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Photographic Q-methodology was used to explore construction professionals’ mental models of occupational

health and safety (OHS). Sixty Australian construction professionals participated in the research, including 15

architects, 15 engineers, 15 constructors and 15 OHS professionals. Participants were asked to sort photographs

depicting different building systems into a grid based upon their judgement of the likelihood of accidental injury

resulting from the construction of each of the building systems depicted. Responses ranged from Rare (–2) to

Almost certain (+2). Sorting patterns relating to eight photographs of different façade systems were analysed

using Q factor analysis. Three distinct sorting pattern types were identified in the data, representing clusters

of participants whose sorting patterns were similar. These sorting pattern types cut across occupational/profes-

sional groups. Interpretation of the factors revealed substantial differences between the OHS judgements made

by participants in the three clusters. Qualitative explanatory information revealed participants in the three clus-

ters used different attributes when considering the likelihood of accidental injury. These attributes shaped their

sorting patterns. The results suggest shared mental models (SMMs) are unlikely to exist in construction project

teams, as each individual uses their own frame of reference to understand OHS. Opportunities exist to under-

stand these different frames of reference and create more consistent team mental models of OHS. However,

incorporating a diversity of viewpoints into project decision-making is recommended in order to produce

effective decision-making in the choice or specification of building systems.

Keywords: Distributed teams, façade systems, occupational health and safety, Q-methodology, shared mental

models.

Introduction

The organizational environment of construction

projects

Construction projects are delivered by temporary,

multidisciplinary and multi-organizational teams. Salas

et al. (1992, p. 4) define a team as ‘a distinguishable set

of two or more people who interact dynamically,

interdependently, and adaptively toward a common

and valued goal/objective/mission, who have each been

assigned specific roles or functions to perform, and who

have a limited life-span of membership’. Owing to the

ad hoc nature of project teams, in which individuals

are brought together for a single project then disband

once the project is complete, team members need to

quickly form a shared understanding of goals, tasks

and the performance environment, while possessing

limited knowledge of other team members’ capabilities

and work styles (Resick et al., 2010). In this context,

effective coordinating mechanisms are particularly

important.

Construction project teams are also usually geo-

graphically separated, or distributed. Distributed teams

are those in which some individuals may be co-located

but others are clustered in other locations, preventing

regular or routine face-to-face interaction (Stagl et al.,

2007). Consequently much interaction between mem-

bers in distributed teams occurs electronically (Driskell

et al., 2003). Distributed teams present additional
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coordination challenges as there are fewer opportuni-

ties to monitor team members’ behaviour and provide

feedback. Fewer opportunities to observe non-verbal

cues can also create ambiguity and reduced situation

awareness in members (Fiore et al., 2003). Added to

this, construction work is often undertaken under

conditions of time pressure, with severe financial penal-

ties for time overruns. Not surprisingly, construction

professionals are reported to experience considerable

stress (Leung et al., 2008; Bowen et al., 2013), which

can cause people to lose the team perspective and

become narrowly focused on their own task perfor-

mance (Driskell et al., 1999). This type of organiza-

tional climate is not conducive to creating a shared

vision among the project team.

Shared mental models as a coordinating

mechanism

Researchers have begun to examine the role played by

shared mental models (SMMs) as a coordinating

mechanism in teams (Salas et al., 2005). Mental mod-

els are defined as ‘mechanisms whereby humans are

able to generate descriptions of system purpose and

form, explanations of system functioning and observed

system states and predictions of future system states’

(Rouse and Morris, 1986, p. 351). SMMs within teams

refer to an organized understanding or mental repre-

sentation of knowledge shared by team members (Can-

non-Bowers et al., 1993). There is a growing body of

evidence to indicate that SMMs in project teams

improve team performance by enabling enhanced and

effective coordination (Klimoski and Mohammed,

1994; Mathieu et al., 2000; Banks and Millward,

2007). In particular, implicit coordination is reported

to mediate the relationship between team members’

SMMs and performance (Fisher et al., 2012). Thus,

it is argued that teams are most effective when mem-

bers are able to anticipate and predict other members’

needs, identify changes in the task or team and adjust

their strategy as needed. However, in order to do this

team members need to share similar mental models of

the system in which they are operating (Espevik et al.,

2011).

Different types of shared mental models

Research has investigated the coordination and team

performance benefits flowing from different types of

SMM, including SMMs relating to equipment to be

deployed, the task at hand and team interaction (Stout

et al., 1999). For example, Espevik et al. (2011)

investigated the benefits associated with SMMs relating

to team members’ knowledge, skills, attitudes and

preferences and found that teams that were very famil-

iar with one another’s individual attributes demon-

strated higher levels of coordination and performance

in high workload situations. Mathieu et al. (2005)

report that SMMs relating to the task at hand produce

better team processes and performance outcomes.

