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Abstract: Construction is a multidisciplinary activity in which effective communication between 
parties is essential for successful construction projects. However, the construction industry has 
been characterised by fragmentation, which prevents seamless communication. This problem 
has been further exacerbated by the need to communicate over distance within a time constraint 
in an increasingly interconnected and globalised construction sector. This has brought a 
particular challenge to the education sector in preparing the future graduates to work in this 
context. The paper reports on an on-going Hewlett Packard-sponsored project to implement an 
innovative learning approach which consists of distanced collaboration between students from 
different disciplines from two Universities in the UK and Canada. The empirical work involved 
interviews and questionnaire survey at different stages of the project. The preliminary findings 
reveal the impact of disciplinary training on the development of effective virtual collaboration, 
although this has been moderated, to some extent, by their earlier (not so positive) experience 
during the course of the project. The research provides a material for further reflection and may 
serve as a useful consideration for future development of a guiding framework for effective 
training of built environment professionals. 
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Introduction   
 

Design and construction of physical assets is a multi-
disciplinary activity, which requires contributions 
from parties who may have different interests and 
pre-conceived ideas of the project. Although diverse 
disciplines involved in construction can introduce 
many innovative ideas for the benefit of the project 
[1], it is recognised that many causes of poor 
performance emanate from communication problems 
between parties during the course of a project [2]. 
Often, the problems remain hidden, until the 
construction plan and design are implemented on 
site. One of the notable influences on successful 
communication is the educational background and 
training of individuals in their earlier years of 
engagement with the built environment sectors.    
 

Advance developments in information and communi-
cation technologies (ICTs) have made possible real-
time, distanced communication between parties in 
different locations [3]. However, the ‘interface’ pro-
blems which may have existed between these parties 
could be further exacerbated by the need to commu-
nicate over distance within a time constraint in an 
increasingly interconnected and globalised construc-
tion sector.  
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Many effective practices that are applicable to tradi-

tional collocated teams may no longer be relevant in 

a distanced environment and require a thorough re-

examination. 
 

Developing a better communication practice in the 

industry would therefore requires fundamental 

rethinking of the education content and process for 

the creation of the built environment professionals of 

the future. The real integration of these educational 

practices in the workplace would be a difficult task, 

but educational institutions can contribute by 

introducing and incorporating aspects of multi-

disciplinary working to the curricula in the early 

years of engineers’ professional development. Multi-

disciplinary working presents a significant concept-

tual challenge for the students as this would require 

a comprehensive understanding of the interests and 

orientation of the other subject disciplines, and fit 

them in the ‘jigsaw’ of knowledge that is required to 

produce constructed facilities. This understanding 

may get better as individuals obtain more experience 

from their exposure to workplace practice. Further, 

there are attitudinal requirements that will facilitate 

successful multi-disciplinary working, for example, a 

willingness to accept other ideas, levels of trust, a 

preference to working in teams, the ease to establish 

relationships with others in the team, which are very 

much related to the culture at functional, organisa-

tional and national levels. These all should be better 

acquired through experiential learning, rather than 

infused through the process of knowledge trans-

mission during traditional lecture sessions. 



Soetanto, R. et al. / Global Multidisciplinary Learning in Construction Education / CED, Vol. 14, No. 3, December 2012  (Special Edition),  pp. 173–181   

 174 

A project, sponsored by Hewlett Packard (HP), has 

been initiated to address this challenge by creating 

an authentic, multi-disciplinary, distanced collabora-

tive working environment that mimics a real indus-

try practice. The project involved groups of students 

in two built environment departments; one in the 

UK and the other in Canada. They formed groups 

comprising civil/structural engineering students in 

the UK, and architecture students in Canada. The 

groups worked on a design project, based on a real 

case study, for a whole academic year (September 

2011 to May 2012). This paper reports the initial 

findings of this investigation, which were obtained 

from a database of qualitative and quantitative data, 

including 23 interviews and 134 completed ques-

tionnaires from a two stage-survey of participating 

students. The following sections describe the concept 

of student-centred learning in the built environment 

education, definition of virtual teamworking (VT) 

and the factors influencing effective VT. The dis-

cussion focuses on the development of trust and 

team diversity, a method to identify individual pre-

ferred communication modes, group work process, 

research methods, before the presentation and dis-

cussion of findings from both qualitative and quan-

titative data. Conclusions are drawn to illustrate 

what the findings may mean for the construction 

education and professional practices, and to describe 

limitations and future research. 

