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Abstract. Boundary objects can provide bridges across boundaries and facili-
tate collaboration between learners with different backgrounds. In this paper,
we explore cooperation in a cross-disciplinary and cross-cultural context, focus-
ing on the opportunities for learning that arise at different boundaries and on
corresponding boundary objects to facilitate both collaboration and learning.
We present and discuss a study we conducted within a Cooperation Technology
course. The discussion provides implications for collaboration support across
boundaries, including insights on why they are important, how to facilitate their
creation, and how to use technologies for that.
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1 Introduction

Significant part of course assighments and projects at universities are done in groups
in order to promote collaborative learning and to prepare students for team-based
activities in a workplace. Participants of the collaborative activities often have differ-
ent backgrounds, e.g., in terms of studied discipline and culture, schedules, level of
engagement and interests. On the one hand, this may facilitate a creative process and
innovative ideas through the “symmetry of ignorance” [1,2]. On the other hand, coop-
eration problems among the students are rather common and often lead to frustration
and disruptions in the learning process [3,4].

Starting from the core notion of learning communities”, in this paper we investi-
gate how boundary objects can help improving collaboration and learning [5-9]
within a university course. In particular, we explore opportunities for collaborative
learning that arise when using boundary objects and related challenges.

The paper is based on a Cooperation Technology course at our university that
integrates lectures with a group project in which the students had to collaborate in
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different settings to create shared artifacts, and thereby construct new knowledge.
Cooperation was supported with a variety of tools that we will hereafter indicate with
the generic term cooperation technology. Designing the course, we applied the social
constructivist approach which implies that learners co-construct their environment
and understanding together [10]. In the paper, we discuss the outcomes of the course
and our experience, focusing on how students supported their cooperation across
boundaries and used specific tools for that. Based on this discussion, we outline im-
plications for cooperation support across boundaries in a social learning system, e.g.,
why boundary objects are important, how to facilitate their creation and what technol-
ogies to choose to achieve more efficient collaboration and learning.

2 Background and Related Work

Boundaries arise from “different ways of engaging with one another, different histo-
ries, repertoires, ways of communicating and capabilities” [5]. They are important to
consider for supporting ‘social learning systems’[5], because of the learning oppor-
tunities they provide and connections they create between different communities and
groups. Boundary objects are critical since they provide bridges and have meaning
across the boundaries of the individual knowledge systems, groups or sub-
communities that join together for some purpose [5-7]. Boundary objects serve groups
or communities in situations where each participant has only partial knowledge and
partial control over the interpretation of an object [6,8,9]. In this way, boundary ob-
jects allow different knowledge systems and communities to interact by providing a
shared reference that is meaningful within both parts. Such objects perform a broker-
ing role involving “translation, coordination, and alignment among the perspectives of
different Communities of Practice” [6]. Boundary objects are typically negotiated,
dynamic and have emergent characteristics.

Boundary objects can take different forms. According to Wenger, boundary objects
can be classified into three groups: artifacts, discourses, and processes [5]. Artifacts
may be documents, models, virtual places [11] that have meaning across boundaries.
In our study, shared artifacts can be seen as physical representation of knowledge that
a group of students collaboratively create during project work. Such artifacts become
boundary objects if they are created by a group or a community and can be unders-
tood by all members of the community, and decontextualized. Discourses represent a
common language that the participants of a collaborative process can use to commu-
nicate across boundaries [5]. Discourses are negotiated terms and language construc-
tions that have the same meaning for all the participants. In our study, discourses can
be seen as the language the students used to communicate in synchronous discussions
and by commenting upon the work done by others. Processes include negotiated rou-
tines and procedures that allow coordination across boundaries [5], independently by
practices established within boundaries. In our case, processes are represented by
rules and agreements that allow synchronizing schedules and coordinating work styles
of the individual students within and between groups.
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The existing literature on boundary objects is typically focused on organizations
and communities of practice. For example, Wenger uses examples of specialists and
processes at Motorola and Xerox [5]. When discussing boundary objects in Commun-
ities of Interest, Fischer talks about cross-disciplinary designer teams (see, e.g., [12]).
The concept of boundary objects is rarely used in pure (not corporate or professional
training) educational settings (see, e.g., [13,14]). More work is done on exploring
boundaries between institutions and communities (see, e.g., [15,16]). The authors are
not aware of any systematic attempts to discuss the matter.

