








8.2 Statistical Tests

The data for the generic skills and Bales interactions were analysed using a
Repeated Measures Analysis of Variance parametric test. This method assumes
that the performance of participants on the three conditions will be intercorrelated so
that a better participant would perform more highly during the three conditions while a
poorer participant would perform to a lesser degree over the three conditions (Howell
1997). The results of the repeated measures ANOVA were interpreted using
Mauchly’s Test of Sphericity which examines the covariance of the dependent
samples. This test applies the assumption that all covariance is equal (for
independent samples covariance is always zero). A significant result (p< .05) for the
test of sphericity indicates that this assumption has been violated (Howell 1997). In
this case, a correction is needed and this is in the form of the Greenhouse-Geisser. If
the value of the Greenhouse-Geisser has an Epsilon value greater than 0.75 then the
more sensitive Huynh-Feldt is used. This test indicates which p value in the Within-
Subjects Effects table is important in the determining the significance of the effect.
The data were also examined using a test of ‘Within-Subjects Contrasts’. This test
determined which design process (bandwidth) shift; face-to-face to group board’ or
group board to 3D virtual world is responsible for any significance.

Due to the distribution of the results, non-parametric statistical tests were employed
(Cramer 1998) for the Systemic Functional Linguistics coding scheme. Although
these tests are usually considered to be less powerful than parametric tests, this has
been widely debated (Howell 1997). Non-parametric tests have been shown to be as
powerful as their parametric counterparts (Doehring 1996, Howell 1997). In addition,
non-parametric tests (particularly those employed in this study which use rankings)
are not affected by a few outliers (Howell 1997). The non-parametric Friedman test
for related samples was used to analyse the data.

For all statistical analyses, SPSS Version 12 was used. The complete tables for the
statistical analyses can be found in the appendices.

8.3 Generic Skills

The results for each generic skill will be presented separately.

8.3.1 Shared Situational Awareness

The level of activity defined as ‘shared situational awareness’, as the design process
moved from face-to-face collaboration (low bandwidth) to 3D Virtual World (high
bandwidth) design collaboration, increased significantly (F(2, 8) = 4.903, p < .05)
(see Figure 8.1).

The Within-Subject Contrasts test indicated that shared situational awareness was
being significantly influenced by the move from ‘face-to-face to group board’ (F(1, 4)
=19.478, p <.05).

8.3.2 Decision Making

For Decision Making, there was a significant decrease (F(2, 8) = 42.431, p <.001)
(see Figure 8.1) as the design setting moves from low to high bandwidth levels. The
Within-Subject Contrasts demonstrated that the overall significance is being driven
by the significant changes between two moves, ‘face-to-face to group board’ and
‘group board to 3D virtual world’ (F(1, 4) = 120.274, p < .001 and F(1, 4) =8.685, p <
.05 respectively). However there was a noticeable reduction in the frequency of task
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management skills as the design process moved from low to high bandwidth, so it
has been included in Figure 8.1.

8.3.3 Task Management and Team Working

The generic skills of task management and team working did not change significantly
between the three bandwidth levels (F(2, 8) = 4.043, p > .05 and F(2, 8) = 0.45, p >
.05 respectively). However there was a noticeable reduction in the frequency of task
management skills as the design process moved from low to high bandwidth, so it
has been included in Figure 8.1.

Figure 8.1 Frequency of generic skills in three levels of bandwidth
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8.4 Observable Behaviours

The frequencies of the Observable Behaviours were analysed again using the
Repeated Measures ANOVA test and interpreting the results using Mauchly’s Test of
Sphericity. In most cases, the sphericity assumption was not violated and no
corrections needed to be applied. The analysis of some observable behaviours was
not performed due to their limited incidence.

In the interests of clarity, only those behaviours which changed significantly are
presented below.

8.4.1 Outlines and Describes the Plan/Brief for the Design (A11)

There was a significant decrease (F(2, 8) = 9.021, p < .05) in the incidence of this
behaviour as the design process moved from low to high bandwidth levels.

The Within-Subjects Contrasts shows that the specific move which is driving the
overall significance for A1l is the move from ‘face-to-face to group board’ (F(1, 4) =
7.943, p < .05). Therefore, although the generic skill Task Management was not
significant, this observable behaviour A11 (which manifests Task Management) was.
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8.4.2 Gives Updates and Reports Key Events (B21)

The observable behaviour ‘gives updates and reports key events (B21)' was found to
have increased frequency significantly (F(2, 6) = 6.343, p < .05) as the design
process moved from low to high bandwidth (see Figure 8.2). The move from ‘face-to-
face to group board’ conditions for this behaviour was found to be significant (F(1, 3)
= 16.734, p < .05). As previously, the generic skill (Team Working) demonstrated no
significant results but this specific behaviour (B21), which manifests Team Working,
was significant.

8.4.3 States Case for Order and Gives Justification (B33)

As the design process moved from low to high bandwidth, the change in frequency of
the observable behaviour ‘states case for order and gives justification (B33)' was
significant (F(2, 6) = 5.362, p < .05) (see Figure 8.2). The decrease in B33 for the
move from ‘group board to 3D virtual’ world conditions was found to be approaching
significance (F(1, 3) = 5.642, p =.098), and so would suggest that the overall
significance is being driven by this move.

8.4.4 Asks for Documents and/or Information Regarding an ldea or
Design (C11)

The observable behaviour ‘asks for documents and/or information regarding an idea

or design (C11) was found to have increased significantly (F(2, 8) = 5.526, p <.05)

as the design process moved from low to high bandwidth (see Figure 8.2). The

Within-Subjects Contrasts test showed a significant value (F(1, 4) = 15.751, p < .05)

for the initial shift from ‘face-to-face to group board’ conditions.

8.4.5 Discusses Design Options with Clients/Other Designers (D11)

As the design collaborators shifted conditions from low to high bandwidth, the
frequency of the behaviour ‘discusses design options with clients/other designers
(D11) decreased significantly (F(2, 8) = 25.383, p <.001) (see Figure 8.2). The
Within-Subject Contrasts test indicated that both shifts (face-to-face to group board’
and group board to 3D virtual world) were significant (F(1, 4) = 46.24, p < .05 and
F(1, 4) = 8.095, p < .05, respectively).
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Figure 8.2 Frequency of significant observable behaviours: A11, B21, B33, C11, D11, in 3 bandwidth conditions
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8.5 Bales Interaction Process Analysis

The Repeated Measures ANOVA (discussed above) was used to examine the
differences in the interaction profiles between the three different conditions. The
interaction profile ‘Shows antagonism’ was not analysed due to its low incidence. The
low number of this interaction may however point to other interesting areas within
design collaboration.

For the sake of clarity, only those interactions which were significant are presented
below. The complete tables for the statistical analyses can be found in the
appendices.

8.5.1 Agrees

As the design collaborators moved from low to high bandwidth conditions, it was
found that there was a significant decrease in frequency (F(2, 8) = 8.457, p < .05) in
the category of interaction (see Figure 8.3). There was a significant change in the
frequency of this category between the group board and 3D virtual world’ conditions
(F(1, 4) = 7.81, p < .05).

8.5.2 Gives Suggestion

A significant decrease in frequency (F(2, 8) = 19.836, p < .05) was also found for the
interaction ‘gives suggestion’ as the design collaborators moved from low to high
bandwidth (Figure 8.3). The Within-Subjects Contrasts test indicated that the move
from ‘face-to-face to group board’ conditions was significant (F(1, 4) = 22.3, p < .05).

67



8.5.3 Asks for Suggestion

As the designers moved from low to high bandwidth conditions, there was a
significant increase in the frequency of ‘asks for suggestion’ interaction (F(2, 4) =
12.182, p < .05) (Figure 8.3). The increase from ‘group board to 3D virtual’ world
conditions was also found to be significant (F(1, 2) = 27.0, p < .05).

Figure 8.3 Frequency of significant interactions: Agrees, Gives Suggestion and Asks for Suggestion, in three
bandwidth conditions
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8.6 Systemic Functional Linguistics

The following section presents the results for the linguistic aspects of the design
teams under the three experimental conditions. The results of the two aspects
analysed, exchange structure analysis and politeness markers, will be presented
separately.

8.6.1 Exchange Structure Analysis

Exchange structure analysis is a measure of how efficient the exchange of
information is between parties. The aspects of information exchange presented
below include: total units of information exchanged, synoptic and dynamic moves (i.e.
giving and receiving information, tracking and challenging moves and active repair of
meaning versus feedback)..

8.6.1.1 Total units of information exchanged

Friedman’s test (p=.074) indicated a trend towards a significant effect of condition on
the total units of information exchanged (see Figure 8.4). Similar amounts of
information per minute were exchanged in the F2F and group board condition but

68



less in the 3D setting. Therefore the least amount of interaction occurred in the 3D
condition.

Figure 8.4 Total units of information exchanged in three conditions

18
16

14

= e
o )

Moves per minute
o«

F2F wB 3D

8.6.1.2 Synoptic and dynamic moves

As well as the quantity of interaction, the efficiency with which information is
exchanged and the amount of time spent repairing communication breakdowns
needs to be considered.

Synoptic moves (i.e. moves that request and provide information or action) were
used more frequently in the F2F and group board conditions than in the 3D
conditions (Figure 8.5), but no significant difference was found (p=.247). Therefore
more information or action was requested or provided (relative to time) in the F2Fand
group board conditions.

There was a trend towards a significant effect of condition for the dynamic moves
(i.e. moves that help to negotiate the meaning exchanged) (p=.091). The frequency
of dynamic moves was greater in the F2F and group board conditions than in the 3D
session (Figure 8.5).
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Figure 8.5 Total synoptic and dynamic moves in each condition
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A closer examination of the relationship between synoptic and dynamic moves in
each condition revealed that dynamic moves formed a progressively smaller
proportion of total moves as the virtual technology level increased. (see Figure 8.6).

Figure 8.6 Relative percentages of synoptic and dynamic moves
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8.6.1.3 Synoptic moves: giving and receiving information

No significant difference between the number of K1 or K2 moves was observed in the
three conditions (p=.165 and p = .247, respectively). K1 moves indicate that
information is being given whereas K2 moves show that information is being received
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(either with or without being requested). The results for giving and receiving
information can be seen in Figure 8.7.

Figure 8.7 Incidence of K1 and K2 moves in each condition
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8.6.1.4 Synoptic Moves: Exchanging action

These are moves in which action is requested or provided. There was a trend
towards significance (p = .074) in the effect of condition of these action exchanges
(see Figure 8.8). The fewest action exchanges occurred in the F2F condition, with
the WB demonstrating the most.
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Figure 8.8 Action exchange in the three conditions
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8.6.1.5 Requesting versus providing action

The virtual conditions did not have a significant effect on either requesting (AC2) or
providing (AC1) actions (p = .678, p = .196, respectively) (Figure 8.9).

Figure 8.9 Requesting versus providing action in each condition
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8.6.1.6 Dynamic moves: Tracking and challenging moves

Dynamic moves can be divided into two categories (tracking and challenging) which
were also examined (Figure 8.10). Tracking moves, which indicate that the
information has been conveyed successfully and also that the participants agree on
the meaning being exchanged, occurred equally as frequently in the F2F and group
board setting but less frequently in the 3D world. There was a trend towards a
significant effect of condition on this category (p=.074). No significant effect of
condition was found for challenging moves (p=.247). These moves, which indicate
that the participants are not able to agree on the meaning of the exchange, occurred
most frequently in the F2F condition.

Figure 8.10 Tracking and challenging moves in each condition.
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8.6.1.7 Active repair of meaning versus feedback

The tracking move categories which indicate a need to active repair of
miscommunication (requests for confirmation or clarification, or checking)
demonstrated a trend towards significance (p=.074). [Figure 8.11] These are moves
that the listener uses because the information being conveyed is not clearly
understood. The greatest quantity of these moves was displayed in the group board
and the least in the 3D virtual world.

Tracking move categories which provide feedback that information has been
conveyed successfully (by confirmation or backchannelling), in, Figure 8.11
demonstrated a significant difference between conditions (p=.041). Confirmation
statements are moves where the listener repeats part of a message to confirm its
accuracy. Backchannelling indicates that the information giving is proceeding
smoothly (Togher no date). Inthe F2F condition, team members used the greatest
amount of these feedback moves, with the 3D condition demonstrating the least.
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Figure 8.11 Active repair and feedback moves in each condition
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8.6.1.8 Naming and exclaiming moves

This category includes the use of exclamations, greetings and vocatives (using the
listener's name or other term of address e.g. “mate”). There was a significant effect
of condition on this category (p = 0.15), with the F2F condition generating the least
and the WB the most (Figure 8.12).

Figure 8.12 Naming and exclaiming moves in each condition
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8.6.2 Politeness Markers

Politeness markers indicate how polite the team members were to each other during
their interaction. The degree of directness or certainty is in inverse proportion to the
amount of politeness markers used; therefore more direct language incorporates
fewer politeness markers. These markers also reflect the range of meaning between
negative and positive.

No significant effect of condition on the occurrence of these politeness markers was
found (p = .247). However, more markers were used in the F2F setup than in the
virtual conditions as shown in Figure 8.13. So, even though the participants in the
F2F setup were able to use nonverbal communication (e.qg. facial expression, gaze,
gesture), they indicated greater politeness to each other verbally than in the non
face-to-face conditions.

Figure 8.13 Total politeness markers in each condition

30

25 4

20 A

15 4

No per minute

10

F2F wB 3D

8.6.2.1 Politeness marker categories

No significant effect of condition was found for the five politeness marker categories
(finite modals: p = .247, modal adjuncts: p = .165, comment adjuncts: p = .819, tag
questions: p = .165, interrogatives: p = .692) (see Figure 8.14). Although the quantity
of politeness markers differed between each condition, the types used were
proportionally similar. The F2F condition elicited the greatest amount of politeness
markers in most categories. Of the categories used, the category of finite modals
(e.g. can, may shall, would) were used most frequently, whereas tag questions and
interrogatives were used the least.
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Figure 8.14 Politeness marker categories in each condition
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8.7 Results for the G-SICT Questionnaire

Data were collected after two months. At this time only 28 participants had
completed the questionnaire. Of these 3 were only partially complete and were
discarded. For these reasons the results could not be included in the description of
the main study. The following is a brief description of the findings:

The average age of respondents was between 30 and 50 years

2. The occupations of the respondents varied from Architecture (37.5%), Engineers
(25%), Construction Management (16.7%) and Computer Science (12.5%).