 

Student-centred Learning: the Importance 

of ‘Soft’ Skills 
 

The changing operational environment and increas-

ing competition in the higher education sector has 

promoted the introduction of new pedagogical appro-

aches to teaching and learning. One philosophy 

underlying an approach to innovative learning is 

Problem-based Learning (PBL). PBL centres around 

student activities; the students learn more effectively 

from the activities they undertake and experience 

first-hand, rather than from listening to traditional 

lectures in classroom. In the latter, the students are 

considered passive recipients of information and 

knowledge, and the education process is seen as 

simply an act of transmitting information. The use of 

term ‘problem’ may be misleading, as ‘problem’ may 

imply (a single) ‘solution’, which is not the real point 

of this pedagogy approach [4]. Macdonald and Savin-

Baden [4] further suggest that ‘problems’ sit in the 

centre of the curriculum and are designed to provide 

focus and motivation for learners. In PBL, a range of 

solutions or responses are appropriate. As most PBL 

applications involve some forms of group activities, 

the learners gain not only technical knowledge, but 

learn key employability skills such as communica-

tion, collaboration and teamworking skills. A UK 

government-commissioned review of the skills 

needed for creating sustainable communities high-

lighted the importance of communication and 

professional skills for built environment graduates 

(civil and building engineering), which presently 

require further development [5]. PBL is aimed at 

harnessing both hard technical and ‘soft’ professional 

skills for future employment, while at the same time, 

enhancing student experience and motivation through 

engaging activities in the learning process. PBL 

promotes ‘deep’ (in contrast to ‘surface’) learning, 

which enables the learners to acquire many trans-

ferable skills for employment. It is believed that 

these ‘soft’ skills facilitate seamless communication 

between parties in a multidisciplinary, distributed 

working environment.  

 

Trust and Performance in Virtual Team-

work 
 

Construction projects are becoming more complex, 

driven by the increasing requirements from the 

stakeholders involved, new technology, legal and 

regulations, to name a few. Proliferation of advanced 

ICT in the globalised world has permitted projects to 

engage the best expertise from different parts of the 

world, and hence encourage the use of VT in 

construction sector [6]. In this research, VT com-

prises geographically distributed members who may 

have diverse expertise and responsibilities, but have 

to work together as a team to achieve a common 

project objective. Geographical separation of team 

members prevents frequent face-to-face communica-

tion and physical interactions for decision making, 

which has brought challenges to managing team-

work in VT. That is, it would be inappropriate to 

assume that factors influencing collocated team 

effectiveness are valid for VTs [7 c.f. 8]. Extensive 

research has been conducted to understand how and 

why a team achieves its desired outcomes, however 

relatively little is known about the elements that 

determine and influence VT performance [9, 10]. 

Gaudes et al. [3] compiled a comprehensive list of 

factors that contribute towards the effectiveness of 

VTs, but there is no pointer to which factors are the 

most appropriate for a certain context, and the same 

list could also be applicable for traditional collocated 

teams. Given the limitation of resources, it would be 

impractical (or very difficult, if not impossible) to 

consider all factors, but the research identified trust-

related factors inherent within individual members, 

that may influence the effectiveness of a VT. The 

trust was thought to provide a platform to effective 

VT in the early stages of team development, 

explained as follows. 

 

Team development describes a progression of a team 

from merely a collective group to a performing team 

that capitalises the effort of each member into 
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synchronised actions for a common objective. A team 

is built on trust. Traditionally, trust is nurtured 

through personal interactions between members 

over time. Teams develop higher levels of trust when 

they involved in more social interaction [11 c.f. 3]. 

When team members are separated, they are less 

likely to establish one-to-one relationships [12]. 

Shortage of time due to commercial pressure further 

prevents the development of trust in teams. Several 

other factors that may contribute to the lack of (the 

development of) trust in projects are the different 

disciplines involved, different working practices (i.e. 

building standards, regulations, legal framework), 

and different culture at functional, institutional and 

national levels [13]. The transient nature of con-

struction projects, coupled with VT working arrange-

ment does really facilitate future association which 

promotes trust and cooperation. Collocation allows 

teams to foster shared values, expectation, cohesion 

and increase commitment to objectives [14]. The 

absence of frequent face-to-face interaction, aligned 

expectations and team cohesion may increase the 

propensity of conflicts between VT members [15]. 

