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Abstract

Collective sensemaking is key to the teams in global construction engineering projects
(GCEPs) in order to establish resilience against encountered calamities. Both natural and
man-made calamities that occur in these projects influence team performance adversely,
and these teams need to develop resilience against them. Therefore, they need to engage
in collective sense promptly to know what is going on around the work environment.
However, making collective sense is a significant challenge for them because the team
members do not have face-to-face interactions in physical proximity due to their virtual
team setup. Therefore, knowing how collective sensemaking takes place can facilitate
their identification of the best practices for its formation, but the components of collective
sensemaking in these projects remain a knowledge gap in the literature. Thus, this paper
conceptualizes the model of collective sensemaking with its components by reviewing
literature and confirms its model fit through the results of a questionnaire survey

among the team members in GCEPs. Both exploratory factor analysis and confirmatory
factor analysis have been applied to confirm this model with its components as the

main findings. As a contribution to practice, the teams in GCEPs can use this model to
understand what aspects are to be prioritized for the formation of collective sensemaking
to become resilient against calamities. These findings can also become an original
theoretical contribution to the construction management research domain because
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future researchers can use the model and associated survey instruments to develop further theories
and practices.
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Calamities; Collective Sensemaking; Global Construction Engineering Projects; Team Performance;
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Introduction

Research evidence shows that making collective sense is important for project teams to become resilient
against calamities (Boe-Lillegraven et al., 2023; Bolton and Landells, 2023). In particular, this is essential

for the project teams in the global construction engineering projects (GCEPs), for example, the teams in

global supply chain projects (Preuss et al., 2024). Collective sensemaking is defined in the literature review

section. In general terms, collective sensemaking means making sense of an issue by all team members
collectively at the team level to understand what is going on around the project work environment. In
particular, collective sensemaking seems ubiquitous in work environments in crisis situations (Waller and
Uitdewilligen, 2008), i.¢., the calamities in the context of this paper.

Calamities are tremendous performance challenges for the teams in GCEPs nowadays, for example,
the recent COVID-19 pandemic. According to the online Cambridge Dictionary, a calamity is a serious
accident or a bad event that can cause damage or suffering to people. The United Nations accepted two
calamity types, i.e., natural and man-made calamities (Green, 1993). Natural calamities consist of calamities
such as blizzards (Cappucci, 2024), cyclones (Forbis et al., 2024), earthquakes (Qiu et al., 2024), floods
(Dharmarathne et al., 2024), hurricanes (Comola et al., 2024), landslides (Svennevig et al., 2024), tornadoes
(Forbis et al., 2024), tsunamis (Iwachido et al., 2024), volcanic eruptions (Bilbao et al., 2024), and wildfires

(Ferreira et al., 2024). The other category, man-made calamities, is disasters caused by people. The online

Cambridge Dictionary defines disaster as an event that results in great harm, damage, death, or serious
difficulty, whereas a calamity is a serious accident or bad event that causes damage or suffering. Although
both are interchangeable terms, the term “calamity”is typically a more severe and impactful event than

the term “disaster” because a disaster can create a calamity and is generally a catastrophic event that causes
widespread damage and disruption. This second category includes calamities such as arson (Ribeiro et al.
2024), biological or chemical threat (Reddy, 2024), civil disorders (Braha, 2024), crimes (Davies and Malik,
2024), cyber-attacks (Teichmann and Boticiu, 2024), terrorism (Green, 1993; Kanwar and Sharma, 2024),
and war (Green, 1993; Wilson, 2024).

Due to technological developments around the world, the globalization of projects is increasingly
popular in the modern global construction industry. As a result, the use of virtual GCEP teams to undertake
construction works is a common practice today. The GCEP teams can face both natural and man-made
calamities, and their performance can be adversely affected when a calamity occurs. Both categories
of calamities are performance risks for the teams in GCEPs, but natural calamities are more severe
because they come suddenly without any prior information. Natural calamities take place without human
intervention and create performance challenges that are outside the control of the GCEP teams. However,
there may be a possibility of receiving prior warning about man-made calamities; thus, these calamities
may be able to be controlled, and appropriate resilient actions may be taken, but not always. The literature
shows evidence on the adverse influence of calamities on project performance, society, or countries. For
example, the COVID-19 pandemic influenced the construction project performance in the United Arab
Emirates, resulting in schedule delays, disrupted cash flows, delayed approvals and inspections, and serious
health issues for the construction workers (Sami Ur Rehman et al., 2022). Furthermore, Khodahemmati
and Shahandashti (2020) confirmed the post-disaster cost movements of statistically significant increases
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in the cost of materials such as I-beams and channel beams following Hurricane Katrina in New Orleans,
Louisiana. Such cost increases affect project team performance adversely. Furthermore, Lee et al. (2021)
confirmed the influence of natural disasters on energy consumption globally, collecting data from

123 countries over the period of 1990-2015. Moreover, the Global Assessment Report on Disaster Risk
Reduction (GAR) 2025 reports that disaster costs have grown to approximately USD202 billion annually,

but the true costs of disasters are over USD2.3 trillion when cascading and ecosystem costs are taken into

account.

