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Abstract

The work teams in global construction engineering projects (GCEPs) tend to face various
natural and man-made calamities that can catastrophically influence their performance;
thus, enabling team resilience becomes vital. The literature shows noteworthy evidence
identifying collective sensemaking as a key enabler to achieving team resilience, but

this has still not been empirically confirmed and creates a knowledge gap. The global
construction organizations also argue whether these teams actually need collective
sensemaking for this purpose since team members will not have face-to-face interactions
during times of calamities as they reside in different countries and work via virtual mode.
With the results of a questionnaire survey among 52 GCEP teams, this paper concludes
the positive and significant relationship between collective sensemaking and team
resilience, confirming that the teams need collective sensemaking to become resilient.
This finding makes an original contribution to the theory and practice in the GCEP sector
and highlights the importance of much-needed attention from these teams to create
collective sensemaking to become resilient against calamities. A recommendation is
made for revealing practical ways of achieving this in a future study.
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Introduction

Enabling team resilience is vital for the teams in global construction engineering projects (GCEPs) because
they face performance challenges from time to time due to calamities in their volatile project environments.
Volatility is referred to as the difficulty in understanding the outcome of a complexity (Mack et al., 2016).

The GCEP environment is always volatile due to many complexities and calamities such as climate change
(Roser, 2024), terrorism (Aho and Lehtinen, 2024), economic fluctuations and political shifts (Alparslan,

2024), and rapid technological advancements (Alparslan, 2024; Réser, 2024). Such volatilities can disrupt

the level of team performance, creating numerous risks (Roser, 2024). Among these volatilities, calamities

become significant performance issues and challenges. A calamity is a serious accident or a bad event
causing damage or suffering according to the online Cambridge Dictionary. For example, the recent
COVID-19 pandemic was a calamity that created damage and suffering to all industries around the world
(Nurizzati and Hartono, 2023). There are two categories of calamity as accepted by the United Nations

(Green, 1993). The first category is natural calamities that are exogenous and non-human immediate causes,

whereas the second category is man-made disasters such as war (Grenn, 1993). Some examples of natural

calamities are blizzards (Cappucci, 2024; Halverson, 2024), cyclones (Forbis et al., 2024), earthquakes

(Qiu et al., 2024; Zei et al., 2024), flood (Dharmarathne et al., 2024), hurricanes (Comola et al., 2024),
landslides (Sharma et al., 2024; Svennevig et al., 2024), tornadoes (Forbis et al., 2024; Strader et al., 2024),
tsunamis (Iwachido, Kaneko and Sasaki, 2024), volcanic eruptions (Bilbao et al., 2024; Lin and Su, 2024),
and wildfires (Ferreira, Sotero and Relvas, 2024). Man-made calamities include disasters such as arson
(Ribeiro et al., 2024), biological/chemical threat (Reddy, 2024), civil disorder (Braha, 2024), crime (Davies
and Malik, 2024), cyber-attacks (Teichmann and Boticiu, 2024), terrorism (Kanwar and Sharma, 2024), and

war (Wilson, 2024). Because a project environment can be volatile, GCEP teams can encounter both types

of calamity that can influence their performance. Thus, they should have the ability to enable team resilience
for the mitigation of risks regardless of calamities they encounter for them to operate smoothly within the
expected level of performance (Junior, Frederico and Costa, 2023).

Literature provides noteworthy evidence to identify collective sensemaking as an exclusive construct

that can enable team resilience (e.g., Talat and Riaz, 2020). The meaning of collective sensemaking is the