 

In virtual collaboration, the word ‘trust’ is inter-

preted as perceptions of trustworthiness [16 c.f. 13]. 

Zolin et al. [13] and Mayer et al. [17] recommended 

three dimensions underlying perceived trustwor-

thiness: benevolence, ability, and integrity. As 

defined in Zolin et al. [13], benevolence is the positive 

perception of the person being trusted by the person 

doing the trusting [17]. Benevolence can be the 

outcome of parties having successfully aligned 

interests and goals in the project [16, 18]. Ability is 

the perception that the person to be trusted has the 

skills and resources needed to perform the task for 

the project. Zolin et al. [13] distinguished between 

the skills and effort in that high level of effort (i.e. 

diligence) does not guarantee success if the party 

does not have the required skills to undertake the 

task. In this case, levels of trust may suffer. Integrity 

refers to the trustee’s honesty and moral character 

as perceived by the person displaying trust. A person 

to be trusted who displays integrity is seen to be 

more likely to behave in honourable ways and not 

deceive their co-workers about their intention to 

meet commitments and expectations [13]. 

 

Diversity in virtual team 
 

Past research on the relationships between team 

diversity/composition and team performance has 

been inconclusive [15]. Some scholars argue that 

diverse members will bring benefits to the team in 

terms of new perspectives to problem solving and 

innovative ideas [19 c.f. 3], others found heteroge-

neous teams can experience significant difficulties 

resulting from tension and conflict [1, 15]. In an 

evaluation of VT performance, Lee-Kelley and San-

key [9] found that time zone and cultural differences 

affected communication and team relations more 

than collocated team. In this research, team diver-

sity has been manifested in bio-demographic/social 

and functional diversity [15]. Bio-demographic/social 

diversity includes individual characteristics such as 

age, gender, race/ethnicity [1]. For the purposes of 

this research, only ‘gender’ was included. ‘Age’ is 

fairly uniform due to the students being at the same 

year. Many of the participating students are from 

overseas, and one would expect diversity of race and 

ethnicity in the group. However, for ethical reasons, 

‘race/ethnicity’ was not included in the research. 

Functional diversity arises from differences in educa-

tional background, working experience, and functio-

nal expertise among team members [15]. The 

variables included in this research were working 

experience in the industry, experience in distanced 

collaboration, and educational background (civil/ 

structural engineering and architecture). In addition 

to these variables, students were also assessed by 

their responses to the VARK questionnaire, des-

cribed below. 

 

Preferred Communication Modes: the VARK 

Questionnaire 

 

Individuals have preferences on the way they work. 

Due to external factors such as economic pressure, 

organisational procedures and (domineering) collea-

gues, the preferences may not align well with the 

work they actually do. The mismatches can act as an 

indicator of possible role stress [20]. In the context of 

the project, work type preference or skills or 

psychological mismatches in any areas of schedules, 

priorities, manpower sourcing, technology, adminis-

trative procedures, personality and cost, can cause a 

project to disintegrate [21]. The same information 

can be presented in different ways; the choice is 

made by individuals based on their cognitive process 

of sense making. The mismatches between preferred 

and actual communication modes may lead to less 

effective exchanges of information, misunderstand-

ing, disputes and stresses. In educational context, 

VARK (Visual, Aural, Read/write, Kinesthetic) 

questionnaire was developed by Neil D. Fleming in 

1987 as a means to an identify individual’s preferred 

communication modes [22]. Fleming and Mills [23] 

found that many students attributed their learning 

difficulties to the form in which course material was 

presented. That is, some students found they had 

difficulties learning in situations where the course 

material was only presented orally, while others 

reported similar difficulties when the material was 

primarily in written form. In comparison to other 

learning style questionnaires (e.g. Kolb’s experiential 

learning style), VARK has a particular focus on 
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identifying on the preference of individuals to take in 

and give out information. The VARK questionnaire 

helps users to understand their preferred 

communication modes, and allows them to reflect, 

and then facilitate their subsequent learning. Since 

it was created, the VARK questionnaire has been 

widely adopted not only in education contexts, but 

also in businesses. Through online surveys since 

2001, a large amount of databases have been 

collected (with around 2 million responses in 2011 

alone) and analysed according to demographic and 

occupational backgrounds of the respondents. Self-

evaluation of the results of the questionnaire 

produced a reasonable degree of accuracy, as was 

explained in Fleming [24]. 