3 Study Settings

Our study is based on the data collected during the Cooperation Technology course at
our university in autumn 2012. It was conducted with 31 students working in small
groups (seven groups of 3-5 students in each) on a group project (counting for 70% of
the final grade). Students had the possibility to form a group themselves, while the
remaining students were put together randomly. Traditional lectures were used for
introducing core concepts. This basic knowledge was intended as a conceptual tool to
be used and extended in the group project. The project consisted of three tasks. For
each task, the students were required to submit reflection notes. In addition, they
submitted a final individual essay counted for 30% of the final grading.

Each task was designed to provide experience with a different form of collabora-
tion, investigating three different types of boundaries. To support exploration and
learning of different technologies, we designed the tasks around different cooperation
technology, plus students could adopt additional tools at their choice for some of the
activities, e.g., writing of the reflection notes. The tools we offered in the course were
new for most of the students. This was intended to force discussion on the appropria-
tion of technologies, critical thinking and reflective learning [17].

3.1 Task 1: Collaboration and Boundaries within a Group

The first task was centered on collaboration within a group and it gives us the possi-
bility to explore boundaries between individual participants. The students enrolled for
the course were from different computer-science related study programs, including
both local and exchange students. Therefore, in most of the groups, the students had
different professional and cultural backgrounds.

In Task 1 each group was asked to create a handbook containing a description of at
least 10 tools for cooperation, clearly specifying intended readers and selection crite-
ria, and justifying the overall organization of the entries and their internal structuring.
There was no restriction on the tools for internal cooperation and for the delivering
format of the handbook. The groups presented their handbooks to their peers and
visitors during a virtual seminar (Fig. 1) held in vAcademia 3D virtual world
(http://vacademia.com/) and created 3D recordings of their presentations [18]. In such
a format, a presentation is a performance and an artifact at the same time.
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Fig. 1. Student group presentation in vAcademia

3.2  Task 2: Collaboration and Boundaries between Independent Groups

The second task was centered on collaboration between groups, with each group act-
ing as a single entity, but interacting with other groups by providing feedbacks. The
boundaries in this context are between the groups which need to understand of each
other’s work to make a meaningful annotation or build up on an artifact produced by
another group. In order to provide this type of experience and to challenge the stu-
dents with such boundaries, we designed a task where they could interact with other
groups, but producing shared artifacts within their initial groups.

In these settings, the students were working on Task 2 where they had to use a mo-
bile app LingoBee designed to capture language and culture related content in a
situated context (http://simola.org/lingobee/) for producing (a) a dictionary of Norwe-
gian phrases and (b) a glossary of cooperation technology terms (Fig. 2).

norwegian birthday crown SodoTechnical

this is a norwegian birthday crown. the birthday boy/girl
should wear this all day to shew other his/her new age.

posted on 26 Oct 2012 by
Nica998 in group TDT4245_narwegian

== Brunost
\| There are several different words for "brunost'. Many

Norwegians call it Geitost. In addition, similar goat cheese
that fall into the same category is "flotemysost’ and
"millomost”. They have almost the same packaging and are
just other types of brunost than the traditional brunost, or
geitost.

posted on 25 Oct 2012 by

ingrinag in group TDT4245_norwegian

AtB

AtB also has 3 mobile application where you can buy a ticket
using your phone, either by charging it to your phone bil or
by using your credit card. This makes taking the bus even
more flexible, as you don't have to buy your ticket in
advance

posted on 25 Oct 2012 by
ingrinag in group TDT4245_norwagian

(a)

Feedback from Group 5: - The term is not completely
explained; - Maybe some additional explaination can be
added; - Add some reference of the scientific literature

posted on 30 Oct 2012 by
milana in group TDT4245-groupl

Virtual team

Feedback from Group 5: - Good explanation of the term. -
Add some reference of the scientific literature

postad on 20 Oct 2012 by
milena in group TDT4245-groupl

Awareness

feedback from group S: try to add some reference to
scientific literature, how CT can provide awareness or
coordination and how can be used in a collaborative context.
a picture could also be.useful

posted on 30 Oct 2012 by
mirkoguarniar in group TDT4245-groupl

(b)