3. The majority of the respondents were university educated with some having
postgraduate qualifications.

4. The use of virtual technologies occurred in this order (often>never): 1) Email, 2)
Phone, 3) Fax, 4) Other Software, 5) Text/Chat/Electronic Whiteboard, and 6)
Video Conference.

5. The majority of respondents agreed that those generic skills identified from the
literature were important for virtual collaboration; however they were unsure
whether industry was lacking in these skills.
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9 DISCUSSION OF RESULTS

This study examined the skills and interaction of five design teams in three settings:
face-to-face and two levels using virtual technology (Group Board and 3D virtual
world). The behaviours were analysed in terms of:-

1. Generic skills and those observable behaviours which are indicative of the
skills.

2. Bales’s Interaction Process Analysis, which examines the interactions used by
design collaborators.

3. Systemic Functional Linguistics, which examines the linguistics aspects of
designer’s interactions.

Firstly, two of the generic skills, shared situational awareness and decision making,
demonstrated a significant change in frequency in the three bandwidth levels; shared
situational awareness increased whilst decision making as collaborators moved from
low to high bandwidth levels.

While task management and team working were found to have not changed
significantly, some of the observable behaviours manifesting these skills did change
significantly as the bandwidth increased. The observable behaviours ‘outlines and
describes the plan/brief for the design’ (task management) and ‘states case for order
and gives justification’ (team working) had decreased significantly whilst ‘gives
updates and reports key events’ (team working) behaviour had increased
significantly, as the bandwidth of the design process increased.

Within the generic skills that had significantly changed there were overriding
observable behaviours driving that change. For shared situational awareness, the
observable behaviour ‘asks for documents and/or information regarding an idea or
design (C11)’ was found to increase significantly. For decision making, the
observable behaviour ‘discusses design options with clients/other designers (D11)’
was found to decrease significantly.

Secondly, of the twelve interactions examined by Bales’s IPA, only three were found
to have significantly changed as the design process moved from low to high
bandwidth. The frequency of both ‘agrees’ and ‘gives suggestion’ were found to have
significantly decreased as the bandwidth of the design process increased, while the
‘ask for suggestion’ interaction significantly increased. The possible links between the
significant interactions and the generic skills will be discussed further below.

Thirdly, the Exchange Structure Analysis revealed a trend towards significance in the
amount of information exchanged, with the F2F and WB settings exchanging more
than the 3D condition. Regarding synoptic and dynamic moves, the F2F and WB
conditions elicited a higher incidence of both these moves than the 3D setting. There
was a trend towards significance in the effect of different settings on the dynamic
moves. There was also a trend toward significance in the amount of action
requested or provided with the greatest number occurring in the WB condition. A
trend towards significance was found in the incidence of tracking moves, which
indicate that the information has been conveyed successfully; these occurred less
frequently in the 3D world. No significant effect of condition was found for the
challenging moves. The frequency of some tracking moves changed with bandwidth;
active repair moves demonstrated a trend towards significance whilst feedback
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moves were significantly different. The use of names and exclamations differed
significantly with the F2F setting generating the least.

For politeness markers, there was no significant effect of condition although a higher
incidence was observed in the F2F setting. Although quantitatively different, a similar
ratio of politeness marker categories occurred in each setting.

9.1 Generic Skills/Observable Behaviours

9.1.1 Shared Situational Awareness

There was a significant and consistent increase in situational awareness as the
design process moved from low to high bandwidth. In terms of the observable
behaviours which are indicative of this generic skill, the observable behaviour ‘asks
for documents and/or information regarding an idea or design (C11)’ was found to
significantly increase in frequency of use.

The observable behaviour ‘asks for documents/or information regarding an idea or
design’ is related to gathering information and involves one designer asking another
a question regarding the design, the site, an idea or even artefacts. An increase in
the frequency of this behaviour may indicate escalating levels of uncertainty
(Riedlinger et al. 2004).

9.1.2 Decision Making

There was a significant and consistent decrease in the frequency of decision making
as the design process moved from low to high bandwidth. The observable behaviour
which scored most frequently for this generic skill, ‘discusses design options with
clients/other designers (D11)’, showed a significant decrease in frequency.

‘Discusses design options with clients/other designers (D11)’ involved one designer
proposing design ideas to another designer. Therefore a decrease in this activity
indicates that the designer, and subsequently the team, devoted significantly less
time to developing possible solutions through the activity of brain storming as the
design activity moved from low to high bandwidth design environments.

9.1.3 Further Conclusions

The shift in the bandwidth from ‘face-to-face to group board’ for the conduct of the
design activity contributed most to the significance of the frequency changes for
shared situational awareness and decision making. This suggests that introduction of
even a low bandwidth virtual environment has the potential to affect the application of
these generic skills, particularly the initial move. It is possible that a greater cultural
and procedural adjustment was experienced with the move from ‘group board to 3D
virtual world’.

9.2 Bales’s Interaction Process Analysis

9.2.1 Agrees

There was a significant and consistent decrease in the frequency of agrees
interaction as the design process moved from low to high bandwidth. According to
Bales (1951), agrees refers to confirmation or affirmation at the end of another’s
discussion. Thus this may indicate a decrease in positive affirmations between
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designers and a decrease in shared understanding as the virtuality of the team
increased.

9.2.2 Gives Suggestion

There was a significant and consistent decrease in frequency of gives suggestion
interactions as the design process moved from low to high bandwidth conditions.
Bales (1951 p. 181) defines ‘giving suggestion’ as ‘...attaining a desired goal
by...proposing a solution...or suggesting where to start’. A decrease in this
interaction would indicate a decrease in proposing solutions and creating ideas,
perhaps an overall drop in creativity as the virtuality of design collaboration
increased.

9.2.3 Asks for Suggestion

There was a significant increase in the frequency of ‘asks for suggestion’ interactions
as the design process moved from low to high bandwidth. The interaction ‘asks for
suggestion’ describes those interactions which *...question or request...suggestions
as to how an action shall proceed’ (Bales, 1951 p. 188). An increase in asks for
suggestion may indicate that, as the design process changes to incorporate higher
bandwidth technologies, the designers are having increasing difficulty forming ideas
and need the input of others. This could be related to the increased levels of
uncertainty in the virtual conditions.

The two suggestion categories can indicate problems with control. An increased
amount of ‘giving suggestion’ when compared with ‘asks for suggestion’ can indicate
that one person is attempting to seek control over the other. It can be seen that the
frequency of ‘gives suggestion’ is high, while the frequency of ‘asks for suggestion’ is
low. However, as the bandwidth increases the levels of these interactions becomes
more similar with ‘gives suggestion’ decreasing and ‘asks for suggestion’ increasing.
This would suggest that as the bandwidth increases, more dominant designers may
become less dominating.

9.3 Systemic Functional Linguistics
9.3.1 Exchange Structure Analysis

9.3.1.1 Total units of information exchanged

There was a decrease in ‘total units of information exchanged’ as the design process
moved from low to high bandwidth. This reflects previous research findings that
information exchange may be less frequent (Potter and Balthazard 2002) and more
concise using ICT (Gabriel and Maher 1999, Maher, Simoff and Gabriel 2000).
Although more concise exchange of information may be of benefit, in terms of trust
building a high frequency of communication is reportedly one of the keys to
establishing “swift” trust (Jarvenpaa, Knoll and Leidner 1998).

9.3.1.2 Synoptic and dynamic moves

There was no significance found for the frequency of synoptic moves but fewer
occurred in the 3D virtual world condition. However, compared to the total incidence
of synoptic moves, a relatively greater proportion of moves in the 3D condition were
synoptic moves, compared to the other settings. The frequency of synoptic moves
may indicate the smooth exchange of information. In other words, information is
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provided clearly and, if a request for information is given, an appropriate response is
received. Furthermore, participants also need to indicate that they have received,
understood and/or accepted the information. Hawisher and Moran (1993) state that
there is an intense need for response in computer-mediated communication and one
of the major hurdles is ensuring that team members actually receive and understand
a communication. Thus the number of synoptic moves reflects not only the amount
of information provided but also the amount of information given that has been
received by the other participant. Providing a response is also considered to be a
trusting behaviour (Jarvenpaa and Leidner 1998) that would reinforce team-building.
It was an unexpected finding that relatively more synoptic moves would occur in the
3D condition and this may reflect the effect of other factors (e.g. order/practice
effects, previous team experience, similarity of the projects, discussed in Limitations
below).

For dynamic moves, there was trend towards a significant decrease in frequency as
bandwidth increased. Dynamic moves are used to perform the functions of
negotiating meanings; this may involve checking or clarifying the exchange of
information or when speakers misunderstand each other and attempt to overcome or
repair this communication breakdown. Not only were there fewer dynamic moves in
total in the 3D condition, these moves also comprised a smaller percentage of the
total number of moves used. Therefore, the amount of time needed for negotiating
meaning and the repair of communication breakdown was smaller in the 3D
condition. This is a surprising finding in that communication in the 3D setting could
be considered to be more complex and more prone to misunderstandings. This will
be discussed further below.

9.3.1.3 Synoptic moves: giving or receiving information

Whilst not significant, the relative contribution of K1 (requesting information) and K2
(giving information) moves is of interest. In the F2F condition, more information was
given than requested. This is in direct contrast to the 3D condition where less
information was given and more requests for information were made, relative to the
other two groups. This may indicate that the team members had more difficulty in
obtaining the information they required in the 3D condition and therefore had to
request more information.

9.3.1.4 Synoptic Moves: Exchanging action

There was a trend towards significance in the number of moves requesting or
providing action. The fewest action exchanges occurred in the F2F condition, with
the WB demonstrating the most. Fewer requests for or provision of action would be
expected in the F2F condition than in the two virtual conditions; in the F2F condition,
team members were less likely to ask or provide an action (e.g. drawing, writing) as
they would simply carry out the action that was needed. In the two virtual conditions,
team members would request or provide actions because they could not determine
initially who would be doing the task. For example, in the WB condition, a team
member might ask the other member to work on a specific aspect of the plan so that
they both did not simultaneously work on the same aspect.

9.3.1.5 Dynamic moves: Tracking and challenging moves

Tracking moves are related to conveying information successfully with a shared
understanding. There was a significant decrease in the frequency of tracking moves
from the F2F and group board conditions to the 3D virtual world. Challenging moves
include challenges to the content or relevance of the content, or a challenge to the
authority of the speaker to say it. Fewer challenging moves occurred in the two
virtual conditions; this may indicate that team members may have felt more
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comfortable challenging each other in a face-to-face situation in which they could use
non-verbal cues to downplay the challenge. It can be hypothesized that a challenge
taking place within a virtual environment may be perceived in a more threatening
manner if the listener is relying solely on the verbal message. The relatively low
incidence of both types of dynamic moves in the 3D condition may appear surprising.
However, this may be explained by previous research which has noted that
participants using computer mediated communication used a more commanding
manner and gave more precise instructions (Newlands, Anderson and Mullin 2003).
If information is exchanged in this way, there may be less need or fewer opportunities
for interaction to negotiate meaning. Team members therefore may feel less able to
challenge each other, particularly if one member takes on a more authoritative
stance.

9.3.1.6 Active repair of meaning versus feedback

Although only demonstrating a trend towards significance, the incidence of active
repair of miscommunication occurred most frequently in the WB setting. These
moves indicate that the information being conveyed is not clearly understood. Itis
not clear why communication in the WB setting should required more active repair; a
possible reason is that in the ordering of the settings, the WB was the first of the two
virtual worlds to be experienced. Therefore increased need for active repair may
reflect the team members’ adjustment to working with reduced visual contact with
each other.

There was a significant decrease in the frequency of usage for ‘feedback’ in the 3D
virtual world condition. This reduction in the amount of feedback in the 3D condition
raises a number of questions. Backchannelling (one type of feedback) is a common
feature of telephone conversations (Togher no date) when no visual cues are
available. The reduction observed in this study in the 3D virtual world may be due to
the fact that even in this condition, team members could observe each other via a
video monitor. It may also provide support for previous research that participants
using computer mediated communication used a more commanding manner and
gave more precise instructions (Newlands, Anderson and Mullin 2003). Thus in the
3D environment, team members may have considered it less necessary to provide
feedback to each other. However, it is of concern that more feedback was not
provided. Research has demonstrated that there is an intense need for responses in
computer-mediated communication (Hawisher and Moran 1993) and responses
contribute to trust building (Jarvenpaa and Leidner 1998).

9.3.1.7 Naming and exclaiming moves

The experimental condition had a significant effect on the use of exclamations,
greetings and vocatives (using the listener's name or other forms of address e.g.
“mate”). The F2F condition generated the least and the WB the most. The incidence
of these moves can be explained in terms of the three types of moves involved. The
incidence of greetings was negligible in all conditions, reflecting the nature of the
interaction. Regarding vocatives, their use is redundant in a situation in which there
are only two conversational partners. Therefore, the incidence of vocatives should
be constant across all three conditions. However, the use of vocatives tends to
indicate an attempt by speakers to establish a closer relationship with each other
(Eggins & Slade, 1997). Therefore, the quantity of vocatives may increase in the two
virtual conditions in order to attract the listener’s attention and compensate for the
remoteness afforded by the technology. The form of the vocative (the use of titles,
surnames, first names, nicknames, terms of endearment or abuse) was not
examined in this study. Nonetheless, a brief qualitative examination of the data
revealed that whilst predominantly first names were used in the WB condition, the
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general Australian-male vocative “mate” or “man” was used in the 3D condition. The
use of the latter terms may indicate greater familiarity between speakers (Eggins &
Slade 1997) or attempts to establish closeness.

Exclamations may include expressions such as “wow” or “great” but may also
incorporate swear words or slang. The use of these expressions may indicate the
casualness or formality of the interaction, and in this study, informality (and therefore
the incidence of these expressions) may increase as the team members become
more familiar with each other (i.e. in the virtual conditions). Furthermore, more
dominant team members may use more swearing to reinforce their role in an
interaction (Eggins & Slade, 1997). Thus the increased incidence of vocatives and
exclamations in the two virtual conditions may reflect the level of technology being
used as well attempts to enhance familiarity with each other.