 

Group Work Process 
 

During the course of the project, students worked in 

groups based on a project brief. A project scenario 

was developed based on a real academic building, 

which would be built in the future to replace the 

existing building. The comprehensive project brief 

included (i) description of purposes of building, 

requirements of facilities (e.g. rooms, area, environ-

mental aspects), site location and constraints 

(relationships with the existing building and 

facilities in the surrounding area), requirements on 

group formation and work process (meetings, roles of 

individual student), assessment of tasks with detail-

ed requirements for each project phases, and peer 

assessment using Web-PA system (see Wilkinson 

and Lamb [25] for description on Web-PA). In addi-

tion to these, design guidance of building standards, 

structural design codes, poster and presentations 

were also provided. 

 

Local groups of four students were formed in the 

participating universities. The UK students studied 

civil/structural engineering, whereas the Canadian 

students studied architecture. The teams reviewed 

the tasks in the project brief and identified previous 

technical skills to meet the tasks. As the students 

would be working as a company/team, they were 

asked to identify people management skills (e.g. 

leadership, teamworking, communication) that they 

could demonstrate. Each group was asked to produce 

one A2-sized poster which should contain technical 

and management skills of the team, with a view of 

attracting offers from counterpart teams. The aim 

was to form the strongest team. Evidence from 

previous experience was also included in the poster. 

The teams reviewed the different team posters with 

a view to negotiating and agreeing with a counter-

part team for the formation of a company. The whole 

exercise was aimed at developing comprehensive 

understanding of the project brief, and reviewing 

potential strengths and weaknesses of the team 

members. This exercise developed their skills for 

identifying expertise to complement the existing 

team members. 

 

The teams conducted weekly meetings, and appointed 

a company leader and secretary to be rotated every 

four or five weeks, thus enabling each member of the 

team to carry out each role. The company leaders 

chaired the weekly project meeting, monitored and 

co-ordinated the work of the group, ensured that 

submission dates were met and generally oversaw 

the day-to-day running of the project team. The 

company secretary took the meeting minutes, noting 

any important points discussed, and deputised for 

the group leader in the event of their absence. The 

marking scheme combined individual and group 

marks for each task. The individual marks were 

derived from the assessment of the task that the 

individual was responsible for. The group mark was 

peer- assessed using Web-PA system. The system 

provides a control mechanism to discourage students 

being ‘passengers’ in the team. Further pedagogical 

benefits from peer assessment to the skills formation 

in a group work is explained in Wilkinson and Lamb 

[25]. 

 

Research Methods 
 

A programme of data collection was developed to 

capture and monitor a number of important aspects 

of VT collaboration (e.g. conflicts, trust, performance) 

throughout the project duration (one academic year). 

This included a series of interviews, questionnaire 

surveys, personal reflection, grades and tutor 

assessment feedback at different points with both 

students participating in the VT activity and stu-

dents on the same module who had opted to work co-

located with students from the same institution 

(‘non-participating’ students). This paper reports on 

the findings obtained from 23 interviews and 134 

completed questionnaires obtained from a two-stage 

survey. The interviews were intended to capture 

issues and problems faced by the students with their 

project and to provide understanding of the context 

within which the project took place. The unstruc-

tured interviews were conducted with the groups at 

different times during the course of the project. The 

students were asked general and specific questions 

regarding their project. General questions were 

asked concerning how the students were getting on 

with the project, and any issues that may have 

prevented teamwork. Specific questions covered 

aspects such as communication technology that they 

were using, the manner by which they commu-

nicated over the distance, issues of trust in the team, 

and barriers to communication. 