Fig. 2. Boundary Object — artifacts for Task 2 using LingoBee
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Task 2 (a) was designed for a startup phase to learn the tool. The students had to
create entries individually in a crowd-sourced dictionary and then comment and im-
prove other entries and rank the best ones. For (b), each group had to create an initial
draft of the entries in a repository visible only to the group. Then, all the entries were
made public, and the groups had to comment on other groups’ contributions and re-
vise their own based on the feedbacks.

Sub-task (a) represented a typical scenario of usage for LingoBee (could have be-
nefited from support for mobility); sub-task (b) was purposefully designed to stretch
the usage boundaries of the tool. Feedback capabilities were not presented explicitly
to the students, as reaching an agreement was expected to be challenging.

3.3  Task 3: Collaboration and Boundaries between Joint Groups

Finally, the third type of collaboration we consider happened when groups were
merged into a larger group and worked towards a common goal. In this case, the
merged entities need not only understand the work of other entities, but establish a
common practice to be able to work together. In order to let the students experience
this type of complex collaboration, we designed a task where they could interact with
other groups more intensively and produce shared artifacts together with them.

In order to implement these settings, we designed Task 3 where the students parti-
cipated in a joint activity that was designed and conducted by CoCreat project
(http://www.cocreat.eu/). This activity lasted five weeks and brought 68 students from
Tallinn University (Estonia), University of Oulu (Finland), and our University. Our
students were expected to apply their knowledge in a domain (education) that was
outside their area of expertise. During the course, larger international groups were
formed from local groups. All the course activities were conducted distantly.

faid o this page. 3.2 Which factors affect motivation?
. © woaypage properes

Puplls educational motivation may be different from pupi to pupil. depending on the age or even the mood of the chilg_ Chidren cannot truy
und g foc orta Kis then to figu ately

1 By the end of elementary
ctical applance of theoretical

We find it necessary to define factors affecting motivation fist to understand how to improve the chil's desire to leam

Sitemap

Info

3.2.1 Self-efficacy and competence perceptions

First of all the role of selt-effcacy In the reguiation of motivation should be defined. Perceptions of seif-effcacy refer to stugents' bellefs about
thei abilty 1o successfuly accompish tasks they are given and have been refaled [0 students’ successful engagement and persistence n tasks,

Fig. 3. A screenshot of a media handbook chapter made by the students

The joint activity consisted of several tasks aiming at creating a multimedia book.
Each of seven international groups worked on one media chapter. Students were ex-
pected to base the contents of their chapter on given scenarios that represented
real-life challenges of supporting learning with technology. Each chapter became a
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deliberate solution to the given challenge (Fig. 3). The quality of the resultant hand-
book chapters was satisfactory. The main misunderstandings of the task were that
students from Finland must lead, as their competence was more theoretical. However,
the evaluators were satisfied with the results after their comments were addressed.

3.4 Data Sources and Analysis

The data were collected from the direct observation of students’ activities online, the
virtual artifacts that they produced in each task (including automatically logged data),
and users’ feedback in the form of questionnaires, group reflection notes, and individ-
ual essays. The main data source for this paper was group reflections notes. Following
the reflective learning approach [19], we aimed at promoting rethinking of this expe-
rience to learn from it. A template was provided for the notes of each task to scaffold
the reflection process, pointing out specific issues to consider, e.g., the flow of work
during the task and how it was affected by the technology used, how different tech-
nology influenced cooperation, and the tradeoff between creativity and efficiency.
The notes were written collaboratively in groups, so that the students had to discuss
their experience.

