedagogy. Similarly, [12] described the classroom deployment
of Tinkerlamp, a system designed for logistic apprentices that
allows educators’ orchrestration. MTClassroom and MTDash-
board are part of a MTS presented by [14], that captures
interactions enabling educators to design, monitor and assess
collaborative activities. The research of [14] was later extended
to design a multi-touch classroom ecology to support practical
work of university subjects [15].

However, most of this work has focused on general learning
activities such as concept mapping. Few research [12] has
explored tabletop applications for realistic usage scenarios,
meaningful for both students and educators, such as software
design. Existing studies of tabletops’ potential for software
design have mostly concentrated on exploring interactions
and gestures for diagramming or sketching on tabletops. [30]
[31][32].

III. PROPOSED SOLUTION

A. Design guidelines

The solution presented in this work is based on the follow-
ing single-tabletop design guidelines:

1) Support simultaneous user actions: As suggested by
[33] in their critical analysis of group-work on tabletops,
people working in groups often interact with artifacts on
tabletops simultaneously.

2) Allow users to freely move and regulate their workspace:
Xambó [21] warned against the harmful effects on creativity
and free collaborative activities that tabletops with territorial
constraints can cause. Additionally, when designing tabletop
applications for students that are used to work with paper and
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Fig. 1. Physical scheme of the student side of the proposed MTS.

pen, [20] recommends transferring some of the affordances of
these artifacts, such as free movement, to tabletop design.

3) Tangible interaction with pen-based input: In line with
[20] [21] [34] and following the well-established guidelines
of [33], the proposed solution allows for integration of digital
and physical objects, such as a pen, to support already existing
paper-based design practices.

4) Interconnection with devices: Although [17] suggested
designing for non-intrusive interactions with tabletops, the
proposed MTS uses tablets as text-input devices to facilitate the
transitions between the work related to tabletops and external
work [33].

5) Distinguishing users’ work: Successful collaborative
work in the classroom requires group members and educators
to be aware of individual contributions [28] [17].

Additionally, the design of the proposed MTS is grounded
in the following design guidelines for multi-tabletop learning
environments:

6) Progress monitoring of students at the invididual and
group level: To enable educators’ awareness, the design of
the proposed MTS is based on the work of [18][16] [14].
These studies presented a variety of visualizations to monitor
learners’ contributions and progress.

7) Storing the design process as well as the outcome of
each group for further assessment: To increase the educators’
awareness of the group work process that leads to the final
database design, the proposed MTS follows Kharrufa’s et al.
[28] design recommendations of recording students’ interac-
tions and storing the final database design.

B. Implementation

The proposed MTS is a combination of hardware and
software, including a web-based application. Students interact
with the system through tabletops, pens and tablets. Figure 1
shows an upper view of the physical scheme of the student side
of the system. On the other hand, educators only need a device
with a browser to access the system. The educator’s view of
the system allows monitoring student progress in collaborative
tasks.
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Fig. 2. Students working with the tabletop interface

1) Hardware: The solution is composed of a portable
projector camera system that works with an Optitrack Motion
Tracking V.120 Duo System and a mini projector (aaxa Tech-
nologies P300 Pico projector). Other hardware components of
the system are: a computer with CoreI5 2.9 GHz processor
- 4GB RAM - 500GB HDD, a Samsung Galaxy Tab 3, and
a pen with three infrared markers. The projector and camera
hang above the table. The image on which the students work is
projected on a flat horizontal surface. Students interact with the
projected image using a pen with infrared markers. Besides,
each student interacts with a tablet to input text related to the
task.

2) Software: On the student’s side of the system, the
application is composed of a web application, a collaborative
control client and a tracking server. The web application
enables student to log in and edit text using a tablet. This
application was developed in Python using Django Framework.
The collaborative control client is responsible for two tasks:
recognition of strokes and drawing on the table. This client
was implemented on the open source framework Multitouch
for Java (MT4J) [35]. Each stroke students make is processed
by the library PaleoSketch [36]. The strokes are traced using
a pen with three infrared markers. The tracking server keeps
track of pens’ positions, which are provided by the Optitrack’s
library Camera SDK. When students draw on the table, a touch
event is generated through the TUIO (Tangible user interface)
protocol, and then sent to the collaborative client. Figures or
texts entered by students are differently colored to identify
each member of the group. Every action on the tabletop and
its related information is stored in a JSON file. When students
finish their task they are able to download their final scheme
file. Figure 2 depicts students working with the proposed MTS
in activities related with database modeling.