These examples and statistics indicate that calamities, particularly natural calamities, can adversely affect
the performance of GCEP teams, which need to build team resilience to maintain the accepted levels of

performance (Junior et al., 2023). The most important point here is that these teams need to form collective

sensemaking on calamities immediately to become resilient because these global project teams work in

virtual team setups. Generally, making collective sense at the team level is difficult in realistic terms because

it poses team coordination requirements that can easily be broken down (Klein et al., 2010). This is more
difficult in GCEPs due to the fact that team members reside and work in virtual team setups without

engaging in face-to-face communications and interactions (Tavoletti and Taras, 2023). Therefore, making

collective sense promptly is practically difficult, although this is needed for them to become resilient against
calamities. As such, how collective sensemaking can take place in GCEPs against calamities becomes an
essential research theme for the modern construction industry. In order to understand the approaches for
enabling collective sensemaking, an understanding of the components of collective sensemaking is needed.
Although collective sensemaking has been researched for several decades (e.g., Weick, 1993; Weick and
Roberts, 1993; Bitencourt and Bonotto, 2010; Klein et al., 2010; Bietti et al., 2019; Knight et al., 2024),

evidence for identifying its components for GCEPs is lacking in the literature, representing a significant

knowledge gap. There were some noteworthy attempts to model collective sensemaking, but these models
were not in the context of GCEPs, and thus, this knowledge gap is still a burning issue in practice.

For example, Cristofaro (2022) introduced a model of a co-evolutionary framework of organizational
sensemaking. Furthermore, Liibcke et al. (2025) developed a multimodal collective sensemaking model in

extreme contexts with evidence from maritime search and rescue. Therefore, in order to understand how
collective sensemaking is formed promptly in GCEPs against calamities, a model of collective sensemaking
with its components is needed. Without knowing the components, it is difficult to decide whether to enable

collective sensemaking.

As such, this paper aimed to fill this knowledge gap with the objective of developing a model of collective
sensemaking with its components in the context of GCEPs. Accordingly, this paper is structured with the
following sections: literature review, research methodology, results, discussion of findings, and conclusions.
'The findings will help the teams in GCEPs to understand the aspects that are to be prioritized to make
collective sense against calamities in their projects and will also inform future researchers in developing
further theories and practices in this research context.

Literature review

Theory and practice development on teamwork was initiated in the industry at the end of the 20th century.
However, some aspects continue to evolve. Similarly, although the origin of collective sensemaking theory

and practice development goes back to this era (e.g., Weick, 1993; Weick and Roberts, 1993; Weick, 1995),
this continues to be an evolving research theme over the decades (e.g., Bitencourt and Bonotto, 2010; Klein

et al., 2010; Bietti et al., 2019; Knight et al., 2024). As discussed in the introduction, this paper develops a

model of collective sensemaking with its components for the context of GCEP teams. For this purpose, this
section reviews the related literature in order to conceptualize collective sensemaking with its components as
the first stage of the adopted research methodology.
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DEFINITION OF COLLECTIVE SENSEMAKING

The literature presents various definitions and views on collective sensemaking. These have been developed
by many researchers in different contexts over time. This section reviews the literature to identify the

characteristics of collective sensemaking in order to define it for the context of GCEPs.

An early view indicated that collective sensemaking was the making of sense in a team by assigning a
meaning to an ongoing occurrence by all team members (Gioia and Chittipeddi, 1991). This is relevant
to the GCEP teams to form collective sense, as they need to assign a meaning to what is going on in the
project environment, particularly when a calamity is faced. However, sensemaking is an intangible human
characteristic, and it is difficult to form at the team level due to the tendency to break the team coordination
structure (e.g., Klein et al., 2010). Bitencourt and Bonotto (2010) stated that collective sensemaking was
a process created in the mind of every individual in a team. The same view, but from a slightly different

angle, was given by some authors stating that collective sensemaking was made with the contribution of
all individuals in a team influencing each other (e.g., Weick and Roberts, 1993; Frohm, 2002; Boreham
2004; Gray, 2007). However, Frohm (2002) confirmed empirically that collective sensemaking was not an
aggregation of individual sensemaking, and, according to Klein et al. (2010), collective sensemaking was

a macro-cognitive and collective team function that facilitated understanding the current situation and

anticipating future uncertain and ambiguous conditions. However, collective sensemaking does not always
occur through every team member’s contributions, and this is the team’s capacity to integrate and build

up shared mental models to form collective knowledge on the prevailing situations (Akgiin et al., 2012).
Further views indicated that communication, reflection, and social cognition were needed to form collective

sensemaking (Talat and Riaz, 2020). Varanasi et al. (2023) extended this view, stating that these were to be

made at a particular point in time and space. The teams should also have analytical capacity, synthesizing

and interpreting the situation to share appropriate narratives for building up social cognition to make
collective sense (Neill et al., 2007; Klein et al., 2010; Akgtin et al., 2012). Some authors also identified

collective sensemaking as a goal-oriented collective activity (e.g., Gioia and Chittipeddi, 1991; Bietti et al.,
2019). Taken together, collective sensemaking is defined as a goal-oriented ongoing process in a team that
involves exchanging of provisional understanding or connecting of cues and trying to agree on consensual
interpretations through information gathering and re-interpretation of narratives, and/or a course of
analytical actions that are developed through shared mental models for creating knowledge to identify what
is going to occur at a particular point in time and space (Gioia and Chittipeddi, 1991; Weick and Roberts
1993; Frohm, 2002; Boreham, 2004; Gray, 2007; Neill et al., 2007; Bitencourt and Bonotto, 2010; Klein

et al., 2010; Akgiin et al., 2012; Bietti t al., 2019; Talat and Riaz, 2020; Varanasi et al., 2023).