process of generating and evaluating a shared understanding among a group of people connected by a
common environment, such as a construction project, in response to complex challenges like calamities. For
example, when a calamity is identified across, a team should immediately detect the risk, and the message
about the danger is to be communicated among all team members instantly. Generally, all team members
in the GCEPs are not co-located and they work virtually and remotely, residing in different locations
and countries. There are occasional remote and virtual-working situations for team members in any work
team nowadays, but this situation is permanent in GCEP teams. Owing to their virtual team setup, these
team members do not have face-to-face interactions in close proximity. Hence, making collective sense is
practically difficult although this is needed for them to become resilient against calamities. Thus, there is
a contemporary debate among global construction organizations over whether these teams actually need
collective sensemaking to become resilient. This has still not been confirmed through research, and thus,
creates a knowledge gap. There is no empirical evidence on deciding the relationship between collective
sensemaking and team resilience in GCEP teams. In a recent study, Malla and Delhi (2022) highlighted the
importance of identifying the crucial barriers in large infrastructure construction projects to interface best
management practices. In most cases, GCEPs are large-scale infrastructure projects.

This paper aims to fill the knowledge gap by confirming the relationship between collective sensemaking
and team resilience in GCEP settings through a quantitative study. The findings will help GCEP teams

understand the importance of collective sensemaking to maintain performance resilience against calamities.
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Literature review

TEAM RESILIENCE

As discussed in the Introduction, team resilience is needed for maintaining the existing level of
team performance against calamities in a volatile business or project environment such as a GCEP
(Hartmann et al., 2020). As team resilience is a key construct in this paper, it is important to derive its

definition for the context of GCEPs. The teams in GCEPs face significant challenging situations to
manage, for example, the recent calamity of COVID-19 pandemic. These challenging situations are called
“perturbations” that are defined as the major external or internal spikes in the pressure beyond the normal
range of variability (Gallopin, 2006). Therefore, withstanding or recovering from perturbations is part

of team resilience. When the working situation in a project is changed and the performance is adversely
affected beyond the normal level of control, the project teams need enabling resilience to reset the original
or appropriate level of performance (Castka et al., 2001). Thus, setting back to the original or appropriate

level of performance is part of team resilience. Anvuur (2008) viewed this as a quick recovery by lowering
the sensitivity to shocks and stresses in the work environment. Alliger et al. (2015) defined team resilience
as the capacity of a team to withstand and overcome stressors in a manner that could enable sustained

performance. This asserts that team resilience helps the teams to handle and bounce back from challenges

that can endanger their cohesiveness and performance. According to the view of Pavez et al. (2021), team
resilience is the ability of a team to prosper despite adverse conditions such as high degrees of stress. Taken
together, team resilience for the context of GCEPs is defined as the capacity of a team to withstand or
recover from perturbations due to challenges and disasters such as shocks, pressure, stresses, and calamities

by lowering their sensitivity to such occurrences and set back to the original or appropriate level of

performance (Castka et al., 2001; Gallopin, 2006; Anvuur, 2008; Alliger et al., 2015; Pavez et al., 2021).

Literature shows that identifying the vu/nerability of team members in the project environment
is important before and when they become resilient teams (lonescu et al., 2009; Alliger et al., 2015;

Fisher, LLeNoble and Vanhove, 2023). Being able to identify vulnerability in team members means being

capable of keeping an eye on prevailing circumstances and being able to assess limitations that might
affect performance (Alliger et al., 2015). Addressing vulnerabilities is important for the teams in GCEPs

concerning both natural and man-made calamities, but most significant for resilience against natural

calamities. Ionescu et al. (2009) highlighted the importance of accurate communication and elimination

of misunderstanding to address vulnerabilities on natural calamities such as climate changes. Furthermore,
Fisher, L.eNoble and Vanhove (2023) viewed that the capacity to acknowledge vulnerability was needed

for teams to become resilient. Moreover, Alliger et al. (2015) highlighted the importance of the application
of “minimizing” strategy at the earliest stage to plan contingencies before the arrival of problems such as
calamities for the project teams to become vulnerable. Another aspect that is needed for the project teams to
become resilient is ransformability (Alliger et al., 2015; Roy, 2022; Iao-J6rgensen, 2023). Transformability is
the ability to recognize significant changes in one’s environment and respond to them successfully, often by
creating a new system. It enables individuals, teams, companies, or societies to better cope with uncertainties
by reshaping themselves in response to a changed environment. In GCEPs, transformability can help them
become resilient, depending on prevailing circumstances. For example, lao-J6rgensen (2023) highlighted the
strategy of transformative resilience against external project disruptions during the COVID-19 pandemic.
'The literature also shows that project teams need persistency to become resilient (Hamel and Valikangas,
2003; Alliger et al., 2015; Skalski et al., 2022). Generally, persistency refers to continuous attempts to