Other researchers have distinguished between task

and team SMMs and note that team-focused SMMs

are more strongly predictive of team processes whereas

task-focused SMMs more strongly predict specific per-

formance outcomes (DeChurch and Mesmer-Magnus,

2010). Many facets of team and task performance have

been measured in studies investigating the effects of

SMMs. Some of these studies have identified positive

safety performance associated with team SMMs (see,

for example, Smith-Jentsch et al., 2005).

To date, little research has empirically investigated

the presence of SMMs specifically relating to occupa-

tional health and safety (OHS). However, it is possible

that SMMs reflecting OHS perceptions, attitudes,

priorities and expectations develop within teams,

and these may have important implications for OHS

performance.

Aim

The research empirically explored the mental models of

OHS held by a diverse sample of construction industry

professionals. Specific research objectives were:

(1) to use a photographic Q-methodology

approach to explore and understand the OHS

mental models of a diverse sample of construc-

tion industry professionals;

(2) to explore patterns of similarity and difference

in mental models of OHS within and between

participants in the research; and

(3) to examine the qualitative attributes used by

participants in thinking about OHS risk.

The remainder of this paper is organized as follows.

The potential importance of SMMs in securing a more

integrated and effective way to manage OHS in

construction project teams is discussed. The photo-

graphic Q-methodology and analytical procedures

used in the research are described. The research

results are presented. The implications flowing from

the research results are discussed in terms of the

potential usefulness of understanding team members’

mental models relating to OHS, and the possible

benefits associated with implementing strategies to

develop SMMs of OHS in construction project teams.

Lastly, conclusions relating to future research

directions and practical implications of the research

are drawn.
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Integrating OHS into construction projects:

structural challenges

There has been a significant policy push to require con-

struction industry participants to integrate OHS con-

siderations into all project decision-making, from the

initial planning and design of a facility through the con-

struction to the eventual commissioning and handover

of the end product. Consequently, OHS legislation in

many jurisdictions establishes specific OHS responsi-

bilities for construction clients and those engaged in

the planning and design of buildings or structures for

construction. Yet fundamental challenges exist to the

integration of OHS into decision-making throughout

the project life cycle. For example, a review of OHS

in the UK construction industry identified separation

and poor communication between designers and con-

structors as a persistent cause of construction fatalities

(Donaghy, 2009).

Fragmentation in the construction supply chain can

militate against effective teamwork. Lawrence and

Lorsch (1969) describe how too much differentiation

in production systems can prohibit the establishment

of a ‘common purpose’. Vertical segregation between

participants engaged in the initiation, design, produc-

tion, use and maintenance of facilities has been noted

as an impediment to effective teamwork (Atkinson

and Westall, 2010) and the development of shared

project goals (Baiden and Price, 2011). Indeed, frag-

mented supply arrangements, resulting in communica-

tion and coordination failures between professional

contributors in different phases of the project life cycle

(i.e. planning, design and construction) have been

identified as a critical factor in the emergence of serious

safety problems in construction projects (Priemus and

Ale, 2010).

Prussia et al. (2003) identify the development of

SMMs, relating to OHS, as being important in achiev-

ing a common purpose and improving OHS perfor-

mance in an organizational environment. Espevik

et al. (2011) argue that SMMs enable team members

to draw on their own mental models as the basis for

choosing actions that are consistent and coordinated

with other team members. This is likely to be particu-

larly important in a dynamic project environment in

which behaviour needs to be adapted in response to

unfolding events and new information inputs (Waller

et al., 2004).

Previous research in the construction industry sug-

gests an absence of SMMs relating to OHS. For exam-

ple, Gherardi et al. (1998) describe how the diverse

functional groups that contribute to construction pro-

jects differ in their cognitive and emotional orientation

towards OHS. Richter and Koch (2004) similarly

describe how social groups within a single construction

organization develop distinctive subcultures in relation

to the pursuit of organizational goals, e.g. production,

cost, functionality, constructability and OHS.

Given the potential benefits associated with the

development of SMMs in construction project teams,

there is significant value in examining ways in which

construction industry participants’ mental models of

OSH can be explored so that points of similarity and

difference can be identified, understood and managed.

Research methods

Data collection

Q-methodology is ideally suited to the study of SMMs

because it is used to reveal participants’ cognitive struc-

tures, attitudes, and perceptions (Anandarajan et al.,

2006). Q-methodology requires participants to put a

sample of objects (known as a Q-set) into a rank order

according to some predetermined instruction. When

the objects are arrayed into categories, the resulting

pattern is called a Q-sort. A Q-sort is then taken to

be a reflection of a participant’s subjective views about

the phenomenon under investigation (Brown, 1993).

