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Projektrapport

Pedagogiska utvecklingsmedel fér projektet: Utveckling av “Peer Reviewing”
och “Industry Reviewing” som undervisningsmetoder.

Projektbeskrivning och mal med projektet

Malet med det har projektet var att utarbeta fungerande metoder fér utvecklande av kritisk
tankande, samt férmaga att kommunicera sin standpunkt i skrift, genom Peer Reviewing.
Malet ar ocksa att genom Industry Reviewing sakerstalla att studenterna far insikt i och
forstaelse for hur industrirepresentanter mottar de texter studenterna presenterar utifrdn den
amneskultur industrirepresentanterna verkar.

Ett vidare syfte for projektet har varit att via "det goda exemplet” ge inspiration till universitets
larare och utbildningsansvariga vad det galler utveckling av pedagogik som framjar
utveckling av kritiskt tankande.

Projektet ar férankrat i dmnesdidaktisk forskning och baserat pa Contributing Student
Pedagogy (Hamer 2008). Spridning av metoderna leder till en Okad forstaelse fér hur
overgripande kompetensmal med universitets utbildningar kan uppnas pa kursniva.

Genomforande och metod

Inom projektet har vi arbetat med metodutveckling avseende anvandning av Peer
Reviewing och Industry Reviewing. Vi har skapat underlag for inférande av metoderna i
kurserna IT i samhallet och Anvandarcentrerad systemutveckling. Nedan tar vi upp vara
erfarenheter av anvadning av dessa tva metoder.

Mats Daniels och Asa Cajander har dgnat cirka tva veckor per person till projektet som
genomférdes under tva instanser av kurserna IT i samhallet och Anvandarcentrerad
systemdesign under 2012 och 2013. Asa Cajander har varit projektansvarig fér detta
pedagogiska utvecklingsprojekt. Mats Daniels har deltagit i projektet och arbetat
parallelit med Asa. Vi har dessutom inom ramen fér projektet samverkat med Roger
McDermott fran Robert Gordon University samt Anne Peters och Thomas Lind fran
Institutionen for Informationsteknologi. Roger McDermott kom till Uppsala pa ett
ERASMUS lararutbyte under hosten 2012 for att pa plats arbeta tilsammans med oss
med kursutveckling i projektets inriktning.

Metodologin for projektet har varit aktionsforskning dar kursutveckling och forskning
samverkat (McKay and Marshall 2001). Metoder som anvants inkluderar bland annat
enkater, analys av skriftliga reflektioner, intervjuer, litteraturstudier och deltagande
observationer.

Erfarenheter fran Industry Reviewing inom projektkurser

Studenter behdver inte bara besitta amneskunskap utan ocksa ha fardigheter sasom
kritiskt tdnkande och kunskap kring ameskulturer som de kommer att verka inom. Malet
med denna del av projektet var att utarbeta fungerande metoder fér utvecklande av
kritisk tdnkande och att genom Industry Reviewing sakerstalla att studenterna far insikt i
och forstaelse for hur industrirepresentanter mottar texter och presentationer utifran den
amneskultur industrirepresentanterna verkar inom.
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Projektet var kopplat till projektorienterade undervisningsformer, vilka ofta beskrivs som
larandemiljéer dar studenternas kritiska tankande utvecklas. Hur denna utveckling gar till
ar dock sallan beskriven och det rader brist pa konkreta metoder och arbetssatt for att
stddja denna utveckling (Daniels, 2011). Industry Reviewing ar en ny metod utvecklad
for att stodja larmiljoer dar kritiskt tdnkande utvecklas som bestar av ett strukturerat
arbetssatt for att fanga kommentarer och konstruktiv kritik fran industriella
samarbetspartner bade pa kort och lang sikt. | korthet bestar metoden av att genom
moten med foretag forstd de aspekter som industrin ser som centrala i studenternas
arbeten samt att ta fram mallar for konstruktiv kritik och granskning baserad pa dessa
aspekter. Metoden inkluderar aven uppfdljning av hur studenternas arbete anvands
inom foretag pa langre sikt. Dessutom mdjliggdr skrivprocessen av for industrin
relevanta texter att studenterna tillagnar sig den amneskultur som de kommer att verka i
(Dysthe 2002). Detta forutsatter dock att de far stdd i denna larprocess. Metoder for att
inféra granskning av texter fran personer verksamma inom industrin ger maojlighet for
kompletterande perspektiv och forstaelse for studenterna.

Metoden Industry Reviewing har utvecklats och modifierats for att passa inom tva
projektbaserade kurser. Erfarenheterna visar bland annat att studenterna uppskattar
metoden mycket, samtidigt som de har svart att forstd viss kritik som de far av
foretagen. Det ar mycket motiverande for studenterna att veta att foretagen verkligen
lyssnar pa det de har att sdga samtidigt som féretagen ocksa kommer med férslag pa
forbattringar. Studenterna uppskattar i hog grad att fa en inblick i vad deras arbete har
gett for bidrag i verksamheten. Féretagen som vi har samarbetat med har ibland upplevt
att det varit svart att ge konstruktiv kritik, och de har emellanat kant att de inte vetat vad
de ska saga. Speciellt problematiskt tycker foretagen att det ar nar studenterna inte gjort
ett bra jobb, eller nar studenterna anvander terminologi som féretagen inte beharskar.

Vi kan konstatera att en framgangsfaktor i samarbetet har varit att hitta en kontaktperson
pa foretaget som tror pa idén, och som ar van att ge feedback och konstruktiv kritik.
Som undervisande personal har metoden inneburit en hel del arbete med att motivera
och paminna vissa foretag om att ge feedback, och en stor svarighet var att fa in all
feedback innan kursens slut. Avslutningsvis vill vi papeka att metoden har fungerat
mycket bra for oss, och att vi kommer att fortsatta anvanda metoden inom ramen for
vara projektkurser.

Peer Reviewing for att utveckla kritiskt tankande

Utexaminerade ingenjorer behdver inte bara besitta teknisk kompetens utan ocksa ha
fardigheter och férmagor (Daniels 2011). Ett exempel pa en central férmaga ar att kunna
formulera sig i skrift, att kommunicera sina kunskaper i skrift, samt att reflektera och
tanka kritiskt. Att kritiskt granska och ge konstruktiv kritik ar en kompetens som ar
central for kollegial samverkan, vilket ar en viktig forutsattning for innovation och
utveckling. Forskning visar trots detta att studenter sallan 6var pa att kritisera och
motivera sin standpunkt i skrift under sin utbildning (Liu et al. 2002).

Malet med den har delen av projektet var att utarbeta fungerande metoder for
utvecklande av kritisk tdnkande, samt férmaga att kommunicera sin standpunkt i skrift,
genom Peer Reviewing. Vi anvande oss av en trestegsuppgift kopplad till den
gemensamma rapport som studenterna skulle skriva till deras kund pa landstinget i
Uppsala.