9.3.2 Politeness Markers

Politeness markers reflect the relationships set up in the context (Togher and Hand
1998) and also the constraints placed on the participants by the technology setup. A
greater use of politeness markers may indicate the speaker’s awareness of the
power balance, familiarity and also the effect of the context. Thus the greater
politeness expressed in the F2F may reflect the increased level of collaboration on
information sharing. Although politeness markers reflect less direct communication
and may therefore be less time efficient, their use will facilitate teamwork and trust
between the participants.

There was no significant effect of the three conditions on the types of politeness
markers used. Although different quantities of each politeness marker were used in
the three conditions, the proportion of each type used was similar in each condition,
possibly indicating the naturally occurring frequency of types in this type of team
work. The F2F condition elicited the greatest amount of politeness markers in most
categories, reflecting their greater total use of these markers. Of the categories
used, the category of finite modals (e.g. can, may shall, would) were used most
frequently, whereas tag questions and interrogatives were used the least.

For all three conditions, the main type of politeness marker used was the finite modal
verb (would, could etc). For example, a direct request for action is “Get that drawing”
whereas a less direct, more polite means (using a modal verb) is “Could you get that
drawing?”. Modal adjuncts were the second most commonly used in both settings
e.g. the use of perhaps, probably, possibly. Tag questions and incongruent
realizations of interrogatives were used the least in all conditions.

It is perhaps surprising that the participants in the two virtual environments, with their
limited access to nonverbal communication, used fewer politeness markers. Even
though the participants in the F2F setup were able to use nonverbal communication
(e.g. facial expression, gaze, gesture) in addition to verbal politeness markers, they
indicated greater politeness to each other verbally than in the two virtual conditions.
It is even more surprising in the light of the fact that in both virtual conditions, they
were able to interact using a web camera. However, as Hoyt (2000) has indicated,
even in this type of set-up, non-verbal interaction may be inhibited. It could have
been hypothesized that the participants in the virtual environments would have at
least used similar amounts of verbal politeness markers to overcome the effect of the
technology. These markers indicate the degree of directness used by the
participants when requesting or providing information or action from each other. It
may be that more direct and therefore less polite language was used more frequently
in an attempt to overcome the difficulties in communicating clearly using the
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technology and also the distancing effect that the technology may exert. Using fewer
politeness markers can also be a way of controlling the interaction (Togher and
Hand, 1998). Thus, to avoid miscommunication in the virtual environments, group
members may have considered it more efficient and expedient to use more direct
speech in transmitting and requesting information or action.

9.4 Limitations
Five limitations were identified in the study and are discussed below. :

1.

Small sample size — whilst the number of interactions analysed was large, the
number of design teams analysed was small (5). The data collection required
designers to find time in their and their companies’ schedule to participate in 1.5
hours of mock design. With the addition of training and travelling time, the
designers provided about 3.5 to 4 hours. Also the priority of their own urgent
design tasks may relegate experimental sessions to second place. The fact that
this report analyses only five design teams is a direct result of these difficulties
and it is thus difficult to generalise the findings to the wider population.

Sequence in which the participants operated using the experimental conditions
i.e. face-to-face, group board and 3D virtual world was not randomised. In the
data collection, all the design participants moved through the different levels in
the same order of increasing virtuality. Therefore the participants are affected by
factors of practice/familiarity or fatigue (Pring 2005). It is not possible to
determine how and to what extent these confounding variables affect the
research outcomes. As the designers devote half an hour to each method face-
to-face, group board and 3D virtual world, they are gaining experience working
together. As a result one would assume they would be able to work more
effectively as their time together increased. If this is the case their time of optimal
collaboration will be when they are designing in the 3D virtual world. On the other
hand, if fatigue or tedium set in, the last task performed (viz 3D virtual world)
would be the most affected.

The data was collected in a laboratory setting. In addition, the construction
designs which the designers were discussing were fabricated designs i.e. they
were fictitious and did not hold intrinsic meaning for the designers. What this
research attempted to do was to make the conditions as close to real world as
possible so that the results and conclusions reached here could be generalised to
the real world design setting. Another issue associated with the data is that,
because the designs were not real, the designers had some difficulty at times
acting as they would in a real world setting. For example, designers were able to
skip over parts of the design that were difficult.

All participants were architects and therefore, the results may be influenced by
the culture of the architecture profession. The concept of a designer
encompasses many different professions including architecture, engineering and
construction management. To have representation from only one professional
source limits the extent to which the results can be extended to all designers.
Furthermore, by investigating team interaction within one profession, it is difficult
to generalise the findings to teams which comprise various professions (e.g. an
architect, a construction manager and an engineer).

The participants comprised a heteregenous group in terms of gender, age,
qualifications, experience, language and culture. Although their various
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backgrounds can be considered to reflect the real world of remote/virtual
teamwork, it is not clear how these factors individually have contributed to the
results. It is difficult to hypothesise how a combination of, for example, relatively
limited proficiency in English, little experience of technology and the effects of the
technology itself would affect generic skills or the interaction that occurs.

9.5 Recommendations

The recommendations arising from this project are organised into four categories
1) Recommendations for design collaborators,

2) Recommendations for design team management,

3) Recommendations for educational development and ‘continuous professional
development’, and

4) Directions for future research.

9.5.1 Recommendations for Design Collaborators
These recommendations are those which are specific to individual designers.

9.5.1.1 Shared Situational Awareness

The increase in the need to establish a shared awareness as virtuality increases
suggests that design collaborators become more uncertain in their interpretation of
the communication and so request more and more confirmation of information. It can
be concluded that design collaborators need to supply a more detailed description of
what they are proposing or attempting to do and continually relate this to the specific
task with which they are directing their design activity. It will always be possible to
obtain information in a virtual world, but what is a potential concern is the efficiency of
this transfer and the level of shared understanding within groups at a point of time.
To achieve high quality virtual communication it is necessary to use multiple
channels or modes of communication simultaneously to enrich the design concept
being communicated. Instead of relying on a single mode of communication, e.g.
verbal communication, it is necessary to support verbal communication with non-
verbal artefacts, such as sketches, as designers do in face-to-face situations. Such
communication enhancements make it possible to, for example, indicate areas being
referred to.

Recommendation 1: Use multiple modes of communication concurrently to
increase shared understanding in design teams

9.5.1.2 Decision Making

Evidence of a decrease in design solution generation and brainstorming as virtuality
increases suggests that design collaborators are more ready to accept a design
proposal and assign it the status of a solution, without offering alternatives. Because
of the at times cumbersome nature of communication in a virtual world (described
above), the perception is that it is easier to accept an idea without conducting a
discussion for the purpose of extrapolation, multiple outcome generation, or other
potential solutions. However it would seem that in virtual environments many
perspectives are not acknowledged and the solution generation phase of designing
consequently suffers.

Recommendation 2: Designers should ensure appropriate brainstorming and
design option generation is conducted when working in a virtual context.
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Recommendation 3: Designers should encourage all team members to
acknowledge each design proposal and offer their opinions and design ideas.

9.5.2 Recommendations arising from SFL analysis

9.5.2.1 Exchange of information

Within the context of a team involved in producing a design, a key criterion for a
successful outcome is their ability to communicate effectively. However, in this
study, fewer units of information were exchanged (i.e. the amount of interaction
decreased) as the level of virtual technology increased. Although previous research
(discussed above) has had similar findings, the rate of interaction in virtual
environments should be similar to that of F2F settings for a number of reasons.
Firstly, common ground is built and rebuilt through the moment-to-moment
interactions of the team members. Negotiation, which team members need to
engage in to establish shared understanding, is an active process. The challenges to
negotiation increase as team members build common ground with people from
different professions, cultures, languages and educational backgrounds. Thus the
need for interaction is constant in any collaborative team setting. Secondly, for
teams to collaborative successfully, trust needs to be built. Because teams are often
required to collaborate efficiently but also rapidly, trust needs to be built up quickly. A
high frequency of interaction has been found to establish trust (Jarvenpaa, Knoll and
Leidner 1998). The building of trust in remote teams may be more difficult to
establish than in F2F settings and therefore the amount of interaction is of even
greater importance when using virtual technology.

Recommendation 4: Design team members should interact with each other
frequently in order to establish common ground and trust.

9.5.2.2 Ease of information exchange

The quality and ease of information exchange needs to be taken into account. This
study indicated that there was less negotiation of meaning (i.e. dynamic moves) in
the 3D setting, suggesting that there was less need for checking, clarifying or
repairing miscommunication. Whilst this may be a positive finding for the use of
virtual technology, it must be placed in the context of less interaction overall in the 3D
setting. Furthermore, previous research (discussed above) indicated that
participants may be more authoritative in their communication when using virtual
technology, possibly preventing other team members from challenging a decision or
an action. However, for the building of trust and teamwork in virtual environments, as
well as collaboration, team members should feel comfortable checking, clarifying and
challenging the information provided to them.

Recommendation 5: To establish trust and collaborate effectively, design
team members should be encouraged to participate actively in the design
process rather than passively accepting one member’s decisions.

9.5.2.3 Giving and receiving information and action

A greater number of moves requesting, rather than providing, information or action
was observed in the virtual settings. From this it is apparent that more time was
spent by team members obtaining the information or action necessary for them to
continue with the project. Regarding the provision of information, it can be concluded
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that team members working in the virtual settings did not adapt to the conditions by
increasing the information given to each other. The incidence of requests for action
may have been the result of the technology or the participants’ level of experience of
the technology. In both virtual settings, the drawing or writing of one team member
was not immediately visible to the other team member. This meant that team
members would request an action that was already being completed by the other
team member. In addition, because of the technology, group members asked for
action on specific aspects of the project (e.g. you do.... and I'll do ...) to avoid both
team members working on the same aspect.

Recommendation 6: In virtual technology settings, team members should
increase the flow of information to each other and be explicit in action
requests to compensate for the restrictions placed on them by the technology.

9.5.2.4 Providing feedback

Providing feedback is a necessary mechanism in environments where there are no
visual cues to indicate that communication giving is proceeding smoothly. Contrary
to expectations, less feedback was provided in the virtual settings than in the F2F
setting in which the speakers had access to non-verbal cues. Previous research
(discussed above) has stressed the need for feedback in computer-mediated
environments. In addition, feedback contributes to trust building.

Recommendation 7: In virtual technology settings, team members should
provide verbal feedback to indicate to the speaker that the information has
been clearly received.

9.5.2.5 Naming and exclaiming

The incidence of names and exclamations was greater in the virtual settings than in
the face-to-face condition. Whilst the use of names in F2F interaction between two
conversational partners is redundant, their increased use in virtual settings is
appropriate in getting a team member’s attention if there is limited visual contact.
The greater use of names in the two virtual settings may have been an attempt to
overcoming the distancing effect of the technology and increase familiarity with each
other. Both first names and terms such as “mate” were used. Although in principle
the use of increased naming is appropriate in virtual settings, the form of the vocative
may need to be considered to take into account cultural variables when working in
culturally diverse global teams. Although some of the team members were not
Australian-born, they would have been accustomed with the use of Australian terms
of address and would therefore not have taken offence.

Regarding exclamations, the increased use of exclamations in the virtual settings
may indicate greater familiarity (due to increased experience working together or to
overcome the effect of the technology) or may stress informality. Whatever the
motivation, the use of swearing may be considered problematic by other team
members, whether of the same culture and language or not.

Recommendation 8: Team members should be circumspect about the use

of names, particular familiar vocatives, and the use of swearing when
interacting in global teams, particularly with people from different cultures.
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9.5.2.6 Politeness markers

More verbal politeness markers were used in the face-to-face setting than in the two
virtual conditions, even though the team members were able to use non-verbal
politeness markers in the former condition. The need for verbal politeness markers
should increase as the use of non-verbal cues becomes more difficult. More direct
communication may have been used to overcome the difficulties in communicating in
the virtual environments; as discussed above, team members may take on a more
authoritative stance when using technology. The use of politeness markers results in
less direct communication but their use builds trust and may reflect an increased
level of collaboration and they are therefore of importance in any team work setting.

Recommendation 9: Team members should use less direct, more polite
communication within the virtual settings to build trust and increase
collaboration, particularly when interacting with team members of different
cultures. This may only be possible as technology or team members
experience of the technology improves.

9.5.3 Recommendations for Design Team Management

Recommendations for design team management refer to specific aspects of design
team management which could be improved.

Some form of leadership or team management is vital for virtual design collaboration.
An increase in uncertainty (shared situational awareness) and a decrease in solution
generation (decision making) indicates that an environment managed by a clear set
of guidelines would benefit such collaboration. It is clear that the activity of
collaboration within design teams presents a complex set of variables which require
effective management. The challenges faced by design team managers require a
specific mix of experience, knowledge and understanding. The recent introduction of
‘architectural design management programs’ in UK universities (e.g. BSc
Architectural Engineering and Design Management at Loughborough University at
http://www.Iboro.ac.uk/departments/cv/prospstud/undergrad/aedm/index.html ) is
evidence of a perceived need for professional education in this sector.

In addition, the need for effective management highlights the benefits that would
accrue from a dedicated protocol system (similar to the Process Protocol described
by Thorpe (2004)). Such a document would assist the management of design
collaboration within virtual teams. A designated leader would need to be appointed
to manage design sessions, something that was lacking from the experimental
sessions.

To combat the increase in uncertainty within virtual teams design leaders would need
to ensure that the design process was structured so that all design team members
were able to contribute to discussions. Teams need to be managed to ensure that
members provide information in a clear concise manner with an appropriate level of
detail.

Furthermore, it would appear that the style of management appropriate to virtual
environments warrants further investigation. Clearly an advantageous strategy would
be to encourage input during the solution generation phase so that adequate designs
were not accepted without discussion.

Recommendation 10: Virtual design teams operate under the guidance of a
designated leader or project manager.
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Recommendation 11: A protocol to be established for virtual team working to
be implemented by design team leader.

9.5.4 Recommendations for Educational Development

In creating University courses for design related degrees in the area of design
management and virtual technologies emphasis should be placed on the skills and
areas identified above. One way these skills could be utilised in education is through
ePortfolios (such as the NURAPID system established at Loughborough University in
the UK (Sher et al. 2005)). NURAPID stands for Newcastle University Recording
Academic, Professional and Individual Development Progress File. NURAPID is a
system which allows students to record and audit their skills sets as outlined by
professional and industry bodies for their chosen field. It also helps students manage
the attainment of skills relevant to their disciplines and creates records which are
useful for CV’s. This project has found that there are differences in the skills which
are needed during virtual design collaboration. If these differences are incorporated
in student skills auditing and recording, it would better prepare them for the
increasing demands of high bandwidth technologies within the design/construction
industry.