For analyzing the data from the student reflection notes and essays, we use the
constant comparative method [20] that was originally developed for the use in
grounded theory methodology and is now applied more widely as a method of analy-
sis in qualitative research. It requires the researcher to take one piece of data and
compare it to all other pieces of data that are either similar or different. We applied
coding to identify the major themes in the student reflections, and later triangulated
them with the direct observations of the course staff and with the outcomes of the
student projects. Reflection notes for each task were coded separately with some “pri-
ori codes” [21] such as challenges and achievements in the process for each collabora-
tive mode, discussions on the products/outcomes, and specific tools and technologies
used. We were using a technique close to “cutting and sorting”[22] for identifying the
themes.

4 Study Results

In this section, we present the result of our study structured by the types of boundary
objects used in the course: artifacts, discourses, and processes. We intend that such
decomposition of the boundary objects should clarify the collaborative processes we
present and their use for collaboration support. For each type, we present how the
students used boundary objects provided by the course, created their own objects, and
used cooperation technology tools to support these processes. We present how the
students reflected on the boundaries they faced in each task and how they succeeded
or failed in overcoming them and learning from experience.

Each student group was using a set of technologies in addition to the ones offered
by the course (Fig. 4). These technologies were chosen by the student groups without
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any specific recommendations from the course staff. These tools performed three
major functions corresponding three types of boundary objects. They supported the
construction of shared artifacts (e.g., collaborative writing), shared discourses (e.g.,
communication and reviews), and facilitated cooperation (e.g., group coordination).
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Fig. 4. The number of student groups using specific tools in each task

4.1 Boundary Objects: Artifacts

Shared artifacts have been the central type of boundary objects in this study. In our
case, the outcomes of the student group work played the role of boundary objects of
the artifact type, being created collaboratively and conveying certain meaning across
all types of boundaries involved in the study.

The shared artifacts offered by the course for Task 1 were only the description of
the task itself and a template for the expected outcome. The shared artifacts created by
the students in Task 1 were the handbooks of tools for cooperation. In addition, tech-
nologies that were directly used for constructing shared artifacts can be seen as boun-
dary objects of the artifact type. Microsoft Power Point and Word were used only in
Task 1 (by three and two groups correspondingly), when the cooperation required less
negotiation and equalization of technological preferences (Fig. 4). Six groups used
Google Drive/Docs, as was familiar for all the students and the most appropriate for
collaborative writing (Fig. 4).

The handbooks were delivered in different formats, five as documents and two as
wiki portals (http://tdt4245.wikidot.com/wiki:handbook-for-group-projects/ and
http://ctools.wikispaces.com/Collaborative+Tools+for+Designers+Handbook/).  Ac-
cording to task, the handbook had to include the selection criteria for the presented
tools and the intended use. Five groups (not necessarily matching mentioned above)
dedicated the handbook to the computer science students or professionals, while the
other two — to musicians and to designers.

None of the groups reflected upon any challenges directly related to construction of
shared artifacts (as all of them were related to discourses and processes). Starting to
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work on the virtual presentations of their handbooks, six groups found the vAcademia
tool too complicated. Nevertheless, all the groups managed to deliver satisfactory
presentations (Fig. 1). The recordings of single groups’ presentations became boun-
dary objects, as the students had to rethink their handbooks for the new format.

The main shared artifacts offered by the course for Task 2 were the LingoBee app
and its repository, which was structured as sub-repositories for each group. The repo-
sitories could be accessed through a mobile device or a website which can also be
considered as shared artifacts. The shared artifacts created by the students in Task 2
were the crowd-sourced Norwegian terms (Fig. 2a) and phrases and the cooperation
technology glossaries (Fig. 2b). Since both these artifacts were created using Lingo-
Bee, the artifacts themselves were in the form of LingoBee repositories (the dictiona-
ries are available from http://simola.org/lingobee/index.php?gid=28 and the glossary
from http://simola.org/lingobee/index.php?gid=29).

As envisaged, students experienced challenges in using LingoBee for Task 2 and
consequently with shared artifacts. The main challenge, as reported by three groups
was the lack of familiarity with LingoBee. In addition, all the groups stated that the
tool was not fully suited for the Task 2 (b). However, two groups found solutions to
overcome the challenges and completed the task using the tool. Three groups reflected
that they found different tools to replace the missing (or undiscovered) functionality,
thus resulting in new artifacts. The two other groups simplified the task to fit it into
the basic functions of the tool and partly failed to complete it.