Peer Reviewing ar en relativt etablerad metod inom pedagogisk utveckling (Topping
2001), bl.a. papekas att studenterna uppskattar att deras arbete granskas av fler
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personer an lararen, och de tror att det kan ge en mer rattvis bedémning. Peer Review-
processen inkluderar att kunna ge och ta kritik och att motivera en standpunkt pa ett
begripligt satt. Peer Reviewing var har en metod som skulle bidra till kompetenser
centrala for ingenjorer, och metoden anpassades till projektkurser for att ge
forutsattningar till forbattrat larande.

Projektet var kopplat till projektorienterade undervisningsformer, vilka ofta beskrivs som
larandemiljéer dar studenternas kritiska tankande utvecklas. Hur denna utveckling gar till
ar dock sallan beskriven och det rader brist pa konkreta metoder och arbetssatt for att
stddja denna utveckling. Denna oklarhet ar troligen orsak till att kritiskt tdnkande sallan
ingar som larandemal for kurser. En bieffekt av detta projekt ar att tydligare metoder for
utveckling av kritiskt tdnkande och beddmning av hur val studenterna klarar detta
kommer att leda till en 6kad benagenhet att ta upp kritiskt tdnkande som larandemal. En
viktig faktor i detta ar en 6kad forstaelse for betydelsen av progression i kritiskt tdnkande
och speciellt formagan att uttrycka sig pa ett professionellt och andamalsenligt satt i
skrift samt att kritiskt granska andras texter genom de tva olika review-formerna.

Metoden Peer Reviewing ar en form av Contributing Student Pedagogy (Hamer et al.
2008). Tankarna i denna pedagogik ar att stddja skapande av konstruktiva
studentaktiverande undervisningsformer. Metoderna passar val in Open-Ended Group
Project konceptet (Daniels 2011).

En analys av elevernas inlamnade kursvarderingar och reflektioner kring larande tyder
pa att eleverna hade en medvetenhet om vad som kravs for att skriva en vetenskaplig
rapport och sag uppdraget att goéra en peer review som mycket vardefull nar det galler
deras kritiska tdnkande och skrivandekompetens. Kommentarer till stoéd for detta ar

“l framtiden skulle jag vilja gbra mer peer reviwing. Jag ser det mycket viktigt for
0ss som grupp, och for varje individ att férbéttras dven om vart huvudsakliga
fokus inte inkluderar att skriva. Jag har inte bara lart mig fér den hér kursen, utan
for livet.”

“Séttet recensenten gav feedback pa gjorde det latt att identifiera de punkter dér
Ska jag maste jobba vidare. Hans kommentarer innehaller kritiska punkter som
jJjag har haft stor nytta av.”

En lardom fran anvandandet av Peer Review i IT i samhallet-kursen ar att momentet
skulle kunna laggas senare i kursen eftersom studenterna garna vill arbeta med en mer
fardig version av rapporten.

Studenterna upplevde att kursen i mycket hog grad bidrog till kritiskt tdnkande. |
kursutvarderingen har fragan om kursen bidrog till kritiskt tinkande ett medianvéarde pa
5.0 pa en skala 1-5. De upplevde aven att féormagan att kommunicera skriftligt har
forbattrats under kursen, och i kursutvarderingen fick den fragan ett medianvarde pa 4.8
pa en skala 1-5.

Resultat och rapportering

Vi ser projektet som mycket lyckat och att malen med projektet ar nadda. En viktig
bieffekt ar att projektet medfért att vi kunnat starka vart internationella samarbete med
Roger McDermott i Skottland vilket lett till flera publikationer och annu fler under
utveckling.
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Projektet resulterade i en djupare forstaelse for anvandning av Peer Reviewing och
Industry Reviewing som metoder, vilket har presenterats och diskuterats infor ett flertal
forskargrupper.

Arbetet har resulterat i tva inskickade abstrakt med forslag pa presentationer av
arbetet pa en nationell pedagogisk konferens (NU 2014).

Projektet har sammanstallts och beskrivits i en vetenskaplig artikel inom amnet
som accepterats till IEEE Frontiers in Education 2014, Madrid.

Projektet aterrapporterar ocksa delvis sina erfarenheter i en tidskriftsartikel som
accepterats till International Journal of Engineering Education. Titeln pa artikeln
ar. Collaborative Technologies in Global Engineering: New Competencies and
Challenges och den &r skriven av Mats Daniels, Asa Cajander, Tony Clear och
Roger McDermott. Se appendix.

Vardegrunden for Peer reviewing diskuteras och presenteras i en annan
tidskriftsartikel:  On valuing peers: theories of learning and intercultural
competence. Asa Cajander, Mats Daniels, and Roger McDermott. In Computer
Science Education, volume 22, pp 319-342, 2012.

Projektet kommer ocksa att ligga till grund fér den presentation som Mats Daniels
kommer att géra med titeln “Examination av professionella fardigheter” pa
konferensen Examination i h6gskolan som Informa arrangerar i Stockholm i slutet
av maj.

Vi, dvs Anne Peters, kommer att presentera vart arbete med industrisamarbete
och kursutveckling pa en paneldebatt i the 2014 Global E* annual meeting and
conference i Singapore.

Seminarium om arbetslivsanknytning som arrangeras av TUR (teknisk-
naturvetenskapliga fakultetens universitetspedagogiska rad) i april. Syftet med
presentationen ar att inspirera andra att inkludera arbetslivsanknytning i sina
kurser och utbildningar.

Projektet ligger som grund for en FORTE-ansdkan som skickats in dar Mats
Daniels deltar som sdkande. Titeln pa projektet ar “Léra att ldra - Nyckeln till
framtidens kompetensférsérjning inom data- och IT-féretag”.

Asa Cajander och Mats Daniels arbetar férutom detta med en EU-ansdkan dar
kunskaper fran projektet kommer att vidareutvecklas tillsammans med andra
forskargrupper i Europa. Den preliminara titeln pa ansdkan ar: Lifelong-learning
and Engineering Education for the Future (LEEF).

Slutligen vill vi tacka for den mdjlighet som avdelningen for universitets—pedagogisk
utveckling har gett oss genom att delfinansiera detta projekt, och vi upplever att
pengarna verkligen har bidragit till pedagogisk utveckling pa var institution.
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Collaborative Technologies in Global
Engineering: New Competencies and Challenges

Mats Daniels & Asa Cajander
Department of Information Technology, Uppsala University
Uppsala, Sweden

Tony Clear
Computing and Mathematical Sciences, Auckland University of Technology
Auckland, NZ 1020

Roger McDermott
School of Computing Science and Digital Media, Robert Gordon University
Aberdeen, UK

Abstract

Educational institutions face many challenges in closing the gap between what is currently offered through
academic engineering curricula and what is expected by society in general and industry in particular. There are
many aspects to these challenges and here we address needs that are specific to global professionals by
investigating the knowledge, skills and abilities needed for mediating and using Collaborative Technologies
(CT) in an Open Ended Group Project (OEGP) within a global setting. We discuss these needs as framed by
relevant theoretical frameworks for collaboration and learning (including Collaborative knowledge building and
Collaborative Technology Fit), mapped using empirical data from a course setting involving global
collaboration between two Universities (one in the United States and one in Sweden). The paper concludes with
a commentary on competencies beyond discipline specific technical skills and presents recommendations, based
upon this research, for developing students’ proficiency in both mediating and using CTs in OEGP courses.
These recommendations are followed by an outline of key areas for future research.

