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Abstract

1.Introduction

Iraq is a wide country in the area and
construction projects have been distributed in
many places, therefore this research studies the
ability to use advanced communication tools
such as computer-mediated communication
instead of traditional communication (Face To
Face). Revit application which based on BIM
technology have been used , this application
helped
in exchange design information
between designer and site engineer for in
making decisions , solving problems ,reduce
wasted time and reduce the expenses that
occur as a result of the use of FTF
communication .The results concluded from
this research are that communication quantity
in FTF was more than in CMC where Total
Number of Words (TNOW) were in FTF 303
while in CMC 246 , The percentage of Number
of Work Related Words said in CMC is higher
than in FTF, it was 87% in CMC and 81% in
FTF of the (TNOW) , it is indicating that
communication in CMC more productive
than communication in FTF, in addition to that
the working time in CMC were (262 seconds
every 5-minutes) slightly higher than in FTF
were (252 seconds every 5-minutes), this
explains that CMC was slightly more
productive than FTF . Wasted time for FTF
consistently higher than wasted time in CMC
,where the averages of wasted time spent for
every 5 minutes were 32 second in FTF and 21
in CMC ,this is due to that FTF was easier than
CMC in terms of social speech. To identify
degree collaboration between users in two
methods by the total number of exchanges in
CMC was higher than in FTF because most of
the persons were having more interaction when
using CMC.

The building and construction of industry
play a substantial role in evolving and
accomplishing the objectives of society
[1].Construction industry generally and
especially in Iraq has been characterized by
uncertainty, and adversarial attitudes for a
long time because of the wide variety of
disciplines, expertise, professional skills,
educational background, laptop acquaintance ,
and workplace among the project members.
All
these
impede
the
information
administration and communication of the
project team. Also, the production environment
(construction work site) is often remotely
managed by designers' office which has a big
effect on the accomplishment of complete
design and construction, this would lead to the
additional effort of information management
and communication process between building
contractors and design teams , and also leads
to difficult access to project information by
project participants in construction sites[2].
For eliminating this obstacle, it is necessary
developing the collaboration and interaction
between members. The main ingredient in this
reaction is the communication operation and
information administration which have been
determined as a factor for the efficiency
participant collaboration.
This research contributes to a best
understanding of the issues related to
information flow management when using
centralized platforms. It will permit us to
demonstrate the degree of usefulness and
practicality of BIM (Building Information
Modeling) as technologies and processes
which are considered the best solution for poor
information management processes within the
construction project network . The research
adopted resolving problem task which is
related to find best solution when designers
collaborate with site engineers in two forms of
communication models face to face (FTF) and
computer mediated communication (CMC) [3].
Autodesk Revit Architecture version 2015 has
been used in this research which has many
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facilitates to make people who are
geographically distributed in different areas
and sites collaborate.

2.2 Communication Methods (FTFand
CMC )
There are two kinds of communication
methods, traditional method which defined
Face to Face (FTF) ,it is a dialogue that one
has while being FTF with the other person
.During this kind of communication, a person
can hear and see the non-oral communication
transfer by the transmitter and respond with
feedback immediately [9] and modern method
which
defined
Computer
–Mediate
Communication and in other hands defined
Virtual team , Virtual teams can be defined as:
“Teams whose individuals are operating across
locations and temporal boundaries using
technology in varying degrees to accomplish
an interdependent task” [10] . According to
Leenders et al. “virtual teams are set of persons
collaborating in the implementation of a
specific project ,they are distributed
geographically and mostly temporally [11] .
(CMC) teams are significantly different from
traditional teams, from these differences:-

2. Related Works
This section explains role of
effective
communication in project success and
communication methods ( FTF and CMC).
2.1 Role Of Effective Communication In
Project Success
Effective communication is essential to project
management .It makes a bond among various
participants involved in a venture, sharing
different regulatory and cultural backgrounds ,
various levels of experiment , perspectives and
interests in the venture implementation [4].
The studies explained that 55 as percent of
venture managers have agreed that active
communications to all participants is the most
effective element in venture management [5],
venture managers & venture team individuals
spend about 90 as percent of their working
time involved in some practice of
communication , like reading emails , writing
reports , meetings , or talking to project
participants [6].They determined that almost
(75- 90) % of venture manager’s time spent in
the building industry in communication [7, 8].
PMI’s 2013 Pulse of the Profession TM report
shows that for each one billion US$ expended
on a venture (135 million) is at hazard. More
research
on
significance
of
active
communications displays that a startling 56 as
percent is at risk due to ineffective
communications [5]. Not only is an
organization risking dollars, but it is risking
the project success rates. Studies proved that
ineffective communications lead to less
successful projects; in organizations that are
less effective communication, effective
communicators report significantly
fewer
projects that meet original goals, come on
time, and complete within budget [5] (See
Figure 1).

