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A B S T R A C T   

Understanding the current state of a complex project is challenging but essential for project teams to make 
effective management decisions. This research explores whether the indirect elicitation and comparison of 
mental models measured through individual level perceptions can encourage project team double loop learning 
about a complex project to inform management decisions. The best-worst scaling object case method was applied 
at the individual level to measure system-wide perceptions of two case study projects, demonstrating its efficacy 
in capturing team and stakeholder perceptions, and measuring how these change over time. Analysis of the case 
studies showed that highlighting the differences in mental models uncovered using the best-worst scaling object 
case method at the individual level can facilitate double loop learning and prompt management decisions about 
complex projects.   

1. Introduction 

A key challenge to the successful management of projects is their 
increasing complexity (Marle & Vidal, 2016; PMI, 2013; San Cristóbal 
et al., 2018) due to the limited effectiveness of traditional plan and 
control based methods for managing complex projects (Böhle et al., 
2016; Elia et al., 2021; Findlay & Straus, 2015). Drawing on complex 
adaptive systems theory, complex projects are defined as complex 
adaptive systems characterised by unclear cause and effect relationships 
due to emergent properties, adaption and non-linear effects from agent 
interactions and feedback loops influenced by sources of complexity 
(Bakhshi et al., 2016; Remington et al., 2009; Vidal et al., 2011). These 
sources of complexity may include interrelated task structures, uncer
tainty in goals, methods or requirements, dynamic change in the project 
or environment, accelerated project pace or tempo, and/or a challenging 
socio-political environment (Geraldi et al., 2011; Remington & Pollack, 
2007). The limited effectiveness of traditional project management 
methods comes from the project team’s difficulty understanding the 
current state of a complex project as a complex adaptive system and 
difficulty predicting its future states (Cooke-Davies et al., 2007; Daniel & 
Daniel, 2018; Nachbagauer, 2021; Vidal & Marle, 2008). 

Daniel and Daniel (2018) argue that emergence is the defining 
characteristic of managing complex projects due to their unstable 

dynamic over time as complex adaptive systems. Drawing on the theory 
of mental models, Daniel and Daniel (2018) propose that it is the 
inability of the project team’s individual and shared mental models to 
accurately reflect a complex project’s current state that leads to this 
emergence. Mental models are “the mechanisms whereby humans 
generate descriptions of system purpose and form, explanations of sys
tem functioning and observed system states, and predictions of future 
system states” (Rouse & Morris, 1986, p. 360). Shared mental models in 
the form of longer-term stable team mental models (Cannon-Bowers & 
Salas, 1990; Orasanu, 1990) and dynamic team situation models (Cooke 
et al., 2003, 2000) are system representations that emerge at the team 
level from individual mental and situation models. Team mental models 
are shared knowledge about and expectations for a system that enable 
the effective coordination of team members to perform a task (Can
non-Bowers et al., 1993) while team situation models are a shared 
“mental representation associated with a dynamic understanding of the 
current situation” (Rico et al., 2008, p. 167). 

The most relevant form of mental models for understanding the 
current state of a complex project as described by Daniel and Daniel 
(2018) are individual and team situation models. The inaccuracy of 
project team situation models is argued to impact the project team’s 
ability to make accurate predictions about the project’s future states 
reducing the effectiveness of project team management decisions. 
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Feedback loops between the project team’s situation models and the 
project reality are believed to improve the accuracy of the models and 
effectiveness of management decisions. This perspective is consistent 
with reflective approaches, such as double loop learning from organ
isational learning theory, which are recommended for effective complex 
project management (Crawford & Hoffman, 2011; Crawford et al., 
2006). 

Double loop learning questions the underlying assumptions and 
objectives of a situation to produce valid impersonal information on 
which to make decisions (Argyris, 1977; Argyris & Schön, 1996). This 
process of questioning assumptions and/or objectives is a way for teams 
managing complex projects to update their individual and shared situ
ation models which could lead to more effective decision making (Daniel 
& Daniel, 2018; Reyes, 2012). Furthermore, individuals are likely to 
perceive the same complex project differently based on their interpre
tation of the information available to them about the project (Cook
e-Davies, 2011; Jaafari, 2003; Stingl & Geraldi, 2017, 2021). The 
differences between the individual and shared project team and stake
holder perceptions provide a window into their situation models of the 
complex project. This means individual situation models of a complex 
project could be elicited indirectly by measuring the perceptions of 
project team members and other stakeholders to provide the 
system-wide information that Findlay and Straus (2015) argue is 
necessary to manage complex projects as complex adaptive systems. To 
date, the limited project research about mental models has focussed on 
longer-term stable team mental models (e.g., Shafique & 
Mollaoglu-Scott 2020; Hsu et al. 2011; Wu et al. 2023). There has been 
no prior empirical research into dynamic individual or team situation 
models in relation to the adaptive and emergent nature of complex 
projects as complex adaptive systems. This is a significant gap in the 
literature. Therefore, the aim of this research is: 

To explore whether the elicitation and comparison of individual and 
shared situation models could be used to encourage project team double 
loop learning about a complex project to inform management decisions. 

This research addresses this gap in the literature by empirically 
testing an approach to encouraging double loop learning, informed by 
situation models from mental model theory, in the context of the man
agement of complex projects understood as complex adaptive systems. It 
makes four key contributions to complex project research. First, the 
research explores the combined application of mental model theory with 
complex adaptive systems theory; something that Daniel and Daniel 
(2018) proposed to explain the emergent nature of complex projects. 
Second, the research introduces situation models to project research and 
extends the application of mental models in project research from team 
members to stakeholders. Third, the research provides empirical evi
dence of double loop learning in complex projects based on the elicita
tion and comparison of individual and shared situation models. Fourth, 
the research develops a practical methodology for studying individual 
level situation models in complex project research. 

The next section reviews the literature about individual and shared 
mental models and double loop learning in complex projects. Then the 
research methodology is described including the quantitative measure
ment of perceptions to indirectly elicit situation models and the work
shop design for project teams to compare the situation models. Two 
longitudinal case studies of complex projects are described. Then the 
evidence is analysed and the research propositions are evaluated. The 
findings are discussed in relation to complex adaptive systems, mental 
model and organisational learning theory and the theoretical, method
ological and practical implications are outlined. Finally, the research 
strengths, limitations and proposed future research are articulated. 

2. Literature review 

2.1. Individual and shared mental models 

Mental model theory is widely used to explain and predict human 
interactions with systems in literatures such as cognitive psychology and 
systems control (Rouse & Morris, 1986), and organisational behaviour 
(Mohammed & Dumville, 2001). However, to date, mental models have 
received relatively little attention in the project literature. The limited 
project research has focussed on longer-term stable team mental models 
(e.g., Shafique & Mollaoglu-Scott 2020; Hsu et al. 2011; Wu et al. 2023) 
with no empirical research about the dynamic individual and shared 
situation models. 

Shafique and Mollaoglu-Scott (2020) in a literature review of mental 
models examined the implications for inter-organisation architecture 
engineering and construction project teams. Based on this review, Sha
fique and Mollaoglu-Scott (2020) outlined the potential to apply a 
mental model lens to leadership and project building models to address 
the challenges of inter-disciplinary teams and multi-level structures of 
these projects. Hsu et al. (2011) empirically examined the impact of 
team building activities on mental models and project performance in 
information systems project teams. Based on a Partial Least Squares 
(PLS) structural equation model of survey data, team building was found 
to improve project team mental models about teammates and in
teractions which in turn increased information utilisation and project 
performance. However, the survey focussed on the general existence and 
strength of longer-term shared team mental models with measures such 
as “I am well aware of other team member’s skills and abilities” (Hsu 
et al., 2011, p. 7) for the teammate mental model. Wu et al. (2023) 
focussed on extending mental models to multi-team systems where 
sub-project teams with specialised skills work together towards an 
overall goal. Based on a PLS model of survey data, Wu et al. (2023) 
found evidence for a positive impact of project team shared mental 
models of goals and plans on cooperation, coordination and multi-team 
system implementation efficiency. However, the survey again focussed 
on general existence and strength of longer-term shared team mental 
models. The project research to date about longer-term shared team 
mental models has largely supported their representation as a support 
for effective coordination of team members to perform tasks. However, 
this research has limited relevance for the dynamic individual or team 
situation models which are essential to understand the adaptive and 
emergent nature of complex projects as complex adaptive systems. The 
lack of empirical research about situation models is a significant gap in 
the project literature. 

Chang et al. (2021) outlined a highly relevant project team learning 
approach while developing a leadership practices framework for be
haviours that promote learning within and between project teams. 
Drawing on the organisational learning theory socio-cognitive 
perspective this approach was to identify and clarify individual mental 
models making them explicit before comparing them to generate new 
insights. Potentially, the approach Chang et al. (2021) outlined could be 
applied to individual and shared situation models of complex projects to 
provide the feedback loop the Daniel and Daniel (2018) framework 
described as necessary to update project team’s individual and team 
situation models. Therefore, drawing on complex adaptive systems, 
mental model and organisational learning theory, Proposition 1 of this 
research is: 

Proposition 1: Project teams will be able to reflect on the current 
state of their complex project based on comparisons of individual 
and shared situation models. 

Mental models as a complex latent construct are difficult to directly 
measure (Kraiger & Wenzel, 1997). This is why Hsu et al. (2011) and Wu 
et al. (2023) measured indirect indicators of longer-term team shared 
mental models such as awareness and agreement. Individual situation 
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models about a complex project represent an understanding of its cur
rent state by heterogenous agents who through their interactions have 
different experiences of this change over time (Mitleton-Kelly 2003; 
Wallis 2008; Byrne & Callaghan 2014). An aspect of this dynamic un
derstanding that can be measured is the individual’s perceptions about 
an aspect of the complex project such as risks, objectives or deliverables. 
This means individual situation models of a complex project could be 
indirectly measured via the individual level perceptions of project team 
members and other stakeholders. These individual perceptions and 
shared group perceptions could then be compared to establish if project 
teams reflect about the current state of their complex projects to test 
Proposition 1. This means an individual’s perceptions of a complex 
project are treated as a measurable indicator that reflects the in
dividual’s situation model of the project and measured as a form of 
in-task probe (Wildman et al., 2014). In essence, measuring an in
dividual’s perceptions about an aspect of a complex project provides a 
window into their mental model of the project’s current state. 