Introduction

The demand from society on educational institutions delivering engineering degree programs has shifted
considerably towards competencies that lie outside mere technical skills. One example of such societal attention
is the current (2012/2013) national evaluation of engineering degree programs in Sweden. Criteria for success in
this evaluation include graduates meeting learning goals such as the “ability to critically discuss phenomena,
issues and situations”, “ability to carry on a dialogue with different groups” and “ability to make judgements
based on relevant societal and ethical aspects”. It has become evident from the evaluation that many educational
institutions are far from successful in meeting such criteria. An underlying factor for this deficiency is the strong
focus in engineering education on “well-structured (closed) problems” where the task is to come up with the
right/best answer [1]. The students receive little practice in handling “ill-structured (open-ended) problems”,
which typically include both technical and non-technical competencies (note that we consider the competence to
configure technology for use as non-technical if it involves an understanding of aspects outside the “purely”
technical). The situation is compounded by a common attitude among students - and faculty - that anything
beyond concrete technical competence is not really important and what matters is to come up with one correct
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answer to a problem [1]. Furthermore, there is an uncertainty among teachers about how to integrate, teach and
assess the non-technical competencies [2].

We address this gap between desired learning outcomes and today’s traditional educational settings. We use
a model for social knowledge-building [3] to identify important aspects in the process of developing non-
technical competencies. The model illuminates the processes involved in creating functioning learning
environments which address more general competencies than the narrowly technical and discipline specific.
This is a wide area and we focus on use of Collaborative Technologies (CTs) in global collaboration in order to
narrow the field and yet be relevant to our aim.

Our starting point is a study where we reflect upon students’ shaping and use of CTs in a course where the
students collaborate over the Atlantic Ocean. Our study maps such activities within the theoretical framework of
“Collaborative Technology Fit” [4]. This study shows that the students were lacking in their capability to
effectively shape and use CTs to meet the demands of global collaboration. Reflecting on the results of the study
through the lens of Stahl’s model for social knowledge-building [3] provides insights into where problems arise.
These insights are used to identify where the difficulties lie, e.g. which are the challenges that students needed
to overcome and which are the competencies beyond the technical that students needed to master in mediating
the use of CT. With this in mind, we discuss approaches suitable for addressing how to improve the needed
competencies in this course, including identifying and evaluating some appropriate strategies for scaffolding the
underlying “discovery learning” [5] approach. The proposed strategies for scaffolding are based on the
observations in this study and rely on theories such as Constructive Controversy [6], Personal Epistemologies
[7], Communities of Practice [8], Open-Ended Group Projects [9], and Student Contributing Pedagogy [10].

Addressing how to set up functioning learning environments for the development of non-technical
competencies is a complex and ill understood endeavour. We present some approaches related to developing
competence in the “use of CT in global collaboration”. The setting and scaffolding discussed is also applicable
for the development of learning environments targeting other non-technical competencies.

Global Collaboration

The importance of non-technical competencies is increasingly evident as the work of engineers and computing
professionals becomes more globalised [11]. Such work extends beyond participation in multidisciplinary teams,
to work within globally distributed and intercultural projects. In this setting collaborative technologies (CT) [12]
are crucial enablers of global developments, but their effectiveness is highly dependent upon the roles assumed
and the activities involved in mediating the use of CT to support teams in their work [4].

These roles need to be consciously explicated and specifically developed, in particular to develop skills for
collaborating in a global professional setting. In a discussion of the capabilities considered critical for
professional software developers, Acuna and Juristo present a list of desirable attributes when assigning
developer roles [13]. The list includes the following:

Analysis, Decision Making, Independence, Innovation/Creativity, Judgement, Tenacity, Stress Tolerance,
Self-organization, Risk Management, Environmental Knowledge, Discipline, Environmental Orientation,
Customer Service, Negotiating Skills, Empathy, Sociability, Teamwork/co-operation, Co-worker
evaluation, Group Leadership, Planning and Organization.
Surprisingly, while applicable in general, none of these attributes appear to specifically consider the globally
distributed team setting. As the ACM taskforce has reported [11], there are new sets of capabilities demanded of
professionals who will go on to work in these globalised contexts. Skills in mediating the use of technology,
global team work and communicating effectively across barriers of distance, time, organisation and culture, all
become important [14, 15].

As observed by Olson and Olson [16] collaboration across distance is complex and requires addressing the
following three key dimensions: establishing common ground, ensuring collaboration readiness and developing
technology readiness. CTs often provide complex and highly configurable platforms within which global teams
may work. Understanding the ways in which such platforms are selected and established, as well as how group
patterns of use evolve, are vital elements in a global team context. These processes of “technology-use
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mediation” (TUM) [17] can lead to successful or unsuccessful “appropriations” [18] of CT. In an earlier study
[19] one of the students reflected upon the importance of CT in these terms:

“I don’t think this project would exist without the communication tools available to us”

Yet despite the common rhetoric of today’s students being supposedly tech-savvy, “digital natives” [20], in our
study it is observed that students used complex collaborative platforms less than optimally and:

“...that the demands of technology use mediation imposed by collaborative technologies were not

appreciated by students with prior experience of more personalized technology use” [19].

Moreover, it is noticeable that students have little understanding of the impact the choice of technology has on
their collaboration. Despite being so-called “digital natives”, they assume that the collaboration is unaffected by
technology and they see technology as transparent and neutral [19].

Central to the functioning of geographically distributed collaboration is the creation of “common ground”
between global team members, i.e. establishing “mutual knowledge”, as addressed in a paper by Cramton [21].
Mutual knowledge can be established through 1) Direct knowledge created in first hand experiences, 2)
Interactional dynamics, where it is created through any kind of interaction (although it should be remembered
that uniquely held information, as opposed to commonly held information, is much less likely to surface in
interactions [22]), and 3) Category membership, where assumptions on another team member’s knowledge is
based on social categorization [23], (e.g. a cabdriver is assumed to know how to get to the airport). Establishing
such mutual knowledge, in a distributed collaboration in which only the last two are available, is not an easy
task. There are difficulties in conveying nuances when compared to face-to-face meetings [24] and these are
exacerbated by the fact that CT communication is slower [25]. Cramton identifies a number of problems that
contribute to difficulties in establishing this mutual knowledge: failure to communicate and retain contextual
information, unevenly distributed information, communicating and understanding the salience of information,
differences in speed of access to information, and a particular problem being thedifficulty interpreting the
meaning of silence. She also points out that the difficulties are accentuated by the fact that the collaborators
often are unaware of these problems.