Figure 1: Organizations that communicate
more effectively have more successful
projects [5].

ISSN 1999-8716
eISSN 2616-6909





15

(CMC) teams are physically detached and
relied on technologies using between them
while traditional teams (face to face
interactions) work under the same roof in
close physical proximity [12].
 (CMC) teams were more complex of
Face to face teams in terms of
geographical
distribution
and
communication media ; because
they work across boundaries different in
time, space and organization and
- they use technology in communication
[13, 14].
 In the (CMC) teams, tasks must be highly
structured , while the traditional teams
could be structured
simply
by
individuals of the team with each other
[15].

(Communication in (CMC) teams is
more restricted than face to face (FTF)
teams because different
of cultures
,diversity , language and the nature of
tasks [16] .
 Andres predicted that interaction quality
in a face to face teams is greater than
(CMC) teams where increase using the
verbal and non-verbal signal to enhance
direct feedback in FTF teams [17]
In an innovation network; individuals’ work in
"virtual organizations" is unlimited by place
and time , and communication can be
facilitated by IT, while the innovation process
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in “traditional organization", is more limited
by location and time where it happens within
the scope of working hours and physical
offices [18].
 They found that communication using rich
media achieved higher task performance
than communication using less rich media
[19].
 In terms of conflict ,they found that
conflict diverse in virtual teams more of
FTF teams due to its diverse and dispersed
nature [20].
 They compared 11 traditional face to face
teams with 13 teams using an
asynchronous technology, they found that
face to face teams are more cohesive and
satisfied with the team’s decision and
outcome process than VT teams [21].
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windows . Task 2 is carried out by CMC team
and also consisted of 2 worksets: interior wall
and ceiling & floor. It is necessary that FTF
tasks should be different from CMC tasks. As
previously mentioned that the team which was
implemented experiment in FTF is the same
in CMC in all experiments, so if the tasks in
FTF and CMC were the same , the answer will
be known to each user, Thus the discussion
would be useless , so the tasks were designed
to be in the same difficult level in both
methods. To implement tasks, both users
accessed to model in Revit via the same PC In
FTF, while in CMC each user has special
model on his computer..
Workset can be established by multiple users.
In this model, workset was established by two
users "admin" and "Zainb" as shown in Figure
3. Workset which consists of floors ,stairs and
exterior wall, all these are owned by a user
called "admin " while workset which consists
of col, door & windows and interior wall, the
owner of these is a user called "Zainb” this
shows collaborative work in CMC experiments
. In this form of collaborative work , we need
to a permission request, for example, If the
user "Zainb" wants to change in the exterior
walls, she will be required a license request
from the user" admin" because the exterior
walls are owned by user "admin" as show in
Figure 4. But in most of the experiments done,
worksets were owned by designer ,in other
word, only designer can change on the model.
For both FTF and CMC tasks, the users have
to work using the 3D computer model of the
building ,some tasks were real or actually
occurred during the execution, but some tasks
were virtual and have been proposed by some
engineers. The time required to complete each
task was 30 minutes , it is difficult doing
experiment in time less than 30 minutes
because there are some design changes , also it
is difficult doing experiment in time more than
30 minutes because there is a difficulty taking
more than an hour from volunteers in both
tasks.