2.2. Double loop learning in complex projects 

Organisation learning theory focusses on the processes by which 
organisations acquire new knowledge, skills and capabilities to maintain 
and improve their performance at different levels from individuals to 
groups and the entire organisation (Crossan et al., 1999, 2011). Learning 
in complex projects can take the form of single loop learning. Single loop 
learning is where the consequences of management actions are observed 
and evaluated against performance criteria to take corrective action 
(Argyris & Schön, 1996). However, single loop learning is based on the 
project team’s existing shared situation model of the project which may 
be inaccurate due to difficulty in understanding the current state of 
complex projects as complex adaptive systems (Cooke-Davies et al., 
2007; Daniel & Daniel, 2018; Nachbagauer, 2021; Vidal & Marle, 2008). 
Reflective double loop learning moves beyond the optimisation process 
of single loop learning to question the underlying assumptions and ob
jectives of a situation (Argyris, 1977). Therefore, the process of double 
loop learning has more potential than single loop learning to update the 
project team’s individual and shared situation models to better reflect 
the reality of the complex project as a complex adaptive system. Lan and 
Ramesh (2007) even argue that a key reason for applying agile practices 
in complex software development projects is the facilitation of double 
loop learning that enables project teams to examine and experiment 
with their mental models. It is also at least partially why reflective 
learning has been described by Crawford and Hoffman (2011) as an 
essential meta-competency for the effective management of complex 
projects. In addition, it is consistent with the complex adaptive systems 
theory conceptualisation of agents updating their rules of interaction 
based on feedback (Stacey 1996; Dooley 1997; Axelrod & Cohen 2000), 
in a reflexive double loop learning process (Stacey 1996) that in
corporates information from the environment (Dooley 1997). 

Nachbagauer (2021) in extending the Snowden (2002) Cynefin 
framework to managing complexity in projects discussed the challenges 
of managing complex projects from an organisational learning 
perspective. Highlighting the difficulty of understanding the current 
state of complex projects, team members are encouraged “to track 
possible mis-assumptions and question their own routines” (Nachba
gauer, 2021, p.7). However, Nachbagauer (2021) argues complex pro
jects are mainly non-repetitive leading to a scarcity of naturally 
occurring opportunities to engage in double loop learning. This means 
teams need to take a proactive approach to question their knowledge 
and assumptions about the management of a complex project drawing 
on diverse views of its current state. As Findlay and Straus (2015) argue, 
methods of managing complex projects as complex adaptive systems 
need to draw on system-wide information to understand these projects. 
If project team members and other stakeholder’s individual situation 
models of a complex project were indirectly measured as individual 
level perceptions this would provide the requisite system-wide 

information and enable comparisons of mental models as Chang et al. 
(2021) described. As Stacey (1996) states for social complex adaptive 
systems “when members of a group jointly reflect upon and discuss the 
system they constitute. This is double-loop learning” (p.162). Therefore, 
drawing on mental model, organisational learning and complex adap
tive systems theory, Proposition 2 of this research is: 

Proposition 2: Comparing project team and stakeholder individual 
and shared situation models about the project will lead to reflective 
double loop learning about the complex project’s current state by the 
project team. 

2.3. Informing management decisions 

Double loop learning from organisational learning theory has been 
framed as providing valuable information for management decisions in 
complex projects (e.g., Argyris, 1977; Daniel & Daniel, 2018; Nachba
gauer, 2021). However, there are few empirical studies about whether 
double loop learning informs team management decisions in complex 
projects. In one such study, Reyes (2012) explored the impact of 
incorporating single and double loop organisational learning in a 
Columbian university complex project. The project aimed to increase the 
number of rural students by delivering the initial two years of degrees in 
student’s home regions. The project incorporated single and double 
learning cycles at different structural levels about the effectiveness of 
teaching practices which were found to improve the viability of the 
project. Henderson et al. (2013) in a study of large complex healthcare 
construction projects also focused on the potential to incorporate double 
loop learning cycles during complex projects for improved management 
decisions. Based on a survey of industry professionals, Henderson et al. 
(2013) determined that not engaging in cross-phase double-loop 
learning in these projects led to “reduced quality, client dissatisfaction, 
safety issues and an increase in disputes” (p. 301) highlighting the need 
for double loop learning cycles during these projects. This suggests that 
if a team engaged in double loop learning about the complex project 
based on comparing individual and shared situation models it would 
inform their management decisions. Therefore, drawing on organisa
tional learning and complex adaptive systems theory, Proposition 3 of 
this research is: 

Proposition 3: Comparing individual and shared situation models 
about a complex project in double loop learning to understand its 
current state will inform the project team’s management decisions. 

3. Research methodology 

The aim of this research was to explore whether elicitation and 
comparison of individual and shared situation models could be used as a 
way of encouraging team double loop learning to inform project team 
management decisions. This research was conducted using an explor
atory embedded multi-case research design (Yin, 2014) involving two 
case study projects, each of which involved multiple rounds of 
researcher engagement and data collection via surveys and workshops. 
Case studies are widely considered to be the most suitable form of in
quiry for holistic and in-depth investigations of bounded cases, such as 
projects, where human behaviour is central to the topic of interest 
(Flyvbjerg, 2011; Harrison et al., 2017; Yin, 2014). A multi-case 
approach was selected to enhance the generalisability of findings in 
this study and to understand whether the contextual differences be
tween the cases affected the research results. The external validity 
comes through replication logic with multiple cases to achieve analytic 
generalisability (Yin, 2014) which requires diversity in the case studies 
for robust conclusions (Firestone, 1993). To ensure the reliability of the 
data collected, a detailed case study research protocol was developed 
and followed for the case studies. 

To thoroughly address the aim of this research three data collection 
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cycles provided longitudinal data about two case study projects. The 
first project was in a private sector financial service organisation and the 
second was in public sector organisation. Each case study involved the 
following three processes:  

1. Measuring individual level perceptions to represent an aspect of 
situation models via the best-worst scaling (BWS) object case. 

2. Reflecting on the differences between individual and shared situa
tion models in a team setting via workshops; and  

3. Identifying instances of double-loop learning. 

3.1. Measuring individual level perceptions 

There are many ways of exploring individual level perceptions. 
Qualitative methods such as interviews and focus groups are used 
extensively to elicit perceptions (e.g., Brink, 2017; Loosemore & 
Cheung, 2015; Mesa et al., 2016; Odusanya et al., 2021; Remington, 
2011), but are time consuming (Ezzy, 2002); which was problematic 
given the need to move quickly between measuring individual percep
tions and reflecting on those perceptions in the case study projects. For 
this reason, the research design focused on quantitative methods that 
could measure individual level perceptions and be quickly implemented 
system-wide. 

Project team members and stakeholders will exhibit heterogeneity in 
their observer dependant perceptions of projects based on their indi
vidual life experiences (Cooke-Davies, 2011; Jaafari, 2003; Stingl & 
Geraldi, 2017, 2021). Therefore, when considering quantitative mea
sures of individual perceptions, it was important to account for the 
impact of this individual heterogeneity on the measurement task. To do 
this, a quantitative measurement technique needed to address the 
impact of individual level scale effects, response biases and styles 
(Baumgartner & Steenkamp, 2001; Cohen & Orme, 2004; Hackman, 
2021; Harzing, 2006; Lee et al., 2008). Measurement tasks that rely on 
absolute measurements of perceptions to be consistent between in
dividuals fail to address individual scale effects (Hackman, 2021). Biases 
such as social desirability and acquiescence (Krumpal, 2013; Paulhus, 
1991) along with responses styles (Cohen & Orme, 2004; Harzing, 2006; 
Lee et al., 2008) are known to impact responses to interval rating scales 
leading to the potential for unobserved effects. For example, re
spondents from different countries have been found to use different 
parts of rating scales leading to sufficiently large scalar inequivalence 
that responses cannot be directly compared (Baumgartner & Steenkamp, 
2001; Harzing, 2006). Hence, when completing a measurement task, 
two individuals may mean something different despite providing the 
same response or alternatively mean the same thing despite providing 
different responses. Therefore, the key criterion in selecting an appro
priate quantitative technique was that it would allow direct comparisons 
between heterogeneous individual perceptions. 

The BWS object case was chosen for this research as it is a survey 
based discrete choice method that measures the perceived relative po
sition of a series of objects on a latent subjective scale (Louviere et al., 
2015). The discrete choice questions of BWS object case avoid most 
response styles and biases (Cohen & Orme, 2004; Loose & Lockshin, 
2013). Individual perceptions can be elicited system-wide simulta
neously using an online BWS object case survey producing individual 
level models that are “scale-free and unaffected by issues of scalar 
inequivalence” (Sirieix et al., 2011, p. 503) addressing individual scale 
effects to enable direct comparisons between individuals and groups (e. 
g., Auger et al., 2007; Rankin et al., 2019). This also means there is no 
minimum sample size for the BWS object case when implemented at the 
individual level enabling project research into contexts with limited 
numbers of respondents. The BWS object case can also be used to un
derstand individual changes over time by repeating the survey for an 
individual (e.g., Kim et al., 2018). This ability to make direct compari
sons at the individual level is essential for highlighting whether 

meaningful differences in perceptions as an indirect measure of situation 
models can prompt discussions about the reality of the projects and the 
project team’s underlying assumptions. Hackman (2021) provided an 
in-depth review of BWS object case data collection method at the indi
vidual level and discussion of its application in project research. This 
research followed the procedures outlined by Hackman (2021) for the 
implementation of the BWS object case at the individual level including 
the following steps to produce the surveys described in Sections 4.1 and 
4.2:  

1. Identify the topic and context of the BWS question (e.g., project 
manager leadership behaviours for project team performance).  

2. Select the subjective scale (e.g., importance) and the end points for a 
BWS question (e.g., “Most Important” and “Least Important”).  

3. Collate the list of objects to compare on the subjective scale (e.g., 
“clear communication”, “effective delegation”)  

4. Develop the BWS scaling question to compare the objects on the 
subjective scale using the end points for the topic (e.g., “Out of the 
project manager leadership behaviours below which do you think is 
Most and Least Important for project team performance?”).  

5. Identify an experimental design such as a balanced incomplete block 
design based on the number of objects and modify if required based 
on the Hackman (2021) recommendations.  

6. Generate a survey based on the experimental design with a page for 
each set of the design that repeats the BWS question and end points 
with the set of objects. 

In this research, the surveys were completed by respondents within a 
defined window of time to ensure the same project conditions influenced 
their perceptions. The survey question in BWS object case can relate to 
anything respondents perceive as distinct (e.g., implementation options 
or risks) and can be measured on any subjective scale (e.g., confidence or 
preference). The question in the first case study related to individuals’ 
perception of the relative likelihood of different project outcomes being 
achieved, while in the second case study the question related to the 
relative confidence that the processes, services or tools delivered by the 
project would operate effectively. However, for the purposes of 
addressing the aim of this research, the exact survey questions are not 
the focus. The primary concern relates to consideration of whether and 
how team reflection on different situation models as represented by 
differences in survey responses contributed to double loop learning. 