Photographs printed on laminated cards were used

as stimuli for the sorting task. Photographs have been

effectively used as stimuli for Q-sorting in landscaping

studies (see, for example, Fairweather et al., 1998;

Green, 2005). Card sorting has also previously been

used to explore mental models (Smith-Jentsch et al.,

2001). The photographs represented different systems

used for the construction of four typical building ele-

ments (i.e. façades, roofs, structures and services).

Consistent with the requirements of Q-methodology,

the photos were broadly representative of different

building systems and their inherent OHS implications

(Watts and Stenner, 2005; Stenner et al., 2008). Prior

to the data collection, photographs were subjected to

a pilot validation (using industry representatives) to

ensure that the images were representative and also

provided sufficient information for participants to make

judgements about OHS issues. Eight photographs were

retained for each building element . As an example,

Table 1 provides a description of the eight façade sys-

tems represented by the photographs.

It is common practice within Q-methodology stud-

ies to include some statements that are ambiguous or

contain multiple possible meanings (Brown, 1970;

Dryzek and Berejikian, 1993). Thus photographs could

represent different types of OHS hazard/risk at the

same time, e.g. fall from height, collision with a vehicle

or plant or ergonomic issues. Unlike questionnaire-

based research, Q-sort stimuli are not required to have
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a single, unambiguous meaning set by the researcher.

Rather, the stimuli are intended to reveal different sub-

jective perspectives on the same issue. Thus, stimuli

eliciting multiple possible interpretations add to the

richness of data.

Participants were initially asked to sort the pho-

tographs into a grid according to their evaluation of

the likelihood of an accidental injury arising during

the construction of the depicted building system. The

grid contained five columns with a rating scale ranging

from ‘–2 Rare’ to ‘+2 Almost certain’. Once partici-

pants had completed the sorting task, they were asked

to give reasons for their sorting pattern, i.e. to explain

why they believed some systems presented a greater

likelihood of accidental injury than others. This qualita-

tive data was audio-recorded.

Sampling strategy

Data was collected from four professional groups

involved in the delivery of construction projects, i.e.

architects, engineers, constructors, and OHS profes-

sionals. All participants were practising professionals

in the Australian construction industry at the time of

data collection. Q-methodology does not require a large

number of participants and typically participants are

not randomly sampled but purposefully selected based

on their familiarity with the topic (Brown, 1980; Watts

and Stenner, 2005). In Q-methodology, diversity of

opinion is a more important participant selection

principle than the extent to which participants repre-

sent the larger population from which they are drawn

because this allows different subjective viewpoints to

be revealed and explored. Stainton-Rogers (1995) sug-

gests that to reflect an appropriate breadth and diversity

of viewpoints a participant group containing between

40 and 60 participants is appropriate.

In this study 15 participants were invited from each

professional group, making a total of 60 participants.

The participants were mainly approached through the

researchers’ personal networks and a ‘snowball’

sampling strategy was adopted whereby participants

identified prospective participants who were contacted

until the target sample size of 15 participants per pro-

fessional group was reached. The snowball strategy

was deemed to be appropriate as an important factor

in Q-methodology is that participants are familiar with,

and have ‘well-formed opinions’ about, a topic (Webler

et al., 2009, p. 9).

Data analysis

The Q-methodology data collection produced both

quantitative (i.e. the rank orderings of photos) and

qualitative (i.e. the explanatory information) data. Data

collected in this way is typically analysed using factor

analysis to look for patterns in ways of thinking about

the topic. Interview data is then used to aid the inter-

pretation of the observed patterns in the data, and to

develop insight into participants’ different processes

of framing the topic in question.

The initial analysis was undertaken using the

following steps:

� each person’s rank-ordered sort of statements

was initially transformed into an array of numeri-

cal data;

� each person’s array of numerical data was then

inter-correlated with the arrays of all the others;

� the resulting correlation matrix revealed which

participants sorted the statements into similar

orders;

� the correlation matrix was then subjected to

factor analysis to obtain groupings of data arrays

that were highly correlated.

The resulting factors represent clusters of

participants with similar opinions about the topic

(Fairweather et al., 1998), in this case the extent to

which the building systems presented a greater or lesser

risk of accidental injury.