manage challenging situations regardless of the prevailing strength of a team. This is needed for the teams
in GCEPs to become resilient against both natural and man-made calamities. Persistency creates a positive

association of mental resilience and well-being and, thus, this is helpful when dealing with calamities

Construction Economics and Building, Vol. 25, No. 3/4 December 2025



C

UTs
ePRESS

166

Gunathilaka

(Skalski et al., 2022). However, persistent thinking of team members does not always lead to team resilience,
and it depends on the context of the calamity. For example, Skalski et al. (2022) argued that persistent
thinking might be dysfunctional for mental health because it had inflated the anxiety and disrupted well-

being during the COVID-19 pandemic. Adaptability is also needed for the project teams to become resilient
(Gallopin, 2006; Alliger et al., 2015; Prasetyo et al., 2022; Roy, 2022). Adaptability is applicable mostly
toward achieving team resilience against man-made calamities that are encountered in GCEPs, but it
depends on the nature of the calamities. For example, Roy (2022) viewed that adaptability to climate change
would enable project resilience and, eventually, this idea could be extended toward team resilience due to

the interchangeable nature of project and team contexts. Prasetyo et al. (2022) also empirically illustrated
the positive relationship between adaptability and organizational resilience that could also be extended to
team resilience due to the interchangeable nature of the two. The coping ability of team members is also an
important aspect for them to achieve a resilient status (Groesbeck and Aken, 2001; Alliger et al., 2015).

Coping ability is the strength of the teams to withstand project changes in a way that does not allow the
creation of adverse performance issues. Groesbeck and Aken (2001) illustrated the aspect of strong team
wellness for coping with changes to become resilient in team settings. Chai and Park (2022) highlighted
the strategy of virtual and remote working to maintain team wellness and coping ability during the
COVID-19 pandemic. According to this analysis, the variables of vulnerability, transformability, persistency,
adaptability, and coping ability should be considered in developing team resilience.

COLLECTIVE SENSEMAKING

'The concept and theory development relating to collective sensemaking were initiated at the end of the

20th century (e.g., Weick, 1993). However, this has been an evolving research theme over the last three

decades (e.g., Bitencourt and Bonotto, 2010; Klein, Wiggins and Dominguez, 2010; Bietti, Tilston and

Bangerter, 2019; Pham et al., 2023; Knight et al., 2024). As defined in the literature, collective sensemaking

is the assignment of meanings to issues or events that cause the current state of the world to become
different from the expected (Cristofaro, 2022). For example, when a calamity occurs in a GCEP, the

entire team needs to make sense of its occurrence in advance or instantly in order to take precautions

for it not to influence team performance. Some authors viewed collective sensemaking an intangible
human characteristic (e.g., Klein, Wiggins and Dominguez, 2010). This is the reason for the difficulty in
understanding and measuring collective sensemaking in team settings. Prior researchers in this area stated
that sensemaking was an individual cognitive activity that was influenced by the position of an individual in
a social system on the individual perspectives (e.g., Maitlis, Vogus and Lawrence, 2013; Zhang and Soergel,
2014). However, collective sensemaking in team settings is difficult to accomplish and more critical because
it poses team coordination requirements that can easily break down (Klein, Wiggins and Dominguez,
2010). Generally, collective sensemaking in the team environment is a process created in the mind of

every individual (Bitencourt and Bonotto, 2010). This is the reason for the difficulty in creating collective

sensemaking in team settings when calamities are encountered in the GCEPs because team members are

virtually dispersed across different locations and countries.