3.2. Reflecting on the differences in situation models 

Workshops have been used in project research to present informa
tion, facilitate discussion and elicit feedback from project team members 
(e.g., Brink, 2017; Mesa et al., 2016). In this research, workshop par
ticipants were asked to reflect on the current state of their project based 
on the differences in the individual and shared situation models repre
sented by the individual level BWS object case results. In the workshops, 
the individual level BWS object case results were presented with 
prompts for the participants to articulate reasons for the differences in 
perceptions which required them to reflect on the current state of the 
project. Double loop learning about the project was encouraged though 
the process of discussing differences in the individual level BWS object 
case results and capturing new or revised project team actions for the 
management of the project. 

The workshops were designed to remove inhibitors to double loop 
learning by creating a collaborative learning environment that mini
mised defensive interpersonal dynamics and supported participants to 
reflect on and speak up about the complex project (Argyris, 1977). To 
minimise defensive interpersonal dynamics, results were only provided 
at the project team and stakeholder group levels. Furthermore, it was 
ensured that the project team and stakeholder groups contained at least 
three individuals to ensure participant anonymity for the discussion of 
the BWS object case results. 
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To support participants, consistent with Chang et al. (2021), the BWS 
object case results were visualised to make the situation models explicit 
and facilitate comparisons. The use of visuals is believed to improve the 
speed and accuracy of data interpretation (Geraldi & Arlt, 2015) and to 
facilitate interactions and/or improved decision-making in project work 
(Killen, 2013; Killen & Kjaer, 2012). In addition, visualisations that are 
well designed for an audience and a purpose can also improve the 
comprehension of complex and dynamic situations (Thomas & Cook, 
2005). 

The BWS object case results for the groups representing their shared 
situation model were visually represented as a stacked 100% bar graphs 
aiding the interpretation for the project team in the workshops. The 
relative percentages in these graphs focused participants on the differ
ences between results, highlighting the differences between shared sit
uation models for the project team workshops. The individual level 
results were also used to create histograms for each BWS object to 
visualise the dispersion or level of agreement between individual situ
ation models in the groups about the BWS objects (e.g., Louviere et al., 
2015). See the supplementary material for more information about the 
analysis and visualisation of the BWS object case results. Three work
shops were conducted in each case study via online video conferences 
due to the COVID-19 work from home policies of the organisations 
during the data collection in late 2021 and early 2022. 

Based on the (Argyris, 1977) description of a workshop to encourage 
double loop learning, the sequence of workshop activities were: 

1. Facilitator briefly outlines the workshop principles (e.g., no indi
vidual results identified) and expectations for participants.  

2. Facilitator establishes the frame of reference for workshop by asking 
participants:  
• What has happened in the project recently and/or since the last 

workshop that might influence perceptions?  
3. Facilitator presents a stacked 100% bar graph of the overall, project 

team and stakeholder group results for the BWS survey highlighting 
key results.  

4. Facilitator presents a stacked 100% bar graph of project team group 
relative percentage results and dispersion histograms of the indi
vidual project team results from the BWS survey highlighting key 
results.  
• Participants are prompted to reflect on reasons for perspectives in 

bar graph and differences in the perceptions in dispersion 
histogram.  

5. Facilitator presents a stacked 100% bar graph of stakeholder group 
relative percentage results and dispersion histograms of the indi
vidual stakeholder results from the BWS survey highlighting key 
results.  
• Participants are prompted to reflect on reasons for perspectives in 

bar graph and differences in the perceptions in dispersion 
histogram.  

6. A group discussion is facilitated to agree the new and/or revised 
project team actions to undertake based on current situation. 

In the workshops, the researcher facilitator presented the visual
isations of individual perceptions and shared group perceptions for the 
project team to compare verbally highlighting the differences in the 
perceptions. The comparisons included the differences in the percep
tions between the groups (100% bar graphs) and within the groups at a 
point in time (histograms) along with the changes over time for the 
second and third workshops. Workshop participants were prompted 
visually on the presentation slides and verbally by the researcher facil
itator to identify reasons for the differences in perceptions. The 
researcher facilitator did not take an active role in the team discussions 
after these prompts. This was approach provided the project teams the 
opportunity to simply discuss the differences and potentially reflect on 
their complex project’s current state. If the project teams extended these 
reflections to engage in single loop or double loop learning about the 

complex project’s current state it was entirely of their own volition. 

3.3. Identifying instances of double loop learning 

The workshop outputs were lists of new and/or revised project team 
actions. These were captured in the participants’ own words, providing 
high descriptive validity (Maxwell, 1992). Hand-written notes were 
made on printouts of the presentation slides during the workshops, 
which were transcribed into electronic form directly after the workshop 
then reviewed in subsequent days to ensure completeness and accuracy. 
Workshops were not audio recorded due to participant concerns about 
confidentiality. Observations about the workshop focused on participant 
behaviour, directly noting participant responses to information pre
sented to them in the workshops. Researcher notes focused on the 
sequencing between presented BWS data that represented an aspect of 
the situation models and participant comments and actions to support 
claims that a particular piece of presented data led to a particular 
response. 

The identification of instances of double loop learning in the work
shops was based on Maxwell (1992) concept of theoretical validity. 
Theoretical validity addresses “the legitimacy of the application of a 
given concept or theory to established facts" (Maxwell, 1992, p.292). It 
requires the identification of operationalised theory construct blocks 
with well-developed relationships in the setting. Double loop learning 
would be identified if the underlying assumptions or objectives of the 
project were questioned based on the situation models presented in the 
workshop, resulting in informed decisions (Argyris, 1977; Argyris & 
Schön, 1996). Therefore, the theory construct blocks that needed to exist 
in the workshop discussions to indicate double loop learning based on 
the situation models were:  

• a specific BWS object case result or results presented in the 
workshop;  

• reflections about the project based on the presented information;  
• questioning of assumptions about the project (e.g., how it is being 

managed); and/or  
• questioning of the project objectives (e.g., can an objective be 

achieved). 

To discount the rival explanation (Yin, 2014) that the project team 
could have achieved the same understanding of the current state of the 
project through discussion without the presented results, all instances of 
double-loop learning needed to involve a clear link to the situation 
models presented in the workshops. The qualitative coding of the 
workshop discussions is outlined in Appendix 1. 

3.4. Summary 

The research methodology, incorporating BWS object case surveys to 
measure perceptions and workshops to compare visualisations of the 
situation models in case studies, is summarised in Fig. 1. 

4. Case studies 

Two case studies about complex projects in organisations based in 
Australia were conducted from August 2021 to April 2022. Descriptions 
of the key documents for each case study (e.g., Annual Review - 1.1) are 
provided in Appendix 2. The case study data included several public 
documents about the organisations. An additional twenty-one docu
ments for Case Study 1 and twenty-five documents for Case Study 2 were 
created as part of the research. These included communications, work
shop materials and notes that were captured at a point in time along 
with meeting and case notes documents created at the start then updated 
throughout the case studies. Generic wording has replaced any poten
tially identifying information in the case descriptions. 
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4.1. Case study 1 – private sector organisation context 

Case Study 1 involved a complex project in a large Australian private 
sector financial services organisation. Employing approximately 12,000 
people across Australasia (ESG Summary - 1.2), the organisation had 
offices in several Australian state capital cities (Annual Review - 1.1). 
The project’s objective was to source and test the capacity of natural 
language processing Artificial Intelligence (AI) software to analyse 
customer call centre recordings for quality assurance purposes. The 
project was important to the organisation because call centres were a 
key point of customer contact and had a significant influence on 
customer satisfaction. It was essential to conduct quality assurance on 
these calls to ensure both positive customer experiences and compliance 
with regulatory requirements. The ability of AI software to analyse large 
volumes call recordings and identify calls for review by quality assur
ance staff was the basis for this project. 

Case Study 1 covered Phase 1 of the stage gate project which was the 
pilot stage with a budget of approximately $4 million (AUD). The ob
jectives of Phase 1 were to identify business requirements and select an 
AI software solution before testing the solution’s capabilities and eval
uating the usefulness of outputs. There were three data collection cycles 
for this case study from September to November 2021 at monthly in
tervals each comprised of a survey and workshop. The project team 
included a full-time project manager, change manager and business 
analyst dedicated to the project along with a test manager who worked 
on multiple projects. All project team members agreed to participate in 
the research completing BWS surveys and attending workshops. The 
project had a range of stakeholders within the organisation. The project 
owner from the quality assurance unit and two business transformation 
division staff agreed to participate in the research by completing BWS 
surveys as key project stakeholders. 

The BWS object case surveys were developed following the steps in 
Section 3.1 and measured the relative confidence that the Phase 1 
project outcomes would be fully achieved. This topic was chosen by the 
project manager to directly address the uncertainty in project re
quirements in the context of the accelerated timeline and disrupted 
environment. The BWS question developed was “Out of the Voice AI 
phase 1 project outcomes below which are you Most and Least confident 
will be fully achieved?”. This question was displayed in the survey ten 
times with sets of three phase 1 project outcomes from the list below. 
The sets were constructed based on the balanced incomplete block 
design for six objects provided in the supplementary materials.  

• Determine the business value of key Voice AI solution use cases  

• Identify regulatory implications in key business use cases  
• Validate that Voice AI solution can assess 100% of in-scope call 

recordings  
• Assess value of Voice AI solution outputs for staff coaching and 

training  
• Evaluate accuracy of Voice AI solution in identifying calls for review  
• Assess Voice AI solution as an end-to-end operationalised solution 

The individual project team members’ and key stakeholders’ relative 
confidence in fully achieving the project outcomes reflected their indi
vidual situation models of the project at that point in time. The measure 
drew on their understanding of the project as complex system including 
its observed states and predictions about future states. The individual 
and group BWS object case results over time were therefore an indirect 
measure of an aspect of their individual and shared situation models of 
the project. 

4.2. Case study 2 – public sector organisation context 

Case Study 2 involved a complex project in an Australian public 
sector organisation. The organisation employed approximately 230 
people in a single Australian city and had state-wide responsibilities 
(Annual Report - 2.1). The project’s first objective was to implement a 
vendor solution for outsourced live captioning of audiovisual streams. 
The outsourced process required the vendor to provide text captions to 
be broadcast as part of live audiovisual streams that would also be 
available in text form for initial transcripts. The second objective was to 
integrate the initial transcripts produced by live captioning into the 
media unit business as usual (BAU) processes that produced official re
cords (Annual Report - 2.1). The project formed part of a $14.2 million 
(AUD) multi-year audiovisual technology upgrade program which sup
ported a key strategic priority of modernising the organisation (Strategic 
Plan - 2.2). Historically, IT projects within the organisation had strug
gled to deliver effective solutions to end users so the media unit stake
holders were sceptical about the project. 