3. Experimental Work
- Experiments were performed on building
model Cultural Center Appendex at the
College of Engineering as show in Figure 2.
-Sixteen Experiments implemented are used by
two methods: Face-to-Face meetings and
computer mediated communication (CMC)
meetings
- Experiments were performed by a team of
two users, users which work in FTF are the
same in CMC, on the same modeling but tasks
are different in FTF and CMC.
-Teams discuss the task which includes solving
design problems discovered by the site
engineering before implementation from an
architectural perspective, for example, exterior
walls, interior walls , the roof, the floor, doors
and windows, etc..
- In some experiments, teams are using a wide
area network (WAN) to connect and in other
experiments they are using local area network
(LAN) and they use the programs Revit and
Skype for communication.
- The use of cameras to record the work and
the use of a program Camtasia to record the
screen and note the changes that made on the
model.
- Data were obtained by referring to the video
recordings, as well as screen recordings.
- Analyzing the results for both FTF and CMC
to extract the most important parameters, such
as the number of words, work related word,
working time ,wasting time, the degree of
collaboration and team productivity.
The approach of experiments which is
structured from teams of two people, each
team implemented two tasks. Task 1 is carried
out by FTF team and consisted of 2 worksets
(i.e. sectors): the exterior walls and doors &

Figure 2: Culture Center Appendex
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The value of t (“t Stat”) is 5.82 , this value is
compared to the value of “t Critical two-tail”
(tcrit) of 2.13145 based on α = 0.05 (onesided), and 15 df . Because(“t Stat”) > tcrit
(5.82 > 2.13), the null hypothesis is rejected
at the 95% level of confidence . Thus, the
words medium in FTF is measured greater
than the words medium in CMC at the 95%
level of confidence.
Figure 5 shows average number of words
said in all the experiments, divided into five
minute intervals. Both curves have the same
trend in most of the time intervals. It can be
watched that in FTF the users discuss most of
the items at the beginning of the experiment,
after agreement on items, the designer would
start to change designs on the computer, It is
obvious the total number of words was at a
high level in the start of the experiment but this
average was decreasing gradually, till the last
five minutes, the curve has noted an increase
slowly. In the CMC each work set was
discussed and then the designer started to
change on the model , so that a high level of
the total number of words were recorded
during the first 5 minutes, and then started to
go down for 15 minutes then raised again in
the minute 20 where users started discussing
the second work set. After that it went down
again.

Figure 3: window of workset in Revit
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Figure 4: show request permission between user
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4.1. Total Number of Words (TNOWs)
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The amount of the (TNOWs) which has been
spoken between the users during the
experiments is a measure of communication
done [22], but it does not give an indication of
the team productivity because some words are
not related to the work ,in addition to that, the
total number of words refers only to the
quantity of communication not the quality , the
dependent’s result are averages of the 16
experiments. Figure 5, shows the total number
of words in FTF and CMC communication.
The average of (TNOWs)in FTF has recorded
303 words per 5-minutes while in CMC the
total number of words has recorded 246 words,
the (TNOWs)said by each team in FTF is 23 %
higher than in CMC during the six 5-minute
intervals,this is stated by the statistical analysis
(the Student’s t-distribution), where there are
the significant statistical difference between
mediums of the two groups . It is obvious that
in FTF the participants spoke words more than
in CMC, and when analyzing the transcripts, it
was clear that the users were more
concentrating on their task in CMC than FTF.

295

209

CMC

212
169

5
10 15 20 25 30
Time Elapsed(in 5-minute intervals)

Figure 5: Total Number Of Words in FTF and
CMC
4.2. Total Number of Work Related Words
(TNWRWs)
In the previous paragraph, the researcher
discussed the (TNOW) in each method of
communication the FTF and CMC. It is
obvious that (TNOW) in FTF was more than
in CMC insignificant statistical difference ,
The reason of this is the need of more social
communication when persons are gathered.
This can be detected by analyzing the texts to
determine the (TNWRWs). Like before, the
results are the averages of 16 experiments
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avarage number of word