COMPONENTS OF COLLECTIVE SENSEMAKING

Creating collective sensemaking is difficult in the team environment because it must be created in the minds
of every individual who is influenced by the perceptions of others (Weick, 1995; Frohm, 2002; Bitencourt
and Bonotto, 2010). This is significantly difficult in GCEPs due to their virtual team setups. Although

the components of collective sensemaking for these teams are not directly available, the literature provides
compelling evidence to identify the components of collective sensemaking for the project teams in any
project context (see Table 1).

As shown in Table 1, communication is the first component of collective sensemaking, and it facilitates

information exchange for collective sensemaking to take place (Neill et al., 2007). This is the first activity
to take place for the formation of collective sensemaking and can be carried out through methods such
as online meetings (Chandler and Wallace, 2009) and the Internet of Things (IOT) for sending instant

messages (Annamalai et al., 2024). Communication is achieved in two ways, i.e., internal and external

communication. The purpose of both internal and external communication is to gather the required
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1 Collective sensemaking takes place through: Communication

- storytelling [Claidiere and Sperber, 2010; Bietti et al., 2019; Bolton
and Landells, 2023):

- two or more people communicate together and seek to synthesize
and share their individual thoughts, intentions, and feelings
(Mokline and Ben Abdallah, 2022);

- high-level information flows through communications (Fellows
and Liu, 2017):

- having a language for the communication (Weick et al., 2005];

- resolving contradictions through narrating and spontaneous
discussions between team members to exchange feelings
(Boreham, 2004/;

- contacting with outsiders such as customers and suppliers
(Edmondson and Nembhard, 2009: Akgiin et al., 2012);

- transferring actions and rules from one member to another
(Waller and Uitdewilligen, 2008).

2 Collective sensemaking takes place through: Information
- orchestrating narratives to identify a cause (Sharma and Grant, gathering
2011; Bietti et al., 2019);
- developing a shared meaning to understand the situation by
gathering and interpreting information (Christiansen and Varnes,
2009; Akgiin et al., 2012);
- creating, updating, and rewriting the story of what has occurred
and maximally aligning the current plausible understanding to the
available information (Weick et al., 2005; Waller and Uitdewilligen,
2008);
- interaction among individuals and establishing a synthesis of
thoughts, meanings, and intentions (Bitencourt and Bonotto,
2010).

3 Collective sensemaking takes place through the abilities of: Interpretation

- assigning a meaning to an ongoing occurrence by all team
members (Gioia and Chittipeddi, 1991);

- social negotiation and interpreting messages to develop
understanding of the work environment and reach consensus on
their actions (Neill et al., 2007);

- developing a shared meaning to understand the situation by
gathering and interpreting information (Christiansen and Varnes,
2009; Akgiin et al., 2012);

- labelling, indexing, sorting, abstracting, and coding of information
to give meaning (Akgin et al., 2012);

- interpreting messages to develop understanding of the work
environment and reach consensus on their actions (Neill et al.
2007);

- interpreting ambiguous, complex, or unexpected events (Turner
et al., 2023).

5 Construction Economics and Building, Vol. 26, No. 1 2026
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4 Collective sensemaking takes place through the abilities of: Analytical
- labelling, indexing, sorting, abstracting, and coding of information capacity

to give meaning (Akgiin et al., 2012);

- verifying findings by comparing with similar past situations
(Akgiin et al., 2012):

- reaching a level of symbolic reality of pure meaning on the
prevailing situation (Bitencourt and Bonotto, 2010);

- interaction among individuals and establishing a synthesis of
thoughts, meanings, and intentions (Bitencourt and Bonotto,
2010J;

- building shared mental models through experimental actions
(Boreham, 2004; Akgtin et al., 2012; Sund, 2024):

- analyzing the atmospheric dynamics (Knight et al., 2024).

5 Formation of collective sensemaking needs: Goal orientation
- goal orientation as a collective activity (Gioia and Chittipeddi,
1991; Bietti et al., 2019);
- goal orientation to shape the way of learning (Chadwick and
Raver, 2015);
- goal-oriented care (Huybrechts et al., 2023).

6 Formation of collective sensemaking needs: Benchmarking
- educational benchmarking for algorithmic sensemaking (Obreja,
2024);

- creating measurable benchmarks for values and social behaviors
(Arnold, 2021);

- using benchmarking system for making sense (Charbonneau
2010

- benchmarking as a model for knowledge creation (Kleemola
2005).

information promptly for the teams to make collective sense, and thus, the second associated component
of collective sensemaking is identified as information gathering (see Table 1). Such information gathering
can be undertaken using different ways, such as listening to the storytelling and narratives on the causes of
calamities (Sharma and Grant, 2011; Bietti et al., 2019) and interaction among individuals to establish a

synthesis of thoughts (Bitencourt and Bonotto, 2010). The information collected through communication

is to be interpreted accurately and promptly in order to make collective sense, and thus, the third
component of collective sensemaking is identified as interpretation (see Table 1). Interpretation involves
the development and application of different methods to comprehend the meaning of information (Daft
and Weick, 1984). Interpretation entails fitting the collected information into some structured form to
understand it and then make the appropriate responses (Daft and Weick, 1984; Fellows and Liu, 2017).