The case study was focussed on the change management required to 
establish the new media unit processes, services and tools. The project 
shared the staff assigned to the audiovisual technology upgrade program 
with other projects, some of whom were employed part-time by the 
organisation. This included a project manager, change manager, change 
analyst and graduate trainee at the start of the case study, all of whom 
agreed to participate in the research completing BWS surveys and 
attending workshops. The media unit staff were the key project stake
holders for the change management and all six members of the media 

Fig. 1. Research methodology.  
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unit staff working group agreed to participate in the research completing 
BWS surveys. The case study data collection cycles covered the period 
from December 2021 when the test version of the vendor solution 
implementation went live through to just before the new BAU processes 
went live in April 2022 with eight-week intervals. 

The BWS object case surveys were developed following the steps in 
Section 3.1 and measured the relative confidence that the new processes, 
services and tools would operate effectively. This topic was chosen 
collectively by the project team to directly address the interrelated task 
structures and challenging socio-political environment of the project. 
The BWS question developed was “Out of the Media project new pro
cesses, services or tools below which are you currently Most and Least 
Confident will operate effectively?”. This question was displayed in the 
online survey ten times with sets of three Media project new processes, 
services or tools from the list below constructed based on the same 
design for six objects utilised in Case Study 1.  

• Live captioning portal  
• Quality audit and vendor feedback process  
• Transcript download process  
• Official record publication process  
• Internal support model process  
• Vendor support model process 

The individual project team members’ and key stakeholders’ relative 
confidence that the project’s new processes, services and tools would 
operate effectively reflected their individual situation models of the 
project. The measure drew on their understanding of the projects’ cur
rent state and predicted future states in terms of the effectiveness of the 
delivered new processes, services and tools. The individual and group 
BWS object case results over time were therefore an indirect measure of 
an aspect of their individual and shared situation models of the project. 

4.3. Complexity and representativeness of the case study projects 

Each case study project was influenced by multiple interacting 
sources of complexity that led to unclear cause and effect relationships. 
The private sector Voice AI project sources of complexity included un
certainty in the project requirements, interrelated task structures with 
the AI vendor selection and definition of the AI solution, dynamic 
change in the project and environment due to COVID-19, and an 
accelerated tempo due to delays from an organisation restructure. The 
interactions of these sources of complexity made it difficult for the 
project team to utilise the organisation’s traditional plan and control 
project management methods. In particular, the project requirements 
were unclear at the start of the case study data collection with the 
project teams’ understanding of the project outcomes evolving multiple 
times during the data collection. In addition, during the case study data 
collection as the project’s visibility increased within the organisation a 
new source of complexity emerged, a challenging socio-political envi
ronment due to senior management interest in the project. 

The public sector Media project was also characterised by multiple 
interacting sources of complexity. The primary source was a challenging 
socio-political environment created by the media unit staff who were 
concerned about the potential for future job losses from the outsourcing 
of work. The tension from this perceived industrial relations issue 
increased the difficulty for the project team to engage with the media 
unit staff stakeholders which was essential to the project deliverables. 
Other sources of complexity included interrelated task structures from 
implementing new tools and BAU processes, dynamic change in the 
project and its environment from COVID-19, and an accelerated tempo 
due to delays in starting the project. 

The project teams worked with the researchers to select the survey 
topic and question they believed would provide the most useful infor
mation for their management decisions over time based on their un
derstanding of these challenges. In Case Study 1, the BWS survey 

directly addressed the uncertainty in and the potential for different in
terpretations of project requirements. In Case Study 2, the BWS survey 
addressed the scepticism of the media unit staff about the project 
delivering an effective end user solution. Both project teams focussed on 
a form of project success for their the BWS surveys, project outcomes for 
the Voice AI project and project deliverables for the Media project. 
Stakeholders are known to hold diverse views of project success (Davis, 
2017) that change over time (Turner & Zolin, 2012) which potentially 
increased the value of real-time stakeholder inputs about these topics for 
team project management decisions. 

The case studies also needed to represent diverse conditions to be an 
effective replication test for analytic generalisability (Firestone, 1993). 
The key details of the case study organisations, projects and BWS sur
veys are summarised in Table 1. The two cases have different organi
sation scale and sector, project objectives, resourcing levels and focus for 
their BWS surveys. It is not possible for two cases to represent the full 
potential diversity of complex projects; however, the two cases represent 
sufficiently different conditions to provide an effective replication test 
for analytic generalisability. 

5. Results 

Three workshops in each case study provided the data to evaluate the 
evidence for the propositions. The workshop data was comprised of the 
researcher notes about the behaviours exhibited by participants and 
some direct quotes along with the workshop outputs captured in the 
participants’ own words. The individuals who participated in each 
project team workshop are outlined in Appendix 3. 

Table 1 
Case study organisations, projects and BWS surveys.   

Case Study 1 “Voice 
AI project” 

Case Study 2 “Media 
project” 

Organisation Sector Private sector 
financial services 

Public sector 

Employees 12,000 230 
Locations All Australian state 

and territory capital 
cities, New Zealand 
and several Southeast 
Asian countries 

An Australian state 
capital city 

Project Objective Source and trial AI 
software to evaluate 
analytical capabilities 
and utility of outputs 

Implement 
outsourced 
audiovisual streaming 
live captioning 
vendor solution 

Business 
Impact 

Implement a limited 
rollout of parallel 
business processes to 
test the AI software in 
some call centres 

Replace media unit 
BAU processes for 
producing official 
records of videos 
utilising the 
transcripts from the 
live captioning 
service 

Project Team Multiple full-time 
project staff and 
supporting staff 

Sharing staff assigned 
to program some of 
whom were part-time 

BWS Survey Focus of 
Surveys 

Strategic focus on 
project outcomes 

Tactical focus on 
operation of new 
processes, services 
and tools 

Psychological 
Scale 

Relative confidence Relative confidence 

Survey Topic Relative confidence 
that the Phase 1 
project outcomes 
would be fully 
achieved 

Relative confidence 
that the new 
processes, services 
and tools would 
operate effectively  
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5.1. Proposition 1 – reflection on the current state of the complex project 

Proposition 1: Project teams will be able to reflect on the current 
state of their complex project based on comparisons of individual 
and shared situation models. 

The project teams were observed reflecting on the current state of 
their complex projects based on the BWS object case results fifty-one 
times during the Case Study 1 (24) and Case Study 2 (27) workshops. 
Illustrative examples are provided from each case study. In Case Study 1 
Workshop 2, presentation of the project team dispersion histograms 
(Fig. 2) led to a discussion about areas of agreement within the project 
team. The tight grouping of project team responses in the top left his
togram in Fig. 2 indicated agreement that the project would “Validate 
that Voice AI solution can assess 100% of in-scope call recordings”. In 
discussion, the project team identified that receipt of the preferred AI 
software vendor’s statement of work in October 2021 as the likely 
reason for agreement across the team. The statement of work described 
accuracy testing as standard for all deployments, giving the team con
fidence this outcome would be achieved (Workshop 2 notes - 1.9). 

In Case Study 2 Workshop 1, the presentation of the project team 
dispersion histograms also led to discussion. The histograms (Workshop 
1 slides - 2.6, p. 8) indicated high levels of agreement and disagreement 
across the new processes, services and tools for the project team. For 
example, the wide dispersion in the “Internal support model process” 
and “Official record publication process” histograms indicated high 
levels of disagreement. The project team discussed reasons for the 
indicated disagreement, reflecting on the project. The lack of definition 
for the two processes was identified as the likely reason for differences 
between individual project team member perceptions. 

In Case Study 2 Workshop 2, another clear example occurred when 
the prompt “Reasons for change in stakeholder results over time” 
(Workshop 2 slides - 2.8, p. 11) was displayed with the stakeholder 
longitudinal December and February results (see Fig. 3). The researcher 
facilitator highlighted changes including the increased confidence in the 
effective operation of the “Live captioning portal”, shown in the second 
bar from the left in Fig. 3 moving from 21.7% in December to 23.9% in 
February, and “Vendor support model process”, shown in the third bar 
from right moving from 10.8% in December to 12.8% in February. The 

project team reflected on the current state of the project in February 
2022, noting the stakeholder group’s recent opportunity to trial a test 
version of the live captioning portal and vendor support process. The 
project team identified that seeing the vendor implementing change 
requests to the live captioning portal may have influenced stakeholder 
perceptions (Workshop 2 notes - 2.9). 

These examples are three of the fifty-one instances of reflection 
observed in the six workshops. Therefore, Proposition 1 is supported 
because both project teams were able to reflect on the current state of 
their complex project based on comparisons of individual and shared 
situation models represented by the perceptions in the individual level 
BWS object case results. 

5.2. Proposition 2 – double loop learning 

Proposition 2: Comparing project team and stakeholder individual 
and shared situation models about the project will lead to reflective 
double loop learning about the complex project’s current state by the 
project team. 

There were fourteen examples of double loop learning observed in 
the workshops, twelve of which directly related to the BWS object case 
results. Illustrative examples are provided from each case study. In Case 
Study 1 Workshop 1, the project team engaged in a double loop learning 
cycle based on the difference between the stakeholder group’s and 
project team’s perceptions of the “Determine the business value of key 
Voice AI solution use cases” Phase 1 project outcome. The project team’s 
relative percentage confidence for this project outcome was 7.5%, less 
than half the 18.9% for the stakeholder group (Workshop 1 slides – 1.6, 
p. 9, 11). This difference in responses prompted a discussion about the 
business value the project would deliver to different stakeholders. As 
part of this discussion the project manager questioned whether they 
understood the stakeholders’ and specifically the quality assurance 
manager’s conceptualisation of the business value the project would 
deliver. In addition, the project manager and business analyst ques
tioned what metrics would be used to evaluate the project (Workshop 
notes 1 - 1.7). In this example, the reflections about the business value of 
the project and questioning assumptions about how the project would be 
evaluated occurred immediately after presentation of and explicitly 

Fig. 2. Case Study 1 Workshop 2 dispersion histograms visualising project team individual situation models for each Phase 1 project outcome.  
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cited the visualised differences in the project team and stakeholder BWS 
object case results (Workshop 1 notes - 1.7), suggesting the results 
prompted the discussion. 