The main shared artifacts offered by the course for Task 3 were Purot wiki tool and
the outline of the media handbook with abstracts for all seven chapters. In addition,
the groups were required to use Prezi for creating presentations of their media chap-
ters. The main shared artifacts created by the students in Task 3 were the chapters of
the media handbook (Fig. 3). The handbook is an open resource available at
http://cocreat.purot.net/.

In all the chapters, our students were responsible for the technology-related parts,
as indicated in the reflection notes and the interviews. Six chapters were to some de-
gree reflecting the pattern of a pedagogical elaboration of the given challenge en-
hanced by a set of technological solutions. Five groups conducted literature studies,
and three of them supplemented them with field studies. Five groups (not all are the
same as above) provided alternative technological solutions. All groups used various
media in their chapters. The final presentations made in Prezi were demonstrated live
at the joint meeting, using Adobe Connect for connecting universities.

The challenges and opportunities of the shared artifacts in Task 3 varied greatly.
Reflecting upon Purot wiki, all the groups found both advantages and limitations.
Three groups learnt to use the tool and mitigate its limitations, while four others pre-
ferred to use familiar alternative tools and insert polished pieces into Purot wiki. In
fact, all the groups used Google Drive/Documents in this task (Fig. 4) either supple-
mentary to Purot wiki or as the main working environment. In both cases, the student
groups were constructing shared artifacts and using them across participants with
different cultures, expertise, and roles in the joint groups.
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4.2  Boundary Objects: Discourses

An important boundary object for this project has been a common language for nego-
tiating meaning across the borders. In this case, such a ‘language’ needed to be estab-
lished across different study backgrounds, formed group policies, and different cul-
tures. Establishing shared discourses went very differently in different tasks and dif-
ferent collaborative settings. The boundaries in international collaboration were espe-
cially challenging, but as appears from the student reflection, the experience they
gained was the most appreciated.

Working on Task 1, students in some of the groups were from the same study pro-
gram and knew each other well. Six groups out of seven identified their group level
collaboration as successful or at least satisfactory. Three groups discussed that the
main contributing factors were good atmosphere, knowing each other beforehand, and
having similar motivation levels:

— The group has worked really good together, and we all had the same goal for
this course. We have all put in approximately the same amount of effort.

An LMS “It’s Learning” was actively used only in Task 1, when the groups’ tech-
nological environments were not yet fully formed and when the cooperation required
less negotiation and equalization of technological preferences. Other groups started
using Facebook and Skype for communication and creation of shared discourses (Fig.
4). Face-to-face meetings were also used extensively.

Generally, the students did not reflect on serious problems related to finding a
common language within their groups. The only significant challenge was the differ-
ence in motivation levels. It was mentioned by two groups:

— Collaboration is always a bit tricky when you are in a new group with random
people. You don’t know each other’s working styles, rhythms, motivations, and
interests.

Establishing shared discourses between the groups imposed more challenges. The
students mentioned such challenges 14% more often than benefits in the reflection
notes for Task 2, discussing mostly the use of technologies, but also educational and
cultural background diversity, lack of shared understanding, and other aspects.

LingoBee is designed to support a shared meaning of an entry through crowd
sourcing input from learners and using ideas of social media; e.g., using ideas of wi-
kis, users can enhance an entry by another user, provide feedback as comments, as
enhancements or by rating or flagging entries by others. Use of these capabilities in
LingoBee could be considered as discourse. The LingoBee repositories from the
groups show that the students had enhanced and rated each other’s entries. Task 2 (b)
required that students provide explicit feedback (see the term “Socio Technical” on
Fig. 2b where the entry says that it is feedback from group 5) to improve the descrip-
tion and thus the common understanding of the term. In such a way, the feedback
provided both within the groups as well as across the groups played the role of a
shared discourse, where the meanings of terms are negotiated implicitly.

The students discussed around the terms that they entered to the LingoBee reposi-
tory, using the chat functionality in Google Drive/Docs and face-to-face meetings.
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This approach was used for negotiations within a group before passing certain ideas to
the cross group level:

— Before creating the Google document, our group had a meeting where we dis-
cussed and commented on the other group’s entries before commenting in the shared
document.