Recommendation 12: Findings concerning generic skills be implemented
into ePortfolios for recording and auditing student skill profiles.

9.5.5 Directions for Future Research

There are many directions for future research into the generic skills and the
interactional styles within virtual design teams. Many of these relate to investigating
the recommendations provided above.

It would be prudent to determine whether the increase in uncertainty and the
decrease in solution generation in the virtual condition affected the outcome of the
design session. This would establish whether an increase in shared situational
awareness and a decrease in decision making generic skills had an impact on the
efficiency of the design process and the quality of design solutions.

Recommendation 13: Investigate the relationship between generic skills
and communication in virtual environments, and the efficiency and quality of
the design process.

This report describes differences in the use of generic skills as virtuality of design
collaboration increases. Future research into the effects generic skills could have on
the use of a design management protocol within virtual teams would be important for
design management education. Being able to expand on the issues cited above
would contribute to the creation of a skills audit which students and industry
professionals could use to align themselves with industry skill standards.

Recommendation 14: Research the creation of a protocol for virtual
design team management.

The limitations described above indicate the possible presence of an order or
practice effect as the move from low to high bandwidth conditions was not
randomised. This effect may be countered by the familiarity the designers had with
one another prior to the experimental design sessions. A future direction for this area
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of research may focus on whether there is a different effect seen between the
generic skills used by designers who know or have previously worked with each
other and those who do not/have not. In globally dispersed virtual teams, there may
always be designers who have not previously met each other. The experience
designers have working with each other may promote the use of different skills in the
virtual domain thus presenting different generic skills and interaction profiles.

Recommendation 15: Research into the effect of prior experience with team
members on the generic skill and interaction profiles of virtual teams.

While limited conclusions can be drawn from the results from the G-SICT
guestionnaire, some issues are apparent.

e Itis convenient for researchers to develop and administer questionnaire
surveys using secure websites hosted by third parties. However, it this
convenience may be at the expense of participants. Recipients of email
requests appear to pay scant attention to yet another email (even when these
receive the endorsement of managers or peers).

e Achieving a high response rate for an on-line survey is not easily achieved.
Ways of engaging recipients (such as contacting them personally and
requesting them to complete the survey online) need to be considered.

Recommendation 16: Mix the modes of survey presentation. Much like
virtual teams, begin with face-to-face contact and ease into the online
situation.

As noted above, the participants appeared to agree that all of the generic skills
identified were of importance. However they were unsure whether they were in use
in the design/construction industry at present. Perhaps in future iterations of the G-
SICT it would be necessary to incorporate definitions of these generic skills so as the
participants would be sure of what researchers were asking of them. At present
participants are answering these questions on their own understanding of these
skills.

Recommendation 17: Provide definitions of generic skills in future iterations
of the G-SICT.

Due to the small number of participants it would be necessary once these
recommendations are put in place to complete further work into industry perceptions
of virtual technologies and generic skills.

Recommendation 18: Further research to be conducted into industry

perceptions of generic skills necessary for virtual design collaboration using
the G-SICT.

9.6 List of Recommendations
A summary of the recommendations is presented below:

Recommendation 1: Use multiple modes of communication concurrently to
increase shared understanding in design teams.
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Recommendation 2: Designers should ensure appropriate brainstorming and
design option generation is conducted when working in a virtual context.

Recommendation 3: Designers should encourage all team members to
acknowledge each design proposal and offer their opinions and design ideas.

Recommendation 4. Design team members should interact with each other
frequently in order to establish common ground and trust.

Recommendation 5: To establish trust and collaborate effectively, design
team members should be encouraged to participate actively in the design
process rather than passively accepting one member’s decisions.

Recommendation 6: In virtual technology settings, team members should
increase the flow of information to each other and be explicit in action
requests to compensate for the restrictions placed on them by the technology.

Recommendation 7: In virtual technology settings, team members should
provide verbal feedback to indicate to the speaker that the information has
been clearly received.

Recommendation 8: Team members should be circumspect about the use
of names, particular familiar vocatives, and the use of swearing when
interacting in global teams, particularly with people from different cultures.

Recommendation 9: Team members should use less direct, more polite
communication within the virtual settings to build trust and increase
collaboration, particularly when interacting with team members of different
cultures. This may only be possible as technology or team members
experience of the technology improves.

Recommendation 10: Virtual design teams operate under the guidance of a
designated leader or project manager.

Recommendation 11: A protocol to be established for virtual team working to
be implemented by design team leader.

Recommendation 12: Findings concerning generic skills be implemented
into ePortfolios for recording and auditing student skill profiles.

Recommendation 13: Investigate the relationship between generic skills
and communication in virtual environments, and the efficiency and quality of
the design process.

Recommendation 14: Research the creation of a protocol for virtual
design team management.

Recommendation 15: Research into the effect of prior experience with team
members on the generic skill and interaction profiles of virtual teams.

Recommendation 16: Mix the modes of survey presentation. Much like
virtual teams, begin with face-to-face contact and ease into the online
situation.

Recommendation 17: Provide definitions of generic skills in future iterations
of the G-SICT.
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Recommendation 18: Further research to be conducted into industry
perceptions of generic skills necessary for virtual design collaboration using
the G-SICT.
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10 CONCLUSIONS

It is clear that the introduction of virtual technologies has implications for designers.
The challenges are not solely technical. These technologies impact on the ways
designers work and collaborate. This research has identified some goals which need
to be addressed if virtual technologies are to be effective and successful. The
generic skills and Bales’s IPA data have shown that some areas are unaffected by
the implementation of ICTs, but others signal significant differences. Areas which
warrant further attention include a drop in frequency of idea generation and solution
forming, and an increase in uncertainty as virtuality increases.

The ability to map and measure generic skills of individuals and teams is crucial for
the construction/design industry. This mapping and measurement can contribute to
training in deficient areas. The major deficiency highlighted by literature was the lack
of non-verbal capabilities in the virtual world compared to co-located conditions. This
deficiency will inevitably lead to different skills and interactions being used.

The major conclusion drawn from analysis of the coded design collaboration is that
there are significant differences between the operational conditions; face-to-face,
group board and 3D virtual world, for the generic skills, Bales’s IPA and the two
Systemic Functional Linguistics profiles. This was true for the overall design activity
of the five teams.

Using two linguistic analyses to investigate team interaction in more depth has
provided additional information, not only on the communication itself but also on the
contribution of communication to trust-building and collaboration. Only a fine-grained
analysis of interaction can provide the type of information needed to determine the
effect of virtual technology on communication in design teams.

Collaboration in team work is not only concerned with the transmission of information
but also with the building of trust. The more frequent interaction and increased
politeness markers in the F2F setting are both factors found to contribute to trust
building (Jarvenpaa and Leidner 1998, Jarvenpaa, Knoll and Leidner 1998). Teams
which are high on trust have been found to be able to solve problems and resolve
conflicts (Jarvenpaa and Leidner 1998).

It is essential that designers understand the characteristics of the different
environments in which they may find themselves working. Specific communication
skills may be needed for team members to function efficiently and effectively,
particularly in virtual, high-bandwidth technological, environments. By examining the
effects of technology on communication, the particular strategies which facilitate and
hinder communication when different levels of technology are used, can be
ascertained. These strategies can then be incorporated into the briefing and training
sessions provided to construction design teams as they move to greater use of group
board, 3D and other technologies. In this context it is pertinent to note that currently
training usually focuses on the use of new software and hardware technology, rather
than on the interpersonal communication skills that will facilitate communication and
collaboration.
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12 APPENDIX | - BEHAVIOURAL MARKER SYSTEMS

Table 12.1 Table of Behavioural Markers and descriptions taken from LOSA [adapted from (Klampfer et al. 2001)]

Marker Positive description of Behaviour
marker
Briefing The required briefing was e Concise, not rushed, and

interactive and operationally
thorough

met requirements
e Bottom lines were
established

Plans stated

Operational plans and
decisions were acknowledged
and communicated

Shared understanding about
plans

Workload
assignment

Roles and responsibilities
were defined for normal and
non-normal situations

Workload assignments were
acknowledged and
communicated

Contingency
management

Members developed effective
strategies to manage potential
issues

e [ssues and their
consequences were
anticipated

e Used all available
resources to manage
issues

Monitor/Crosscheck

Team members actively
crosscheck activities and
other members

Verification of team activities

Workload Tasks were prioritised and e Avoid task fixation
management properly managed to handle e Did not all work overload
primary duties
Vigilance Team members remain aware | Team members maintain
of the status of the project situational awareness
Automation Automation was properly
management manage to balance situational

and workload requirements

Evaluation of plans

Existing plans were reviewed
and modified when necessary

Team member decisions and
action were openly analysed
to make sure the best existing
plan was the best plan

Inquiry Team members ask questions | Team members not afraid to
to investigate and/or clarify express a lack of knowledge
current plans of action

Assertiveness Team members stated critical | Team members spoke up

information and/or solutions
with appropriate persistence

without hesitation

Communication
environment

Environment for open
communication was
established and maintained

Good cross talk

Leadership

Project leader showed
leadership and co-ordinated
team activity

In command, decisive, and
encouraged team
participation,
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Table 12.2 Non-Technical Skills (NOTECHS) behavioural markers and descriptions [adapted from (Klampfer et al.

2001)).
Categories Elements Example Behaviours
Cooperation Team building and Establishes atmosphere for open
maintaining communication and participation

Considering others

Takes condition of other team
members into account

Supporting others

Helps other team members in
demanding situation

Conflict solving

Concentrates on what is right
rather than who is right

Leadership and
Managerial Skills

Use of authority and
assertiveness

Takes initiative to ensure
involvement and task completion

Maintaining standards

Intervenes if task completion
deviates from standards

Planning and co-ordinating

Clearly states intensions and
goals

Workload management

Allocates enough time to
complete tasks

Situation
Awareness

System awareness

Monitors and reports changes in
system states

Environmental awareness

Collect information about the
environment

Anticipation Identifies possible/future
problems
Decision Making Problem Review causal factors with other

definition/diagnosis

team members

Option generation

e States alternative courses of
action

e Asks other team members for
options

Risk assessment/Option
choice

Considers and shares risks of
alternative courses of action

Outcome review

Checks outcome against plan
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Table 12.3 Assessment of communication and interaction skills, domains and items [adapted from Kjellberg et al

(2003)].
Theoretical Domain Skill Description
Physicality Contacts Makes physical contact with others
Gazes Uses eyes to communicate and interact with
others
Gestures Uses movements of the body to indicate,
demonstrate or add emphasis
Manoeuvres Moves one’s body in relation to others
Orients Directs one’s body in relation to others
and/or occupational forms
Postures Assumes physical positions
Information Articulates Produces clear, understandable speech
Exchange
Asserts Directly expresses desires, refusals and
reguests
Asks Requests factual or personal information
Engages Initiates interactions
Expresses Displays affect/attitude
Modulates Employs volume and inflection in speech
Shares Gives out factual or personal information
Speaks Makes oneself understood through the use of
words, phases or sentences
Sustains Keeps up social action or speech for
appropriate durations
Relations Collaborates | Co-ordinates one’s action with others toward

a common end goal

Conforms Follows implicit and explicit social norms

Focuses Directs conversation and behaviour to
ongoing social action

Relates Assumes a manner of acting that tries to
establish a rapport with others

Respects Accommodates to other people’s reactions

and requests
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Table 12.4 Generic Skills — Behaviour Marker Correlation showing that previous behavioural marker research can provide insight into those behaviours which contribute to the generic skills for

teamwork taken from the literature.

Generic Skill Behavioural Marker Behavioural Element (Observable Behaviour)
Adaptability Taken from other research
Shared Situational Situation Awareness (Klampfer et al. 2001) e System awareness
Awareness

e Environmental awareness

o Anticipation

Vigilance (Klampfer et al. 2001)

e Team members remain aware of the status of the
project

Situation Awareness (Fletcher et al. 2003)

e Gathering information
¢ Recognising understanding
¢ Anticipating

Performance Monitoring
and Feedback

Monitor/Crosscheck (Klampfer et al. 2001)

e Team members actively crosscheck activities and
other members

Evaluation of plans (Klampfer et al. 2001)

e Existing plans were reviewed and modified when
necessary

Inquiry (Klampfer et al. 2001)

e Team members ask questions to investigate and/or
clarify current plans of action

Leadership/Team
Management

Task Management (Fletcher et al. 2003)

¢ Planning and preparing

e Prioritising

¢ Providing and maintaining standards
e Identifying and utilising resources

Leadership (Klampfer et al. 2001)

¢ Project leader showed leadership and co-ordinated
team activity

Leadership and Managerial Skills (Klampfer
et al. 2001)

¢ Use of authority and assertiveness

e Maintaining standards

e Planning and co-ordinating
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¢ Workload management

Interpersonal Relations

Assertiveness (Klampfer et al. 2001)

e Team members stated critical information and/or
solutions with appropriate persistence

Relations (Kjellberg et al. 2003)

e Collaborates

e Conforms

e [Focuses

e Relates

e Respects

Cooperation (Klampfer et al. 2001)

e Team building and maintaining

e Considering others

e Supporting others

¢ Conflict solving

Co-ordination

Workload management (Klampfer et al.
2001)

e Tasks were prioritised and properly managed to
handle primary duties

Workload assignment (Klampfer et al. 2001)

¢ Roles and responsibilities were defined for normal
and non-normal situations

Communication

Because of the nature of team work, finding
exact communication behaviours would be
difficult, so communication is thought better
measured by other techniques.