 

The questionnaire sought (i) background information 

(including course, gender, working experience, expe-
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rience of distance collaboration), (ii) aspects of 

distance collaboration/team working (such as 

trust, quality of work, risk, perception on other 

team members, communication, face-to-face 

meeting, satisfaction), (iii) VARK (Visual, Aural, 

Read/write, Kinesthetic) questionnaire, which com-

prises 16 questions (explaining 16 different situati-

ons), each with four different answers, that reflect 

different ways of taking and giving information for 

the same situation. For questions related to distance 

collaboration, the respondents were asked to express 

their level of agreement against a Likert scale from 1 

to 4 where 1 indicates ‘strongly disagree’; 2 ‘disagree’; 

3 ‘agree’; and 4 ‘strongly agree’. The responses to the 

VARK questionnaire were coded according to corres-

ponding preferred modes (V, A, R or K). The respon-

dents were allowed to choose multiple answers to 

each question. The responses corresponding to V, A, 

R, and K were then summarised. This highest score 

indicates the preferred mode. Where there is a tie 

between two or more modal preferences, the result is 

considered a double or triple tied preference [24]. 

 

The questionnaires were distributed twice to all 

participating students, at the beginning and half-

way through the project. They were given around 15 

minutes to complete this short questionnaire (three 

pages in total), and their responses were collected by 

the tutors during the session. This process yielded 69 

responses (including 32 from the UK and 37 from 

Canada) in the first survey and 65 responses 

(including 32 from the UK and 33 from Canada) in 

the second survey. Only a very few did not hand-in 

their responses. The responses were analysed using 

descriptive statistics, chi-square tests obtained from 

SPSS software. The results of qualitative and quan-

titative analyses are presented in the following 

sections. 

 

Developing a Model of Virtual Collaborative 

Learning: Results from Interviews 
 

The interviews were transcribed and separate quotes 

from the students coded according to three types of 

responses. The first set of these responses were those 

that made reference to barriers, differences or 

distances between the groups working locally and 

those overseas. This is based on the notion of 

transactional distance [26], which is that the 

psychological separation between two people in any 

dialogue (in the examples given by Moore [27] 

between tutor and student) can be described as a 

series of constraints of which the technology and 

geographical distance are only additional elements 

that arise when that communication is mediated via 

technology. The position of transactional distance 

theory is that many of these constraints exist in face- 

to-face communication, such as the personalities and 

philosophies of the participants, their skill at 

communication and the content of the dialogue; the 

technological constraints noticed in distanced 

communication are merely those that tend to be 

focused upon by observers, and are not necessarily 

the dominant ones. 

 

The model in Figure 1 also summarises the combina-

tion of issues related to inputs of learning, process of 

learning, and outputs or impacts within virtual 

collaboration environment. The principle of 

transactional distance has been adapted to inform 

the model represented here: an input, process, 

output (IPO) model. In this model, the notion of 

transactional distance constitutes the ‘input’ to the 

act of collaboration, indicating a range of barriers or 

distances that need to be overcome to form an 

effective collaboration. Process within an IPO model 

is the adaptation and activities that acts on the 

input. Here the students adopt a set of behaviours 

and activities that bridge this separation. The model 

groups these processes under the heading of ‘align-

ment strategies’; either the students’ observations of 

how the two groups are aligned, or the process by 

which they brought the two groups into greater 

alignment. Peer assessment (using Web-PA system) 

and tutor intervention provide a ‘behavioural control’ 

or moderator to student performance, and are 

essential elements of the project. The final state is 

the output; here the outputs which the students and 

educators valued were the impact the activity had on 

a range of ‘short’ and ‘long term’ aspects, such as 

employability and personal development, and their 

performance at the activity. ‘Short term’ aspects 

were assessed immediately during and after the 

process when the students submit their work or 

make a presentation, and from the personal view-

point of the students.  

 

The model is not a simple linear relationship 

however. Applying alignment strategies not only act 

to reduce existing barriers, alignment strategies also 

change the perception of the importance of those 

barriers. For example, effective collaboration techni-

ques will not improve the bandwidth of an internet 

connection, but in a successful partnership inter-

mittent connectivity is seen as an incidental irrita-

tion, whereas an unsuccessful partnership may 

perceive this as critically limiting their interaction.  