Interpretation also shapes perceptions of the situation by directing what information is received, how it is

interpreted, and how it is utilized (Neill et al., 2007; Akglin et al., 2012). The fourth component of collective
sensemaking is the analytical capacity (see Table 1). The idea is that the teams should have the analytical
capacity to interpret the gathered information through communication. Analytical capacity is the ability to

simultaneously incorporate multiple perspectives, assigning meanings to the prevailing situations to facilitate

6 Construction Economics and Building, Vol. 26, No. 1 2026
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the team’s decision making to make sense (Neill et al., 2007). The analytical capacity enables the GCEP
teams to interpret the danger of calamities instantly and take immediate actions (Daft and Weick, 1984;

Weick, 1995; Weick et al., 2005). In addition to these four direct components of collective sensemaking,

there are two important aspects that should take part in the process of making collective sense. These are
identified as the fifth and sixth components of collective sensemaking, i.e., goa/ orientation and benchmarking,
respectively (see Table 1). As discussed above, the teams should make collective sense to become resilient
and maintain the required level of performance. This is the goal of a team, and thus, goal orientation
becomes part of making collective sense, as presented in the literature (e.g., Gioia and Chittipeddi, 1991;

Bietti et al., 2019). Similarly, the project teams use their prior experience on similar situations through

benchmarking to make collective sense in order to detect the danger of calamities. The literature shows
some examples, such as using a benchmarking system for making sense (Charbonneau, 2010), as well as

benchmarking as a model for knowledge creation to make collective sense (Kleemola, 2005).

In summary, the literature provides noteworthy evidence to identify the components of collective
sensemaking as communication, information gathering, interpretation, analytical capacity, goal orientation,
and benchmarking for any project in general. However, there is a lack of research evidence to decide
whether these components are valid for the formation of collective sensemaking in GCEPs. The rest of this
paper is focused on investigating the model of collective sensemaking for this project team context with the
help of the reviewed literature.

Research methodology

RESEARCH DESIGN

The design of a research study depends on the research questions that are to be investigated (Bryman,
2015; Bryman and Bell, 2015; Saunders et al., 2016). What the components of collective sensemaking are

for GCEPs is the research question related to this study. There were some noteworthy contributions in the
literature to identify the components of collective sensemaking in the general project context, as discussed
in the literature review section. Thus, a systematic, structured, and in-depth literature review was conducted
at the first stage to conceptualize collective sensemaking with the identification of its components. The
literature search was conducted through several search engines and databases such as Google Scholar,
Scopus, ScienceDirect, Springer, and Wiley. The search criteria included phrases related to collective
sensemaking of project team members in GCEPs, such as “team collective sensemaking”, “collective
sensemaking in GCEPs”, and “components of collective sensemaking”. The collection of published work for
this study was undertaken from various sources at the initial stage to obtain an overall view of the research
context, but only journal papers were used to carry out the critical and systematic literature review to

identify the components of collective sensemaking.

'The research design was carried out following two philosophical positions. The first is the research

ontological philosophical position that is concerned with the nature of reality (Saunders et al., 2016).

'This philosophy refers to assumptions about the world (Corbin and Strauss, 2008), assumptions made
about the nature of reality (Mark et al., 1991), and the nature of reality and its characteristics (Creswell

2012) when researchers develop the research concepts. In general, ontology raises questions regarding the

assumptions that researchers have about the way the world operates and people’s commitment to particular

views (Saunders et al., 2016). Accordingly, the questions about the assumptions made for conceptualizing
collective sensemaking with its components through the literature review by the researcher, focusing on
how project team members work, illustrate the ontological philosophical position of this study. However,
due to the requirement of testing the model fit of collective sensemaking with its components to the GCEP
team context, the literature alone was insufficient to answer this question, and, thus, it was deemed more

Construction Economics and Building, Vol. 26, No. 1 2026
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appropriate to adopt a quantitative research approach (Creswell, 2014; Saunders et al., 2016). Accordingly,
this study was grounded on the belief that complex interactions among the various team members in
GCEPs could be explored through a systematic and simplified approach according to the second research
position grounded in the epistemological research philosophy. This research philosophy is concerned

with what constitutes acceptable knowledge in a field of study or discipline (Saunders et al., 2016) and

the question of what is or should be regarded as acceptable knowledge in a discipline (Bryman, 2015;

Bryman and Bell, 2015). The most suitable perspective under the epistemological research philosophy for
this study was positivism, which views acceptable knowledge as constituting only phenomena that have
direct observable variables and can be quantifiable (Bryman, 2015; Bryman and Bell, 2015). Accordingly, a
positivist perspective was adopted, assuming that acceptable knowledge on such team member interactions
was constituted through direct observable variables that could be quantifiable (Bryman, 2015; Bryman and
Bell, 2015). Thus, the second stage of the research design was designed to conduct a quantitative survey
among the team members in GCEPs in order to test the model fit of collective sensemaking with its
components. The adopted research methodology process is shown in Figure 1.