Technology-use mediation

This, and other challenges, reflect the fact that information technology (IT) does not exist as a pure entity within
a vacuum, but needs first to be adapted for and then adopted within a context of use. The process of technology-
use mediation [17] refers to the activities associated with establishing a technology platform, embedding
patterns of usage through both making adjustments to fit the setting and reinforcement of IT use, and
subsequently engaging in episodic change where the IT platform is periodically modified at specific junctures to
overcome manifest deficiencies or to suit new ends. For collaborative technologies in particular, these activities
assume greater significance as patterns of collaborative behavior as opposed to mere individual adoption need to
be encouraged, in tandem with productive patterns of IT use. In global virtual collaborations these technology-
use mediation roles are assumed in part by the coordinators and faculty running the course, on both a local and
global basis, and may often include support from other information or education technology professionals. The
process of aligning these several dimensions has been discussed in [4, 26], where the theory of “Collaborative
Technology Fit” has been introduced and applied in globally distributed project settings. The tools applied from
this work have enabled students to reflect in some depth about specific instances of collaborative technology use
and a lack of collaborative technology fit across sites. These misalignments had been occasioned by a
combination of technology incompatibilities and misunderstandings coupled with unconscious cultural
assumptions and behaviours [4, 27]. Students can be led to consciously reflect upon their roles and the activities
associated with technology-use mediation as in [27], where the reflections came somewhat after the fact. The
challenges with global collaboration using CTs lie in designing educational activities so that this consciousness
is explicitly developed from the outset, and in ensuring a suitable level of scaffolding so that students can not
only effectively use the CT platforms themselves, but more importantly mediate their use for other team
members. This demands that students learn how to establish the platforms to encourage collaborative teamwork
(not individual use, or simple partitioning of the tasks [28]), and how to adjust the technology and reinforce
productive patterns of use.
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Educational Setting
Educational settings with global collaboration are thus highly suited to address development of
student capabilities that go beyond mere technical skills. We present a study demonstrating how a
cohort of American and Swedish students at the end of their respective degree programs used CT in a
global project set in the health sector with a real client. The educational setting is based on theories
for adopting “Open-Ended Group Projects” (OEGP) [9] as a pedagogic approach. The course aims to
address deficiencies in the preparation of tomorrow’s engineers by the provision of an authentic
global learning experience, where we consciously include learning opportunities related to the
development of intercultural competence. As stated in an earlier review of the course
“A goal of the IT in Society course is that the students should be able to constructively
participate in a project dealing with a complex and multifaceted problem set in a real
environment” [9].
The rationale for our study is that Information Technology and in particular the proliferation of CT is
a critical enabler of global collaboration across the boundaries of distance and time and that mastery
of CTs in a global team setting is central to the competencies outside their discipline specific technical
skills that the engineering graduates are expected to possess.

Collaborative Technology (CT) Usage Patterns

Method

The survey data was analysed to identify the frequency and perceived value of use of particular CTs
and the ratings which students assigned them.

The reflection was a compulsory written exercise answered by all students in the course. The task was
to reflect on the positive and negative aspects of the different communication technologies used in the
project. Data was thematically analyzed [29] to identify positive and negative statements regarding
the use of collaborative technologies and their embedded features.

Supplementing these analyses was a “Collaborative Technology Fit” [4, 27] mapping of the open
source platform “Teamlabs”. This mapping involved identifying the interplay of six dimensions in
operation at each site as they impacted on the use of “Teamlabs” as the chosen technology
“metastructure” of focus for the analysis. By viewing these dimensions in combination i.e. the
technology in focus; the institutional forces in operation; the actions taken by individuals in the
setting; the forms of technology-use mediation [TUM] actions taken; the aspects of technology use
and the cultural dimensions that bear on the chosen ‘metastructure’ (as the analytical unit) at each site,
a cross-site interpretation of the degree of CTF or alignment at each site is possible. The
“Collaborative Technology Fit - Teamlabs” section below demonstrates this comparison for the
“Teamlabs” platform (www.teamlabs.com).

Survey data Analysis
As noted previously students were surveyed mid way through the course to gauge (among other things) their
perceptions of the CTs being employed to support their collaboration. The results of the survey are summarised
in the chart in figure 1 below, depicting the CT used, the most common frequency of its use (or in one case the
perceived value of the CT), and the rating assigned by students.
Note: for ease of comparison, usage and rating data are normalised to a percentage rather than the original
rating against a five point likert scale (from respectively: never to several times a day; and more or less
useless to highly functional).
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As can be seen the most highly rated CTs were email, Skype and the ULL facility (the ULL facility is
Uppsala Learning Lab and is a well supported and well equiped communication room). The latter judgement is
surprising since Adobe Connect videoconferencing was the primary CT used in the ULL setting, and it was only
used once or twice and rated by 53% of the students at levels 1 and 2 of the 5 point likert scale where 1 was
more or less useless. However this rating was occasioned by significant technical difficulties when joint
sessions were plagued by loss of sound and video connections. The rating of the ULL by contrast seemed to
value the physical space as a good actual and potential setting for whole group communication. The most
frequently used CTs were Skype with daily use being most common, and email and Teamlabs at about once a
week. Thus the patterns suggest a combination of CTs being used at differing regularities for complementary
purposes, which will be explored in the next section.
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Figure 1. Collaborative Technologies: Predominant Frequency of Use and Ratings (from questionnaires, n.
=13)

Student Reflections Data Analysis

Again at a midpoint in the course, students completed a brief reflective assignment, in which they considered
the positive and negative features of the collaborative technologies they had used. This data proved a rich
source of specific information about how they had used the different CTs and their features. This data thus gave
a more detailed insight into the specific CTs and features, their uses both singly and in combination, and the
challenges that students had encountered in using them. The reflections for each student were analysed
thematically by CT and feature, and by isolating the positive and negative statements related to the technology.
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Appendix A provides a full tabulation of the CTs and their features, analysed by student. The table
quantifies the number of positive and negative statements made about each CT, which are frequently broken
down to particular feature level (e.g. voice for skype, document sharing for Teamlabs). This analysis
complements that in figure 1 and is starkly illustrative of the diverse patterns of use and preference and shows
the broad range of CTs and features in operation. A statistical T-Test of the summary columns of pros and cons
for each site showed a significant difference in usage patterns across sites (at the 0.03 level for ‘pro’ statements
and 0.02 level for ‘con’ statements).

From appendix A we can build a more in depth picture of patterns of technology use, which recognise that
some CTs are not single technologies but rather incorporate a range of features. Relevant to this discussion is
the notion of appropriation, or the way in which users of technology select certain structures or features for use,
and adopt them in particular ways. For instance despite a view of today’s learners as “digital natives” [20] or the
web 2.0 “zapping” generation [30] teams did not elect to adopt common social software such as facebook, blogs
or twitter. Yet the CTs that teams appear to have most commonly adopted are a wider set than identified in the
above survey responses. In addition to Adobe Connect, email, Skype, Teamlabs and ULL, we see use of Google
Docs, Google Groups, Google Calendar, phones and cellphones, face to face local meetings (as a substitution or
complement to the CTs in use), and some use of text messaging by cellphone or via Instant Messaging as a
feature of Skype.