Similarly motivation is based upon the students’ 

anticipation of a valued output. At present, the 

model is considered as a thinking tool to guide the 

research development pathway. It also demonstrates 

the interplay between different influences of virtual, 

multidisciplinary, collaborative learning effective-

ness for possibly intervention strategies 
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Results and Discussions from 

Questionnaire Survey 
 

From a total of 69 responses in the first stage and 65 

in the second stage, male students represent about 

two-thirds (66% and 64.5% respectively), and female, 

one-third (34% and 35.5% respectively). Two-thirds 

(66% and 67.2%) had no work experience in the 

construction industry. Very few (2 students) had 

experience in distance collaborative before this 

project. Apart from experience in distance collabora-

tion categories, the distribution of responses allow 

comparison between categories (i.e. comparison of 

responses between UK and Canada, male and 

female, work experience) to explore the relationship 

between the categories and the other variables (i.e. 

VARK responses and 11 factors influencing distance 

collaboration). Significant relationships in the first 

and/or second stage questionnaire survey are pre-

sented in Table 1. 

 
Table 1. Significant Relationships between Categories and 

other Variables 

Category versus Variable 
Probability value 

Stage 1 Stage 2 

Institution vs. the need to check progress 

Institution vs. the need to check quality 

Institution vs. honesty of other members  

Institution vs. group work exposure to risk 

Institution vs. face-to-face meeting essential 

0.094 

0.098 

0.058 

0.567 

0.108 

0.568 

0.453 

0.067 

0.042 

0.013 

Gender vs. team member competence 

Gender vs. team member honesty 

Gender vs. complete work commitment on time 

Gender vs. satisfaction with teamworking 

Gender vs. group work exposure to risk 

0.020 

0.027 

0.069 

0.034 

0.662 

0.148 

0.241 

0.848 

0.370 

0.027 

Institution vs. VARK 

Gender vs. VARK 

0.286 

0.294 

0.066 

0.132 

  

The analysis of data obtained from the first stage 

survey revealed some evidence of a relationship 

between institutions and three perceptions of 

distance collaboration, namely (i) checking progress 

and (ii) quality of work, and (iii) honesty of other 

members. However, the relationships would not 

appear too strong (p-value of 0.094, 0.098 and 0.058, 

respectively). This indicates that higher levels of 

trust (in terms of ‘integrity’) could be sustained by 

providing evidence of consistent performance over 

the course of the project. The findings of the first and 

second stage surveys for these three variables were 

not consistent, as only ‘honesty of other members’ 

and institution appear to suggest some relationship. 

An observation of the first stage data suggests that a 

higher degree of trust between team members is 

more likely to be found between students at the 

Canadian university (i.e. more students chose 

‘strongly agree’, p=0.058). However, this appears to 

be reversed in the second stage finding as more UK 

students chose ‘strongly agree’ response and some 

Canadian students chose ‘strongly disagree’. An 

explanation for this may be found in the fact that 

architecture students are required to spend more of 

their time working with their colleagues in the 

studio, which allows higher level of face-to-face 

interactions, which in turn, facilitates the develop-

ment of trust. However, this trust seems to have 

deteriorated due to failure of UK students to deliver 

what was required by Canadian students to meet 

their first submission deadline. The second stage 

survey has picked this influence up as the survey 

was administered after the submission deadline. 

This problem has also reflected in the group inter-

view session. This is well aligned with the fact that 

Canadian students stressed more importance to 

face-to-face meetings (p=0.013), which would permit 

better response to task responsibility. However, this 

does not seem to lead to self-preservation by the 

Canadian students, who do not feel that group work 

will expose them to higher risks (p=0.042).  

 

The results from the first stage survey revealed 

significant relationship between gender and four 

perceptions of distance collaboration: (i) competence 

of team members (p=0.020), (ii) honesty of other 

 
 

Figure 1. Model of Virtual Collaborative Learning 
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members (p=0.027), (iii) other member completing 

work commitment on time (p=0.069), and (iv) 

individual satisfaction with working in team 

(p=0.034). This suggests that higher degree of trust 

(in terms of ‘integrity’) between team members is 

more likely to be found between female students, 

who were mostly from the Canadian university. 

They are also more likely to derive higher levels of 

satisfaction from working in teams. However, the 

results of the second stage survey were again 

inconsistent with those of the first stage survey 

(none of the four were significant). One possible 

explanation is deterioration of trust as explained in 

the previous paragraph. However, this does not seem 

to lead to an attitude of self-preservation by female 

students, who do not feel that group work will expose 

them to higher risks (p=0.027). 