In Case Study 1 Workshop 2, another clear example of the project 
team engaging in double loop learning occurred directly after the pre
sentation of the project team dispersion histograms. The project team 
discussed the indicated disagreement between project team member 
perceptions of the “Assess value of Voice AI solution outputs for staff 
coaching and training” outcome. The discussion uncovered different 
ideas within the project team about how much staff coaching and 
training was included in Phase 1 of the project. This led to a broader 
discussion about whether there was an expectation that the project 
would provide BAU process training in addition to the training required 
to embed the AI software for end users. The change manger then ques
tioned their assumption that the new BAU processes were outside of the 
scope of the Phase 1 project. These reflections about the expectations for 
the project occurred directly after the project team BWS object case 
result histograms (Workshop 2 slides - 1.8, p. 11) were presented. 
Participant discussion explicitly cited the differences in individual per
ceptions, suggesting the results prompted the discussion. 

In Case Study 2 Workshop 1, the project team engaged in a double 
loop learning cycle in relation to the stakeholder dispersion histograms. 
The wide dispersion of individual stakeholder perceptions of whether 
the “Transcript download process” outcome would be achieved indi
cated disagreement. The project manager had initially stated that the 
disagreement within the stakeholder group was about technical details 
related to transcript timestamps. However, a later reflective discussion 
started when the graduate trainee on the project team questioned this 
assumption, suggesting that the disagreements in the stakeholder group 
might also relate to the media unit staff perceived control over their 
work. The graduate trainee highlighted that the effective operation of 
transcript download process was outside the control of the media unit 
staff, yet it would be essential to the future delivery of value in their jobs 
(Workshop 1 notes - 2.7). The project team discussed how this issue 
would be particularly important to media unit stakeholders in the 
context of the perceived industrial relations issues around the 

outsourced work. The reflections about the media unit staff control over 
the delivery of value in their jobs and questioning of the assumption 
about the stakeholder perceptions explicitly cited the differences in the 
stakeholder group BWS object case results (Workshop 1 slides - 2.6, p. 
10). 

In total, seven of the eight double loop learning cycles identified in 
Case Study 1, and five of the six double loop learning cycles identified in 
Case Study 2, were prompted by specific BWS object case results, giving 
a total of twelve relevant instances. Therefore, the rival explanation that 
the project team could have achieved the same understanding of the 
current state of the project through discussion without the results is 
highly unlikely and Proposition 2 is supported. 

5.3. Proposition 3 – project team decision making 

Proposition 3: Comparing individual and shared situation models 
about a complex project in double loop learning to understand its 
current state will inform the project team’s management decisions. 

Ten of the twelve double loop learning cycles that were prompted by 
specific BWS object case results led to the project team deciding to 
commit to specific management actions. In Case Study 1 Workshop 2, a 
double loop learning cycle was observed based on the continuing high 
level of disagreement indicated by the stakeholder dispersion histo
grams. The project team questioned the assumption that project stake
holders had a shared view of Phase 1 of the project. The project team 
discussed how due to the ongoing change in the Phase 1 project re
quirements, some stakeholder’s expectations for Phase 1 deliverables 
were increasing. In contrast, other stakeholders and the project steering 
committee’s expectations for the deliverables had not changed from 
three months ago. This discussion directly led to the project team 
committing to three actions:  

• Address expectation creep around phase 1  
• Communicate status of project to all stakeholders at end of current phase 

specifically “what is and out of scope for phase 1″ 

Fig. 3. Case Study 2 Workshop 2 longitudinal stacked bar graph visualising stakeholder situation models.  
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• Distil high level communications for steering committee 
(Workshop 2 slides – 1.8, p.20) 

In Case Study 1 Workshop 3, another a double loop learning cycle 
occurred in response to the project team’s low relative confidence in the 
“Assess Voice AI solution as an end-to-end operationalised solution” 
Phase 1 project outcome. In the discussion about this result the project 
manager questioned whether it was possible to achieve this project 
outcome (Workshop 3 notes – 1.11). The current level of detail about the 
business use case requirements was described as insufficient for the 
project team to understand the business process implications and 
articulate the end-to-end solution. Due to the continuing changes in the 
requirements during the project the business use cases were currently 
only specified at a high or mid-level of detail. This led directly to the 
project team agreeing to the two actions: 

• Need to move beyond mid-level requirements to both detailed re
quirements and the business process implications before clearly articu
lating end-to-end solution.  

• Clarify in team what is the operationalised end-to-end solution – need to 
run some workshops. 

(Workshop 3 slides - 1.10, p.15) 

Another example comes from Workshop 3 in Case Study 2 where the 
project team engaged in a double loop learning cycle about the stake
holder group’s relative level of confidence in the “Live captioning por
tal” tool operating effectively (Workshop 3 slides – 2.10, p. 11). The 
project team discussed how the stakeholder confidence in the effective 
operation of the “Live captioning portal” was lower than expected in 
April 2022 compared to February 2022. The change manager high
lighted that multiple stakeholder respondents had the minimum possible 
confidence in the effective operation of the “Live captioning portal”. 
This led the project team to question whether they had fully understood 
the reasons for the lower confidence in the live captioning portal. The 
change manager posed the question: “Is there more to the stakeholders 
concerns than stability issues with the production version after code 
updates?” (Workshop 3 notes - 2.11, p. 4). The project team discussed 
whether the history of other past projects might be impacting the per
ceptions of stakeholders and if current events were feeding into existing 
narratives about IT projects struggling to deliver effective solutions 
(Workshop 3 notes - 2.11). This directly led to the project team to 
commit to the following two actions: 

• Sessions with stakeholders to unpack concerns around the reduced con
fidence in live captioning portal operating effectively  
○ Is there more to it than recent stability issues after code updates?  

• Unpack why stakeholder confidence in transcript download process is 
reduced compared February but not to the same extent as live captioning 
portal 

(Workshop 3 slides – 2.10, p. 15) 

Ten of the twelve project teams’ workshop double loop learning 
cycles were based on BWS object case results were directly linked to 
specific management decisions. Therefore, Proposition 3 is supported. 

6. Discussion 

This research empirically tested the application of mental model 
theory and double loop learning from organisational learning theory to 
the management of complex projects as complex adaptive systems 
drawing on complex adaptive systems theory. It extended the limited 
prior empirical project research by focusing on indirectly measuring and 
utilising comparisons of individual and shared situation models of the 
current state of complex projects. Three propositions were developed 
and evaluated: 

Proposition 1: Project teams will be able to reflect on the current 
state of their complex project based on comparisons of individual 
and shared situation models. 
Proposition 2: Comparing project team and stakeholder individual 
and shared situation models about the project will lead to reflective 
double loop learning about the complex project’s current state by the 
project team. 
Proposition 3: Comparing individual and shared situation models 
about a complex project in double loop learning to understand its 
current state will inform the project team’s management decisions. 

The analysis of the longitudinal workshop data from the two case 
studies provides evidence to support each proposition. In the six work
shops there were 52 instances of reflections about the current state of the 
project based on mental models. This led to 12 instances of double loop 
learning cycles based on the reflections which in turn led to 10 instances 
of management decisions directly informed by the double loop learning 
cycles. Forty of the reflective discussions about the current state of the 
project identified in Proposition 1 led to single loop learning cycles 
instead of the double loop learning cycles as required for Proposition 2. 

6.1. Research contributions and theoretical implications 

This research explored whether mental model and complex adaptive 
systems theory in conjunction with double loop learning from organ
isational learning theory could explain the process by which project 
team’s update their situation models of a complex project. In addition, 
the research explored whether the project team’s updated individual 
and shared group situation models would directly inform management 
decisions. The results demonstrated that differences between represen
tations of individual and group situation models of a complex project 
can be used by the project team to reflect on the project reality in double 
loop learning to update their situation models. Furthermore, the project 
team’s updated situation models from the double loop learning cycles 
can directly inform management decisions about the complex project. 
These results support the combined application of mental model and 
complex adaptive systems theory to explain the emergent nature of 
complex projects as proposed in the Daniel and Daniel (2018) concep
tual framework. Specifically, consistent with this framework, the lon
gitudinal measurement of individual perceptions in the case studies 
provided evidence of the changing individual and shared group situation 
models over time in relation to project events that inform decision 
making. 

The extension of situation models to stakeholders also brings a new 
perspective to the application of mental model theory in projects. Pre
vious research about mental models focussed on project teams (e.g., 
Shafique & Mollaoglu-Scott 2020; Hsu et al. 2011; Wu et al. 2023), yet 
stakeholders are a significant focus of project research due to their po
tential impact on project outcomes (Eskerod et al., 2015; Littau et al., 
2010). This research has highlighted how situation models from mental 
model theory could be applied in project stakeholder research to better 
understand stakeholder views. This is important because understanding 
the differences between stakeholders allows limited project stakeholder 
engagement resources to be prioritised (Huemann et al., 2016). 

For organisational learning theory, these results provide the first 
empirical evidence of double loop learning in complex projects based on 
the elicitation and comparison of representations of individual and 
shared situation models. The evidence for the efficacy of project teams’ 
learning based on these comparisons supports the Chang et al. (2021) 
socio-cognitive project team learning framework based on organisation 
learning theory. Despite the framing of double loop learning as 
providing valuable information for management decisions and its 
widespread application in project research (e.g., Lan & Ramesh, 2007; 
Crawford & Hoffman, 2011; Henderson et al., 2013) there does not 
appear to have been prior empirical evidence of this process in complex 
projects. The results provide empirical evidence for project team double 
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loop learning about a complex project’s current state directly informing 
management decisions. In addition, the rejection of the rival explanation 
for Proposition 2, that the same understanding about current state of the 
project could be obtained through project team discussion without the 
BWS object case results, supports the Nachbagauer (2021) argument for 
proactive approaches to project team double loop learning in complex 
projects. 

The process of comparing situation models in the workshops may 
also have the potential to encourage project teams to reflect on their own 
learning processes, a form of deutero-learning (Argyris & Schön, 1978). 
In Case Study 1 at the end of Workshop 3, the project team discussed the 
value of the workshops with the change manager stating, “I approached 
the workshop thinking nothing had changed in the project but after 
working through the results and the resulting discussions I realised that 
a lot had happened” (Workshop 3 notes – 2.11, p. 4). In the same dis
cussion the project manager described the workshops as “like a health 
check” that “made sure everyone was on the same page” (Workshop 3 
notes – 2.11, p. 6) suggesting that the project team in Case Study 1 were 
reflecting on their own learning processes and outcomes. While 
deutero-learning was not the focus of this research, there is evidence to 
suggest the comparison of representations of mental models in complex 
projects may have benefits for project team learning that extend beyond 
double loop learning. This further supports the application of the 
socio-cognitive perspective on project team learning from organisa
tional learning theory. 