The factor analysis was conducted using principal

components analysis with varimax rotation, as recom-

mended by Watts and Stenner (2005). Participants

were deemed to belong to a factor or cluster if their

Q-sort significantly loaded on that factor. A significant

Table 1 Photograph codes and descriptions

Photo ID Descriptions

F01 Precast concrete panel system for housing

F02 Precast concrete panel system for car park

F03 Concrete and window panel façade system

F04 Full storey prefabricated façade system

F05 Glazed panel façade system

F06 Mixed glass and concrete panel façade system. Note: concrete sections covered by glass panels

F09 In situ reinforced concrete walling

F10 Concrete block wall façade system
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factor loading at the 0.05 level was calculated using the

equation: 1.96 � (1 � √ no. of items in Q set) (Watts

and Stenner, 2012). Given the number of photographs

in each photo set is eight, a significant factor loading

was deemed to be 1.96 � (1 � √ 8) = 0.693.

Weighted averages (Z scores) were calculated for

each photograph. Z scores are normalized factor scores

calculated by PQ Method software for each individual

photograph during the factor estimate process (for fur-

ther details, see Watts and Stenner, 2012, p. 207).

These scores reflect the level of agreement and dis-

agreement that each photograph receives within each

of the participant clusters arising from the factor analy-

sis. As the numbers of Q-sorts that significantly loaded

on each cluster were different, normalized factor scores

(i.e. Z scores) were needed in order to perform cross-

factor comparisons for each photograph. These scores

were used to generate factor arrays for each cluster of

participants. Watts and Stenner (2012, p. 140) describe

a factor array as ‘a single Q sort configured to represent

the viewpoint of a particular factor’. The factor arrays

were compared to identify points of difference within

participant clusters.

Finally, qualitative data capturing participants’

explanations about why they sorted the photographs

in the manner they did was subjected to thematic con-

tent analysis. This analysis explored the attributes that

participants considered when making judgements

about the inherent ‘riskiness’ of a particular building

system relative to alternative building systems.

Results

The results of the façade system Q-sort analysis are pre-

sented and discussed in the remainder of this paper.

The sample

Table 2 summarizes participants in terms of their

occupation and years of experience working in the con-

struction industry.

Factor analysis

Among the Q-sorts of the 60 participants, data from

four participants (two engineers, one architect and

one constructor) was removed from the analysis

because these participants sorted all the photographs

into a single column. These sorts were considered to

be invalid and excluded from the analysis as they

suggest the participants did not attempt to cognitively

differentiate the likelihood of accidental injury repre-

sented in each photograph. Also, Q factor analysis is

based on variance analysis and a Q-sort with all pho-

tographs sorted in the same column does not produce

any variance and cannot be analysed in this way.

The remaining 56 sorting patterns were subjected to

the analytical procedures previously described. The fac-

tor analysis produced a parsimonious model of three

factors that represented different construction profes-

sional views regarding the likelihood of accidental

injury arising during the construction of the façade sys-

tems represented in the Q-set photographs. These three

opinion types explained 31%, 21% and 19% of the

total variance respectively. Thus the three factor solu-

tion explained a total of 71% of the variance in the sam-

ple.

Among the 56 sorts, 15 sorts (26.8%) significantly

loaded on factor 1, eight sorts (14.3%) significantly

loaded on factor 2, and another nine sorts (16.1%) sig-

nificantly loaded on factor 3. The other 24 (42.9%)

sorts did not significantly load on any of the three fac-

tors. This is partly explained by the very high threshold

for acceptance of a factor loading (i.e. 0.7) which arises

largely because of the small number of photographs in

the Q-set.

The factor loadings are presented in Table 3.

Table 3 shows that factors 1 and 2 are ‘bi-polar’ factors,

which means there are two or more sorts having signifi-

cant positive loadings on them as well as two or more

sorts having significant negative loadings on them.

The negatively loaded sorts represent a near reverse

or mirror-image of the Q-sort configuration compared

to those of positively loaded sorts (Watts and Stenner,

2012).

Factor interpretation

Factor arrays were calculated for each cluster of

participants. The factor arrays for each of the three

participant clusters are provided in Table 4. A number

Table 2 Participants’ professional experience

Occupational group Number Min. years of experience Max. years of experience Mean years of experience SD