As collective sensemaking is also a key construct in this paper, it is necessary to establish its definition
for the context of GCEP. Some authors identified collective sensemaking as a goal-oriented collective

activity (e.g., Stensaker, Falkenberg and Grenhaug, 2008; Bietti, Tilston and Bangerter, 2019). Some other

authors argued that collective sensemaking is made with the contribution of all individuals in a team by
influencing each other (e.g., Weick, 1993; Frohm, 2002; Boreham, 2004; Gray, 2007). However, collective

sensemaking is not an aggregation of individual sensemaking because if team members make individual
sense of a prevailing situation, the team-role structure will be disintegrated and the ability to make sense

will be lost (Frohm, 2002). According to Klein, Wiggins and Dominguez (2010), collective sensemaking

is a macro-cognitive and collective team function that helps to understand the current situation and
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anticipate the future against uncertain and ambiguous conditions. Further research evidence shows

that collective sensemaking does not always happen through every team member contribution; rather,

it is the team’s capacity to integrate and build up shared mental models to create collective knowledge
(Akgtin et al., 2012). Further evidence indicates that communication, reflection, and social cognition are
the elements of collective sensemaking to create such mental models (Talat and Riaz, 2020), and these are

to be made at a particular point in time and space (Varanasi et al., 2023). The teams should have analytical

capacity, synthesizing and interpreting the situation to share appropriate narratives to build up such social

cognition to make sense collectively (Neill, McKee and Rose, 2007; Klein, Wiggins and Dominguez, 2010;
Akgiin et al., 2012). 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 (Weick, 1993; Frohm, 2002; Boreham, 2004;

Gray, 2007; Neill, McKee and Rose, 2007; Stensaker, Falkenberg and Grenhaug, 2008; Klein, Wiggins

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

There is a view that collective sensemaking is needed for the teams to become resilient against calamities.
Managing calamities appropriately is very important for the teams in GCEP settings and, thus, whether
collective sensemaking can enable team resilience against calamities in such a virtual team setting is worth
investigating. The rest of this paper focuses on exploring the relationship between collective sensemaking

and team resilience in GCEP team settings.

HYPOTHESIS

Literature shows noteworthy evidence to postulate the hypothesized relationship between collective
sensemaking and team resilience in Figure 1 for the teams in GCEPs. For example, Boreham (2004)

stated that collective sensemaking was needed for identifying and resolving problematic situations or

events in a workplace. The workplace in the context of this paper is a GCEP. Applying the view of this
author to the GCEP context, it can be stated that a team in a GCEP needs collective sensemaking

to identify problematic situations or events such as calamities that they come across in their projects.
Identifying problematic situations is the vulnerability reviewed earlier in this paper as part of team resilience
(Lonescu et al., 2009; Alliger et al., 2015; Fisher, L.eNoble and Vanhove, 2023). This means that collective

sensemaking is needed for the teams in GECPs to become resilient. Then, they can show resilience by
taking immediate actions to prevent the influence of such problems or adverse events and come back to the
normal or appropriate level of performance (Castka et al., 2001). For the teams in GCEPs, making sense

in this manner is very important due to the turbulent nature of the volatile global project environment that
can cause simultaneous calamities. The literature shows evidence of disasters due to the failure of making
collective sense to become resilient in team settings such as the Mann Gulch disaster reviewed by Weick
(1993). This disaster happened due to the team’s failure to engage in collective sensemaking to become
resilient in order to avoid the disaster. This analysis provides compelling evidence to predict the positive
relationship between collective sensemaking and team resilience in GCEP team settings. In a recent study,
Varanasi et al. (2023) also supported the positive relationship of collective sensemaking to team resilience
during calamities such as the COVID-19 pandemic. Although this finding is not related to the GCEP
sector, this view can be extended. Murphy and Devine (2023) also confirmed that sensemaking could help
in adapting to the situations of crisis and changes such as the COVID-19 pandemic in a primary school
environment. Although the focused environment by these authors is different from the GCEP environment,
applying this finding to predict the positive and significant relationship between collective sensemaking and
team resilience in GCEP team settings is valid in the same context. Moreover, Talat and Riaz (2020) also
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Figure 1.  Conceptual research framework

confirmed the direct impact of team sensemaking on team resilience for the work teams in the information
and communication technology projects that can also be extended to the GCEPs, as above. Thus, for the
GCEP team settings, the following can be expected.