showing as words spoken during 5 minute
periods. Over the six 5-minute intervals, FTF
recorded an average of 245 words for every 5minute while CMC recorded 214. The
percentage of (TNWRWs) said in CMC is
higher than in FTF, it was 87% in CMC and
81% in FTF of the (TNOW) both CMC and
FTF , this is stated by the statistical analysis
(the Student’s t-distribution) , where there are
the significant statistical difference between
mediums of the two groups.
The calculation value of t (“t Stat”) is 2.91,this
value is compared to the value of “t Critical
two-tail” (tcrit) of 2.13 based on α = 0.05
(one-sided), and 15 df . Because (“t Stat”) was
bigger than
tcrit (2.91> 2.13). Thus,
(TNWRWs) medium of FTF is measured
higher than the (TNWRWs) medium of CMC
at the 95% level of confidence. As shown
below in Figure 6, the style of the curves of
(TNWRWs) is very similar to the curve of the
total number of wordsExplanations of the big
(TNOW) spoken in FTF, the users could seek
the options which give high quality results ,
less cost and less time. Additionally to that,
each user tries to subtract a lot of examples of
buildings he previously executed and the pros
and disadvantages in order to insist on
imposing his opinion on the other person. This
perhaps made the conversation might be nonproductive, i.e. the users in FTF talk more
because it is really easier speaking in FTF
while the users in the CMC might be more
concentricity on the task items because each of
them was in front of the computer, and do not
have the physical occurrence of someone near
them to speak. All of these are possibilities, the
analysis of productivity given later assistance
to specify which of these scenarios is more
acceptable.
350
250
200
150
100

avarage number of word

4.3.Total Non-work Related Words (TNNWRWs)
The words out of work related to social speech
that have a significant impact on the team
productivity, for example , greeting, the
security situation and other speech items. It is
clear that in the above two Figure 5 and 6, the
(TNN-WRWs) in comparatively is small but it
is interesting to note that (TNN-WRWs)
distribution with time as shown in Figure 7.
Again the results are medium for all the
experiments. The (TNN-WRWs) in FTF is 351
and 194 in CMC giving a percentage of the
spoken of 13.16% in CMC and 19.29 % in
FTF. The average of (TNN-WRWs) over the
six 5-minute intervals in FTF is 58.5 words
every 5-minutes while 32 for CMC. This was
stated by the statistical analysis ( Student’s tdistribution) where there is the significance
statistical difference between the two mediums
of the two groups.

189 187
190

FTF

218
184

53

75

58
51

43
42

39

35

32

28

19

The calculate value of t (“t Stat”) is 4.29,This
value is compared to the value of “t Critical
two-tail” (tcrit) of 2.13 based on α = 0.05
(one-sided), and 15 df . Because(“t Stat”) is
bigger than tcrit (4.29> 2.13).Thus, (TNNWRWs) medium of FTF is measured to
greater than non-work Related Words medium
of CMC at the 95% level of confidence.
However the two curves exhibit distinct
differences to those of (TNN-WRWs) . In
FTF, generally this number increases with time
as shown in the Figure 7. It is relatively less
number than (TNN-WRWs) in the beginning
of the experiment , this is due to the users are
more serious in their work ,but the curve of
(TNN-WRWs) in the passage of time (except
minute 25) decreased suddenly and then
increased again .This means that there is an
increase in social interaction, releasing of
psychological pressure, especially they are in
front the camera , because most of the people

224
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71

Figure 7: Non-Work Related Words in FTF
and CMC
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Figure 6: The Total Number of Work Related
Words
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in Iraq are a void of cameras. In CMC, the
trend of the curve decrease with the time until
the 15th minute, then it was still fluctuated to
the end of the experiment .In the beginning of
the experiment, there is relatively more
(TNN-WRWs)because the users need to know
eachother in long distance conversations. It is
obvious that
the (TNN-WRWs)were
increasing with people that have previous
knowledge of each other as compared to those
who were strangers.
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distribution of work activity with time is not
similar
between
FTF and CMC, As
previously mentioned in
explanation of
Figure 5, users in FTF discuss most of the
workset
,and after agreement on most
worksets they start changing on computer, it
is clear that the users had a strong start and
then their productivity decrease with time to
end the experiment . In CMC each workset is
discussed a lone and then they begin to
change, the curve of working time decrease
until the 15th minute then it increases to the
20th minute and then decrease gradually to the
minimum value in the end of the experiment ,
The researcher explains that the working time
is high when users discuss between them ,but
when they begin to change on the model,
working time is less, that goes back to the fact
that the users are not familiar with Revit and
all that was lead to a time wasting.