Research developmen

Identifying the research problem, aim, and objectives through the
exploratory literature review

Literature review

Systematic, structured, and in-depth literature review to conceptualize
collective sensemaking with its components

Data collection througjuestionnaire survey

Questionnaire development, validation, sample selection, pilot study,
main online survey, collectiolof completed questionnaires

Data preparatio

Data screening, missing data analysis, and confirming the final dataset
for the study
|

x 2
Data analysis

Exploratory factor analysis and confirmatory factor analysis
using IBM S;)SS software

v

Findings and conclusions

Final research findings, research validation, and making research
conclusions

Figure 1.  Research methodology process
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DEVELOPMENT OF THE QUESTIONNAIRE

The first step of developing the questionnaire was selecting the survey instrument. The authors investigated
whether a compatible survey instrument was available in the literature to develop the questionnaire at

the first step. This is a general practice in quantitative research. The existing survey instrument of team
sensemaking developed by Akgiin et al. (2012) was deemed suitable, and this was adopted due to two
compatibilities that are matched with the scope of the study investigation. The first was the same scope

of study on team sensemaking in both studies, although the term collective sensemaking was used in

the current study. The second compatibility was the alignment of the components of team/collective
sensemaking in both studies, although slightly different (albeit similar) labels were used. Akgiin et al. (2012)
developed this survey instrument with a 31-item scale by adapting different components/variables from

other studies: internal communication (Neill et al., 2007; Park et al., 2009), external communication (Chang

and Cho, 2008), information gathering (Moorman, 1995), information classification (Akgtn et al., 2006),
building shared mental models (Lynn et al., 2000), and experimental action (Bogner and Barr, 2000). These

components were matched with the components of collective sensemaking in the current study, although
a few labels were slightly different (see Table 1). For example, the current study used communication
representing both internal and external communications. Furthermore, information gathering is common
to both studies. Overall, the focus of both studies is on collective/team sensemaking, and thus, they are
matched contextually regardless of minor differences in the terms used for components. Therefore, the

survey instrument of Akgiin et al. (2012) was adopted by editing appropriate texts to match the GCEP

teams.

Using a survey instrument that is free from bias with validated psychometric properties is very important

in questionnaire surveys in order to minimize the risk (Field, 2009). For this purpose, the survey instrument

was checked using three theoretical methods applied in quantitative research (Field, 2009). The existing

results of using this survey instrument in the original study or in other literature were used to apply these
validation checks. The first method was dropping the item scales with loading factors below 0.5 using the
available exploratory factor analysis (EFA) results. Most researchers use 0.3 or 0.4 as the threshold limit
for the item reduction (Field, 2009). However, 0.5 was used as the threshold limit in this study in order to

have stronger results due to the contextual difference of the project sectors of this current study and that

of Akgtin et al. (2012). The second test was dropping components where Cronbach’s alpha was below 0.7.

The group of items with a negligible percentage of loading compared to the total item scale was reduced
according to the third method. However, none of the items could be deduced using these methods from
the existing results in the literature, so all 31 items of Akgiin et al. (2012) were used. These were employed
with a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree) in the questionnaire.
'The data collection consisted of team-level views, perceptions, and ideas on collective sensemaking in
GCEDPs from individual team members. Therefore, a 5-point Likert scale was used because it provided

the balance between simplicity and the details of gathering the views, opinions, perceptions, and attitudes
of participants. Applying the survey instrument with a 5-point Likert scale also makes it easier for the
respondents to understand the questionnaire and complete the survey. The final questionnaire also consisted
of some demographic information of the respondents, and associated teams and projects.

The next step in the survey was the validation of the questionnaire before sending it out to the
respondents. One of the lead researchers proofread the document to check the content and face validity.
Thereafter, a pilot survey was conducted to identify potential problems, check mistakes and errors, and refine
the research process before launching the main survey. Slight amendments, in particular correcting grammar
and English, were made with the pilot survey feedback received from six participants from academia and

industry.

Construction Economics and Building, Vol. 26, No. 1 2026
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SELECTION OF THE QUESTIONNAIRE SURVEY SAMPLE

In order to have meaningful results, the sample selection is significantly important in quantitative research
(Field, 2009). According to the research question, the questionnaire survey needed to be carried out among

the team members in GCEPs. Accordingly, data were collected from randomly selected individuals in
GCEP:s following the simple random sampling method. For this purpose, two selection criteria were used to
decide the appropriate GCEP teams. The first criterion was the requirement of team member geographical
dispersion in two or more countries in order to make sure that they were working in virtual team setups.
There may be a combination of team members from different organizations in such virtual teams. Therefore,
only the teams that consisted of team members from a single organization were included in order to have a
specific sample as the second selection criterion. There were no restrictions on the nature, sector, and value of
the projects, as well as on the functions and sizes of the teams, because the research question did not depend
on these factors. In some situations, such GCEP teams work on different projects at the same time. Thus, in
order to have meaningful data, the instructions were given at the beginning of the survey to complete the

questionnaire in terms of a single GCEP to which the respondents were linked.

The most important requirement of a questionnaire survey is the selection of the appropriate sample
size. Typically, the qualitative research studies focus on in-depth studies using relatively small purposeful

samples, whereas the quantitative studies depend on larger random samples (Patton, 1990). The sample size

is very important in quantitative research because the strength of the output depends on it (Field, 2009).
Accordingly, the sample size was decided in terms of the data analysis methods that are described below.
In order to match both EFA and confirmatory factor analysis (CFA) methods used in the data analysis,
the minimum threshold of 150 responses was finalized (Guadagnoli and Velicer, 1988; Field, 2009).
Recruitment of respondents was supplemented with snowball sampling (Naderifar et al., 2017) due to the

impossibility of finding a single database of GCEPs. As such, the participants were selected from anywhere
in the world through known contacts and networking.