H1: Collective sensemaking will positively and significantly influence team resilience.
This paper tests this hypothesis using the primary data collected from the teams in GCEP settings

through a quantitative questionnaire survey. The next section describes the research design and methodology

adopted to test this hypothesis.

Method

RESEARCH DESIGN

The research design of a study depends on the research questions (Bryman, 2015; Bryman and Bell 2015;

Saunders et al., 2016). The research study related to this paper investigated the research question of what

the relationship between collective sensemaking and team resilience is in the GCEPs. To answer this
question, A7 is postulated with the help of the literature as shown in the conceptual research framework
in Figure 1. The questions about the assumptions made for developing this conceptual research framework
by the researcher regarding how GCEP teams work illustrate the ontological philosophical position of the
research (Saunders et al., 2016). As the scope of the study was investigating the hypothesized relationship

in the GCEP context, literature alone was insufficient due to limited available sources. Thus, a quantitative

research approach was more appropriate to test the hypothesis (Creswell, 2014; Saunders et al., 2016). This

means that, epistemologically, this study was of the belief that complex interactions among the various team
members in GCEPs could be explored through a systematic and simplified approach adopting positivist
perspectives of the acceptable knowledge on the GCEP teams that is constituted through direct observable
variables that can be quantifiable (Bryman, 2015; Bryman and Bell, 2015). Hence, a questionnaire survey

among team members in GCEPs was adopted. As the conceptual research framework was at the team level,
only team-level data were necessary to test the hypothesis. Therefore, the respondents were asked to provide
team-level data on the basis that the individuals were nested in teams and, thus, they could provide team-

level information.
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MEASURES

The first step of the questionnaire survey was developing the survey instrument. Generally, if the

survey instruments are available in the literature, researchers will not need to develop new instruments.
Accordingly, the existing survey instruments were used with slight minor modifications of the texts to suit
with the GCEP context. Each item scale in the survey instruments utilized a five-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree) in a way that matched with the data analyzing strategy
discussed below. Extra care was taken to select item scales that had known and validated psychometric
properties to minimize the risk of selecting incompatible survey instruments and to ensure that the research
was free from bias. For this purpose, existing item scales were checked in terms of three theoretical methods

used in quantitative research (Field, 2009). Data for applying these validity tests were taken from the results

of papers that the item scales were adapted from as well as subsequent studies that the item scales were
used. In the first method, the item scales with loading factors below 0.5 were reduced using the available
exploratory factor analysis (EFA) results in the literature. Second, the item scales in components were
reduced using the basis of composite reliability or Cronbach’s alpha below 0.7. In the third method, the
group of items with negligible percentage of loading compared to the total item scale were reduced as this is

a common method used in quantitative research.

Collective sensemaking was measured with the 31-item scale of Akgtin et al. (2012). The original study

was on team sensemaking and, thus, the survey instrument aligned with the context of the study. The item
scale represents six dimensions with valid psychometric properties: internal communication (« = 0.84),
external communication (a = 0.77), information gathering (« = 0.84), information classification (o = 0.89),
building shared mental models (« = 0.89), and experimental action (« = 0.92). None of the items could be
deduced according to the three methods described above using existing data analysis results in literature
and, thus, all 31 items were used. Akgiin et al. (2012) adapted seven-item scales for internal communication
from Neill, McKee and Rose (2007) and Park, Lim and Philip (2009); four-item scales for external
communication from Chang and Cho (2008); five-item scales for information gathering from Moorman
(1995); five-item scales for information classification from Akglin et al. (2006); five-item scales for building
shared mental models from Lynn, Reilly and Akgiin (2000); and experimental action through five-item

scales from Bogner and Barr (2000).