4.4 .Working Time
During the observing of video recording and
audio track of the sixteen experiments, it is
impossible spending experiment time in
working only, because some users try to speak
out of the subject, speak with other people and
eat . This could be to attributed into behavior
of peoples and they may not be able to
continue their work without joking. Therefore
,we divided the time into three categories,
working time, wasting time and undefined
time.
Working Time consists of time spent on a
(TNWRWs) and time spent on making changes
in the model. As it was before, the results are
the averages of 16 experiments. Generally, it is
shown in Figure 8, the (WT) of CMC is little
higher than that of FTF. This explains that
CMC is more productive than FTF or that
CMC
requires more effort because the
additional load imposed by the limitations of
the communications. Over the six 5-minute
intervals. The users in FTF spent an average
(WT) of 252 seconds every 5-minutes while in
CMC they spent 262 second, This is stated by
the statistical analysis (the Student’s tdistribution) .
The calculation value of t (“t Stat”) is
2.93347, this value is compared to the value of
“t Critical two-tail” (tcrit) of 2.13 based on α =
0.05 (one-sided), and 15 df . Because(“t Stat”)
is greater than tcrit (2.93 > 2.13). Thus,
Working time medium of FTF is measured
less that the working time medium of CMC at
the 95% level of confidence.
It is also thrilling to look at the distribution of
working time in FTF and CMC in Figure 8, the
working time in CMC is more than in FTF,
the users were more serious in working
because they are working with relax, without
tension. Each of them does not have enough
time to talk off-topic, as well as they try to
focus on completing the task .Specially, In
some FTF experiment, the users are different
in gender, there would be a problem in their
behavior and that would make the female
more shy during the experiments and this leads
to decrease the working time and productivity
while in CMC this factor would be less
effective .As shows
Figure 4.6, the

working time in second
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Figure 8: Working Time in FTF and CMC
4.5. Wasted Time
Wasted time is defined as the time which is
spent on (TNN-WRWs) . This time can be
extracted from analyzing the video recording
directly. As can be seen from the outcomes
offered in Figure 9, wasted time for FTF is
consistently higher than wasted time in CMC .
The averages of wasted time spent for every 5
minutes were 32 second in FTF and 21 in
CMC. This is due to that FTF is more easy
than CMC in terms of social speak , especially
if the users have a previous relationship i.e
Familiar with each other’s , while in CMC ,
the situation is totally different comparing with
FTF . Also, this is stated that the statistical
analysis (Student’s t-distribution ) where there
are the significant statistical difference
between the mediums of the two groups.
The calculation value of t (“t Stat”) is 2.87
This value is compared to the value of “t
Critical two-tail” (tcrit) of 2.13 based on α =
0.05 (one-sided), and 15 df . Because(“t Stat”)
is bigger than tcrit (2.87> 2.13). Thus, Wasted
time medium of FTF is measured to greater
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than the Wasted time medium of CMC at the
95% level of confidence.
Wasted time spent by users in FTF differs from
CMC; this could be the users in CMC is
slightly better than FTF in utilizing the time to
complete the task within specific time as
shown in the results above. It has been found
useful to discuss the distribution of this time
between the two groups of users and what was
the link between this time and behavior for
each user during FTF and CMC.
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CMC it was 103 seconds. The averages of
undefined time spent every 5 minutes in FTF
was 16 Sec and for CMC was 17 Sec. There is
no significant statistical difference between the
two averages .

Figure 9: Waste Time in FTFand CMC

Figure 10: Undefined Time in FTF and CMC

4.6. Undefined Time
From the analysis of the video recordings ,
undefined time is defined as the time that is
unknown whether it is a working or wasting
time .Therefore, in this section, and some of
the other next sections, this classification will
be studied to see if it should be connected
with working time or wasted time. However,
analysis of the class (especially productivity in
next section) of the time can state whether it is
side working or wasted-time. If this time has
taken the same trend of wasted time (i.e.
decrease the productivity in every time
interval) this means that it is wasted time, But
if this time increases the productivity in every
time interval, this means that it is working
time. As in Figure 10, undefined time is
slightly higher in CMC than FTF. To try to
obtain a better thought of what is happening
in undefined time (i.e. is it work related or
not), the link between the general trend of the
undefined time and team productivity for every
experiment has been investigated for each time
interval. It can be concluded that undefined
time shows the type of working time in 10 of
the 16 FTF experiments, and in the remaining
6 experiments it was a wasting time. For CMC,
undefined time shows the type of working time
and in 6 of the 16 CMC experiments, and in
remaining 10 experiments it is wasting time.
Generally undefined time in FTF was 93
seconds per 30 minutes experiment ; while in