To the extent that students appropriate the software in common ways, regular patterns of use will become
established. DeSanctis & Poole [18] have observed that

“appropriations of the technology are evidenced as a group judges whether or not to use certain features of

an IT product such as a GSS [Group Support System — such as “Teamlabs”], directly uses (reproduces) a

structure, or blends or interprets a structure in some way”.

The impact of this activity is to help establish regular patterns of use:

“GDSS structures become stabilised in group interaction if the group appropriates them in a consistent way,

reproducing them in a similar form over time” [18].

A notable feature of the usage patterns that evolved were the particular combinations of CTs that teams adopted.
As one team member observed: “Each program allows us to easily handle one subject. Together they make a
fairly cohesive whole.”

e Commonly teams used Skype for synchronous communication, with the text chat or IM feature enabled
to support a continuous dialogue across sites, and also to support asynchronous discussion when other
team members were not available.

e In some cases Skype IM substituted for email use, but email was typically used to communicate across
sites and teams, with Google Groups sometimes used for broadcast email messages. It appears that
responsiveness to email was an issue for many, with overload a possible cause.

e Teamlabs was used for sharing documents at team and project levels, frequently in combination with
Google Docs for preparing documents collaboratively at local or sub-team level prior to posting to the
common space. In addition Teamlabs was used by team and project leaders for project management —
task and milestone setting and time tracking, with team members posting their time data to the site. A
fuller discussion of Teamlabs use is given below.

® Adobe Connect and the ULL were used for introductory whole cohort meetings with videoconferencing
and powerpoint sharing being used, but appeared to be plagued by connectivity problems with
frustrating loss of audio and voice. This led one team leader to observe “When our group ran into
issues with Adobe Connect J and I made an executive decision to move the whole team over to Skype
for better reliability”. We see here an example of “Technology-use Mediation” [17] where the team
leaders undertook an episodic change activity in response to a technology “breakdown” [31], by
substituting an initially established CT platform with a more effective alternative. Yet there were
deficiencies with Skype noted by the students, among them “the lack of [group] video without paying
for Skype premium. This didn’t really affect the work or communication but would have been nice to
have”. This action can also be regarded as an example of “compensatory adaptation” [32], where it is
argued that people who are motivated enough to achieve a goal will overcompensate for deficiencies in
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the media available to them. The theory of compensatory adaptation therefore has been argued to
overcome some of the weaknesses in media richness theory [32].

e At the local or sub-team level, additional patterns of use were reported — face to face meetings, use of
phone, cellphone and text messages to augment other forms of communication and information sharing
at global or project levels. For instance phone calls and follow up emails were used to contact
“external people for interviews and such because it is harder for them to ignore a call than it is an
email”. These patterns had not been apparent from the survey data.

e Features that were not adopted included the Teamlabs Calendar option that was introduced late, after
many teams had already become familiar with Google Calendar. Similarly the forum and chat features
of Teamlabs were not used, seemingly due to local patterns of CT use which saw no need for these
features and as one student commented “a resistance among project members to introduce another
communication tool, as it would increase the complexity of communicating”.

Thus we see patterns of use developing in which a unique combination of CTs were used to achieve the
goals for each sub-team, which resulted in variable intersections between practices at the sub-team and global
team levels. One notably pragmatic student observation on criteria for the choice of software was “does it
work? and how long does it take to set up?” with the added comment that “in this project it’s more important to
get something that works fast rather than something that’s perfect’. One reflection captured neatly the earlier
discussion about the appropriation of CTs to establish stable patterns of group interaction with the technology:

“[ think collaboration and the use of communication tools within a group is something that develops over

time, as individuals try different successful and un-successful ways of communicating they learn to find

efficient ways in the end. Throughout this progress a shared understanding for how to communicate and
collaborate is developed within the entire project”.

Collaborative Technology Fit - Teamlabs

The analyses above had highlighted a few differing usage patterns and challenges with the Teamlabs platform,
had indicated that it had been actively adopted by students and teams across both sites, and shown some
successful and unsuccessful practices of technology-use mediation at local and global team levels. Therefore, to
complement the above analyses, the Teamlabs CT (as a feature rich and configurable CT platform) was chosen
as a metastructure (a “mediating institutional, cultural, or technology structure, which serves to shape
[collaborative] technology use [4, 26]) through which to investigate the degree of ‘collaborative technology fit’
(CTF) across sites. Some key aspects in the dimensions of CTF at each site are tabulated below and then the
degree of CTF across sites is portrayed in the radar charts of figure 2.

Rose Hulman

Technology - Teamlabs (document sharing, task setting, milestone setting, time tracking)

Institutional - Commitment to course as a globalisation initiative in collaboration, not clear whether
videoconferencing facility available?

Individual Actions - Team members upload documents to Teamlabs, post time records to Teamlabs, team
leaders create milestones, assign tasks, track progress

TUM Actions - Team leaders assign milestones in Teamlabs, Teams and subteams post documents to a
common single page, no organization of content by sub-team, no training in use of Teamlabs given, milestones
not removed once completed, complementary face to face meetings held locally

Technology Use - Team members upload documents to Teamlabs, teams use both googledocs and teamlabs for
document sharing — results in confusion, usability issues with teamlabs — multiple places, levels and links,
comfort with Teamlabs use grows over time, in one subteam googledocs used for individual document sharing
at subteam level, completed versions posted to Teamlabs for whole team sharing, Teamlabs used in combination
with other collaborative applications offsetting limitations

Cultural - Team and subteam differences in practice (e.g. use of googledocs & Teamlabs in combination), the
distributed situation does not feel personal and causes a lack of responsibility to the team, Skype use apparently
not so common in the US
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Uppsala

Technology - Teamlabs (as for Rose Hulman) plus calendar feature

Institutional - Teamlabs (as for Rose Hulman) plus ULL facility provided as a support for international
collaboration

Individual Actions - Teamlabs (as for Rose Hulman) plus weekly team meetings address the need for tracking
progress better for members?