Decision Making

Decision Making (Klampfer et al. 2001)

e Problem definition/diagnosis

¢ Option generation

¢ Risk assessment/Option choice

e Outcome review

Decision Making (Fletcher et al. 2003)

e Identifying options
e Balancing risks and selecting options

e Others
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13 APPENDIX Il - GENERIC SKILLS CODING
SCHEMES

Table 13.1 Coding scheme for examining generic skills within design teams

Generic Skills | Code Observable Behaviours Example
Adaptability Subiject is directed towards a “Well why don’t we
Al problem during design session, move X closer to y”
and solves before moving on
Subject recognises a problem “Because of the
AD during the design phase, and dimensions of x we
solves it before moving on should move it closer
toy”
Shared Monitors changes in the “If x changes, it will
Situational Bl environment or brief result in a change in y”
Awareness
B2 Reports changes in the “x will need to change”
environment or brief
B3 Collects and distributes relevant “To change x you will
information need to know y”
Identifies future problems “If x is changed now it
B4 will effect y in the
future”
B5 Subject finishes other peoples
sentences
Subiject gives information or
B6 representation before the team
member has finished requesting it
Identifies a possible source of “What if we ask the
B7 : ) : ,
information neighbour?
Performance Checks the form and status of “Your drawing x aren'’t
Monitoring and | C1 team members current activities you?”
Feedback and tasks
co Asks a question to clarify action “Is this what you want
plans me to do?”
Asks for description or “Could I check that x
c3 representation of a team you created is
member’s task to check for correct?”
appropriateness
Provides comment on the “I think x needs to be
appropriateness of a current or more like y”
C4 completed task, either through
agreement/disagreement,
suggestions, or opinions
C5 Gives positive response “Yes”
c6 Gives positive response with “Yes, that’s really
affirmation good”
C7 Gives negative response “NQ”
cs Asks for feedback or confirmation | “Does this look right”
on task
Leadership / D1 Gives priority to tasks “We organise a
Team timeline for completion
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Management of tasks”
Provides standards for team “X needs to be double
D2 operation and task completion checked before it is
signed off”
Planning and preparing of tasks “l think a plan should
D3 and workload be created for tasks
and workload”
D4 Use of authority or assertiveness “You will do both x and
to assign tasks to team members | y”
D5 Identification and utilisation of “Use that paper there
resources to create x”
Interpersonal Team building and getting team “I would like to get
Relations El members involved everyone’s opinions on
N
E2 Confirms other team members, “That’s a really great
and encourages them idea”
Solving conflict between team “You may understand
E3 members, by providing information | our point of view if you
view x from this angle”
Solving conflict between team “Please lets just hear
E4 members by listening to both both arguments, them
arguments form a decision”
Interrupts another team member,
E5 showing disrespect. Not in a form
of anticipation
Co-ordination Refers to the time available or left | “There is only 10
F1 to complete the task minutes left to
complete x”
Checks the progress of tasks, and | “I think you should
F2 their priority. complete tasks x and y
soon”
Checks the workload status “Will you be able to
F3 complete both tasks in
the next 10 minutes”
= Asks or questions the timing of the | “What’s next?”
next task
5 Organising tasks or artefacts “There is drawing
number 1”
Communica- This is better measured by the
tion Bales IPA, as most of the
behaviour within a team could be
interpreted as communication
Decision Generates a list of options from “We have a choice of
) Gl . L . .,
Making which a decision will be made XV, 2
Questions the use of a solution, “What if we do x”
G2 o )
whether it is accepted or rejected.
Before a solution is created to a “We need to consider
G3 problem, the subject questions the | x, y, z before can
factors that need to be considered | resolve the issue”
Checks the outcome of a solution | “If we implement x,
G4 . . "
against the problem how will that change y
G5 Defines the problem in light of a “We need to
solution accomplish x, y, 2"
G6 Presents a single solution “What about we do X"
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Table 13.2 Table Changed initial coding scheme illustrating generic skills and the observable behaviours used by
coders to identify generic skills

Generic Skills | Code Observable Behaviours Example
Adaptability Recognises areas for “Maybe | should
Al |. ; : . _ .,
improvement in design or solution | change the size of X
Directs attention of the designer to | “Maybe you could
A2 | a possible improvement for the should change the size
design or solution of X”
Physically fixes or improves a
A3 | design within 10 seconds of the
flaw being nominated
Shared Explains a design/solution “This bit represents
Situational Bl that service area”
Awareness
Asks for confirmation on a “So this is the service
B2 ) . "
design/solution or aspect area here?
B3 Asks a question regarding a “Where is the service
design/solution or aspect area?”
B4 Finalises a design/solution “OK that’s that drawing
done”
Distributes relevant written or
B5 o :
physical information
B6 | Identifies future problems
Uses anticipation to complete
other team member’s sentences.
B7
Usually followed by agreement
from the team member
B8 Identifies a possible source of
information
Performance Questions or asks for a “What scale are you
Monitoring and C1 | description of a task going to sketch X at”
Feedback
Provides comment on the “I think this is good,
appropriateness of a current or really good”
completed task, or a design either
Cc2 )
through agreement/disagreement,
suggestions, or opinions (More
general; overall comment)
Asks for feedback or confirmation | “Your drawing X at a
C3 | ontask ration of 100:1 aren’t
you?”
Explains a task “| created a cross
C4 sectional drawing at
the service level”
Checks the outcome of a “OK the size of the
C5 | design/solution against the service area is in line
problem with the brief”
Leadership/Te Communicates the instructions Reads from brief
am D1 | and standards described in the
Management design brief (formal)
Suggests a new task “I think we should
D2 make a new drawing

of section X”
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Gives priority to tasks

“We should draw a

D3 e
cross section first
Assigns tasks to team members “OK you can do that
D4 . L
and | will do this
Interpersonal Spontaneously asks a team “Hey Pete, what do
Relations E1 | member for their opinion on a task | you think of X”
or design
Interrupts another team member
E2 with a statement which goes
against what the member is
expressing or changes the focus
E3 Conflict/conflict solving Arguing/Taking control
of an argument
Joking, gossip/non-design “What are you doing
E4 ) ; "
discussion after work?
E5 | Polite remark “Thanks”, “Sorry”
Co-ordination = Checks or monitors the progress “We have to finish X
(task related) of tasks against time by the end of the day”
Checks or monitors workload “OK you have 10
F2 . , : . ,
against time minutes to finish X
£3 Asks a question regarding an “Where is that drawing
artefact going?”
Explains the presence or “l am putting X over
F4 | destination of an artefact here with the other

drawings”

Communica-
tion

This is better measured by the
Bales IPA, as most of the
behaviour within a team could be
interpreted as communication

Decision
Making

This is better measured by the
Bales IPA, which has a system for
the measurement of decision
making
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Table 13.3 Final Generic Skills Coding Scheme

Non- Observable Example
Technical Behaviour
Skill
Task Planning or e Outlines and describes the plan for the
Management | preparing a task design
¢ Reviewing the design after changes are
made
e Describes what actions are to take place
once he design is completed
Prioritising tasks e Assigns priority to design tasks to be
completed
e Prioritises the segments within design
tasks
Providing ¢ Follow design protocols and briefs
direction and Cross checks the completion of design
maintaining tasks
standards for the
task
Identifying and e |dentifies and allocates resources
utilising resources | e Allocates tasks to team members
o Requests additional resources
Team Co-ordinating e Confirms roles and responsibilities of team
Working activities with members
team members o Discusses design with others
e Considers requirements of others before
acting
e Co-operates with others to achieve goals
Exchanging e Gives updates and reports key events
information e Confirms shared understanding
e Communicates design plans and relevant
information to relevant members
o Clearly documents design
Using authority e |s appropriately and necessarily assertive
and e Takes appropriate leadership
assertiveness e Gives clear orders
e States case for order and gives
justification
Assessing e Asks for assistance
capabilities e Asks team member about experience
¢ Notices that a team member does not
complete task to appropriate standard
Supporting others | o Acknowledges concerns of others
e Reassures/Encourages
o Debriefs
¢ Anticipates when other will need
information or designs
Situational Gathering
Awareness information

Recognising and
understanding

Anticipating
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Decision
Making

Identifying
options

Discusses design options with
clients/other designers

Discusses various techniques for the
design

Balancing risks
and selecting
options

Weighs up risks associated with different
design options
Implements chosen design

Re-evaluating

Re-evaluates chosen design technique
after it has been chosen
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14 APPENDIX Il - COMPLETE TABLES OF REPEATED MEASURE ANOVA

Table 14.1 Complete Mauchly’s Test of Sphericity table for Generic Skills

Epsilon(a)
Within Subjects Approx. Chi- Greenhouse-
GenSkill Effect Mauchly's W Square df Sig. Geisser Huynh-Feldt Lower-bound
1.00 conditio .049 9.070 2 011 512 525 .500
2.00 conditio .558 1.748 2 417 694 .945 .500
3.00 conditio .253 4.128 2 127 572 652 .500
4.00 conditio .338 3.250 2 197 .602 719 .500
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Table 14.2 Complete Test of Within-Subjects Effects table for Generic Skills

Type Ill Sum of
GenSkill Source Squares df Mean Square F Sig.
1.00 conditio Sphericity Assumed 644.800 2 322.400 4.043 .061
Greenhouse- 644.800 1.025 629.119 4.043 113
Geisser
Huynh-Feldt 644.800 1.050 613.938 4.043 111
Lower-bound 644.800 1.000 644.800 4.043 115
Error(conditio) Sphericity Assumed 637.867 8 79.733
Greenhouse- 637.867 4.100 155.589
Geisser
Huynh-Feldt 637.867 4.201 151.834
Lower-bound 637.867 4.000 159.467
2.00 conditio Sphericity Assumed 1114.533 2 557.267 .450 .653
Greenhouse- 1114.533 1.387 803.380 450 592
Geisser
Huynh-Feldt 1114.533 1.889 589.875 .450 .643
Lower-bound 1114.533 1.000 1114.533 .450 .539
Error(conditio) Sphericity Assumed 9904.133 8 1238.017
Greenhouse- 9904.133 5.549 1784.778
Geisser
Huynh-Feldt 9904.133 7.558 1310.459
Lower-bound 9904.133 4.000 2476.033
3.00 conditio Sphericity Assumed 1063.600 2 531.800 4.903 .041
Greenhouse- 1063.600 1.145 929.256 4.903 081
Geisser
Huynh-Feldt 1063.600 1.304 815.781 4.903 .071
Lower-bound 1063.600 1.000 1063.600 4.903 .091
Error(conditio) Sphericity Assumed 867.733 8 108.467
Greenhouse- 867.733 4578 189.532
Geisser
Huynh-Feldt 867.733 5.215 166.388
Lower-bound 867.733 4.000 216.933
4.00 conditio Sphericity Assumed 8348.933 2 4174.467 42.431 .000
Greenhouse- 8348.933 1.204 6936.066 42.431 .001
Geisser
Huynh-Feldt 8348.933 1.437 5809.674 42.431 .001
Lower-bound 8348.933 1.000 8348.933 42.431 .003
Error(conditio) Sphericity Assumed 787.067 8 98.383
Greenhouse- 787.067 4815 163.468
Geisser
Huynh-Feldt 787.067 5.748 136.922
Lower-bound 787.067 4.000 196.767
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Table 14.3 Complete Test of Within-Subjects Contrasts table for Generic Skills

Type Il Sum
GenSkill Source conditio of Squares df Mean Square F Sig.
1.00 conditio Level 1 vs. 819.200 819.200 4.799 .094
Level 2
Level 2 vs. 20.000 20.000 1.026 .368
Level 3
Error(conditio)  Level 1 vs. 682.800 170.700
Level 2
Level 2 vs. 78.000 19.500
Level 3
2.00 conditio Level 1 vs. 768.800 768.800 559 496
Level 2
Level 2 vs. 2205.000 2205.000 540 503
Level 3
Error(conditio)  Level 1 vs. 5499.200 1374.800
Level 2
Level 2 vs. 16342.000 4085.500
Level 3
3.00 conditio Level 1 vs. 627.200 627.200 19.478 012
Level 2
Level 2 vs. 441.800 441.800 1.571 .278
Level 3
Error(conditio)  Level 1 vs. 128.800 32.200
Level 2
Level 2 vs. 1125.200 281.300
Level 3
4.00 conditio Level 1 vs. 7372.800 7372.800 |  120.274 .000
Level 2
Level 2 vs. 1656.200 1656.200 8.685 042
Level 3
Error(conditio)  Level 1 vs. 245.200 61.300
Level 2
Level 2 vs. 762.800 190.700
Level 3
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Table 14.4 Complete Mauchly's Test of Sphericity table for Observable Behaviours

Epsilon(a)
Approx. Chi- Greenhouse-
Generic Skill (numeric) | Within Subjects Effect Mauchly's W Square df Sig. Geisser Huynh-Feldt | Lower-bound
All conditio .834 .546 2 761 .857 1.000 .500
A21 conditio 2 .500
A4l conditio . . 2 . . . .500
A42 conditio 408 .897 2 .639 .628 1.000 .500
A43 conditio .000 ) 2 . .500 . .500
B21 conditio .303 2.388 2 .303 .589 745 .500
B22 conditio .629 1.390 2 499 729 1.000 .500
B23 conditio 118 6.403 2 .041 531 564 500
B31 conditio . . 2 . . . .500
B32 conditio .041 3.200 2 202 510 542 .500
B33 conditio 478 1.478 2 AT8 .657 .965 .500
B41 conditio .000 2 .500 .500
B43 conditio . . 2 . i . .500
B51 conditio 510 1.347 2 510 671 1.000 .500
B52 conditio .358 3.079 2 214 .609 .735 .500
Ci1 conditio 445 2.432 2 .296 .643 .816 .500
Cl4 conditio . . 2 . . . .500
C31 conditio .051 2.976 2 226 513 554 .500
D11 conditio .251 4.147 2 126 572 .651 .500
D12 conditio . 2 . . .500
D21 conditio .000 2 .500 .000 .500




Table 14.5 Complete Test of Within-Subjects Effects table for Observable Behaviours

Generic Skill Type Il Sum
(numeric) Source of Squares df Mean Square F Sig.
All conditio Sphericity Assumed 1096.933 2 548.467 9.021 .009
Greenhouse-Geisser 1096.933 1.715 639.762 9.021 .014
Huynh-Feldt 1096.933 2.000 548.467 9.021 .009
Lower-bound 1096.933 1.000 1096.933 9.021 .040
Error(conditio) Sphericity Assumed 486.400 8 60.800
Greenhouse-Geisser 486.400 6.858 70.920
Huynh-Feldt 486.400 8.000 60.800
Lower-bound 486.400 4.000 121.600
A21 conditio Sphericity Assumed 4.667 2 2.333
Greenhouse-Geisser 4.667
Huynh-Feldt 4.667 . .
Lower-bound 4.667 1.000 4.667
Error(conditio) Sphericity Assumed .000 0
Greenhouse-Geisser .000
Huynh-Feldt .000 .
Lower-bound .000 .000 .
A4l conditio Sphericity Assumed .000 2 .000
Greenhouse-Geisser .000
Huynh-Feldt .000 . .
Lower-bound .000 1.000 .000
Error(conditio) Sphericity Assumed .000 0
Greenhouse-Geisser .000
Huynh-Feldt .000 .
Lower-bound .000 .000 .
A42 conditio Sphericity Assumed 33.556 2 16.778 1.948 257
Greenhouse-Geisser 33.556 1.256 26.711 1.948 .286