The reflection notes generally point out the limitations in LingoBee to support co-
operation between groups. This may be due to a lack of understanding of the functio-
nalities in LingoBee or it could be due to a preconceived notion of discourse by the
students, either through their perceived expectations for the task or habit. We found a
strong tendency in cooperation around creating the artifacts and discourse through
explicitly coordinated activity such as face-to-face meetings rather than implicit dis-
course as supported by LingoBee.

All the student groups discussed cooperation in Task 3 positively and acknowl-
edged its benefits for creativity and learning. The students emphasized the advantage
of working with people with different backgrounds (symmetry of ignorance [2]) for
creativity and generally the success of the project, as four groups explicitly stated:

— We [...] were able to complete a far more complicated task than we would
have been able to by ourselves. Through working with students with very different
expertise than us, we were able to gain insight in to another way of looking at our
field of study.

The students were encouraged to learn being tolerant to the cultural differences.
The fact that the Finnish and Estonians were more “polite” and appreciated “small
talk”, while Norwegians were more “straight to the point” and “task-focused”, led to a
gradual adoption of some joint communication norms (or a shared discourse).

Despite the extensive positive feedback, establishing sharing discourses became
very challenging, and six out of seven groups reflected on that. The students men-
tioned such challenges 135% more often than benefits in the reflection notes for Task
3. This includes educational and cultural background diversity, lack of shared under-
standing, and other aspects:

— Since the teams were from different fields of work, we had different under-
standing for the same topics so it was sometimes a challenge to explain to each other
our points of view and to make a unanimous decision which way to go.

In many cases, the students failed to establish fruitful communication and create
appropriate boundary objects to establish shared understanding, adopting a simplified
approach to negotiation of meaning:

— Having only one person from each country meet online over Skype and then in-
forming the rest locally was quite efficient [...]. However it was not helpful when it
came to knitting the groups closer together and making the participants feel more
connected to the project.

All the groups found both advantages and limitations of Adobe Connect — the tool
for communication offered by the course. Five groups used it as the main synchron-
ous communication tool (although, only two groups were satisfied), while two groups
switched to more familiar alternative solutions. Purot wiki is the tool for collaborative
writing offered by the course for Task 3. Being based on wiki technology, this tool
also had functionality for creating shared discourses.
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4.3  Boundary Objects: Processes

Shared processes proved to be important boundary object type in the presented study.
Based on the study data, we can state that creating the processes type of boundary
objects was relatively easy within groups. However, it was much more challenging on
the cross groups and international level.

When reflecting on collaboration within groups (mostly in Task 1), three groups
emphasized that the main factors for successful collaboration were planning, coordi-
nation, and extensive use of online tools for these purposes:

— That decision [to use Google Drive, Doodle] enhanced the overall effective-
ness of the collaborative effort [...] and every active member respected the deadlines.

The students did not identify many challenges for establishing shared processes on
the group level. Small local groups were easier to coordinate than any activities be-
tween local groups or on the international level. The most common challenge was the
differences in time schedules of the members. It was discussed by four groups:

— Collaboration is always a bit tricky when you are in a new group with random
people. You don’t know each other’s working styles, rhythms, motivations, and interests.

When reflecting on collaboration between groups (mostly in Task 2), only two
groups were discussing how they overcame coordination boundaries between groups.
At the same time, five groups were reporting that the problems were too serious to
handle. We identified three major types of challenges with establishing share
processes between groups. The first one is related to negotiating the procedures of
giving and receiving feedback between the groups, as two groups explicitly stated:

— The review of group 4 gave us better insight in how the entries ought to look,
as they had done a better job than us with the first draft. Thus, we were now aware of
some of the improvements we could do for our final draft.

The second type of challenges was related to negotiating how the group would in-
teract with other groups as a single entity (e.g., acting on behalf of the group):

— Then later that night he had posted his feedback as the entire review, before
anybody else had been able to comment. Since we were only allowed to upload one
review together as a team, we felt powerless and disappointed.