TUM Actions - Addressing varying levels of use based on team tastes, some groups share all documents in area
related to their group, others very few — not so simple as asking pressured team members to use Teamlabs more?
A standard way of sharing material recommended? Project leaders assign milestones in Teamlabs, team leaders
track time and progress, sort and categorize tasks and share information, Teams and subteams post documents to
dedicated folders with organization of content by sub-team, no training in use of Teamlabs given,
complementary face to face meetings held locally, if time tracking not demanded could have swapped Teamlabs
document sharing for Dropbox? Calendar used as alternate to Google calendar but introduced late so not picked
up, Chat and forum features not picked up

Technology Use - Project leaders assign milestones in Teamlabs, team members upload documents as for Rose-
Hulman, but use mostly for document sharing and time tracking (esp. by team leaders), usability issues with
teamlabs — multiple places, levels and links — leads to reduced levels of use and some substitution by
googledocs for document sharing, in other cases adopted fully and googledocs use drops off, Teamlabs used in
combination as at Rose-Hulman

Cultural - Skype use apparently common in Sweden, varying levels of use of Teamlabs - hard to get greater
buy-in when students are taking several courses, 6 hr time zone difference a challenge for meetings with four
busy university students, communication occurs within smaller groups with own preference of collaborative
technology.

As is evident from the tabulation of the CTF dimensions above and the patterns of CTF portrayed in figure 2,
students demonstrated some similarities in patterns of use across sites. This could largely be expected since they
were participating in common global teams. Overall, the Teamlabs technology has been judged to have achieved
at least a ‘partial’ level of fit on most dimensions. The main dimensions in which it fell short were those of
TUM actions and the cultural dimension.

The cultural dimension of CTF is certainly a challenging one for global collaborations, with the pressures

inherent in ‘student culture’ bringing their own challenges. This also relates back to Cramton’s ‘mutual
knowledge problem’ [21]. The issue was expressed by one student who noted the need to “adapt to the groups
needs dynamically. For our group, our communication is far more inhibited by the time difference and distance
than the collaboration sofiware”.
The area of most limited alignment and therefore the most productive area for attention is in that of TUM
actions, where it is clear that some additional steps might have been effective in improving the collaboration
process. TeamLabs was chosen by the students themselves as a collaborative platform, and one student
described the choice in this way: “They have a quite flashy introduction video, and I think that that is what
caught everyone’s interest’. The vast majority of the students had never used a project management tool before,
and they reported that it initially took some considerable time to understand what they were supposed to use it
for. Nonetheless students seem to have been able to generate patterns of technology use that were functional
enough at the local or sub-team level. However, the awareness of and the need for structures that supported
project and team leaders, and cross site and global activities was less likely to arise from a distributed model of
self selected technology platforms and features. Perhaps a phase of defining the CT requirements at differing
levels preceding a formal evaluation process and platform selection, followed by a more conscious process of
training and standards setting for use of the CT at these more global levels, could have borne fruit.
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Figure 2. Collaborative Technology Fit Mapping — Uppsala and Rose-Hulman for Teamlabs

General Reflections on the CT Usage Patterns Using a Model for Collaborative
Knowledge-Building to Discuss CT Usage

Stahl’s Model of Collaborative Knowledge-Building
In order to understand both the personal and social dimensions present in the development of competences, we

find it useful to draw on Stahl’s theory of Collaborative Knowledge-Building developed within the field of
Computer-Supported Collaborative Learning. Drawing on the work of Brown and Duguid on Organizational
Learning [33], and Lave and Wenger on Communities of Practice [34], Stahl’s theory is an attempt:

“... to understand learning as a social process incorporating multiple distinguishable
phases that constitute a cycle of personal and social knowledge-building. The cyclical
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character of this process allows increasingly complex questions to be posed on the
basis of more and more sophisticated understanding”. [3]

While Stahl developed this model into a general theory of computer support for collaborative knowledge
construction [35], we use it here as a conceptual foundation on which to build a description of the process by
which growth in personal competence is situated within a social context.

In Stahl’s model (see figure 3), the foundation of personal knowledge is tacit pre-understanding [36] which
underpins individual and collective understanding, shaping our perception of the world, and from which we
cannot really disengage. Under certain circumstances, elements of this understanding become problematic [37]
and no longer fit into our experience. This conflict is resolved by a process of drawing out the implications of
existing knowledge and reinterpreting structures of meaning to arrive at a new personal comprehension which
becomes the basis of a new tacit understanding and so provides the starting point for future understanding and
further learning [3].

It should be noted, however, that even this consideration of the growth in personal understanding includes a
tacit consideration of the social dimension, involving as it does apprehension of external feedback in the form of
the individual’s experience with collaborative artifacts created. While personal beliefs arise based on an
individual’s personal perspectives, they are formed within a socio-cultural milieu which has a shared language
and access to shared representations of knowledge. This leads to the creation of shared cultural objects that
embody that knowledge and these objects are communicated through social interaction. While an individual
belief may be a purely personal phenomenon, knowledge itself is a socially mediated product.

This is especially true if one considers the development of professional competencies which are usually
acquired in some kind of collaborative environment. There is clearly some element of growth in personal
understanding involved with such competencies, but this is almost always embedded in a matrix of social
interaction which serves to clarify, moderate and reinforce the knowledge, attitudes and skills that are acquired
and practiced. Whether this occurs in a classroom, a workplace environment or some kind of community of
practice, the learning involves a variety of interpersonal processes such as discussion, negotiation and
prioritisation which act to create what Stahl terms “social knowledge”, and which in turn further moderates the
growth in personal knowledge of the individuals themselves.

In order to understand both the individual and group aspects of learning, it is best to consider that the two
cycles are in conjunction, where we see that individual insights and knowledge are tested and moderated by
group interaction. According to Stahl, discussion of personal insights and knowledge allows individual views to
be compared and contrasted with the stated positions of others which, through a process of critical analysis and
argument, may allow for a shared understanding to emerge. This can then lead to an increase in the social
knowledge held by the group, which can be validated by the construction and employment of artifacts that the
group find valuable. Reflection on the use of these then acts as input into a further cycle of personal knowledge
creation.
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Figure 3. Stahl's Model of Collaborative Knowledge-Building (from [3], p. 3).

It is clear from Stahl’s model that a key element in this process of social knowledge construction is the
discussion and analysis of multiple individual viewpoints which leads on to the formation of a shared communal
perspective. However, this itself is crucially dependent on the ability of individuals to clearly articulate their
own views and insights. If, for whatever reason, individuals are not able to express their views to other members
of the group, or if such expression is done in a limited way, or is generally perceived to have limited value, then
this will lead to a lack of appropriate analysis and hence to lack of rigorous scrutiny of the subject matter. Lack
of clarity concerning vocabulary may, for example, mean that important technical distinctions are lost, while an
insufficient conceptual base may lead to a poor rationale for evaluation of alternatives, or for decisions
concerning priorities. Under such circumstances, it would be extremely difficult for a shared understanding of
the subject to emerge and, without this common perspective, collaborative knowledge-building is extremely
difficult. Since a shallow communal understanding would be a poor foundation for collaborative knowledge, it
is reasonable to expect that any artifacts created from this superficial approach would have a limited fitness for
task. This would mean that their usefulness to the group would be relatively low and hence that individuals
would find it difficult to appropriate them as valuable either personally or because of their contribution to group
identity or performance. Since the quality of reflection is closely linked to perceptions of value (which, in turn,
are closely tied to individual impressions of utility), this would tend to reduce the importance of the social
knowledge construction cycle considered as an input into the personal knowledge development cycle, and so
further progression would be inhibited.