A43

B21

B22

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

33.556
33.556
34.444
34.444
34.444
34.444
1.333
1.333
1.333
1.333
1.333
1.333
1.333
1.333
1206.167
1206.167
1206.167
1206.167
570.500
570.500
570.500
570.500
630.000
630.000
630.000
630.000
2613.333
2613.333
2613.333
2613.333

2.000
1.000

2.512
4.000
2.000

1.000
1.000
1.000
1.000
1.179
1.490
1.000
3.536
4.470
3.000
1.459
2.000
1.000
5.836

8.000
4.000

16.778
33.556
8.611
13.709
8.611
17.222
.667
1.333

1.333
.667
1.333

1.333
603.083
1023.461
809.490
1206.167
95.083
161.361
127.626
190.167
315.000
431.832
315.000
630.000
326.667
447.826
326.667
653.333

1.948
1.948

1.000
1.000

1.000

6.343
6.343
6.343
6.343

.964
.964
.964
.964

.257
.298

.500
.500

.500

.033
.072
.053
.086

422
404
422
.382
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B23

B31

B32

B33

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser

336.933
336.933
336.933
336.933
1556.400
1556.400
1556.400
1556.400
2.000
2.000
2.000
2.000
.000

.000

.000

.000
80.889
80.889
80.889
80.889
95.778
95.778
95.778
95.778
158.167
158.167
158.167
158.167
88.500
88.500

1.063
1.128
1.000

4.252
4514
4.000

1.000

.000

1.021
1.085
1.000

2.042
2.170
2.000

1.314
1.930
1.000

3.941

168.467
316.998
298.576
336.933
194.550
366.078
344.804
389.100

1.000

2.000

40.444
79.241
74.555
80.889
23.944
46.913
44.139
47.889
79.083
120.397
81.944
158.167
14.750
22.455

.866
.866
.866
.866

1.689
1.689
1.689
1.689

5.362
5.362
5.362
5.362

A57
409
414
405

.294
.323
321
.323

.046
.080
.049
.104
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B41

B43

B51

B52

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

88.500
88.500
7.000
7.000
7.000
7.000
2.333
2.333
2.333
2.333
.000
.000
.000
.000
.000
.000
.000
.000
2.000
2.000
2.000
2.000
20.000
20.000
20.000
20.000
67.733
67.733
67.733
67.733

5.791
3.000

1.000
1.000
1.000

1.000

1.000

.000

1.342
2.000
1.000

4.027
6.000
3.000

1.218
1471
1.000

15.283
29.500
3.500
7.000

7.000
1.167
2.333

2.333
.000

.000

1.000
1.490
1.000
2.000
3.333
4.967
3.333
6.667
33.867
55.598
46.053
67.733

3.000
3.000

3.000

.300
.300
.300
.300

3.462
3.462
3.462
3.462

.250
.333

.333

751
677
751
.622

.083
122
107
136
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C11

C14

C31

D11

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser

78.267
78.267
78.267
78.267
955.600
955.600
955.600
955.600
691.733
691.733
691.733
691.733
.667
.667
.667
.667
.000
.000
.000
.000
2.667
2.667
2.667
2.667
20.667
20.667
20.667
20.667
6743.333
6743.333

4.873
5.883
4.000

1.286
1.632
1.000

5.143

6.527
4.000

1.000

.000

1.026
1.107
1.000

2.052
2.215
2.000

1.144

9.783
16.061
13.304
19.567

477.800
743.216
585.647
955.600
86.467
134.498
105.983
172.933
.333

.667

1.333
2.599
2.408
2.667
5.167
10.070
9.331
10.333
3371.667
5896.978

5.526
5.526
5.526
5.526

.258
.258
.258
.258

25.383
25.383

.031
.060
.043
.078

.784
.666
.680
.662

.000
.005
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D12

D21

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

6743.333
6743.333
1062.667
1062.667
1062.667
1062.667
2.667
2.667
2.667
2.667
.000

.000

.000

.000
52.333
52.333
52.333
52.333
19.000
19.000
19.000
19.000

1.301
1.000

4.574
5.206
4.000

1.000

.000

1.000
.000
1.000

1.000
.000
1.000

5181.322
6743.333
132.833
232.323
204.128
265.667
1.333

2.667

26.167
52.333

52.333
9.500
19.000

19.000

25.383
25.383

2.754
2.754

2.754

.003
.007

.266
.345

.345
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Table 14.6 Complete Tests of Within-Subjects Contrasts table for Observable Behaviours

Generic Skill Type Il Sum
(numeric) Source conditio of Squares df Mean Square F Sig.
All conditio Level 1 vs. Level 2 1312.200 1 1312.200 7.943 .048
Level 2 vs. Level 3 57.800 1 57.800 729 441
Error(conditio) Level 1 vs. Level 2 660.800 4 165.200
Level 2 vs. Level 3 317.200 4 79.300
A21 conditio Level 1 vs. Level 2 1.000 1 1.000
Level 2 vs. Level 3 9.000 1 9.000
Error(conditio) Level 1 vs. Level 2 .000 0
Level 2 vs. Level 3 .000 0 .
A4l conditio Level 1 vs. Level 2 .000 1 .000
Level 2 vs. Level 3 .000 1 .000
Error(conditio) Level 1 vs. Level 2 .000 0
Level 2 vs. Level 3 .000 0 .
A42 conditio Level 1 vs. Level 2 65.333 1 65.333 2.481 .256
Level 2 vs. Level 3 27.000 1 27.000 1.286 374
Error(conditio) Level 1 vs. Level 2 52.667 2 26.333
Level 2 vs. Level 3 42.000 2 21.000
A43 conditio Level 1 vs. Level 2 2.000 1 2.000 1.000 .500
Level 2 vs. Level 3 .000 1 .000
Error(conditio) Level 1 vs. Level 2 2.000 1 2.000
Level 2 vs. Level 3 .000 1 .000
B21 conditio Level 1 vs. Level 2 1722.250 1 1722.250 16.734 .026
Level 2 vs. Level 3 4.000 1 4.000 011 921
Error(conditio) Level 1 vs. Level 2 308.750 3 102.917
Level 2 vs. Level 3 1046.000 3 348.667
B22 conditio Level 1 vs. Level 2 45.000 1 45.000 .063 .815
Level 2 vs. Level 3 720.000 1 720.000 .749 436
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B23

B31

B32

B33

B41

B43

B51

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.

Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3

2872.000
3844.000
672.800
145.800
113.200
2477.200
4.000
1.000
.000
.000
161.333
33.333
188.667
60.667
6.250
272.250
86.750
144.750
.500
12.500
4.500
.500
.000
.000
.000
.000
1.000
1.000
13.000
13.000

W WR R OORRREREPRREWWRRENMNRREROORERESIMD-BNERERER-LMAD-LN

718.000
961.000
672.800
145.800
28.300
619.300
4.000
1.000

161.333
33.333
94.333
30.333

6.250

272.250
28.917
48.250

.500
12.500
4.500
.500
.000
.000

1.000
1.000
4.333
4.333

23.774
.235

1.710
1.099

.216
5.642

A11
25.000

231
231

.008
.653

321
405

.674
.098

.795
126

.664
.664
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B52

C11

Cl4

C31

D11

D12

D21

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.
Level 1 vs.
Level 2 vs.

Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3
Level 2
Level 3

28.800
135.200
125.200

90.800
696.200
288.800
176.800
971.200

.000
1.000
.000
.000
1.333
1.333
28.667
.667
5780.000
1445.000
500.000
714.000
.000
4.000
.000
.000
72.000
.500
32.000
.500

R PP R OORRADMRPRRNNRREROORREMDNRIEREL-NDRNERER

28.800
135.200
31.300
22.700
696.200
288.800
44.200
242.800
.000
1.000

1.333
1.333
14.333
.333
5780.000
1445.000
125.000
178.500
.000
4.000

72.000
.500
32.000
.500

.920
5.956

15.751
1.189

.093
4.000

46.240
8.095

2.250
1.000

.392
.071

.017
.337

.789
.184

.002
.047

374
.500

122



Table 14.7 Complete Mauchly's Test of Sphericity table for Bales IPA

Epsilon(a)
Within Subjects Approx. Chi- Greenhouse-
Interaction Effect Mauchly's W Square df Sig. Geisser Huynh-Feldt Lower-bound
1.00 conditio .000 ) 2 : .500 : .500
2.00 conditio .852 480 2 787 .871 1.000 .500
3.00 conditio .915 .267 2 875 .922 1.000 .500
4.00 conditio .905 .299 2 .861 913 1.000 .500
5.00 conditio 219 4.550 2 .103 .562 629 .500
6.00 conditio 213 4.644 2 .098 559 624 .500
7.00 conditio .790 707 2 702 .827 1.000 .500
8.00 conditio 673 1.189 2 552 .753 1.000 .500
9.00 conditio .074 2.599 2 273 519 580 .500
10.00 conditio 611 1.477 2 478 .720 1.000 .500
11.00 conditio .808 641 2 726 .839 1.000 .500
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Table 14.8 Complete Tests of Within-Subjects Effects table for Bales IPA

Type lll Sum
Interaction Source of Squares df Mean Square F Sig.
1.00 conditio Sphericity 7,000 2 3.500 7000 125
Assumed ' ’ ' '
Greenhouse- 7.000 1.000 7.000 7.000 230
Geisser
Huynh-Feldt 7.000 . . . .
Lower-bound 7.000 1.000 7.000 7.000 .230
Error(conditio) Sphericity
Assumed 1.000 2 .500
gr?e“house' 1.000 1.000 1.000
elsser
Huynh-Feldt 1.000 . .
Lower-bound 1.000 1.000 1.000
2.00 conditio Sphericity
Assumed 3.733 2 1.867 404 .680
gr‘?e”house' 3.733 1.742 2.143 404 656
elsser
Huynh-Feldt 3.733 2.000 1.867 404 .680
Lower-bound 3.733 1.000 3.733 404 .559
Error(conditio) Sphericity 36.933 8 4.617
Assumed ’ '
Greenhouse- 36.933 6.970 5.299
Geisser
Huynh-Feldt 36.933 8.000 4.617
Lower-bound 36.933 4.000 9.233
3.00 conditio Sphericity 1617.600 2 808.800 8.457 011
Assumed
Greenhouse- 1617.600 1.843 877.623 8.457 013
Geisser
Huynh-Feldt 1617.600 2.000 808.800 8.457 011
Lower-bound 1617.600 1.000 1617.600 8.457 .044
Error(conditio) Sphericity
765.067 8 95.633
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4.00

5.00

6.00

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Assumed

Greenhouse-
Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt

Lower-bound

765.067

765.067
765.067

5326.533

5326.533

5326.533
5326.533

1074.133

1074.133

1074.133
1074.133

31.600

31.600

31.600
31.600

419.733

419.733

419.733
419.733

22.533

22.533

22.533
22.533

7.373

8.000
4.000

1.827

2.000
1.000

7.306

8.000
4.000

1.123

1.257
1.000

4.493

5.028
4.000

1.119

1.248
1.000

103.771

95.633
191.267

2663.267

2916.238

2663.267
5326.533

134.267

147.020

134.267
268.533

15.800

28.133

25.139
31.600

52.467

93.422

83.479
104.933

11.267

20.137

18.058
22.533

19.836

19.836

19.836
19.836

301

301

301
301

.034

.034

.034
.034

.001

.001

.001
.011

.748

.635

.657
.612

.967

.886

.906
.864
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7.00

8.00

9.00

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

conditio

Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt

Lower-bound

Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt

Lower-bound

2688.133

2688.133

2688.133
2688.133

838.533

838.533

838.533
838.533

991.467

991.467

991.467
991.467

1.600

1.600

1.600
1.600

9.733

9.733

9.733
9.733

14.889

14.889

14.889
14.889

4.476

4.991
4.000

1.653

2.000
1.000

6.612

8.000
4.000

1.507

2.000
1.000

6.027

8.000
4.000

1.039

1.161
1.000

336.017

600.566

538.562
672.033

419.267

507.276

419.267
838.533

123.933

149.948

123.933
247.867

.800

1.062

.800
1.600

1.217

1.615

1.217
2.433

7.444

14.335

12.827
14.889

3.383

3.383

3.383
3.383

.658

.658

.658
.658

12.182

12.182

12.182
12.182

.086

.102

.086
.140

544

510

.544
463

.020

.069

.059
.073
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10.00

11.00

Error(conditio)

conditio

Error(conditio)

conditio

Error(conditio)

Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt
Lower-bound
Sphericity
Assumed
Greenhouse-

Geisser
Huynh-Feldt

Lower-bound

Sphericity
Assumed
Greenhouse-
Geisser
Huynh-Feldt

Lower-bound

2.444

2.444

2.444
2.444

8.400

8.400

8.400
8.400

29.600

29.600

29.600
29.600

14.533

14.533

14.533
14.533

18.133

18.133

18.133
18.133

2.077

2.321
2.000

1.440

2.000
1.000

5.760

8.000
4.000

1.677

2.000
1.000

6.710

8.000
4.000

.611

1.177

1.053
1.222

4.200

5.833

4.200
8.400

3.700

5.139

3.700
7.400

7.267

8.664

7.267
14.533

2.267

2.702

2.267
4.533

1.135

1.135

1.135
1.135

3.206

3.206

3.206
3.206

.368

.360

.368
347

.095

109

.095
.148
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Table 14.9 Complete Tests of Within-Subjects Contrasts table for Bales IPA