Results

THE DATA ANALYSIS STRATEGY

'The data analysis strategy consisted of three stages. Data preparation was performed at the first stage with
data screening. Missing data analysis was conducted manually as well as using the missing data analysis
function in the IBM SPSS Statistics 28 software (Hair et al., 2010). The dataset prepared after data

imputation through missing data analysis was used to analyze the data in stage 2.

The second stage of data analysis involved applying the EFA. This analysis examines the underlying
patterns and relationships of a large number of variables in a dataset to determine whether the variables

can be condensed or summarized in a smaller set of factors or components (Field, 2009). As collective

sensemaking was measured by adapting the 31-item scale from literature relating to a general project, the
EFA was used to help decide the compatibility of the survey instrument with the GCEP context. The other
purpose of applying the EFA was for item reduction. The EFA was performed using principal component
analysis (PCA) with Varimax rotation in the IBM SPSS software. This test is being used in quantitative
research for extracting important information from a large dataset by means of smaller sets of new
orthogonal variables called principal components. These patterns can be observed using scatter diagrams
(Abdi and Williams, 2010). Accordingly, the PCA was used for reducing cases-by-variables in a data table
into principal components (Greenacre et al., 2022). Most researchers apply factor loading using the Varimax
rotation to adjust the components in PCA (Corner, 2009). The same method was suitable for this study.

However, in order to reduce the risk and produce meaningful results, a few statistical validation checks were

conducted. The first check was applying the 0.5 threshold limit of Kaiser-Meyer-Olkin (KMO) to measure
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sampling adequacy (Field, 2009; Napitupulu et al., 2017). The second check was applying the composite

reliability of Cronbach’s alpha of 0.7 as a commonly used threshold limit in quantitative research. For the
third validation check, a 0.5 communality threshold limit was used for the item reduction as mentioned

above (Field, 2009). Generally, the communalities in EFA provide information on how much variance the

variables have in common or share and sometimes indicate how highly predictable variables are from one
another (Pruzek, 2005). The higher the communality value, the more the extracted factors will explain the
variance of the item (Tavakol and Wetzel, 2020). Therefore, the 0.5 threshold limit provided strong results.

The third and most important stage of data analysis was conducting the CFA using the IBM SPSS
Amos 26 Graphics software. This analysis was performed to test the model fit of collective sensemaking
with its components. The CFA is a method of uncovering the latent structure between an observed variable

and hypothesized underlying constructs (Garson, 2009). This often involves detecting which variables load

onto which factors (Kim and Mueller, 1978). Accordingly, CFA was performed to assess the goodness of

model fit of collective sensemaking with its components.

DETAILS OF SURVEY RESPONSES

As mentioned above, the survey was conducted among the team members in GCEPs. By the time the
survey was closed, 165 responses were received. However, the final sample for the data analysis was 163,
after dropping items through completing data preparation and validation checks. The details of the

respondents are set out in Table 2.

Table 2. Survey sample

Gender
Male 131 80.4
Female 32 19.6

Age
Under 30 years 11 6.7
30-40 years 85 23.9
41-50 years 65 I
51-60 years 38 23.3
Over 60 years 10 6.1

Highest educational qualification

Doctorate 37 22.7
Master’'s degree/MBA 62 38.0
Bachelor’s degree 54 33.1
Foundation degree 1 0.6
Higher National Diploma 6 3.7
Higher National Certificate 3 1.8
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Table 2. continued

Working location

UK 56 34.4
EU countries excluding the 28 17.2
UK

American countries 1 0.6
Asian countries 53 2.5
African Countries 15 9.2
Australia 2 1.2
Middle East 3 1.8

Position in the project hierarchy

Director 12 7.4
Senior manager 29 17.8
Middle manager 35 21.5
Junior manager 7 4.3
Staff (non-manager) 55 33.7
Other 25 19.3

Global project team experience

Less than 5 years 34 20.9
5-10 years 57 35.0
11-15 years 33 20.2
16-20 years 23 14.1
21-25 years 8 4.9
26-30 years 6 3.7
Over 30 years 2 1.2

DATA PREPARATION

The data preparation started with data screening in an appropriate data table of 165 responses. Thereafter,
missing data analysis was conducted. The first step in the missing data analysis was manual checking of
survey responses to detect mismatches. The second step of missing data analysis was conducted using the
Missing Value Analysis option in SPSS (cf. Hair et al., 2010). The purpose of this test was to determine

whether the remaining pattern of missing data after deleting the cases was missing completely at random
(MCAR). The test confirmed that the missing data pattern was MCAR because Little’s overall test of
missing data was not significant (Little’s MCAR test: chi-square = 8,351.938, df = 9296, Sig. = 1.000). Two
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responses were dropped due to missing several pieces of key information or other incompatibilities during
the data preparation. The remaining sample for the EFA was 163 responses.

EXPLORATORY FACTOR ANALYSIS

In the second stage of data analysis, the EFA was conducted using PCA with Varimax rotation in the IBM
SPSS software. The 31-item scale developed by Akglin et al. (2012) was used for this purpose. The KMO
measure of sampling adequacy of collective sensemaking was 0.882, and this fulfilled the threshold limit

of 0.5 (Field, 2009). This result indicated that the selected sample was sufficient to conduct the EFA and
draw valid conclusions. During the EFA, the 31-item scale of Akgiin et al. (2012) was loaded to three
components meaningfully, but only the 19-item scales could be accepted, as described below (see Table 3).
There were 12 variables that had not been loaded properly above the threshold limit of 0.5 and/or loaded to

more than one component unmeaningfully, and they were dropped (Field, 2009). Thereafter, the final survey

instrument of collective sensemaking in the GCEP team context consisted of 19-item scales (see Table 3).