Observed Patterns of CT Usage

The pattern of students’ collaborative technology use that was observed in the project was somewhat surprising
and, in terms of the elements of the theory outlined above, it would be expected to have a significant impact on
their learning. From the data collected, it appears that there was little attempt by individuals to articulate
considered personal beliefs about technology use to other members of the group and little personal reflection on
the non-technical aspects of the project. Given their high levels of technical proficiency, one might expect to see
the students show similar levels of competence in the non-technical aspects of the project. However a minimal
level of articulation concerning the use of technology was observed which suggested that the implications for
communication of the different choices of CT were effectively invisible to the students themselves. Indeed, it
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was unclear whether the subsequent use of a particular CT was based on subjective individual preferences or
whether the choice to employ a technology simply emerges through a desire to avoid conflict within the group.

While this issue of the apparent “invisibility” of the technology to students may be surprising, there are
established pedagogical models which shed some light on the situation. In their investigation into the ways in
which information technology artifacts are understood, Orlikowski and Tacono [38] suggested four different
perspectives on information systems: the tool view, the computational view, the proxy view and the ensemble
view. The most common view is the fool view which sees technology as a means of processing information so
as to enhance productivity or affect social structures. Such technology is seen as a relatively unproblematic
resource and emphasis is placed on the objects which are transformed by the action of technology rather than the
concrete mechanism by which that occurs. A related perspective is the computational view which sees
technology primarily as a means of manipulating information either through implementation of appropriate
algorithms or through the simulation of external phenomena based on some computational representation. The
underlying assumption in this view is that technological effectiveness is essentially a matter of finding the
correct computational model. In both these cases, the focus of attention lies outside the technology itself, either
on the specific outputs of its use, or on the abstract procedures which helped to generate them. The proxy view
attempts to determine a set of metrics (such as the rate of uptake, usability, social or economic capital) which it
seeks to use as representative measures to gauge the critical aspects of the technology’s effectiveness. Finally
the ensemble view is one in which the technology is seen as one element in a complex set of social processes
aimed at accomplishing some allocated task, and its investigation necessarily involves an analysis of the wider
sociological factors associated with its use. In both these latter two cases, purely technical considerations form
one element in a more general analysis, and the conception of technology is one in which a more mutually
shaping process between technology and use is involved.

As pointed out by Clear [39], a key distinction here is the role of context. The computational and tool views
emphasise the role of technology as a means of developing knowledge through abstraction. Unfortunately, this
divorces the analysis from the concrete situation in which the individuals and the technology operate.
technology is merely applied to achieve goals in a setting By contrast, the proxy and ensemble views are much
more context-dependent, and accommodate an understanding of technology which is centred on how it is
applied in realistic situations, and in turn how it shapes behaviour through somewhat recursive processes.
According to Clear, a mature understanding of technology would entail a perspective that is able to integrate, or
at least acknowledge, all the views of technology described by Orlikowski. It appears reasonable to infer that the
students in this study were too focussed on a view of technology as tool or computational process rather than the
more embedded notions implicit in the proxy or ensemble views. This had implications for the value they placed
in decisions about the need to consciously configure the technology platforms that were employed in order to
shape and reinforce positive patterns of use. As a result this impacted negatively on their ability to satisfy the
learning objectives that were related to these factors. Although individuals may have made some progress in
their own learning, they failed to do so effectively. They could not access the social dimensions of knowledge-
building as they were unable to effectively articulate the reasons for the choices they made.

Setting Up a Learning Environment Suitable for Building CT Use Competence

We will address setting up a learning environment from two perspectives, the first being about making the issue
of using CT appropriately important and the other being suggesting a concrete approach to constructively
discuss the use of CT. The issue of motivation is quite complex and it is crucial in that it is one of the strongest
forces for learning [40, 41]. An inventory of the personal epistemologies of the students is a useful approach to
get a base for understanding how to motivate them. An important aspect of motivation is that the students feel
that the “own” the problem, which is a central ingredient in the Open-Ended Group Project concept [9] and is
well illustrated in the literature on Student Contributing Pedagogy [10] provide several illustrations of. Further
insights into motivation can be found in the work by Lave and Wenger on Communities of Practice [8]. The
concrete approach is based on Constructive Controversy [6]. We will expand on these issues and relate them to
Stahl’s model of building social knowledge [3].
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Constructive Controversy as Strategy

There is no silver bullet to set up a learning environment for improving the students competence in using CT in
a global collaboration. The complexity of the task, as described, is too high for this, but we suggest that our
analysis of previous incarnations of the course indicates that a lack of discourse around technology use
(mediation) is a major problem. Relating to Stahl’s model this can be described as the arrow “articulate in words”
is missing (or at least weak), which has negative consequences for the building of a shared understanding of CT
use. The constructive controversy theory [6] provides a suitable tool to address this.

The constructive controversy theory can be briefly described as first introducing a controversy by presenting
alternatives and then ask the participant to use the presented alternatives to construct a solution to the
controversy based on seriously considering the presented alternatives. The following six stages have been
identified as related to constructive controversy [42]:

1. Students are assigned problem/decision, initial conclusion
Students present and listen, are confronted with opposing position
Students experience uncertainty, cognitive conflict, disequilibrium
Cooperative controversy
Epistemic curiosity, information search
Incorporation of new information, adaption to diverse perspectives, new conclusion

SANRANE I

Articulate in Words

To articulate in words has been identified as barely happening in our study. The OEGP setting in itself
could provide excellent motivation for discussing CT use, but this require that the students see this as
important. Our conjecture is that the community of practice, that the students form, assumes CT use
as something they master and need not discuss. A study of their personal epistemology would provide
valuable insights into this conjecture. We see a need to scaffold the students into discussing both
mediation and direct uses of CT. The two first stages in constructive controversy provide a good
setting for this. The students could for instance be assigned to propose different CT and platform
configuration options as the means for their collaboration.

Discuss Alternatives and Clarify Meanings

The low appearance of articulation obviously leads to little or no discussion and clarification of meanings. The
discussion there was was hampered by a lack of common vocabulary and a low appreciation of importance of
non-technical aspects of the CT use. Stages three, four, and five in the constructive controversy approach can
provide valuable support to discussion and clarification. The articulation of issues, if coupled with an increased
appreciation for their importance for CT use, should provide a need to know more and to find ways to address
the conflicts regarding CT use illuminated by presentations of alternative solutions. The task could be to come
up with a joint and well argued strategy for CT use in the collaboration, where choices should be clearly
motivated. The complexity of such a task would lead to much uncertainty, a further need for information, and
not least cooperation. An understanding of the workings of communities of practice and the personal
epistemology of the students are valuable ingredients in scaffolding these stages.