On the educator’s side of the system, the web-based
application enables them to better assess in-class group work
through visualizations of students’ activities. On one hand, the
system alerts the educator on the level of individual activity;
changing from green to yellow or yellow to red when no
actions are detected after five minutes (See Figure3). On
the other hand, the system enables educators to review the
most important aspects of the collaborative design activity
such as: the final design; how and how much each individual
contributes to that design (through colored indicators in the
scheme and statistics per individual); and, the design process
within itself (through a playback functionality, see figure 4).
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Fig. 3. Colored alert indicators of levels of activity shown by members of a
group.
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Fig. 4. Educator interface with the playback option and overall individual
contributions.
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Fig. 5. Proportions of student participation per type of activity (above) and
proportions of actions related to objects in the scheme per student (below).

In this way, educators are granted insights to qualitative data
that depicts the actual collaborative process of design.

Additionally, the educator’s view presents the proportions
of each student’s participation in specific database modeling-
related tasks (See the upper section of Figure 5). Details of
individual contributions per type of activity are available. The
bottom section of Figure 5 portrays this information resource.
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IV. METHODOLOGY

A. Research context

Students perceptions of the equality of members’ partic-
ipation as well as of the capability of tools to accurately
reflect individual contributions, were measured when students
worked with and without the proposed MTS. Additionally,
educators’ perceptions of the ease of grading individuals and
groups, and of the equality of students’ participation during
group work, were measured. The measurements took place in
the Ecuadorian setting of an engineering-oriented university,
Escuela Superior Politecnica del Litoral (ESPOL). Twenty-
two undergraduate students, enrolled in a Database System
course of a CS program, were invited to participate in this
study, as well as 10 educators from the same program (4
females and 6 males). Educators were highly experienced in
modeling and designing, with more than 10 years of teaching
experience; their average age was 42. The experiments took
place during the second academic semester of year 2014.
The study included two experiments; educators participated
in Experiment 1, and students in Experiment 2. Both exper-
iments aimed to measure the perception of the participants
through questionnaires. In the next subsections details of both
experiments are presented.

B. Experiment 1

Ten educators from the CS program participated in a pre-
test post-test experiment. Educators were tested using a ques-
tionnaire that included items related to the following variables
of group work assessment: ease of grading individuals and
groups; and, equality of individuals’ participation. The first
variable was measured using a Likert scale, being (1) very
difficult and (5) very easy. Likewise, a Likert scale was used
to measure equality of individual participation, being (1) com-
pletely unequal and (5) completely equal. The pre-test aimed to
measure educators’ perceptions of these variables considering
any collaborative design-based activity. The post-test focused
on educators’ perceptions of these variables considering the
potential of the proposed MTS. Educators were invited to
participate in a demo session of the proposed system. Before
the session started, educators were asked to answer the pre-
test questionnaire. During the session, educators could observe
students using the proposed MTS to collaboratively design
a normalized-logical database model. The demo session also
included a hands-on experience of the educator’s view of the
system. At the end of the session, educators were asked to
answer the post-test questionnaire.

C. Experiment 2

Twenty-two students from a Database Systems course were
appointed to participate in a pre-test post-test with control
condition experiment. Equal number of students were ran-
domly selected into the experimental and control conditions.
Before the experiment started, students were asked to answer
a pre-test questionnaire, which included two items. The first
item was related to the perception of equality of students’
participation while working collaboratively in design-based
activities. This was measured with a Likert scale, being (1),
completely unequal and (5), completely equal. Similarly, a
Likert scale was used to measure the capability of a given

TABLE I. DESCRIPTIVE STATISTICS AND HYPOTHESIS TESTS OF

EDUCATORS’ PERCEPTIONS

Variables Median
Pre-test

Median
Post-test Z p-value Effect

size r
Easiness
to grade
individuals

2 5 -2.859 0.004 0.900

Easiness to
grade groups

4 5 -2.333 0.020 0.737

Equality of
participation

2 4 -2.372 0.018 0.750

tool to accurately reflect individual contributions, being 1, very
inaccurate and being 5, very accurate.

In both conditions, students integrated groups of 4 to 5
members. Educators assigned each group a task that required
the design of a normalized-logical database model. The stu-
dents in the control group used large paper sheets, color
markers (each color identifying a member of the group), and
stickers to do the activity; while students in the experimental
condition used the proposed MTS. Students had 60 minutes to
finish this task. At the end of the experiment, students filled
in the post-test questionnaire.

V. RESULTS

A. Experiment 1

What is the differential impact when students use the
proposed MTS on educators’ perception about ease of grading
individuals and groups? Table I, summarizes the descriptive
results of the variables measured on educators and the results
of testing the differences between the pre-test and post-test
of these same variables. As it can be seen, after the demo
session educators perceived it is easier to grade individuals
and groups with the proposed MTS. The other question that
this experiment aimed to answer was: What is the differential
impact when students use the proposed MTS on educators’
perception about the equality of students’ participation? Educa-
tors’ perception of equality of participation with the proposed
MTS is higher than their perception before the demo session.
The hypotheses tests, using Wilcoxon signed-rank test, resulted
in significant differences for these three variables. The effect
sizes for all the tests were large (r>0.5). At the end of the
demo session, educators mentioned their willingness to use
such tools in their classrooms.