6.2. Methodological implications 

This research is the first empirical application of the BWS object case 
at the individual level in the project literature. The method was used to 
produce indirect measurements of situation models that accounted for 
individual level scale effects, response biases and styles to enable direct 
comparison between and within heterogeneous individuals’ perceptions 
at a point in time and over time. The results support the potential 
Hackman (2021) identified for the BWS object case to be applied to a 
wide range of perception focussed project research topics such as risk 
management, proposal bidding and negotiation. The number of in
dividuals who completed the BWS surveys was relatively limited in the 
case studies, however, previous research has applied the method at the 
individual level with thousands of respondents (e.g., Chrysochou et al., 
2022; Lockshin & Cohen, 2011) highlighting its scalability. In addition, 
the research demonstrates the potential of the BWS object case for 
longitudinal research into how individual and group perceptions change 
in response to the emergent nature of complex projects as complex 
adaptive systems. 

This research is therefore also the first to utilise the individual level 
BWS object case to indirectly measure team individual and shared sit
uation models of complex projects. The methodology answers the Cooke 
et al. (2004) call for broadly applicable measures for team situation 
models that have a clear method to aggregating heterogeneous indi
vidual data to derive collective knowledge. The case studies also 
demonstrated how the methodology can be embedded within a task 
context which is important for studying team cognition that emerges 
through interactions in the context of a changing task environment 
(Cooke et al., 2013). This research has demonstrated a generalisable 
research methodology for eliciting individual perceptions as an indirect 
measure of mental models in complex projects. The focus on a gen
eralisable methodology contrasts with most project research that focuses 
on developing a specific measurement instrument for a topic (e.g., risk) 
within a context (e.g., complex projects). 

6.3. Practical implications 

This research also demonstrated how the mental model lens can be 
used to develop practical methods to improve the management of 
complex projects. Specifically, individual level perceptions that provide 

an indirect measurement of situation models and can form the basis for 
system-wide tools for teams managing complex projects called for by 
Findlay and Straus (2015). The representations of situation models can 
be visualised and the reasons for the differences then explored in 
workshops to develop an understanding of a project as demonstrated in 
the case studies. Furthermore, the case study workshops illustrated how 
to create a collaborative learning environment about a complex project 
based on situation models that minimises defensive interpersonal dy
namics. This environment was found to support participants in their 
reflections about their project, encouraging double loop learning to 
inform project team management decisions. 

6.4. Research strengths and limitations 

The two cases provided a replication test for analytic generalisability 
with different organisation scale and sector, project objectives, 
resourcing levels and focus for their BWS surveys. However, a limitation 
was that there were only two case studies about projects in one country, 
Australia. Also, in both cases the project teams selected the relative 
confidence scale for their BWS object case surveys. In addition, this 
research was exploratory in nature and further confirmatory studies are 
needed to establish whether the findings hold true for a wider range of 
complex projects. 

The participation of all project team members (i.e., the population) 
in both case studies was a strength of this research. It meant that the 
BWS object case results presented in the workshops were representative 
of the project team situation models. Relevant key stakeholders for the 
complex projects also agreed to participate in the research providing 
useful results to compare with the project teams in each workshop. 
However, two limitations for the generalisability of the findings were 
the relatively small size of the project teams and the small number of key 
stakeholders that were all internal to the organisations. 

The longitudinal workshop data from the two case studies was 
another key strength of this research. The three cycles of data collection 
in each case study provided data from six workshops to evaluate the 
propositions. However, there were only three data collection cycles in 
each case study with the data limited to the BWS surveys and workshops. 
In addition, the research did not evaluate the performance of the pro
jects or examine the specific impact of the project team workshop 
management decisions with no qualitative data collection outside of the 
workshops. 

6.5. Future research 

The analytic generalisability of this research can be improved 
through replication with additional case studies. Case studies about 
projects with large project teams and those with stakeholders both in
ternal and external to the organisation would be a valuable extension of 
this research. Also, case studies about projects in other industries such as 
healthcare or construction would increase the generalisability of the 
findings. In addition, replication in projects across multiple countries to 
test the findings about project team double loop learning in different 
workplace cultures would be beneficial. Such research could also be 
undertaken on a confirmatory basis to build on this exploratory 
research. 

Future research could focus on the impact of management decisions 
on project performance. This research focussed on utilising the differ
ences in perceptions about the complex project in feedback loops to 
inform decision making in workshops. Future research could examine 
the impact of the specific decisions made in workshops on project per
formance in the case studies. Alternatively, the research could focus on 
the impact on project performance of applying the approach to a specific 
process such as risk management. 

Research could also examine the impact of project teams comparing 
their situation models in workshops on other forms of learning such as 
deutero-learning by collecting qualitative data about the project teams’ 
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performance outside of the workshops. This research could also explore 
collaboration and team performance in the context of longer-term 
shared team mental models in contrast to the situation models 
focussed on in this research. 

The novel methodology demonstrated in this research could also be 
applied to other complex project research topics such as the perceived 
complexity of projects and how these perceptions change over time in 
relation to project events. The ability of the BWS object case at the in
dividual level to scale from a single respondent to thousands of re
spondents (e.g., Chrysochou et al., 2022; Lockshin & Cohen, 2011) 
would enable this research to extend to all complex projects even those 
with very large numbers of stakeholders such as megaprojects. In 
addition, future research could directly compare the BWS object case 
with other methods of eliciting perceptions in the same context to 
investigate the differences in the measured perceptions. 

There is also significant potential for research that contributes to the 
ongoing stream of research into tools for project professionals to manage 
complex projects (e.g., Elia et al., 2021; Mikkelsen et al., 2021; Rem
ington & Pollack, 2007; Williams, 2017). The individual level BWS ob
ject case could be utilised to develop practitioner tools that rapidly elicit 
and synthesise diverse points of view to inform team decision making in 
complex projects (van der Hoorn, 2020). 

7. Conclusion 

This research explored whether individual level perceptions as in
direct measurements of situation models could be presented to teams in 
workshops in a way that encouraged double loop learning about the 
current state of complex projects to inform management decisions. The 
research methodology used to explore this question incorporated BWS 
object case surveys to measure the perceptions and workshops to 
compare visualisations of the perceptions. The methodology was applied 
in longitudinal case studies of two projects. The project teams were 
found to engage in double loop learning about the current state of their 
projects which subsequently informed their management decisions. This 
research has made significant contributions to complex project research 
theory, methodology and practice. For theory, three key contributions 
were made. First, the combined application of mental model theory with 

complex adaptive systems theory to explain the emergent nature of 
complex projects was explored and supported. Second, situation models 
were introduced as a form of mental model and extended from team 
members to stakeholders for project research. Third, empirical evidence 
was provided of double loop learning in complex projects informing 
decisions based on the elicitation and comparison of individual and 
shared situation models supporting organisational learning theory. The 
research demonstrated a methodology that can be used to develop a 
system-wide perspective of projects. Integrating quantitative individual 
level BWS object case perception data with qualitative data sources such 
as workshops in longitudinal mixed method case studies provided 
unique insights into change over time. For practice the research 
demonstrated a powerful scalable approach for project teams to incor
porate subjective evaluations of a complex project and its environment 
into their decision making in reflective workshops. In summary, this 
research utilised a novel research methodology to demonstrate the 
utility of the mental model theory as a lens for research into the man
agement processes of complex projects as complex adaptive systems. 
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Appendix 1 – Qualitative Coding of Workshop Discussions 

The behaviour observed in the workshop discussions needed to exhibit specific characteristics to meet the criteria for the propositions. All criteria 
needed to be met in a discussion for an instance of reflection, double loop learning or informed decision making to be identified. In addition, the 
propositions are cumulative for a specific discussion. The criteria for Proposition 1 about reflecting on the current state of the complex project being 
observed are a prerequisite for Proposition 2 about double loop learning being observed for a specific discussion. 

Proposition 1: Project teams will be able to reflect on the current state of their complex project based on comparisons of individual and shared 
situation models. 
1.1 - The discussion followed the presentation of one or more BWS object case results. 
1.2 - One or more preceding BWS object case results were explicitly referenced in the discussion. 
1.3 - The current state of the project was discussed in relation to the specific BWS object case results referenced in the discussion. 

For example, the project team discussing a recent project event as the reason for a specific difference between the previous and current project team 
group BWS object case results. 

Proposition 2: Comparing project team and stakeholder individual and shared situation models about the project will lead to reflective double loop 
learning about the complex project’s current state by the project team. 
2.1 - Reflections about the current state of the project based on one or more specific BWS object case results. 
2.2a - Questioning of assumptions about the project (e.g., how it is being managed); and/or, 
2.2b - Questioning of the project objectives (e.g., can an objective be achieved). 
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For example, the project team questioning whether they fully understand a project risk given the significant difference between the project team 
and stakeholder perception of its likelihood at a point in time. 

Proposition 3: Comparing individual and shared situation models about a complex project in double loop learning to understand its current state 
will inform the project team’s management decisions. 
3.1 - Double loop learning about the complex project’s current state by the project team based on one or more specific BWS object case results. 
3.2 - One or more actions in the agreed workshop outputs that is based on the reflexive double loop learning about the project’s current state by the 
project team. 

For example, the project team committing to targeted communications with stakeholders to address the unexpected the impact of changing a 
supplier on their confidence a key project outcome would be fully achieved. 

Appendix 2 – Key Case Study Documents  

Case Study 1 

Source Document Description Pages 

Public Documents 1.1 Organisation Annual Review 2021 32 
1.2 Organisation Environmental, Social and Governance Data Summary 2021 Financial Year 20 

Case Notes 1.3 Observations and notes about the organisation and overall case study including the survey development process 13 
1.4 A chronology of all the meetings with the project team and stakeholders for the case study 7 

Workshop Materials & Notes 1.5 A Jupyter Notebook file documenting all the BWS survey data analysis steps to produce workshop result graphs 1 
1.6 Workshop 1 presentation slides including the completed outcomes 19 
1.7 Workshop 1 notes and observations 9 
1.8 Workshop 2 presentation slides including the completed outcomes 20 
1.9 Workshop 2 notes and observations 12 
1.10 Workshop 3 presentation slides including the completed outcomes 15 
1.11 Workshop 3 notes and observations 10 

Case Study 2 
Public Documents 2.1 Organisation Annual Report 2021 36 

2.2 Organisation strategic plan for 2019–2023 4 
Case Notes 2.3 Observations and notes about the organisation and overall case study including the survey development process 17 

2.4 A chronology of all the meetings with the project team and stakeholders for the case study 6 
Workshop Materials & Notes 2.5 Jupyter Notebook file documenting all the BWS survey data analysis steps to produce workshop result graphs 1 

2.6 Workshop 1 presentation slides including the completed outcomes 12 
2.7 Workshop 1 notes and observations 10 
2.8 Workshop 2 presentation slides including the completed outcomes 16 
2.9 Workshop 2 notes and observations 11 
2.10 Workshop 3 presentation slides including the completed outcomes 16 
2.11 Workshop 3 notes and observations 11  

Appendix 3 – Workshop Participants 
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In Case Study 1 the business analyst left the organisation in November 2021 and so did not participate in Workshop 3. In Case Study 2, the graduate 
trainee was rotated to different role so they did not participate in Workshop 2 or 3. A project coordinator was hired in March 2022 and was assigned to 
the project team participating in Workshop 3. The project team change analyst left the organisation in March 2022 and did not participate in 
Workshop 3. The project manager planned to attend Workshop 3 but was called away to an urgent meeting at the last minute and did not participate. 
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Böhle, F., Heidling, E., & Schoper, Y. (2016). A new orientation to deal with uncertainty 
in projects. International Journal of Project Management, 34(7), 1384–1392. http://doi 
.org/10.1016/j.ijproman.2015.11.002. 