Architect 15 3 40 21.7 15.9

Engineer 15 2 38 16.2 12.2

OHS professional 15 7 44 21.9 10.4

Constructor 15 2 37 18.0 9.5
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of differences were observed. Participants in cluster 1

considered the concrete block wall façade system to

be the least likely to produce accidental injury, rating

the likelihood of this to be ‘rare’. In contrast, partici-

pants in clusters 2 and 3 considered this façade system

to be almost ‘certain’ to produce accidental injury. Par-

ticipants in cluster 3 considered the use of a precast

concrete panel system for a car park construction and

the use of precast concrete panels for housing to pre-

sent the lowest likelihood of accidental injury. In con-

trast, participants in cluster 1 considered the

likelihood of accidental injury arising from the use of

a precast concrete panel system for a car park construc-

tion to be almost ‘certain’. Participants in cluster 2 con-

sidered the concrete and window panel façade system,

the full storey prefabricated façade system, the glazed

panel façade system and the mixed glass and concrete

panel façade system to present the lowest likelihood

of accidental injury. Participants in clusters 1 and 3

agreed that the full storey prefabricated façade system

and the glazed panel façade system presented a gener-

ally low likelihood of accidental injury, both rating

these as unlikely. However, participants in clusters 1

and 3 considered the likelihood of accidental injury

associated with the construction of a concrete and win-

dow panel façade system and a mixed glass and con-

crete panel façade system to be moderate (cluster 1)

or likely (cluster 2).

Qualitative data analysis

The qualitative explanations provided by participants

whose sorting patterns loaded on factors 1, 2 and 3

were compared and analysed. Table 5 shows that par-

ticipants in the three clusters used different attributes

when thinking about the OHS implications of the

façade systems. While there is some overlap and com-

mon reference to some of the attributes (e.g. ‘complex-

ity of construction’ and ‘construction process’ were

used by people belonging to more than one cluster)

the relative importance of these attributes varied

between clusters. For example, ‘complexity of con-

struction’ was the most frequently cited attribute used

by participants whose sorting pattern loaded on factor

1, while it was the third most frequently cited attribute

Table 3 Results of the Q factor analysis

Participant/sort Factor 1 Factor 2 Factor 3

OHS7 0.9280 –0.1172 0.1413

OHS12 0.8401 0.0221 –0.3204

OHS14 0.9189 0.1505 –0.1145

Cons3 0.8991 0.0639 0.2873

Cons4 0.8996 0.026 0.0806

Cons5 0.8704 –0.0595 –0.1143

Cons8 0.7468 –0.4516 0.023

Cons10 0.7279 0.2902 –0.2779

Eng3 0.7735 –0.1057 0.2726

Eng10 0.7331 0.1313 0.4011

Eng14 0.9189 0.1505 –0.1145

Arch13 0.9189 0.1505 –0.1145

Arch14 0.7886 –0.0479 0.2339

Cons9 –0.7382 –0.3704 0.1746

Eng2 –0.7876 –0.395 0.3752

OHS10 0.1390 0.9333 0.0908

Arch6 0.139 0.9333 0.0908

Arch15 0.2418 0.8961 0.1966

OHS4 0.0408 –0.7515 –0.5384

Eng11 –0.0791 –0.9253 –0.0594

Arch1 –0.4363 –0.8352 0.1403

Arch8 0.1805 –0.8148 0.1795

Arch9 –0.1689 –0.9292 0.1784

OHS1 0.1006 0.1549 0.9664

OHS6 –0.2064 –0.0722 0.8691

Eng5 –0.1507 0.3721 0.8377

Eng7 0.4155 0.0893 0.7624

Eng12 –0.0484 0.0603 0.9112

Arch2 –0.0288 –0.3089 0.8647

Arch4 0.6399 0.0266 0.7066

Arch12 0.1006 0.1549 0.9664

Cons2 0.5447 0.2129 –0.7005

Table 4 Factor arrays for three participant clusters

Factor arrays

No. Photograph/building system Cluster 1 Cluster 2 Cluster 3

1 F01 Precast concrete panel system for housing 1 1 –2

2 F02 Precast concrete panel system for car park 2 0 –2

3 F03 Concrete and window panel façade system 0 –2 1

4 F04 Full storey prefabricated façade system –1 –2 –1

5 F05 Glazed panel façade system –1 –2 –1

6 F06 Mixed glass and concrete panel façade system 0 –2 1

7 F09 In situ RC walling 1 1 0

8 F10 Concrete block wall façade system –2 2 2
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Table 5 Qualitative attributes framing participants’ OHS perceptions

Cluster Most frequently used attributes

Rank of

frequency Example quotations

1 � Complexity of construction (few or many

processes/few or many interfaces)

1 � ‘Risk is higher when you use different

machinery in a task, e.g. three different people

deal with tasks, one inside, one outside, and

one operates the crane.’

� Component scale/size (small or large) 2 � ‘Lifting big precast panels is a high risk

activity, a mobile crane, props, parallels, and

workers all there, it is likely that things can get

out of control.’