Negotiate Perspectives

The negotiation of CT use was not a visible process, it was more the case that patterns of use emerged without
any articulation, or after only rudimentary argumentation. This is related to the adaption to diverse perspectives
in stage six above. To negotiate in a constructive manner is a challenge and scaffolding in a constructive
controversy assignment could be a much needed support for the students.

Formalize and Use
The students obviously used CT and through this built social knowledge regarding this, but lack of
formalization made this much less effective. These steps can be seen to complement the negotiate perspective
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step as the sixth stage of constructive controversy. Asking the students to reflect on their decisions and the
actual use of CT would help them solidify their CT use competence.

Valuing non-technical aspects

Stahl’s model functions well as a guide to build scaffolding in the complex issue of mediating CT use
constructively in a global collaboration. That much of the complexity is due to non-technical aspects is a
complication when it comes to engineering students. It is important to address the issue of the students taking
these aspects seriously and ideas from Students Contributing Pedagogy [10] can be quite useful in achieving this,
especially if consideration to the value aspect [43] is considered.

Conclusions

To use Collaborative Technology (CT) in a global collaboration is an example of important non-technical
competencies that are sought after in the workplace and are complicated to set up learning environments for.
Such a competence is composed of a complex set of skills, which in itself compose a learning obstacle for the
students. This obstacle is compounded by both students and faculty having a tendency to devalue non-technical
aspects of a problem. A major challenge is thus to make students, as well as faculty, value their development of
non-technical skills related to this competence.

We have analyzed a student collaboration with the Collaborative Technology Fit (CTF) model [4] and did
find that the students indeed had severe problems with mastering this competence. The students showed limited
awareness of the need for communication and information sharing structures that would support project and
team leaders, and cross site and global activities. This resulted in high variability of CT use and a very confused
picture of activities and information at levels above that of the individual student and local team. The well
supported ULL facility proved of limited value to many students when the video conferencing technology
turned out to be unreliable, and this was with dedicated and technically capable staff mediating the use of
technology. Navigating technology “breakdowns” [31] and “displaying a phlegmatic response to crises” [44]
appear to be key skills in global collaboration.

The decision to leave open to assumed ‘tech savvy’ students to select the appropriate technology and
mediate its use needs some rethinking. It seems that the form of ‘tech savviness’ possessed by students using
social networking technologies, i.e. abilities related to individual technology user engaged with pre-configured
personal consumer devices or services in a ‘mass-customisation’ model [45], is not enough with regard to the
skills required for large scale global collaboration.

A deeper understanding and focus on the technology-use mediation activities which are demanded to support
the work of groups and global teams is necessary. We propose using Stahl’s model for social knowledge-
building [3] as a means to achieve these goals and exemplify how the scaffolding in the learning environment
intended for developing the competence can be improved. Our example also illustrates that the use of theories,
such as Constructive Controversy and Communities of Practice, can complement Stahl’s model in this
endeavour.

A pedagogical challenge is that adding scaffolding is contrary to the essentially problem based or discovery
learning setting of the course. That is, to what extent should this opportunity be constrained? As Mayer has
noted [5, 46] guiding a problem in an overly prescriptive manner may restrict a student’s freedom to become
cognitively active in the process of sense making and may therefore limit their ability to go beyond the simple
prescribed task. However, the high complexity, e.g. the need for a global framework and a set of standards for
information and communication sharing, means that a purely student driven process informed by an individual
or a local team perspective is unlikely to prove optimal. There is also the issue of generalizing ideas to new
problems and several studies [5, 46] have found that guided discovery is more effective than unguided discovery
in terms of achieving this. An example of guidelines for a guided discovery task is proposed in [46], 1) caution
against unwittingly introducing unplanned complexity; 2) advocate recognising the negative learning
implications of constrained as opposed to more open ended tasks; and 3) recommend that an approach of
scaffolding with guided discovery be adopted.

One option for future consideration would be the development of a rubric or evaluation sheet to help other
colleagues to evaluate students’ acquisition of such competence, based in some way upon the elements of figure
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2. This need has been previously identified with work being required to further calibrate the scales in the CTF
model “to more reliably determine the degree of fit” [4]. Such a rubric could also be based on the approach of
[13], augmented with some indicators and levels to help measuring.

Finally, our example is limited to setting up a learning environment for one non-technical competence. It is
however, possible to apply the general reasoning in this paper, e.g. use of Stahl’s model and other learning
related theories, to other competencies.
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Appendix A

Uppsala Rose Hulman
stud.1d 3 s | 6 7 | 8 [ o 1n [ 12 13 | 1 15 1 | 2 4 | 10 16 | 17 18
Collab Technologies and Pro con pro con pro con pro con Pro con Pro con Pro con Pro con pro con pro con pro con pro con pro con pro con pro con pro con pro con pro con
Features
Adobe Connect 1 1 2 1 3 1 3 3 5 1 2 2 11 1 1 3 3 2 2 1 2 1 2 1
Adobe Connect desktop sharing 1 1
Adobe Connect ppoint sharing 1 1 1
Adobe Connect sound/audio 1 1 2 1 1 2 1 2
Adobe Connect - group video 1 3 1 1 1 1 1 1 3
Cellphone 1 1 1
Cell-phone texting/sms 1 1 1
DropBox 1 1 1 1
E-mail 3 2 1 1 3 3 5 4 2 2 1 2 2 1 1
Google Calendar 2 2 1
Google Docs 5 3 4 1 5 1 2 1 3 3 3 4 1 1 2 3 4 1 1 1 2 4 1 3
Google Docs - shared slideshow 1
Google Groups 1 1 4
IRC chat 2
Laptop/computer 1
Latex 1
Local face-to-face conversation 1 1 1 3 2
Powerpoint 1 1
Skype 3 4 3 2 2 2 4 3 4 3 1 2 3 3 1 3 2 1 3 1 1 1 2 3 1
Skype - File sharing. 1 1 1
Skype -IM 3 1 2 1 1 1 2 1 2 4 1 1 1
Skype -Microphone 2 1 1 2 1 1
Skype sound/audio 1 3 1 2 1 1 1 1 1 3 2
Skype - group video 2 1 1 1 2 1 1 3
Skype-Pro 1 1 1 1
Skype-Pro (Screen sharing) 1 1 1
Skype-voice chat 1
Skype - web cam
SVN/version control system 1 2
Teamlabs 3 3 2 2 4 3 3 2 2 1 2 2 2 2 3 1 2 1 4 3 1 3 2 2
Teamlabs- calendar 1 2
Teamlabs- chat & forum 3
Teamlabs- document sharing 1 1 1 1 12 1 1 1 1 1 1 1 4 1
Teamlabs- task setting 1 1 2 1 1
Teamlabs- milestone setting 1 1 1 1 2
Teamlabs- time tracking 1 1 3 2
Teamlabs/Google Hosts 1
Telephone 2 2 1
Telephone-calls 3 1 1 2 2
Uppsala Learning Lab 1 1
Windows Live Messenger 1
Yahoo 1
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