Brink, T. (2017). Managing uncertainty for sustainability of complex projects. 
International Journal of Managing Projects in Business, 10(2), 315–329. http://doi. 
org/10.1108/IJMPB-06-2016-0055. 

Byrne, D., & Callaghan, G. (2014). Complexity theory and the social sciences: the state of the 
art. New York: Routledge.  

Cannon-Bowers, J. A., & Salas, E. (1990). Cognitive psychology and team training: 
Shared mental models in complex systems. In Annual meeting of the Society for 
Industrial and Organizational Psychology. 

Cannon-Bowers, J. A., Salas, E., & Converse, S. (1993). Shared mental models in expert 
decision-making teams. In N. J. Castellan (Ed.), Individual and group decision making: 
current issues (pp. 221–246). Hillsdale, New Jersey: Lawrence Erlbaum Associates. 
http://doi.org/10.4324/9780203772744.  

Chang, A., Wiewiora, A., & Liu, Y. (2021). A socio-cognitive approach to leading a 
learning project team: A proposed model and scale development. International 
Journal of Project Management, 39(6), 646–657. http://doi.org/10.1016/j. 
ijproman.2021.05.003. 

D.C. Hackman et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0001
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0001
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0002
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0002
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0003
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0003
http://doi.org/10.1007/s10551-006-9112-7
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0005
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0005
http://doi.org/10.1016/j.ijproman.2016.06.002
http://doi.org/10.1509/jmkr.38.2.143.18840
http://doi.org/10.1016/j.ijproman.2015.11.002
http://doi.org/10.1016/j.ijproman.2015.11.002
http://doi.org/10.1108/IJMPB-06-2016-0055
http://doi.org/10.1108/IJMPB-06-2016-0055
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0010
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0010
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0011
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0011
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0011
http://doi.org/10.4324/9780203772744
http://doi.org/10.1016/j.ijproman.2021.05.003
http://doi.org/10.1016/j.ijproman.2021.05.003


International Journal of Project Management 42 (2024) 102603

15

Chrysochou, P., Tiganis, A., Trabelsi Trigui, I., & Grunert, K. G. (2022). A cross-cultural 
study on consumer preferences for olive oil. Food Quality and Preference, 97. http:// 
doi.org/10.1016/j.foodqual.2021.104460. 

Cohen, S., & Orme, B. (2004). What’s your preference? Marketing Research, 16(2), 32–37. 
Human Behaviour and Complexity. In Cooke-Davies, T., Cooke-Davies, T., Crawford, L., 

Patton, J. R., Stevens, C., & Williams, T. M. (Eds.), Aspects of complexity: managing 
projects in a complex world,  (pp. 101–113). (2011) (pp. 101–113). Newtown Square, 
Pennsylvania: Project Management Institute.  

Cooke-Davies, T., Cicmil, S., Crawford, L., & Richardson, K. (2007). We’re not in Kansas 
anymore, Toto: Mapping the strange landscape of complexity theory, and its 
relationship to project management. Project Management Journal, 38(2), 50–61. htt 
p://doi.org/10.1177/875697280703800206. 

Cooke, N. J., Gorman, J. C., Myers, C. W., & Duran, J. L. (2013). Interactive team 
cognition. Cognitive Science, 37(2), 255–285. http://doi.org/10.1111/cogs.12009. 

Cooke, N. J., Kiekel, P. A., Salas, E., Stout, R., Bowers, C., & Cannon-Bowers, J. (2003). 
Measuring team knowledge: A window to the cognitive underpinnings of team 
performance. Group Dynamics: Theory, Research, and Practice, 7(3), 179–199. 
http://doi.org/10.1037/1089-2699.7.3.179. 

Cooke, N. J., Salas, E., Cannon-Bowers, J. A., & Stout, R. J. (2000). Measuring team 
knowledge. Human Factors, 42(1), 151–173. http://doi.org/10.1518/001872000 
779656561. 

Cooke, N. J., Salas, E., Kiekel, P. A., & Bell, B. (2004). Advances in measuring team 
cognition. In E. Salas, & S. M. Fiore (Eds.), Team cognition: understanding the factors 
that drive process and performance (pp. 83–106). American Psychological Association. 
http://doi.org/10.1037/10690-005.  

Crawford, L., & Hoffman, E. (2011). Beyond Competence: Developing Managers of 
Complex Projects. In T. Cooke-Davies, L. Crawford, J. R. Patton, C. Stevens, & 
T. M. Williams (Eds.), Aspects of complexity: managing projects in a complex world (pp. 
87–98). Newtown Square, Pennsylvania: Project Management Institute.  

Crawford, L., Morris, P., Thomas, J., & Winter, M. (2006). Practitioner development: 
From trained technicians to reflective practitioners. International Journal of Project 
Management, 24(8), 722–733. http://doi.org/10.1016/j.ijproman.2006.09.010. 

Crossan, M. M., Lane, H. W., & White, R. E. (1999). An Organizational Learning 
Framework: From Intuition to Institution. The Academy of Management Review, 24(3), 
522–537. http://doi.org/10.2307/259140. 

Crossan, M. M., Maurer, C. C., & White, R. E. (2011). Reflections on The 2009 AMR 
Decade Award: Do We Have A Theory of Organizational Learning? Academy of 
Management Review, 36(3), 446–460. http://doi.org/10.5465/amr.2010.0544. 

Daniel, P. A., & Daniel, C. (2018). Complexity, uncertainty and mental models: From a 
paradigm of regulation to a paradigm of emergence in project management. 
International Journal of Project Management, 36(1), 184–197. http://doi.org/10.101 
6/j.ijproman.2017.07.004. 

Davis, K. (2017). An empirical investigation into different stakeholder groups perception 
of project success. International Journal of Project Management, 35(4), 604–617. 
http://doi.org/10.1016/j.ijproman.2017.02.004. 

Dooley, K. J. (1997). A complex adaptive systems model of organization change. 
Nonlinear Dynamics, Psychology, and Life Sciences, 1(1), 69–97. http://doi.org/10.102 
3/a:1022375910940. 

Elia, G., Margherita, A., & Secundo, G. (2021). Project management canvas: a systems 
thinking framework to address project complexity. International Journal of Managing 
Projects in Business, 14(4), 809–835. http://doi.org/10.1108/ijmpb-04-2020-0128. 

Eskerod, P., Huemann, M., & Savage, G. (2015). Project stakeholder management—Past 
and present. Project Management Journal, 46(6), 6–14. http://doi.org/10.1002/ 
pmj.21555. 

Ezzy, D. (2002). Qualitative analysis: practice and innovation. Sydney: Allen & Unwin.  
Findlay, J., & Straus, A. (2015). Complex Adaptive Operating System: Creating Methods 

for Complex Project Management. In A. Gorod, B. E. White, V. Ireland, S. J. Gandhi, 
& B. Sauser (Eds.), Case studies in system of systems, enterprise systems, and complex 
systems engineering (pp. 471–505). Boca Raton: CRC Press.  

Firestone, W. A. (1993). Alternative arguments for generalizing from data as applied to 
qualitative research. Educational Researcher, 22(4), 16–23. http://doi.org/10.310 
2/0013189X022004016. 

Flyvbjerg, B. (2011). Case Study. In N. K. Denzin, & Y. S. Lincoln (Eds.), The sage 
handbook of qualitative research (pp. 301–316). Thousand Oaks, California: Sage 
Publications.  

Geraldi, J., & Arlt, M. (2015). Visuals matter! designing and using effective visual 
representations to support project and portfolio decisions.  Newtown Square, PA: Project 
Management Institute.  

Geraldi, J., Maylor, H., & Williams, T. (2011). Now, let’s make it really complex 
(complicated): A systematic review of the complexities of projects. International 
Journal of Operations & Production Management, 31(9), 966–990. http://doi. 
org/10.1108/01443571111165848. 

Hackman, D. C. (2021). Quantifying heterogeneous individual perceptions in project 
management research. International Journal of Managing Projects in Business, 14(5), 
1163–1184. http://doi.org/10.1108/ijmpb-04-2020-0114. 

Harrison, H., Birks, M., Franklin, R., & Mills, J. (2017). Case study research: Foundations 
and methodological orientations. Forum: Qualitative Social Research, 18(1). http://d 
oi.org/10.17169/fqs-18.1.2655. 

Harzing, A. W. (2006). Response styles in cross-national survey research. International 
Journal of Cross Cultural Management, 6(2), 243–266. http://doi.org/10.1177/14705 
95806066332. 

Henderson, J. R., Ruikar, K. D., & Dainty, A. R. J. (2013). The need to improve double-loop 
learning and design-construction feedback loops. Engineering, Construction and 
Architectural Management, 20(3), 290–306. http://doi.org/10.1108/09699981311 
324014. 

Hsu, J. S. C., Chang, J. Y. T., Klein, G., & Jiang, J. J. (2011). Exploring the impact of team 
mental models on information utilization and project performance in system 
development. International Journal of Project Management, 29(1), 1–12. http://doi. 
org/10.1016/j.ijproman.2009.12.001. 

Huemann, M., Eskerod, P., & Ringhofer, C. (2016). Rethink! project stakeholder 
management.  Newtown Square, PA: Project Management Institute.  

Jaafari, A. (2003). Project management in the age of complexity and change. Project 
Management Journal, 34(4), 47–57. http://doi.org/10.1177/875697280303400407. 

Killen, C. P. (2013). Evaluation of project interdependency visualizations through 
decision scenario experimentation. International Journal of Project Management, 31 
(6), 804–816. http://doi.org/10.1016/j.ijproman.2012.09.005. 