4.7. The Number of Exchanges(NOE)
The (NOE) is defined as it is the number of
times, in which, utterance exchanges between
users through the experiment (i.e. One person
breaks talking and another start after).
Interaction between users depends on the
relationship between them
.Figure 11
illustrated that the total (NOE) in CMC is
higher than in FTF because more persons are
more interacting when using CMC. These
results were consistent with the finding of
Rice, L. & Markey [23], who stated that the
interaction between the users in FTF was less
than in CMC. In all experiments FTF and
CMC, interaction between users is increasing
with the increasing number of words , also it
is obvious in FTF that interaction is being
decreased between them in the passage of time
that goes back to the decreasing cohesion
between them . It is obvious in minute 20,
25, 30 that the (NOE) in CMC is higher than in
FTF where the users are more focused on the
task. The average of the (NOE) between the
users for every 5 minutes in FTF is 17 while it
is 18 in CMC .There is no significant statistical
difference between the two medium because
the t-value of the “two-tailed test” from the
analysis of the results is -2.125, this is being
less than the t-critical value of 2.13 with a
degree of freedom of df =15 , with a
probability of error > 5%. However,
absolutely, no one can say that this difference
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is due to a higher level of collaboration for
CMC.
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done. The average of (TNOW)in FTF has
recorded 303 words per 5-minutes while in
CMC the total number of words has recorded
246 words, the total number of words said by
each team in FTF is 23 % higher than in CMC
during the six 5-minute intervals.
5.1.2-Total Number of Work Related
Words (TNWRWs)
The (TNN- WRWs) in FTF was 351 and 194
in CMC, giving a percentage of the total words
spoken 13.16% in CMC and 19.29 % in FTF.
The average of (TNN- WRWs)over the six 5minute intervals in FTF was 58.5 words every
5-minutes while 32 for CMC, that is because
there were more increasing in social interaction
in FTF than in CMC . The results which were
concluded from this research are that
communication quantity in FTF were more
than in CMC, but percentage of (TNWRWs) in
CMC were more than in FTF and percentage
of (TNN- WRWs) in CMC were less than in
FTF, this indicated that communication in
CMC might be more productive than
communication in FTF. This might be
considered as the most important results in this
research .

Figure 11: Total Number of Exchanges in FTF
and CMC
4.8.Productivity
The evaluation of productivity for both teams
and every user is by specifying points for
several features of the task which have been
accomplished successfully. As shown in
Figure 12, the team productivity in CMC is
higher than in FTF in most time intervals, in
the 15th minute FTF was higher as well as the
productivity in the first part of the experiment
is nearly higher than the second part of the
experiment. This indicates that the users made
a good productivity but with the time their
productivity decreased. For the cumulative
productivity, both curves have the same trend
in most points and team productivity in CMC
is higher than is FTF.

5.2 Time Consumed
5.2.1 -Working time : The users in FTF spent
an average working time 252 seconds every 5minutes while in CMC they spent 262 seconds,
the working time in CMC was a little more
than in FTF. This explains that CMC was
slightly more productive than FTF .
5.2.2- Wasted Time : wasted time in FTF
regularly more than in CMC . The averages
of wasted time for every five minutes was 32
seconds in FTF and 22 in CMC. This is due to
that FTF was more easy than CMC in terms of
social speech, especially if the users were
having a previous relationship i.e Familiar
with each other’s.
5.2.3- Undefined time : it was distributed
between wasting and working time. It can be
concluded that undefined time shows the type
of working time in 10 of the 16 in FTF
experiments, and in the remaining 6
experiments it was a wasted time. For CMC,
undefined time shows the type of working time
and in 6 of the 16 CMC experiments, and in
remaining 10 experiments it is wasted time.
The reason was that communication
management in CMC requires more effort.

Figure 12: Productivity and Cumulative
Productivity in FTF and CMC

5.3 Degree of Collaboration
5.3.1 The Total Number of Exchanges
(TNOE):
TNOE in CMC was more than in FTF because
most of persons were having more interaction
when using CMC .The average of the number

5. Conclusions
5.1 Quantity of Communication
5.1.1 Total number of words words is a
measure of the quantity of communication
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exchanges between the users for every 5
minutes in FTF was 17 while it was 18in
CMC. Absolutely no one can say that this
variance was because of a higher level of
collaboration in CMC. These results were
agreed with the finding of Rice & Markey
(2009).
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