� Location of installation (inside or outside) 3 � ‘Now whereas these other ones are likely to be

done either within the building, this one,

particularly, it doesn’t look like there’s any

crane required, and it can all be done within

the building without having to go outside, and

safety rails.’

� Distance (separation) between plant/load

and workers/working platform

3 � ‘People are not separated, work outside,

multiple layers of people and activities, there

should have been better way of designing

façade and material handling.’

� Work platform (scaffolding or mechanical

elevated work platform)

5 � ‘This one here is probably a bit safer with the

scaffolding, the scaffolding there, because the

scaffold obviously doesn’t give you the

opportunity to fall.’

2 � Construction control (offsite production

allows more control)

1 � ‘These are all prefabricated items which

would have been the subject of shop

drawings, and so you would expect that the

installation tolerances would be fairly

accurate.’

� Construction process (offsite prefabrication

reduces people and processes on site

compared to in situ construction)

2 � ‘Well this is a labour-intensive activity. Yes,

and you know, it’s materials handled –

manual material handling, so someone could

get a sore back, hurt their back lifting things

…’

� Types of building construction (commercial

versus domestic)

2 � ‘Commercial construction has, more controls

in place, more systematic procedures …

domestic construction is less systematic.’

3 � Construction process (offsite prefabrication

reduces people and processes on site

compared to in situ construction)

1 � ‘This prefabricated system is less manually

intensive.’

� Location of installation (install from inside

or outside)

2 � ‘In a system like this the guys are working

from inside the building so there’s nobody

hanging outside the building and you’ve can

put protection up so everyone’s working

inside the building.’

� Work level (ground level/low height versus

work at height)

3 � ‘For most part, people work on the ground,

there is no likelihood of a fall.’

(Continued)
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used by participants whose sorting patterns loaded on

factor 3. These differences in the relative weight placed

on each attribute might explain the overall significant

differences in the sorting patterns between participants

in the three groups.

The consideration of the different attributes and

their relative frequencies can explain the differences

in sorting patterns. For example, photographs depict-

ing the use of a precast concrete panel system for hous-

ing and the use of a precast concrete panel system for

the construction of a car park were considered to pre-

sent the lowest likelihood of accidental injury by par-

ticipants in cluster 3, who made reference to the

offsite manufacture of components reducing the need

for manual processes and multiple trades on site. How-

ever, participants in cluster 1 rated the likelihood of

injury resulting from these systems as likely and almost

certain respectively. Participants in cluster 2 also rated

the likelihood of injury associated with the precast con-

crete panel systems for the housing as being likely.

They explained these judgements in terms of the size,

weight and momentum of the panels, and the potential

severity of the consequence associated with an accident

should it occur during the lifting and manoeuvring and

temporary propping of these panels before fixing them

into place. Participants in cluster 1 considered the con-

crete block wall façade as being the least likely to pro-

duce accidental injury, while participants in cluster 3

considered the likelihood of accidental injury associated

with this system to be almost certain. The qualitative

explanations revealed different attributes used by clus-

ters 1 and 3. Participants in cluster 1 made reference to

the type of work platform available when assessing this

system, judging it as safer than the others because the

picture depicted a fully scaffolded structure. This scaf-

fold was perceived to reduce the risk of falling from

height. In contrast, participants in cluster 3 judged this

façade system with reference to the density of the con-

struction process, commenting that the number of

small units, repetitive lifting and in situ nature of the

construction work increased the risk of accidental

injury. For these participants the focus was on the

increased risk of a repetitive strain or manual handling

injury.

Discussion

Variation in mental models of OHS

The research reveals significant variation in partici-

pants’ mental models of OHS. Three distinct sorting

pattern ‘types’ are reflected in the factor analysis

results. Within these factors (or clusters), participants

share similar judgements about the relative likelihood

of accidental injury associated with the façade systems

depicted in the eight photographs. The qualitative

explanatory data indicates that participants in these

clusters use different frames of reference or attributes

to understand OHS issues. These attributes can

explain differences in participants’ judgements of the

likelihood of accidental injury associated with the

façade systems. The existence of distinct and differing

understandings of OHS is consistent with previous

research showing that construction industry contribu-

tors do not hold consistent views about OHS (see,

for example, Gambatese et al., 2008). However, the

current findings differ slightly from those of Gambat-

ese et al. (2008) in that the different viewpoints relat-

ing to OHS evident in our results cut across

occupational or professional lines (see below). Gam-

batese et al. (2008) found a very high level of agree-

ment about the design-relatedness of accidents was

found within a group of OHS professionals, a moder-

ate level of agreement was found within a group of

designers and a low level of agreement was found

within a group of construction professionals.