Three components of collective sensemaking were identified according to the scree plot (see Figure 2). The
results of total variance explained using the threshold limit of Eigenvalue 1 also indicated three components
giving Eigenvalues of 10.159 (32.8%), 4.646 (15%), and 2.565 (8.3%). According to the contexts of

the related item scales, three components were identified as communication and information gathering
(component 1), interpretive and analytical capacity (component 2), and goal orientation and benchmarking

(component 3).

Table 3. EFA results of collective sensemaking
CS5: Team members conduct frequent informal 0.800

communications at lunch or after work

CSé6: Team members conduct frequent formal 0.764
communications through team meetings

CS9: Our team systematically acquires external technological 0.747
and industry information

CS10: Our team consults regularly with outside experts 0.639

CS14: Team has ability to collect information about relevant 0.837
public than clients/competitors

CS16: Team has ability to collect information from external 0.877
experts, such as consultants

CS17: Information collected is coded and sorted to be 0.785
understood easily by team members

CS26: Team members have a shared vision of the project 0.721

CS7: Team members educate each other during the project 0.602
CS18: Cost, time, and schedule information is organized in 0.676

meaningful ways

CS20: Technical information is summarized to reduce 0.642
complexity
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CS21: Cost, time, and schedule information is summarized to 0.697

reduce its complexity

CS23: Team has a shared understanding of the project users 0.687

CS27: Team lets clients inspect prototypes/work in progress 0.706

before the project is completed

CS30: Team finishes the design of the project only after taking 0.674

feedback from the client

CS11: Team conducts systematic benchmarking 0.705
CS12: Team has the ability to continuously collect information 0.764

from clients

CS13: Team has the ability to continuously collect information 0.810
about competitors

CS15: Team has ability to continuously re-examine 0.669
information in previous projects

Eigenvalue  10.159 4.646 2.565
% Variance explained  32.772 14.988 8.275
Scale’s Cronbach’s alpha 0.916 0.860 0.860

Note. EFA, exploratory factor analysis.
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Figure 2.  PCA scree plot of collective sensemaking. PCA, principal component analysis

CONFIRMATORY FACTOR ANALYSIS

In the data analysis stage 3, the CFA was performed using the IBM SPSS Amos 26 Graphics software to
test the model fit of collective sensemaking with its components. The test was carried out using 19-item
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scales of collective sensemaking that consisted of eight-, seven-, and four-item scales for components
1,2, and 3, respectively (see Table 3). Although using the same dataset for both EFA and CFA tests is
discouraged in research, this can be adopted in specific circumstances, such as when the requirement is to
test a model derived from EFA. Prior research evidence shows the application of both analyses using the
same dataset (e.g., Choi and You, 2017; Orcan, 2018). By splitting the dataset into two parts, the current

study used different sub-sets of the same dataset, i.e., a first sub-set of 31-item scales for EFA and a second
sub-set of 19-item scales for the CFA. This is because the EFA is applied to explore and refine the factor
structure, identifying the collective sensemaking model with its components, whereas the CFA validates the
refined structure of the model fit. Furthermore, several research validation activities have been undertaken

under both tests in order to ensure that valid findings and conclusions can be drawn.

The model fit of collective sensemaking with these components was tested through this analysis. The
results of CFA and the path diagram are shown in Table 4 and Figure 3, respectively. According to the

results, the degree of freedom was 149. This value was above zero (df > 0), which gave a good sign that
the model could be estimated and that model fit could be assessed (Hu and Bentler, 1999; Nye, 2023).

Thereafter, as discussed in the data analysis strategy, three indices were used to decide the model fit without

limiting it to a single index. As shown in Table 4, the results of the comparative fit index (CFI) and Tucker—
Lewis index (TLI) were 0.8 and 0.771, respectively. Although these indices did not exactly fulfill the cutoff
limits, they were reasonably satisfactory, showing slightly below the cutoft limit of 20.95 or relaxed to 0.90
(Hu and Bentler, 1999; Nye, 2023). Similarly, the results of the root mean square error of approximation
(RMSEA) were also marginally satisfactory, showing a value of 0.129, and this approximately fulfilled the
cutoff limit of <0.06 or relaxed to <0.1 (Browne and Cudeck, 1993; Hu and Bentler, 1999; Nyve, 2023).

Because the CFA results depend on many factors, as discussed in the discussion of the findings below,

there is a possibility of confirming the model fit of collective sensemaking according to these approximate
fulfillments of model fit indices. This issue is further addressed in the discussion of the findings.

Table 4. Results of CFA

Model identification/Index Model value Cutoff value

Degrees of freedom (df] 149 >0
Chi-square test (x?) 549.468 (x* = 0.000) >0.05
Comparative fit index (CFI) 0.800 20.95 or relaxed to 0.90
Tucker-Lewis index (TLI) 0.771 >0.95 or relaxed to 0.90
Root mean square error of approximation 0.129 <0.06 or relaxed to <0.1
(RMSEA])

Note. CFA, confirmatory factor analysis.