Killen, C. P., & Kjaer, C. (2012). Understanding project interdependencies: The role of 
visual representation, culture and process. International Journal of Project 
Management, 30(5), 554–566. http://doi.org/10.1016/j.ijproman.2012.01.018. 

Kim, H. Y., Dowdy, D. W. M., Neil, A., Golub, J. E., Bridges, J. F. P., & Hanrahan, C. F. 
(2018). Maternal priorities for preventive therapy among HIV-positive pregnant 
women before and after delivery in South Africa: a best–worst scaling survey. Journal 
of the International AIDS Society, 21(7). http://doi.org/10.1002/jia2.25143. 

Kraiger, K., & Wenzel, L. H. (1997). Conceptual Development and Empirical Evaluation 
of Measures of Shared Mental Models as Indicators of Team Effectiveness. In 
M. T. Brannick, E. Salas, & C. W. Prince (Eds.), Team performance assessment and 
measurement (pp. 63–84). Mahwah, NJ: Erlbaum. http://doi.org/10.4324/9781410 
602053.  

Krumpal, I. (2013). Determinants of social desirability bias in sensitive surveys: a 
literature review. Quality & Quantity, 47(4), 2025–2047. http://doi.org/10.100 
7/s11135-011-9640-9. 

Lan, C., & Ramesh, B. (2007). Agile software development: Ad hoc practices or sound 
principles? IT Professional, 9(2), 41–47. http://doi.org/10.1109/mitp.2007.27. 

Lee, J. A., Soutar, G., & Louviere, J. (2008). The best-worst scaling approach: An 
alternative to schwartz’s values survey. Journal of Personality Assessment, 90(4), 
335–347. http://doi.org/10.1080/00223890802107925. 

Littau, P., Jujagiri, N. J., & Adlbrecht, G. (2010). 25 years of stakeholder theory in 
project management literature (1984-2009). Project Management Journal, 41(4), 
17–29. http://doi.org/10.1002/pmj.20195. 

Lockshin, L., & Cohen, E. (2011). Using product and retail choice attributes for cross- 
national segmentation. European Journal of Marketing, 45(7/8), 1236–1252. 
http://doi.org/10.1108/03090561111137697. 

Loose, S. M., & Lockshin, L. (2013). Testing the robustness of best worst scaling for cross- 
national segmentation with different numbers of choice sets. Food Quality and 
Preference, 27(2), 230–242. http://doi.org/10.1016/j.foodqual.2012.02.002. 

Loosemore, M., & Cheung, E. (2015). Implementing systems thinking to manage risk in 
public private partnership projects. International Journal of Project Management, 33 
(6), 1325–1334. http://doi.org/10.1016/j.ijproman.2015.02.005. 

Louviere, J. J., Flynn, T. N., & Marley, A. A. J. (2015). Best-Worst scaling: theory, methods 
and applications. Cambridge, UK: Cambridge University Press. http://doi.org/10.101 
7/CBO9781107337855.  

Marle, F., & Vidal, L. A. (2016). Managing complex, high risk projects: a guide to basic and 
advanced project management. London: Springer-Verlag.  

Maxwell, J. (1992). Understanding and validity in qualitative research. Harvard 
Educational Review, 62(3), 279–301. http://doi.org/10.17763/haer.62.3.8323320 
856251826. 

Mesa, H. A., Molenaar, K. R., & Alarcón, L. F. (2016). Exploring performance of the 
integrated project delivery process on complex building projects. International 
Journal of Project Management, 34(7), 1089–1101. http://doi.org/10.1016/j. 
ijproman.2016.05.007. 

Mikkelsen, M. F., Venable, J., & Aaltonen, K. (2021). Researching navigation of project 
complexity using action design research. International Journal of Managing Projects in 
Business, 14(1), 108–130. http://doi.org/10.1108/ijmpb-02-2020-0040. 

Mitleton-Kelly, E. (2003). Ten principles of complexity and enabling infrastructures. In 
E. Mitleton-Kelly (Ed.), Complex systems and evolutionary perspectives on organisations: 
the application of complexity theory to organisations (pp. 23–50). Oxford, UK: Elsevier 
Science Ltd.  

Mohammed, S., & Dumville, B. C. (2001). Team mental models in a team knowledge 
framework: expanding theory and measurement across disciplinary boundaries. 
Journal of Organizational Behavior, 22(2), 89–106. http://doi.org/10.1002/job.86. 

Nachbagauer, A. (2021). Managing complexity in projects: Extending the Cynefin 
framework. Project Leadership and Society, 2. http://doi.org/10.1016/j.plas.20 
21.100017. 

Odusanya, S., Ochoa, J. J., Chileshe, N., & Ahn, S. (2021). Linking complexity factors and 
project management approaches to performance: an embedded single case study of 
IT-enabled change projects in Australia. International Journal of Managing Projects in 
Business, 14(7), 1504–1528. http://doi.org/10.1108/ijmpb-11-2020-0354. 

Orasanu, J. (1990). Shared mental models and crew decision making. In 12th Annual 
Conference of the Cognitive Science Society. 

Paulhus, D. L. (1991). Measurement and Control of Response Bias. In J. P. Robinson, 
P. R. Shaver, & L. S. Wrightsman (Eds.), Measures of personality and social 
psychological attitudes (pp. 17–59). London: Academic Press. http://doi.org/10.10 
16/B978-0-12-590241-0.50006-X.  

PMI. (2013). PMI’s pulse of the profession in-depth report: navigating complexity. USA: 
Project Management Institute.  

Rankin, L., Fowler, C. J., Stålnacke, B. M., & Gallego, G. (2019). What influences chronic 
pain management? A best–worst scaling experiment with final year medical students 
and general practitioners. British Journal of Pain, 13(4), 214–225. http://doi.org/1 
0.1177/2049463719832331. 

Remington, K. (2011). Leading complex projects. London: Routledge.  

D.C. Hackman et al.                                                                                                                                                                                                                           

http://doi.org/10.1016/j.foodqual.2021.104460
http://doi.org/10.1016/j.foodqual.2021.104460
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0015
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0016
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0016
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0016
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0016
http://doi.org/10.1177/875697280703800206
http://doi.org/10.1177/875697280703800206
http://doi.org/10.1111/cogs.12009
http://doi.org/10.1037/1089-2699.7.3.179
http://doi.org/10.1518/001872000779656561
http://doi.org/10.1518/001872000779656561
http://doi.org/10.1037/10690-005
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0022
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0022
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0022
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0022
http://doi.org/10.1016/j.ijproman.2006.09.010
http://doi.org/10.2307/259140
http://doi.org/10.5465/amr.2010.0544
http://doi.org/10.1016/j.ijproman.2017.07.004
http://doi.org/10.1016/j.ijproman.2017.07.004
http://doi.org/10.1016/j.ijproman.2017.02.004
http://doi.org/10.1023/a:1022375910940
http://doi.org/10.1023/a:1022375910940
http://doi.org/10.1108/ijmpb-04-2020-0128
http://doi.org/10.1002/pmj.21555
http://doi.org/10.1002/pmj.21555
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0031
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0032
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0032
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0032
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0032
http://doi.org/10.3102/0013189X022004016
http://doi.org/10.3102/0013189X022004016
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0034
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0034
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0034
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0035
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0035
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0035
http://doi.org/10.1108/01443571111165848
http://doi.org/10.1108/01443571111165848
http://doi.org/10.1108/ijmpb-04-2020-0114
http://doi.org/10.17169/fqs-18.1.2655
http://doi.org/10.17169/fqs-18.1.2655
http://doi.org/10.1177/1470595806066332
http://doi.org/10.1177/1470595806066332
http://doi.org/10.1108/09699981311324014
http://doi.org/10.1108/09699981311324014
http://doi.org/10.1016/j.ijproman.2009.12.001
http://doi.org/10.1016/j.ijproman.2009.12.001
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0042
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0042
http://doi.org/10.1177/875697280303400407
http://doi.org/10.1016/j.ijproman.2012.09.005
http://doi.org/10.1016/j.ijproman.2012.01.018
http://doi.org/10.1002/jia2.25143
http://doi.org/10.4324/9781410602053
http://doi.org/10.4324/9781410602053
http://doi.org/10.1007/s11135-011-9640-9
http://doi.org/10.1007/s11135-011-9640-9
http://doi.org/10.1109/mitp.2007.27
http://doi.org/10.1080/00223890802107925
http://doi.org/10.1002/pmj.20195
http://doi.org/10.1108/03090561111137697
http://doi.org/10.1016/j.foodqual.2012.02.002
http://doi.org/10.1016/j.ijproman.2015.02.005
http://doi.org/10.1017/CBO9781107337855
http://doi.org/10.1017/CBO9781107337855
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0056
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0056
http://doi.org/10.17763/haer.62.3.8323320856251826
http://doi.org/10.17763/haer.62.3.8323320856251826
http://doi.org/10.1016/j.ijproman.2016.05.007
http://doi.org/10.1016/j.ijproman.2016.05.007
http://doi.org/10.1108/ijmpb-02-2020-0040
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0060
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0060
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0060
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0060
http://doi.org/10.1002/job.86
http://doi.org/10.1016/j.plas.2021.100017
http://doi.org/10.1016/j.plas.2021.100017
http://doi.org/10.1108/ijmpb-11-2020-0354
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0064
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0064
http://doi.org/10.1016/B978-0-12-590241-0.50006-X
http://doi.org/10.1016/B978-0-12-590241-0.50006-X
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0066
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0066
http://doi.org/10.1177/2049463719832331
http://doi.org/10.1177/2049463719832331
http://refhub.elsevier.com/S0263-7863(24)00045-0/sbref0068


International Journal of Project Management 42 (2024) 102603

16

Remington, K., & Pollack, J. (2007). Tools for complex projects. Aldershot, UK: Gower 
Publishing.  

Remington, K., Zolin, R., & Turner, J. R. (2009). A model of project complexity: 
Distinguishing dimensions of complexity from severity. In 9th International Research 
Network of Project Management Conference. 

Reyes, A. (2012). Organizational learning and the effective management of complexity. 
Kybernetes, 41(3/4), 318–326. http://doi.org/10.1108/03684921211229424. 

Rico, R., Sánchez-Manzanares, M., Gil, F., & Gibson, C. (2008). Team implicit coordination 
processes: a team knowledge-based approach, 33 pp. 163–184). Academy of 
Management Review. http://doi.org/10.5465/amr.2008.27751276. 

Rouse, W. B., & Morris, N. M. (1986). On looking into the black box: Prospects and limits 
in the search for mental models. Psychological Bulletin, 100(3), 349–363. http://doi. 
org/10.1037/0033-2909.100.3.349. 
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