It is also noteworthy that each of the three clusters

of participants with similar sorting patterns contained

participants whose sorting pattern was the polar

opposite of that of the majority of cluster members.

Table 5 (Continued)

Cluster Most frequently used attributes

Rank of

frequency Example quotations

� Complexity of construction (single

system/trade versus multiple systems/trades)

3 � ‘With use of two construction methods/

systems (e.g. concrete and facade), the

likelihood is far more higher than using one

system.’

� Density of installation process (repetitive

processes with small pieces/some processes

with medium size pieces/fewer processes

with large pieces)

5 � ‘This works with a lot of units of blocks, by

comparing work with a number of panels in

unlikely column, here need to work thousands

units, more possibility to make mistakes.’
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The extant literature establishes a strong link

between SMMs in team-based work and performance

outcomes. Our results suggest that individual members

of construction project teams may have different men-

tal models of OHS. Standifer and Bluedorn (2006)

note that teams are composed of boundary-spanning

individuals, each acting in the interests of their own

organizations, but working together in a temporary pro-

ject coalition. As such, different perspectives are to be

expected.

Professional similarities and differences

The participant clusters produced by the Q factor

analysis cut across occupational and professional

groups. In terms of numbers, constructors were the

dominant professional group in cluster 1 and architects

were the dominant professional group in cluster 2.

However, both of these clusters also included partici-

pants from the other occupational or professional

groups. Cluster 3 was dominated by design profes-

sionals, with three architects and three engineers

among the nine participants, but this cluster also

included OHS professionals and one constructor

(although the single constructor in this cluster provided

a sorting pattern that was the polar opposite of the

other cluster members).

The mix of occupational and professional group

members in each of the clusters produced by the Q

factor analysis suggests that characteristics other than

professional education and socialization shape the way

that people understand and think about OHS. A

post-hoc comparison of the experience of participants

in each cluster was performed to explore the possible

influence of years of experience. This revealed that par-

ticipants in cluster 2 tended to have more years of

industry experience (mean = 33.3 years) than partici-

pants in cluster 1 (mean = 20.0 years) or cluster 3

(mean = 16.8 years). These differences were statisti-

cally significant at the 0.05 probability level. The fact

that the sorting pattern types cut across occupational/

professional grouping indicates that construction

industry professionals should not be stereotyped

according to their occupation or role. The results reveal

that people sharing an occupation or profession do not

necessarily think alike with regard to OHS. Nor do peo-

ple from diverse professional backgrounds necessarily

think differently about OHS.

Implications for practice

Given the established link between SMMs, team

processes and performance, it is possible that extreme

differences in SMMs could negatively impact on

OHS performance in construction projects . The

results indicate that the existence of a common under-

standing of OHS within construction project teams

cannot be assumed. Rather, a diverse range of OHS

perspectives is more likely to exist. Thus, steps to

recognize, understand and manage the diversity of

mental models relating to OHS in construction project

teams may be helpful, particularly when making impor-

tant decisions about the design or specification of a par-

ticular building system or component. For example,

previous research has highlighted the importance of

providing a construction perspective in preconstruction

planning and design decision-making to facilitate

designing for construction (see, for example, Gerth

et al., 2013). Given the fact that construction profes-

sionals are likely to bring different experiences, knowl-

edge and skills to construction project teams,

understanding their mental models of OHS could

provide valuable insight into potential OHS issues

associated with choices made during the planning and

design stages of a construction project and support

the integration of OHS into early project decision-

making.

The literature suggests several potentially useful

strategies to aid the development of SMMs in teams.

Stout et al. (1999) report that engaging in high quality

planning activities and high rates of information

exchange in low workload conditions created higher

level of ‘sharedness’ in team members’ mental models

and produced significantly better performance during

periods of high workload. They conclude that teams

operating in complex and dynamic environments

should invest time and effort: (1) setting project goals;

(2) creating an open environment in which task-related

information is understood and shared; (3) discussing

the consequences associated with decisions and errors;

and (4) clarifying team members’ roles and responsi-

bilities (Stout et al., 1999). Planning for OHS in this

way could potentially foster the development of SMMs

relating to OHS in construction project teams.

Cross-training is another strategy recommended to

develop shared knowledge structures in professionally

diverse teams (Marks et al., 2002). Cross-training is

designed to provide team members with an apprecia-

tion and understanding of the roles and perspectives

of others. It can be achieved by instruction, shadowing

or role-modelling. Marks et al. (2002) report that vari-

ous forms of cross-training supported the development

of SMMs in teams engaged in dynamic tasks in chal-

lenging environments. These SMMs, in turn, improved

team coordination and performance.