 

The results of the VARK questionnaire in relation to 

institutions and gender categories, obtained from the 

first stage survey are presented in two histograms in 

Figure 2. From the histogram on the left, it can be 

seen that UK students tend to prefer aural and 

read/write modes, whereas Canadian students tend 

to prefer visual and kinesthetic modes. The same 

tendency was also found in the gender categories, as 

detailed in the histogram on the right. However, the 

relationships were not significant (with p-value of 

0.286 and 0.294 respectively). This tendency is 

confirmed by the second stage survey (with stronger 

p-value of 0.066 and 0.132). The VARK website, 

which has been online since 2001, can provide a 

comparison of this finding with the general student 

population. Based on online responses from around 

80,000 students from different levels (including uni-

versities, colleges and high schools), Fleming [24] 

found significant differences (based on chi-square 

analysis) between males and females in their 

preferred communication modes with men have 

more kinesthetic responses and women more 

read/write responses. If the responses in this 

research should demonstrate the same tendency, the 

finding of our research suggests that training in the 

subject disciplines can influence the preferred 

communication mode of the students. In this case, 

there is tendency of different communication modes 

between the two professions, with architects 

preferring visual and kinesthetic modes, and civil/ 

structural engineers preferring aural and read/write 

modes. 

 

Conclusions 
 

This research has considered factors that may 

influence the effectiveness of virtual team working 

through an investigation of authentic simulated 

learning environment where students work on a real 

case study project. A model of virtual collaborative 

learning has been developed based on the results of 

interviews. As a thinking tool, the model depicts the 

relationship between influencing factors in virtual 

teamworking, informs the interpretation of question-

naire data, and provides a platform to develop the 

research. 

 

The findings suggest that the different disciplines in 

this project tend to prefer different communication 

modes with UK students (civil/structural engineers, 

male majority) preferring aural and read/write 

modes, whereas Canadian students (architects, 

female majority) preferring visual and kinesthetic 

modes. A comparison of this finding with the general 

student population, as demonstrated by Fleming 

[24], reveals the potential impact of disciplinary 

training to the students’ preferred communication 

modes. Further evidence indicates that higher levels 

of ‘integrity’ trust could be sustained by providing 

evidence of consistent performance over the course of 

the project, and higher degrees of ‘integrity’ trust 

between team members is more likely to be found 

between female students, who were mostly from the 

Canadian university (architects).  

 

 
 

 
Figure 2. VARK Profile for Institution and Gender Cate-

gories (from first stage survey) 
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They are also more likely to derive higher levels of 

satisfaction from working in teams. However, the 
second stage survey revealed that trust seems to 

have been deteriorated due to the failure to meet the 
expectation of the other group members. If the 
‘integrity’ trust is regarded as an essential founda-
tion for an effective VT working, the disciplinary 

training may have an influence on the development 
of effective virtual collaboration. It could be argued 
that architectural students are required to spend 
more of their time working with their colleagues in 

the studio, which allows higher levels of face-to-face 
interactions. This ‘collegiate’ training may facilitate 
the development of ‘integrity’ trust. However, in the 
virtual collaborative environment, this ‘integrity’ 

trust would need to be nurtured by consistent 
demonstrated performance (e.g. meeting deadline 

and expectations of other members). This reciprocal 
relationship is further emphasised by individual 

satisfaction (as one measure of performance of 
teamwork) which was found to be derived from the 
performance of the other members. 
 

The findings have implications for education and 
industry practices that can cut across national 
boundaries. The findings can be considered as a 

pointer to the possibility that construction educators 
may have not sufficiently addressed the grand idea 
of ‘integration’ between the disciplines/professions in 
the built environment, despite all the rhetoric and 

efforts that have been expended. Radical changes 
would not happen overnight, but multi-disciplinary 
collaborative working over distance should be made 

a fundamental element of the curricula. Currently, 
this skill is still considered high added value for 
employability, however in the future, this will be an 
essential part of built environment education. The 

research presented here has several limitations. 
Firstly, a small sample has prevented stronger 
results of statistical tests. Secondly, other perfor-
mance measures (such as assessments from tutors 

and industry practitioners, team cohesion) would 
need to be examined and incorporated in the 
research to investigate their relationships with the 
factors. Thirdly, inferences to the general (practi-

tioners) population should be drawn with caution, as 
practitioners may experience other influences in the 
workplace. They suggest future research areas. 
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