Finally, the lack of a leader who would take responsibility for coordinating activi-
ties between the groups was explicitly identified by three groups:

— Coordinating feedback between the groups was hard because there was no
natural leader involved. No one wanted to take responsibility for coordinating the
groups.

The collaborative processes supported by LingoBee are sharing entries with other
learners; thus browsing, enhancing each other’s entries with new ideas, and providing
feedback and ratings. Most of the groups elaborated on the flow of work where a
group had an explicit task for individuals to collect their terms, then to discuss them
within a group, before entering them to the LingoBee repository; i.e. an implicit
process of agreeing upon which terms to enter.

When working in joint international groups in Task 3, the students experienced
even more challenges with establishing shared processes, as six groups out of seven
explicitly identified. When attempting to establish shared boundary processes, the
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students encountered problems that could be roughly divided into three types. The
first type of challenges is related to the lack of group cohesiveness:

— [We] did not get the same feeling of team spirit and group cohesiveness with
the internationally distributed group as the local group. Without social interaction in
the same way as local teams we did not get the same feeling of responsibility. [...]
This resulted in less effectiveness and less motivation for the task.

The second type in related to negotiating coordination between local groups within
international groups. As the students often failed to establish efficient routines for
joint meetings, they used “brokers” [5], selected persons from each national subgroup,
to negotiate on their behalf:

— During the project, a clear leader was missed. From Finland and from Nor-
way some people took the responsibility of dividing tasks and making groups but
overall a clear feeling of responsibility was missed.

Finally, the third type of challenges was related to the lack of appropriate tools
supporting cooperation in larger groups. The course did not offer specific tools for
creating shared processes, but each group selected them while working on tasks 1 and
2. However, for Task 3, they had to start this process again negotiating with interna-
tional subgroups, often selecting such tools that were familiar to all subgroups (e.g.,
Facebook, Skype, and Doodle), and used them more extensively (Fig. 4):

— Another problem was that there are many tools that can support cooperation
between four persons but it is more difficult to find the tool that will have good sup-
port of cooperation in larger group.

5 Summary and Implications

In this section, we summarize the results of the study and present our implications for
each type of boundary objects. Our analysis shows that boundary objects played an
important part in facilitating group work at all levels, but a number of problems were
discovered. In particular, when comparing the use of boundary objects in different
tasks, we identified the following trends and challenges:

e Successful collaboration in a diverse group requires more complex boundary ob-
jects.

e The lack of clear leadership in such a group may lead to breakdowns in collabora-
tion and limited use of boundary objects.

e [Initial creation of boundary objects as artifacts will normally benefit from a tem-
plate or a pre-defined structure.

e Boundary objects as discourses are crucial in international, large, and distributed
groups, but challenging to establish.

e Creation of boundary objects as processes requires direct external support on both
the intergroup and international levels.

e Cooperation technology tools may play the role of boundary objects as artifacts,
discourses, and processes.

e Allowing a certain degree of freedom in constructing boundary objects benefits
both learning and group work.
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As appears from the reflection notes, students expected that certain facili-
ties/boundary objects being already in place such as “established leader”, “shared
spaces”, etc. Some boundary objects had been provided by the course, but they have
not always been sufficient. Also, while one of the intentions behind the course was to
motivate the students to create own boundary objects, they did not always succeed in
that, especially when they did not have anything to start with. Therefore, in the fol-
lowing we discuss what initial boundary objects should be “seeded” and how to facili-
tate creation of new ones, especially in a diverse, cross-disciplinary setting.

Table 1. Seeding boundary objects as shared artifacts

Observations

Implications and recommendations

Difficulties in starting collab-
oration in tasks 2 and 3 (us-
ing different tools was a
common reason)

Creating initial shared artifacts to establish a com-
mon understanding between sub-groups or individ-
uals, e.g., tutorials, presentations of study topics,
templates, and designated tools and repositories

A single main course envi-
ronment (LMS) was not used
(apart from getting initial
tasks and for submissions) as
it did not have the necessary

Establishing shared group spaces / tools / artifacts to
mediate activities with one major (serving as ‘nex-
us’ and the main group space, providing awareness
about activities in secondary ones) and several ac-
companying technological platforms with appropri-
ate means

functionality.