Type lll Sum
Interaction Source conditio of Squares df Mean Square F Sig.
1.00 conditio Linear .250 1 .250 1.000 .500
Quadratic 6.750 1 6.750 9.000 .205
Error(conditi  Linear .250 1 .250
0) Quadratic 750 1 750
2.00 conditio Linear 1.600 1 1.600 561 495
Quadratic 2.133 1 2.133 334 .594
Error(conditi  Linear 11.400 4 2.850
0) Quadratic 25,533 4 6.383
3.00 conditio Linear 1587.600 1 1587.600 18.493 .013
Quadratic 30.000 1 30.000 .285 622
Error(conditi  Linear 343.400 4 85.850
0) Quadratic 421.667 4 105.417
4.00 conditio Linear 5198.400 1 5198.400 31.814 .005
Quadratic 128.133 1 128.133 1.219 332
Error(conditi  Linear 653.600 4 163.400
0) Quadratic 420533 4 105.133
5.00 conditio Linear 28.900 1 28.900 .489 .523
Quadratic 2.700 1 2.700 .059 .820
Error(conditi  Linear 236.600 4 59.150
0) Quadratic 183.133 4 45.783
6.00 conditio Linear 22.500 1 22.500 .047 .839
Quadratic .033 1 .033 .000 .990
Error(conditi  Linear 1925.000 4 481.250
0) Quadratic 763.133 4 190.783
7.00 conditio Linear 722.500 1 722.500 5.255 .084
Quadratic 116.033 1 116.033 1.051 .363
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8.00

9.00

10.00

11.00

Error(conditi
0)

conditio

Error(conditi
0)

conditio

Error(conditi
0)

conditio

Error(conditi
0)

conditio

Error(conditi
0)

Linear
Quadratic
Linear
Quadratic
Linear
Quadratic
Linear
Quadratic
Linear
Quadratic
Linear
Quadratic
Linear
Quadratic
Linear
Quadratic
Linear
Quadratic

550.000
441.467
400
1.200
2.600
7.133
8.167
6.722
2.333
JA11
8.100
.300
23.400
6.200
4.900
9.633
7.600
10.533

ARMNPPRPADMNMNPRPRPNNRPRPAENEPPRAMNL-N

137.500
110.367
400
1.200
.650
1.783
8.167
6.722
1.167
.056
8.100
.300
5.850
1.550
4.900
9.633
1.900
2.633

.615
.673

7.000
121.000

1.385
194

2.579
3.658

ATT
458

118
.008

.305
.683

.184
128
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15 APPENDIX IV — SYSTEMIC FUNCTIONAL LINGUISTICS STATISTICAL DATA

Total exchange moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
ESAF2F 5 16.1120 5.21980 12.08 21.99
ESAWB 5 15.5700 5.05487 9.81 21.61
ESA3D 5 13.1820 6.58711 6.88 21.22
Friedman Test
Ranks
Mean Rank
ESAF2F 2.60
ESAWB 2.20
ESA3D 1.20

Test Statistics?

N 5
Chi-Square 5.200
df 2
Asymp. Sig. .074

a. Friedman Test
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Synoptic moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
SMF2F 5 12.3680 3.59685 9.40 16.90
SMWB 5 12.1480 3.72259 8.36 16.41
sm3d 5 10.6240 5.26075 5.62 17.74
Friedman Test
Ranks
Mean Rank
SMF2F 2.40
SMWB 2.20
sm3d 1.40

Test Statistics?

N 5
Chi-Square 2.800
df 2
Asymp. Sig. .247

a. Friedman Test
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Dynamic moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
dmf2f 5 3.7440 1.79311 2.10 6.35
dmwb 5 3.4220 1.60837 1.45 5.83
dm3d 5 2.5580 1.48539 1.23 4.65
Friedman Test
Ranks
Mean Rank
dmf2f 2.40
dmwb 2.40
dm3d 1.20
Test Statistics?
N 5
Chi-Square 4.800
df 2
Asymp. Sig. .091

a. Friedman Test
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Tracking Moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
tmf2f 5 2.8820 1.17289 1.74 4.39
tmwb 5 2.8900 .98196 1.42 4.09
tm3d 5 2.0760 .85824 1.17 3.02
Friedman Test
Ranks
Mean Rank
tmf2f 2.20
tmwb 2.60
tm3d 1.20
Test Statistics?
N 5
Chi-Square 5.200
df 2
Asymp. Sig. .074

a. Friedman Test
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Challenging moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
chmf2f 5 .8620 .93213 .29 2.49
chmwb 5 .5320 .70485 .03 1.74
chm3D 5 14820 79279 .00 1.86
Friedman Test
Ranks
Mean Rank
chmf2f 2.60
chmwb 1.60
chm3D 1.80
Test Statistics?
N 5
Chi-Square 2.800
df 2
Asymp. Sig. .247

a. Friedman Test
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Naming and exclaiming moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
addf2f 5 .2340 .25481 .00 .67
addwb 5 .7060 .56421 .25 1.57
add3d 5 .5740 45643 .09 1.29
Friedman Test
Ranks
Mean Rank
addf2f 1.00
addwb 2.80
add3d 2.20
Test Statistics?
N 5
Chi-Square 8.400
df 2
Asymp. Sig. .015

a. Friedman Test
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Politeness markers

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
pmf2f 5 5.3760 .95348 4.29 6.32
pmwb 5 4.3180 1.00457 2.59 5.09
pm3d 5 4,1320 2.34798 2.19 8.09
Friedman Test
Ranks
Mean Rank
pmf2f 2.40
pmwb 2.20
pm3d 1.40
Test Statistics?
N 5
Chi-Square 2.800
df 2
Asymp. Sig. 247

a. Friedman Test
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Information giving moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
K1F2f 5 7.4840 4.86065 .06 12.53
K1wB 5 7.3880 2.59085 4.36 11.04
k13d 5 6.2620 3.24098 3.13 10.08
Friedman Test
Ranks
Mean Rank
K1F2f 2.60
K1wWB 2.00
k13d 1.40
Test Statistics?
N 5
Chi-Square 3.600
df 2
Asymp. Sig. .165

a. Friedman Test
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Information requesting moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
k23d 5 1.8700 .57546 1.23 2.47
k2f2f 5 1.4220 .32614 .93 1.74
k2wb 5 1.8320 47662 1.49 2.58
Friedman Test
Ranks
Mean Rank
k23d 2.20
k2f2f 1.40
k2wb 2.40
Test Statistics?
N 5
Chi-Square 2.800
df 2
Asymp. Sig. .247

a. Friedman Test
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Backchannelling

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
bchf2f 5 .9320 .95774 .10 2.47
bchwb 5 .6900 .61368 21 1.51
bch3d 5 .3260 .38566 .06 .99
Friedman Test
Ranks
Mean Rank
bchf2f 2.60
bchwb 2.40
bch3d 1.00
Test Statistics?
N 5
Chi-Square 7.600
df 2
Asymp. Sig. .022

a. Friedman Test
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Tag questions

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
tagsf2f 5 .3320 .22687 12 .65
tagswb 5 .1800 .06000 .10 .24
tags3d 5 1740 .07668 .09 .23
Friedman Test
Ranks
Mean Rank
tagsf2f 2.60
tagswb 2.00
tags3d 1.40

Test Statistics?

N 5
Chi-Square 3.600
df 2
Asymp. Sig. .165

a. Friedman Test
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Finite modal

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
fuf2f 5 2.9640 .50023 2.54 3.77
fvwb 5 2.3300 77482 1.13 3.11
fv3d 5 2.3520 1.28745 1.45 458
Friedman Test
Ranks
Mean Rank
fvf2f 2.40
fvwb 2.20
fv3d 1.40
Test Statistics?
N 5
Chi-Square 2.800
df 2
Asymp. Sig. .247

a. Friedman Test
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Modal adjuncts

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
maf2f 5 1.3920 .69305 .54 2.42
mawb 5 1.1280 .53635 .70 2.01
ma3d 5 1.1200 .81247 .29 2.37
Friedman Test
Ranks
Mean Rank
maf2f 2.60
mawb 2.00
ma3d 1.40
Test Statistics?
N 5
Chi-Square 3.600
df 2
Asymp. Sig. .165

a. Friedman Test

142



Comment adjuncts

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
caf2f 5 .5640 .29938 17 97
cawb 5 .5460 .18902 .33 .82
ca3d 5 .3160 .19398 .09 .62
Friedman Test
Ranks
Mean Rank
caf2f 2.00
cawb 2.20
ca3d 1.80
Test Statistics?
N 5
Chi-Square 400
df 2
Asymp. Sig. .819

a. Friedman Test
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Interrogatives

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
intf2f 5 .1240 .09965 .00 .27
intwb 5 .1300 .15297 .03 .40
int3d 5 .1700 .10416 .03 .29
Friedman Test
Ranks
Mean Rank
intf2f 1.80
intwb 1.90
int3d 2.30
Test Statistics?
N 5
Chi-Square 737
df 2
Asymp. Sig. .692

a. Friedman Test
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Total action moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
actf2f 5 .9660 .36794 .75 1.62
actwb 5 1.1840 .31572 .89 1.70
act3d 5 .8320 .54486 .26 1.58
Friedman Test
Ranks
Mean Rank
actf2f 1.80
actwb 2.80
act3d 1.40
Test Statistics?
N 5
Chi-Square 5.200
df 2
Asymp. Sig. .074

a. Friedman Test
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Feedback moves
NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
feedf2f 5 1.6000 1.11090 .56 3.19
feedwb 5 1.0920 .65629 41 1.95
feed3d 5 .6840 .63991 12 1.52
Friedman Test
Ranks
Mean Rank
feedf2f 2.80
feedwb 2.00
feed3d 1.20

Test Statistics?

N 5
Chi-Square 6.400
df 2
Asymp. Sig. .041

a. Friedman Test
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Providing

action moves

NPar Tests
Descriptive Statistics
_ N Mean Std. Deviation | Minimum | Maximum
AclF2f 5 .0460 .05079 .00 .10
AC1lwb 5 .0680 .07259 .00 .18
Ac13D 5 .0860 .17601 .00 .40
Friedman Test
Ranks
Mean Rank
Acl1F2f 1.80
AClwb 2.30
Ac13D 1.90
Test Statistics?
N 5
Chi-Square 778
df 2
Asymp. Sig. .678

a. Friedman Test
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Requesting action moves

NPar Tests
Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
AC2F2f 5 .0800 .04950 .00 .13
AC2wb 5 .2380 14412 .03 43
AC23D 5 .1440 .22098 .00 .53
Friedman Test
Ranks
Mean Rank
AC2F2f 1.50
AC2wb 2.60
AC23D 1.90
Test Statistics?
N 5
Chi-Square 3.263
df 2
Asymp. Sig. .196
a. Friedman Test
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16 APPENDIX V — G-SICT QUESTIONNAIRE

Figure 16.1 Generic Skills in relation to Information and Communication Technologies Questionnaire (G-SICT)
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of NEWCASTLE

Generic-Skills in relation to Information and
Communication Technologies Questionnaire

(G-SICT)
Project Team:
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16.1.1.1 Introduction:

Please read the following before you complete the questionnaire.
Please note:
1. Your name is not required as this questionnaire is totally anonymous.
2. Please complete this questionnaire in private. Do not discuss your
answers with your colleagues.
3. Give your initial response to the questions, and do not consider the
statements too deeply
4. Some of the statements may appear to be similar, but this is a complex
area and a number of statements are required to cover each aspect of

‘generic skills’ and ICTs.
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Generic-Skills in relation to Information and
Communication Technologies Questionnaire (G-SICT)

Section A

Please answer all the questions by ticking the answer most relevant to you

1. Are you:
[]1.Male []2.Female

2. How old are you?

[J1.Under20yrs []2.20to30yrs []3.30to40yrs []4.40to50yrs []5.50to060 yrs

3. Which choice best represents your occupation?

[] 1. Architect [] 2. Construction [] 3. Industrial [] 4. Graphic Designer
Management Designer
[] 5. Computer [] 6. Engineer []7. Other:
Scientist Pleas
e
Specif
y

4. In which state or territory is your office?
[J1I.NSW []2.QLD []3.VIC []4.SA

[]5.WA []J6.NT []7.TAS []8.ACT

5. Years in your present occupation?
[]1.0-5 [12.6-10 []3.11-20 []4.21plus

6. How many hours a week would you spend working?
[]1.0-30 []2.31-40 []3.41-50 []4.51+
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7. What was the highest educational level you have achieved?
[]1.Year10

[]2.Year12

[] 3. Tafe

[] 4. University (undergraduate)
[] 5. University (postgraduate)

8. Could you please indicate what technologies you use in design collaboration (you
may tick more than one) and indicate how often you would use these technologies:

[] Phone

[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

U Fax

[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

U] Email

[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

] Video Conference

[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

L] Text Chat/Bulletin Boards
[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

L] Electronic Whiteboard
[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

L] Other Net Based Collaborative Software
[] 1. All the time ] 2. []3. []4. []5. Never
Regularly Sometimes Seldom

Section B

Below are a number of statements relating to collaborative skills. Please respond to these
statements in relation to your experience as a member of collaborative teams which have
used face-to-face contact, email, or telephone as methods of communication. Please tick the
boxes.

9. The ability to identify areas for improvement in designs is important for design team
members.

[] 1. Strongly ] 2. [] 3. Don't [] 4. Agree [] 5. Strongly
disagree Disagree know agree
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10. The ability of team members to explain their design solutions to the entire group is
not an essential skill for design team collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

11. Performance feedback to designs and tasks is a necessary aspect of design
collaboration

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree

12. It is crucial for a leader to suggest and assign design tasks to team members for
effective design team collaboration.

[] 1. Strongly []2. []3. Don't []4.Agree []5. Strongly
disagree Disagree know agree

13. Conflict resolution is not vital for effective design team collaboration
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

14. It is not critical to monitor the time design tasks take for effective design teamwork.
[] 1. Strongly []2. []3. Don't []4.Agree []5. Strongly
disagree Disagree know agree

15. The ability to exchange information effectively is important for design
collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

16. Evaluating and selecting appropriate solutions is vital for design teams.
[] 1. Strongly []2. []3. Don't []4.Agree []5. Strongly
disagree Disagree know agree

17. The ability to amend or include design improvements quickly is necessary for
effective design team collaboration.

[] 1. Strongly []2. []3. Don't []4.Agree []5. Strongly
disagree Disagree know agree

18. The ability of team members to question and confirm design aspects is important
for design team collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree

19. Questioning and confirming design tasks is not essential for design team members
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

20. It is critical for a leader to prioritise design tasks within design collaboration.
[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree
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21. Social interaction between design team members is important for design
collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

22. It is vital to monitor and track the movement of physical artefacts such as drawings
during design collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree

23. It is critical to consult other team members when involved in design collaboration.
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

24. The ability to evaluate consequences is not essential when collaborating in a
design setting.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree
Section C

The following statements relate to your experience of design collaboration using ICTs. Please
read the statements and indicate your level of agreement or disagreement by ticking the
appropriate boxes.