Cross-training of this kind can potentially improve

team members’ perspective-taking. Perspective-taking

involves ‘actively considering a particular situation –

or the world more generally – from another person’s
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point of view’ (Goldstein et al., 2014, p. 942). An

inability to take the perspective of others has been

linked to individuals making erroneous attributions

and being unable to recognize opportunities for mutual

benefit (Tjosvold and Johnson, 1977). In contrast,

effective perspective-taking is associated with improved

inter-group relations, cooperation, communication,

and conflict resolution (Galinsky and Moskowitz,

2000; Trötschel et al., 2011). Our research findings

suggest that strategies to help construction profession-

als to understand and see OHS from the perspective

of other project team members could identify

opportunities for OHS improvements that may not

otherwise be apparent to decision-makers. But, as

Boland and Tenkasi (1995, p. 362) point out, ‘perspec-

tive-taking is never a one-to-one mapping. Members of

the same community will not have full consensus, and

members of different communities cannot simply adopt

the meanings of others.’ There is a strong case for

accepting and embracing different perceptions of

OHS risk when making decisions to provide a more

complete picture of unexpected risks. The use of per-

spective-taking in forecasting or envisioning hazards is

likely to be of significant benefit to construction project

teams, for example, in the case of innovative design of

buildings/structures or new combinations of existing

structures, when OHS risks may not be so clearly

identifiable or well understood. Research is ongoing

at RMIT to ascertain whether codified multi-stake-

holder knowledge can produce increasing ‘sharedness’

in construction project team members’ mental models

of OHS.

However, there are also dangers inherent in trying

to achieve a single uniform knowledge structure about

OHS. If SMMs are very strongly held and, if the team

environment does not support ‘constructive confronta-

tion’ between team members, then excessive confor-

mity in thinking (i.e. groupthink) can occur, resulting

in less effective decision-making (Kellermanns et al.,

2008). Thus, fostering a team environment in which

diverse opinions about OHS are recognized and can

be aired, understood and used to make effective

decisions is recommended.

Implications for research

The research demonstrated the viability of using a

novel data collection approach, i.e. the use of a photo-

graphic Q-methodology, to explore construction indus-

try participants’ understandings of OHS risk. The

photographic Q-methodology was positively received

by the majority of research participants. The data cap-

tured by this method provides a detailed insight into

differences and similarities in the way that construction

industry professionals think about the OHS implica-

tions associated with different building systems.

Notwithstanding the successful application of

Q-methodology, the validity of different methods used

for measuring SMMs needs to be carefully evaluated

(Ross and Allen, 2012). It is recommended that, in

future research, the photographic Q-sort method be

compared with other methods used to measure SMMs,

e.g. concept mapping, paired ratings and causal

mapping, to ascertain the convergent validity of the

Q-methodology approach.

Conclusions

The research revealed three distinguishable and differ-

ent sorting pattern types relating to OHS issues associ-

ated with the different façade systems. These types cut

across the membership of the four occupational/profes-

sional groups represented in the research. These results

suggest that no single way of thinking about OHS is

likely to prevail in construction project teams. Rather,

team members will make judgements about OHS risk

based upon their individual frames of reference. It is

likely to be helpful to analyse and understand these dif-

ferent frames when making important project decisions.

Implementing high quality planning and communica-

tion activities to understand team members’ mental

models of OHS early in the project life cycle and iden-

tify points of similarity and difference is recommended.

Strategies designed to help project team members to

take the perspective of other project stakeholders and

participants may also be beneficial in some circum-

stances. Professional members of a construction project

team will see the inherent ‘riskiness’ of choices con-

cerning building systems and construction technologies

in different ways. The input of a diversity of perspec-

tives relating to OHS may, in fact, help team members

to make better decisions in complex situations.

Limitations and future research

The research used a photographic Q-sort method to

examine individual construction professionals’ mental

models of OHS. The experience of the construction

professionals was collected in the research. However,

to protect the anonymity of participants given the rela-

tively small sample size, we did not collect demographic

data relating to age, gender, highest degree earned, pro-

ject experience or family arrangements. It is possible

that these factors also influence mental models of

OHS and therefore, these could be examined in future

studies using larger sample sizes . The data reported

was not collected from field-based construction project
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teams. Future research should examine the existence of

SMMs relating to OHS in construction project teams.

Scenario-based simulation and experimental research

could also be undertaken in order to investigate the

extent to which SMMs improve decision-making and

OHS performance outcomes in construction profes-

sionals working on team-based tasks. Future research

should also investigate the effects of SMMs in the pres-

ence and the absence of a normative environment that

supports constructive confrontation, i.e. the airing and

resolution of differences of opinion.
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