B. Experiment 2

This experiment aimed to answer two research questions:
What is the differential impact when using the proposed MTS
on students’ perception about equality of students’ participa-
tion?; and, What is the differential impact when using the
proposed MTS on students’ perception about the capability of
tools to accurately reflect individual contributions in a group?
These two questions were answered by means of between-
group tests and intra-group tests.

1) Equality of participation, between-group tests: Students
from the experimental and control conditions reported no
differences in the pre-test (U= 35, z= -1.74, p>0.05). As for
the mean rank for the experimental condition, it was 11.45;
in the control condition this value was 9.33. This indicates
that students in the experimental condition have a slightly
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higher positive perception than those in the control condition.
However, the Mann-Whitney U test used to test differences
between both conditions resulted in U=39, z =-0.93, p=0.355
in the post-test. This implies there are no statistical differences
on students’ perception about the equality of participation.

2) Capability of tools to accurately reflect individual con-
tributions in a group, between-group tests: Students from both
conditions did not differ in the pre-test (U= 58, z= -0.19,
p>0.05). The descriptive mean rank suggests that students in
the experimental condition perceive that the MTS accurately
reflected their individual contributions (mean rank experi-
mental condition=13.27, mean rank control condition=7.11).
Moreover, the results of the Mann Whitney U test used to
test differences among both conditions, corroborated the initial
suggestion; when compared to the students in the control
condition, students in the experimental condition perceived that
the proposed MTS reflected more accurately their contribution
(U=19, z= -2.73, p=0.006 two-sided).

3) Equality of participation, intra-group tests: As it was
expected, students under the control condition did not show
any difference between the pre-test and post-test (z=-0.63,
p=0.527); however, students in the experimental condition
perceived that the MTS favored equality of participation among
the members of a group (z=-2.54, p=0.011).

4) Capability of tools to accurately reflect individual con-
tributions in a group, intra-group tests: Again, students in the
control condition did not perceived any difference before and
after they engaged in the task (z=-1.19, p=0.234). This was
not the case of students from the experimental group, they
perceived that the proposed MTS reflected more accurately
their contributions in the group (z=-2.97, p=0.003).

VI. DISCUSSION AND FURTHER WORK

The potential of a MTS for group work assessment from
the educators’ and students’ perspective was explored in this
study. The evident positive educators’ perceptions of the
measured variables are aligned with the results reported in
[14], which to the knowledge of the authors, is one of the
few studies that reports quantitative results in this specific
area. The study confirmed that, indicators of group work
and individual participation would be valuable for teachers to
conduct post-hoc analyses. However, the findings of the present
study have to be taken with a critical view; the educators that
participated did not experiment with multi-tabletop classrooms
during a complete semester, nor their experience with these
technologies was linked to their own courses. Thus, further
experiments where educators use the proposed MTS in their
own courses should be considered.

Another limitation of the study is that it did not focus on
the semantics of the database design process, nor it analyzed
the quality of student’s interactions. Further research on assess-
ment supported by MTS should concentrate on these aspects.

The students’ perception was also measured in this study.
When asked about the equality of students’ participation when
working in groups, they did not find differences between the
paper-based and the MTS supported approach. These findings
suggest that the usage of colors to distinguish individuals’
contributions in the paper-based approach already decreased

free-riding. The fact that inviduals are able to distinguish
each others contributions during colocated work triggers social
comparison, which is known to decrease social-loafing [37].
Thus, distinguishing users’ work is key for supporting equality
of participation and consequently for achieving a better group
work assessment. Nonetheless, the present study focused on a
very general aspect of equality of participation. Further studies
should conduct more in-depth explorations.

Regarding the ability of the MTS to accurately reflect
individual contributions, students indicated that the proposed
MTS truly reflected their actual participation. This coincided
with the point of view of the educators. These results could
not be contrasted to similar studies; research on multi-tabletop
learning environments has focused mainly on qualitative ob-
servations of its potential for classroom orchrestration [12][10]
[13][15] rather than for group work assessment. Nevertheless,
the findings of the present study indicate that the use of MTS in
educational environments has potential to help assure students
a fair reward for their individual efforts.

The overall positive results of this work open doors for fu-
ture research about the use of MTS for group work assessment
in realistic learning environments. Besides, recordings of the
students’ collaborative design process could be used as input
for research on user studies, multimodal learning analytics, and
more.
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