25. The ability to recognise areas for improvement in designs is important for design
team members.

[] 1. Strongly []2. []3.Don't []4.Agree []5. Strongly
disagree Disagree know agree

26. The ability of team members to explain their design solutions to the entire group is
not an essential skill for design team collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

27. Performance feedback to tasks and designs is a necessary aspect of design
collaboration

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree

28. Itis crucial for a leader to suggest and assign design tasks to team members for
effective design team collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

29. Conflict resolution is not vital for effective design team collaboration
[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree
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30. It is not critical to monitor the time design tasks take for effective design teamwork.
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

31. The ability to exchange information effectively is important for design
collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree

32. Evaluating and selecting appropriate solutions is vital for design teams.
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

33. The ability to amend or include design improvements quickly is necessary for
effective design team collaboration.

[] 1. Strongly []2. []3.Don't []4.Agree []5. Strongly
disagree Disagree know agree

34. The ability of team members to question and confirm design aspects is important
for design team collaboration.

[] 1. Strongly []2. []3. Don't []4.Agree []5. Strongly
disagree Disagree know agree

35. Questioning and confirming design tasks is not essential for design team members
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

36. It is critical for a leader to prioritise design tasks within design collaboration.
[] 1. Strongly []2. []3. Don't []4.Agree []5. Strongly
disagree Disagree know agree

37. Social interaction between design team members is important for design
collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

38. It is vital to monitor and track the movement of physical artefacts such as drawings
during design collaboration.

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree

39. It is critical to consult other team members when involved in design collaboration.
[] 1. Strongly []2. [] 3. Don't []4. Agree [] 5. Strongly
disagree Disagree know agree

40. The ability to evaluate consequences is not essential when collaborating in a
design setting.

[] 1. Strongly []2. [] 3. Don't []4. Agree []5. Strongly
disagree Disagree know agree
Section D

The follow two questions relate to statements. Please indicate you level of
agreement/disagreement by ticking only one box for each skill.
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41. “These generic skills are important for effective collaborative design teams”,
respond to this statement by ticking one box only for each:

Adaptability Strongly Agreed O O 0O 0O
O O Strongly Disagree

Shared Situational Awareness Strongly Agreed O O O O
O O Strongly Disagree

Performance Monitoring and Feedback Strongly Agreed0 O O O O
O 0O Strongly Disagree

Leadership/Team Management Strongly Agreed O O O O
O O Strongly Disagree

Interpersonal Relations Strongly Agreed O O O 0O
O O Strongly Disagree

Co-ordination Strongly Agreed O O O O
O O Strongly Disagree

Communication Strongly Agreed0 O O O O
O O Strongly Disagree

Decision Making Strongly Agreed O O O O
O O Strongly Disagree

42. “Collaborative desigh team members are often lacking in these generic skills”
respond to this statement below by ticking one box only for each:

Adaptability Strongly Agreed O O 0O 0O
O 0O Strongly Disagree

Shared Situational Awareness Strongly Agreed O O O O
O 0O Strongly Disagree

Performance Monitoring and Feedback Strongly Agreed O O 0O 0O
O O Strongly Disagree

Leadership/Team Management Strongly Agreed O O O O
O O Strongly Disagree

Interpersonal Relations Strongly Agreed O O 0O O
O 0O Strongly Disagree

Co-ordination Strongly Agreed O O O O
O 0O Strongly Disagree

Communication Strongly Agreed O O 0O 0O
O O Strongly Disagree

Decision Making Strongly Agreed O O 0O O

O O Strongly Disagree

Section E
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Below are some questions on your views on the use of generic (non-technical) skills in design
teams. There are no right or wrong answers; simply write down how you feel about each of
the areas raised.

43. How does management deal with training employees for the use of Information and
Communication Technologies (ICTs)

44. What has been your experience with the useability of any new ICT's used in design
collaboration?

45. Do you think ICT’s will become a critical element of design teams in the future?

46. Would you be prepared to complete more training for the use of new collaborative
technologies?

47. What do you consider the 5 most important non-technical skills essential for the
use of virtual technologies in design collaboration. Please put them in order of
importance in descending order:
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48. From your experience do you think there is difference in the skills required to
participate in Virtual Teams, explain your reasons.
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17 APPENDIX VI — RELIABILITY DATA FOR INITIAL
(VERSION 1 & 2) GENERIC SKILLS CODING
SCHEME

This appendix provides the results for reliability test conducted on the initial (version
1) generic skills coding scheme.

Data initially collected were intended to be used in the experimental study. However
upon examination it was deemed more appropriate as pilot data from which a coding
system could be established. Reliability was first sought to determine whether the
coding system was definitive and replicable. Because of manpower restrictions Intra-
Rater reliability was sought to confirm that the coder was being consistent in their
coding and that codes were sufficiently defined. Two reliability analysis tests
conducted through Noldus Observer Pro ethnographic software were based on the
frequency of coding strings and also on the frequency and sequence of the coding
strings from two observations of the same video data. Video data used was from a
recording of face-to-face design collaboration using a generic skill and an interaction
coding scheme.

17.1Frequency Based Reliability Analysis

The first reliability test undertaken for the sample Face-to-Face video data was a
frequency based analysis. This method is based only on the total number of each
string of behaviour, so that if one string of code in the first observation occurs X
number of times, this is compared with the number for that string of code in the
second observation (must be the same video data). While this is a relatively crude
indicator of consistency, it is helpful as a starting point because of the latitude it has
with respect to the timing and order of the observed behaviours. It is especially useful
for video data with an increased rate of interaction or behaviour.

17.2Frequency/Sequence Based Reliability Analysis

The second test of reliability is based on the frequency and sequence of the coded
data. It attempts to match specific behaviour events by code and time (Burfield et al.
2003). Because of the obvious time differences between matching codes when
operating using milliseconds a tolerance window of must be defined. The 2 second
window is the default suggested by Noldus Observer, meaning that when the
software attempts to match a code from one observation to another the time
recorded for the second observation may be +2 seconds from the first observation to
record a maitch.

17.3Reliability Results: Initial Video Data Coding Scheme

As an initial attempt approximately the first 12 minutes of a face-to-face video was
coded. The results yielded were based on the frequency and frequency/sequence
reliability analysis calculated within the Observer.
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17.4Frequency Based Reliability Results: Initial Video Data
Coding Scheme

Table 17.1 shows that intra-coder observations were the same only 57% of the time,
when sequence was not accounted for. Pearson’s Rho indicates whether there is any
correlation between the two observations. Rho’s value exists between -1 and 1 with
high negative correlation and high positive correlation being represented
respectively. Perhaps due to the small number of observations used in the analysis
Pearson’s Rho was found to be significant, so that there was a significant high
positive correlation between the two sets of observations t(-2) = 18.6, p < .01.

Table 17.1 Frequency Based Reliability Analysis: Sample Face-to-Face Test 1 verses Sample Face-to-Face Test
2 using the initial Coding Scheme

Measure Value
Number of Agreements 49
Number of Disagreements 37
Percentage of Agreements 56.98
Pearson's Rho 0.93

17.5Frequency/Sequence Based Reliability Results: Sample
Video Data Coding Scheme

When faced with results of the frequency/sequence reliability test it became clear that
there was a large difference between the two observations, not just for the recorded
behaviours but also for the sequence in which they were recorded. Table 17.2
indicates that like above that there was approximately a 44% disagreement rate.
Pearson’s Rho indicates that there was a trend towards a positive correlation
between the observations t(-2) = 4.1, p < .1 however this was not significant.

Table 17.2 Frequency and Sequence Based Reliability Analysis: Sample Face-to-Face Test 1 verses Sample
Face-to-Face Test 2 using the initial Coding Scheme

Measure Value
Number of Agreements 41
Number of Disagreements 32
Percentage of Agreements 56.16
Pearson's Rho 0.48

17.6 Changes/Differences between Coding Schemes
The initial coding system was changed as a result of the following issues:

1. In the generic skills coding scheme, definitions for the observable behaviours of
‘shared situational awareness’ and ‘decision making’ were difficult to differentiate
between. In the main this was caused by difficulties distinguishing between
interaction regarding design or environment.

2. There were a large number of observations which may have occurred in one set

of codes, but were not present in the other. These anomalies were attributed to
the undefined nature of the speech segments.
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17.7 Generic Skills Coding Scheme Changes

The generic skill observable behaviours which remained unchanged were
adaptability, leadership/team management, interpersonal relations, and co-
ordination. The main areas reconsidered were decision making and shared
situational awareness. It was decided that discussions on environment were a
necessity as this is a major factor in design. Coupled with this, Bales’s IPA was
identified as a more valid and stable measure of decision making. The observable
behaviours (OB) for decision making were subsequently merged with those for
shared situational awareness. The changes to the generic skills coding scheme are
shown in the revised coding scheme (Table 11.6).

17.8Speech Segment Changes

In the initial version of the coding scheme the speech or behavioural segments which
were analysed and coded individually were based on Roter’s (2002) definition of an
‘utterance’. This definition stated that an ‘utterance’ was a group of words which
conveyed a single thought. It became apparent that this definition was not
sufficiently explicit. The follow factors required consideration:

e Back channelling was not to be coded. These included a team member saying
‘yes, yes, yes’ to encourage someone else. Back channelling was analysed
using Systemic Functional Linguistics.

e Single word responses (such as ‘yes’) were included when in response to a direct
guestion from another design team member.

e Inaudible segments of the video data were excluded

e The University of Sydney provided transcripts of the video data. Where
discrepancies between the transcripts and the researchers interpretation of the
audio recording occurred, the coder relied on the audio data.

Once these changes had been made to the initial version, the final version was used
to re-examine the sample face-to-face video data.

17.9Reliability Results: Version 2 Initial Video Data Coding
Scheme

The final version of the coding scheme was implemented for the entire 35 minutes of
video data from the sample face-to-face design session. Once again frequency and
frequency/sequence based reliability were sought using the Observer.

17.10Frequency Based Reliability Results: Version 2 Video
Data Coding Scheme

The frequency based reliability analysis revealed that Version2 of the initial coding
scheme allowed a much larger percentage of agreements at 80% in

Table 17.3. This high percentage of agreement implies that the coding scheme has
reached a satisfactory level for intra-rater reliability. Pearson’s Rho indicates that
there is a high level of positive correlation between the two sets of observations, and
the t-test shows that this reached a significant level t(-2) = 46.67, p < .001 .
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Table 17.3 Frequency based reliability results showing the number and percentage of agreements and
disagreements, and the Pearson’s Rho.

Measure Value
Number of Agreements 157
Number of Disagreements 40
Percentage of Agreements 79.70
Pearson's Rho 0.98

17.11Frequency/Sequence Based Reliability Results: Version
2 Video Data Coding Scheme

Like the results for the frequency based reliability analysis, the frequency/sequence
analysis describes a large increase in the number of agreements between the two
observations. Table 17.4 indicates that the number of matches in sequence and
code has increased to approximately 84%. Pearson’s Rho was also found to be
significant indicating a high positive correlation between the two data sets t(-2) = 32,
p <.001.

Table 17.4 Frequency/Sequence based reliability results showing the number and percentage of agreements and
disagreements, and Pearson’s Rho.

Measure Value
Number of Agreements 151
Number of Disagreements 29
Percentage of Agreements 83.89
Pearson's Rho 0.96

For both tests of reliability, frequency and frequency/sequence, intra-rater reliability of
.80 or above was found. This meant that the level of agreement between the two sets
of codes for the same video data was 80% or above which is the acceptable level
(Kazdin 1982a) for reliability testing. It was also found that there was a significant
positive correlation between the two data sets, which also indicates reliability for the
coding.
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18 APPENDIX VIl — RELIABILITY RESULTS FOR THE
FINAL GENERIC SKILLS CODING SCHEME

This appendix provides the results for reliability test conducted on the FINAL generic
skills coding scheme.

The methods used to test the reliability of the proposed coding scheme are the same
as that for the pilot coding scheme. The coding scheme was implemented for the
entire 30 minutes of a face-to-face video design session. Frequency and
frequency/sequence based reliability were obtained using Noldus Observer Pro
(Section 7.5).

18.1Frequency Based Reliability Results: Face-to-Face Data
Coding
The frequency based reliability analysis revealed that the coding scheme provided a
large percentage of agreements at 80% in Table 18.1. This high percentage of
agreement implied that the coding scheme had reached a satisfactory level for intra-
rater reliability. Pearson’s Rho indicated that there was a high level of positive
correlation between the two sets of observations, and the t-test showed that this
reached a significant level t(-2) = 119.51, p <.001 .

Table 18.1 Frequency based reliability results showing the number and percentage of agreements and
disagreements, and the Pearson’s Rho.

Measure Value
Number of Agreements 262
Number of Disagreements 61
Percentage of Agreements 81.11
Pearson's Rho 0.99

18.2Frequency/Sequence Based Reliability Results: Face-to-
Face Video Data Coding

Like the results for the frequency based reliability analysis, the frequency/sequence
analysis resulted in a large number of agreements between the two observations.
Table 18.2 indicated that the number of matches in sequence and code had reached
approximately 84%. Pearson’s Rho was also found to be significant indicating a high
positive correlation between the two data sets t(-2) = 83.87, p < .001.

Table 18.2 Frequency/Sequence based reliability results showing the number and percentage of agreements and
disagreements, and the Pearson’s Rho.

Measure Value
Number of Agreements 240
Number of Disagreements 61
Percentage of Agreements 79.73
Pearson's Rho 0.98
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For both tests of reliability, frequency and frequency/sequence, intra-rater reliability of
.80 or above was found. This means that the level of agreement between the two
sets of codes for the same video data was 80% or above which is the acceptable
level (Kazdin 1982a) for reliability testing. It was also found that there was a
significant positive correlation between the two data sets, which indicates robust

reliability for the coding.

164



Cooperative Research Centre
for Construction Innovation
9th Floor, L Block

QUT Gardens Point

2 George Street

BRISBANE QLD 4001
AUSTRALIA

Tel: +61 7 3138 9291

Fax: +61 7 3138 9151

Email:
enquiries@construction-innovation.info
Web:
www.construction-innovation.info

-@- Established and supported
J \\ under the Australian

Government's Cooperative

mu=mana  Research Centres Program