Discussion of findings

'This study confirmed the model fit of collective sensemaking for GCEPs with its three components of
communication and information gathering, interpretive and analytical capacity, and goal orientation and
benchmarking. These findings add value to the noteworthy contributions of previous authors from the
literature review that have been used for conceptualizing collective sensemaking with its six components
of communication, information gathering, interpretation, analytical capacity, goal orientation, and
benchmarking (see Table 1). The contributions of these authors are meaningful because they helped

to identify the components of collective sensemaking for any project. Furthermore, a suitable survey
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Figure 3.  Path diagram of CFA. CFA, confirmatory factor analysis

instrument could also be identified in the literature, giving credibility to the original works of Akgiin et al.
(2012). Accordingly, the final model of collective sensemaking for the context of GCEPs could be finalized.

Although collective sensemaking could be confirmed with three components to the GCEP team
context, the CFA results gave slightly contradictory results regarding the model fit indices (see Table 4).
Generally, confirming the model fit of models using CFA can be fragile because relying solely on statistical
model fit indices can be misleading. Accordingly, model fit indices may not confirm whether even a good
model fit is present. However, the strong indication was the result of df > 0 by confirming that the model
could be estimated and the model fit could be assessed. The results at least fulfilled the model fit indices
approximately. This approximation was accepted due to the fact that the model fit indices in CFA depend
on many other factors that could give contradictory results. For example, ? = 000 (<0.05) was significant
without confirming the model fit. Generally, the chi-square is not considered a very useful model fit index
by most researchers due to its dependency on many factors, such as sample size, model size and complexity,
distribution of variables, omitting variables, and distributional assumptions (Hayduk et al., 2007).
Accordingly, the chi-square could not be taken as a good indication to decide the model fit of collective
sensemaking because the sample size of 163 is relatively small, although slightly above the threshold limit
of 150. This is similar to most model fit indices. Accordingly, both the CFI and TLI were also not exactly
within the accepted cutoff limits, but a good indication was that both were approximately toward the limit
(see Table 4). Both the CFI and TLI also depend on the sample size but are less sensitive compared to the
chi-square. Generally, the CFI and TLI values range from O to 1, with higher values indicating a better
model fit. This phenomenon can be applied to confirm the model fit. However, the RMSEA approximately
fulfilled the relaxed cutoff limit, confirming the model fit (see Table 4). Therefore, there is a possibility
to confirm the model fit of collective sensemaking with these assumptions and approximations. The
contradictory CFA results may be due to an overlap between the variables of these components or due to

other reasons, such as sample size, which can be further investigated in future research.
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As shown in Figure 3, the findings of this study as the outcome of CFA confirmed the 19-item scales
for measuring collective sensemaking in GCEP teams together with confirming eight-, seven-, and four-

item scales for its aforementioned components 1, 2, and 3, respectively, giving credibility to the authors who

contributed to developing this survey instrument (Moorman, 1995; Bogner and Barr, 2000; Lynn et al.,
2000: Akgiin et al., 2006; Neill et al., 2007; Chang and Cho, 2008; Park et al., 2009; Akgtn et al., 2012).

Confirming these components with associated variables (see Table 3 and Figure 3) represents significant
theoretical and practical contributions discussed in the conclusions.

Conclusions

'This paper developed a model of collective sensemaking for the GCEP context by achieving its aim and
objective. The aim was to address the lack of a suitable model for GCEPs, and the objective was to develop
such a model. By fulfilling these, the paper successfully created a final model comprising three components:
communication and information gathering, interpretive and analytical capacity, and goal orientation and
benchmarking. Although some contradictory CFA results were found when assessing the model fit—
detailed in the discussion of the findings—the components of collective sensemaking were meaningfully
loaded through EFA, allowing the model to be completed. These findings provide clear guidance on the
components necessary for creating collective sense in GCEPs.

Through these findings, the originality of theoretical and practical contributions in this paper is
noteworthy, making it one of the first studies to develop a model of collective sensemaking with its
components for the context of GCEPs. The theoretical contribution is the confirmation of the collective
sensemaking model with its three components in the GCEP context. This theoretical contribution includes
the confirmation of 19-item scales to measure collective sensemaking as well as eight-, seven-, and four-
item scales to measure its components of communication and information gathering, interpretive and
analytical capacity, and goal orientation and benchmarking. In terms of methodological standpoint, future
research can extend these theoretical contributions using these survey instruments in their studies to
develop further theories and practices. This paper also provides an original contribution to the practical
GCEP sector, as the teams in these projects can understand what aspects are to be prioritized in order to
form collective sense to face calamities while residing and working in virtual team setups across the world.
Splitting the 19-item scale variables associated with collective sensemaking into its components is helpful
for these project teams to identify priorities. Accordingly, evidence of what components and variables make

collective sensemaking in GCEPs is no longer anecdotal.

Nevertheless, this study has two limitations. The first is the unavailability of a single source/database to
sample the GCEP teams in order to conduct the questionnaire survey. Extra care was taken to distribute
the survey among the teams in GCEPs across the world to minimize the effect of this limitation. For
this purpose, random sampling was followed with the help of international contacts of the researchers,
professional bodies, and the global collaborative organizations as much as possible to collect a sample from
which the findings can be generalized globally. The second limitation is the reasonably small sample size for
the survey, although this is above the accepted threshold limit. Therefore, extra care was taken to carry out
appropriate statistical validation tests at each stage of data analysis. However, slightly unusual results were
found in terms of deciding the model fit indices in the CFA. This may be due to other influences, such as a
small sample size or other factors that are not within the context of this study. Therefore, a recommendation

is made to explore these influences on the CFA model fit indices in future studies.
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