Table 2. Facilitating creation of boundary objects as shared artifacts

Observations

Implications and recommendations

Use of different tools for working on the
same documents (e.g., wiki and Google
Docs) and discussing them on other plat-
forms (e.g., Facebook)

Linking and annotating versions of
boundary objects across different media,
providing mechanisms for organizing
objects in repositories

Use of familiar tools even if the new tool
was more effective — barriers for invest-
ing time in learning new tools

Providing instructions to make full use
of its potentials and a list of alternatives

Table 3. Seeding boundary

objects as shared discourses

Observations

Implications and recommendations

Materials about the foreign groups were
useful, but not sufficient/complete

Introducing boundary objects in advance,
including shared curriculum, study ma-
terials, and goal descriptions

The joint meetings were useful for estab-
lishing shared understanding, but the
students struggled organizing them.

Conducting scheduled joint activities,
including, e.g., tutorials, workshops, and
lectures, especially in the beginning

Problems with understanding their col-
laborators and explaining own point of
view across different disciplines

Establishing designated shared infor-
mation spaces for reference materials
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Table 4. Facilitating creation of boundary objects as shared discourses
Observations Implications and recommendations

Problems reaching a common under-
standing of the tasks, roles of sub-groups
or individuals, etc.

Students appreciated the presence of
tutors at the meetings.

Providing moderator assistance during
meetings/negotiations

Problems starting collaboration without
knowing all the peers and their commu-
nication habits.

Informal communication is important.

Conducting scheduled “ice-breaking”
and socializing activities in addition to
purely course-related collaboration, es-
pecially in the beginning

Communication improved after introduc-
ing technologies that were familiar to all
the group members (e.g., Google Drive

and Facebook).

Providing mechanisms for mapping
workspaces and social networks, e.g.,
connecting user accounts, or shared arti-
facts, discussions, and data repositories

Table 5. Seeding boundary

objects as shared processes

Observations

Implications and recommendations

Problems understanding the task, espe-
cially when international sub-groups
were involved

Providing task descriptions with clear
instructions on the process, including
possible roles for the individuals (or sub-
groups) and a timetable

Problems in finding time when all mem-
bers can meet

Securing time slots when all participants
can be available for joint activities

Missing feeling of team spirit and group
cohesiveness, esp. in international teams

Conducting regular activities in the des-
ignated group spaces

Problems finding a suitable tool for sup-
porting collaboration in larger groups

Providing assistance with complex
boundary objects (e.g., groupware tools)

Table 6. Facilitating creation of boundary objects as shared processes

Observations

Implications and recommendations

Use familiar tools for organizing the
collaborative process (those who chose
learning new tools did not regret)

Providing designated tools that are fa-
miliar to majority of the students to in-
crease efficiency, and exposing students
to unknown tools to allow them explor-
ing new collaborative processes

Individuals (or sub-groups) had different
level of motivation, and this caused prob-
lems with participation and commitment.

Motivating and assisting students in
identifying roles and developing a set of
rules/“working contract”

Problems identifying a leader and subse-
quent coordination problems

Providing assistance (for, e.g., assigning
roles) when no clear leaders available
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In order to perform a systematic analysis of collaborative activities across bounda-
ries, we used a classification framework of boundary objects originally suggested by
Wenger for organizational contexts [5]. As to our knowledge, this framework has not
been used before in educational projects. However, typical student projects exhibit
several characteristics of real-life professional projects, which makes the framework
applicable for educational contexts. We also apply the framework originally devel-
oped for communities to student groups since we consider groups as subjects within a
learning community and a part of the activity structure as suggested by Engestrom
[23]. Our experience shows that the framework we used provides the breadth neces-
sary to cover most of the collaborative activities in diverse student groups.

6 Conclusions

In this work, we have explored how boundary objects facilitate group work and learn-
ing across different boundaries in educational context. In particular, we have studied
how boundary objects are used in different types of group tasks. Based on our expe-
riences, we identified learning opportunities provided by the boundaries and sug-
gested how to facilitate cooperative processes within and across groups by seeding
appropriate boundary objects and supporting their creation during group work.
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