Team resilience was measured adapting the 40-item scales developed by Alliger et al. (2015) in their

conceptual literature review paper. This survey instrument was matched with the context of team resilience
in this paper. However, there was no evidence of data analysis results of this survey instrument in the
literature and, thus, there was no psychometric evidence to reduce the item scales. Therefore, all 40-item

scales were used for the survey.

SAMPLE SELECTION

After developing the questionnaire, the sample population was decided on. The survey was conducted
among team members in GCEPs, and the teams were selected from anywhere in the world through
international contacts, networking, and also with the input received from a few professional bodies and
global collaborative organizations. Data were collected from randomly selected individuals in each team
following the method of simple random sampling. A key contact person was appointed for each agreed
participant team to select random respondents and to coordinate the communications. The first criterion
for the sample selection was geographical dispersion of team members in two or more countries in order to
make sure that the data were collected from global virtual teams. Generally, such global teams may have a
combination of team members from different organizations. Therefore, in order to acquire a specific sample,

selection was limited to the teams with team members from a single organization as the second criterion.
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No restrictions were imposed in terms of the nature, the sector, and the value of the projects as well as the
functions and sizes of the teams because the research question does not depend on these factors.

'The adopted data analyzing strategy consists of several methods as discussed in the next section and the
sample size was decided accordingly because this is very important in quantitative research. The minimum
threshold limit was set as 150 responses for the EFA (Field, 2009) and 50 teams for the ordinary least
squares (OLS) regression analysis (Maas and Hox, 2005). Satisfaction of the sample size for the Spearman

correlation test was also checked using the equation given by Bonett and Wright (2000).

DATA ANALYZING STRATEGY

'The data analyzing strategy consists of applying analyses in two stages. The first stage is the data preparation
and the second stage tests H1. The purpose of carrying out the data analysis in two stages is to acquire
strong and validated results for making research conclusions. The first step in the first stage of data analysis
was conducting missing data analysis. This was conducted both manually and with the IBM SPSS software.

'The second step in stage 1 was conducting the EFA. This analysis examines the underlying patterns and
relationships for a large number of variables in a dataset and determines whether the information can be

condensed or summarized in a smaller set of factors or components (Field, 2009). Although existing survey

instruments in the literature have been used, the purpose of applying the EFA was to test the suitability
of item scales for the GCEP context and also for the item reduction by examining the dimensionality and
reliability of all measures. This test was performed with the help of IBM SPSS software using principal
component analysis (PCA) with Varimax rotation. The PCA is a multivariate data analyzing technique
that is used to extract important information from a large data table. This is carried out by means of a
smaller set of new orthogonal variables called principal components that displays the pattern of similarity

of observations and variables as points in maps (Abdi and Williams, 2010). This is a versatile statistical

technique that can be used to reduce cases-by-variables in a data table into principal components
(Greenacre et al., 2022). To apply PCA with appropriate rotation, most researchers employ factor loading

using the Varimax rotation to adjust the components in a way that makes the loadings either high positive,

negative, or zero while components are kept uncorrelated or orthogonal (Corner, 2009). Similarly, the
PCA with Varimax rotation was selected as the appropriate method for this study. Statistical validation of
the results was tested with the thresholds of the 0.5 Kaiser—-Meyer-Olkin (KMO) measure of sampling
adequacy (Field, 2009; Napitupulu, Kadar and Jati, 2017) and composite reliability of 0.7 Cronbach’s

alpha. The PCA seeks to explain the total variance including specific and error variance in the correlation

matrix. The communality in a factor matrix is referred to as the sum of the squared loadings for a particular
item that indicates the proportion of variance for the given item that is explained by the factors (Tavakol

and Wetzel, 2020). Communalities provide information on how much variance that the variables have in

common or share, and sometimes indicate how highly predictable variables are form from one another
(Pruzek, 2005). If the communality value is higher, the more the extracted factors will explain the variance
of the item (Tavakol and Wetzel, 2020). Generally, most studies use either 0.3 or 0.4 but, due to the

relatively small sample size, only the communalities that were greater than 0.5 were selected (Field, 2009).

The data aggregation test was conducted as the third step because team-level (higher level) data were
collected from a few individuals selected from each team (lower level) as no directly available indices

to measure the higher-level variables (LeBreton, Moeller and Wittmer, 2023). The purpose was to
check whether the results represent the team level without deviations outside the accepted ranges. The
precondition for the aggregation test is that the group mean provides an adequate representation of the
individual values (Cohen et al., 2001). For the aggregation test, the Within Group Agreement Index of
rWG(]J) developed by James et al. (1984) was applied. The rule-of-thumb applied was that the values of
these indices were greater than 0.70 for sufficient homogeneity to warrant aggregation (cf. Harvey and
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Hollander, 2004). In order to further test the validity of the data, bivariate correlations among the team-

level variables were also tested as the fourth step in data preparation. The threshold range of 0.3 to 0.9 was
adopted to decide the validity (Field, 2009).

Thereafter, the second stage of data analysis to test /77 was performed. Both OLS regression analysis
(parametric test) and Spearman correlation analysis (non-parametric test) were performed because two
methods could give strong results in terms of methodological triangulation. As the survey variables were
measured on a Likert scale, their normalities were checked using the Shapiro-Wilk test, and a diagnostic

check was also conducted as part of applying the OLS regression analysis.

The first method applied to test /17 was OLS regression analysis. Regression is a way of predicting an

outcome variable (dependent variable) from one or several predictor variables (independent variables) in a

relationship (Field, 2009). The relationship in H7 is a simple regression because it has only one predictor
variable as well as one outcome variable (Field, 2009) as shown in Figure 1. The survey instrument

includes seven team-level control variables relating to the demographic information of the responding
teams and their working environment in GCEPs (see Figure 1). These variables represent the complexity
and the nature of the work environment in GCEPs. Although there were no direct influences identified
in the literature, these control variables were included in the analysis due to their possible confounding
effects on the hypothesized relationship. This predictor model is fitted with data in the regression and
the method of least square is used to establish the line that best describes the data collected; the regression

coeflicient is its gradient (Field, 2009). The regression coefficient is used to assess the relationship where

zero means no relationship whereas a positive or negative relationship depends on the positive or negative
regression coeflicient (Field, 2009; Hair et al., 2010). The method of predictor selection is crucial in the

regression analysis. The most common methods used in research are the hierarchical, forced entry, and

stepwise methods in either forward or backward ways. As the relationship in H7 was at the single level, a
combination of the hierarchical and forced-entry methods was employed. The control variables were forced-
entered (en bloc) as the first step and then the second step involved forced entry of the predictor variable
with the control variables (en bloc) to determine its independent effects on the outcome variable. In OLS
regression analyses, assumptions are made to determine the regression model fit as well as generalizing to

a specific population (Field, 2009). Accordingly, this study made four assumptions suggested by Hair et al.

(2010). They were the linearity of the phenomenon measured, homoscedasticity, independence of the error
terms, and normality of the error term distribution. To assess the violation of the assumptions, researchers
carry out some diagnostic checks to test how well or badly the regression model fits with the data (Field,
2009). As suggested by Hair et al. (2010), this study ran several diagnostic checks. The first was the plot

of the residuals that represents the difference between the predicted and observed values for the outcome
variable. The second was the scatter plot. These plots could be used to assess the violation of the assumptions
of linearity and homoscedasticity. The third diagnostic test was the Durbin—Watson test to test the
correlation between errors; the test statistics could vary between 0 and 4, with a value of 2 meaning that the

residuals were uncorrelated (Field, 2009). The fourth diagnostic test was the histogram plot of the residuals
that were visually checked for normal distribution (Hair et al., 2010) because the data were collected using

a five-point Likert scale. Moreover, the F-ratio is the ratio of the average variability in the data that a given
model can use to explain the average variability unexplained by the same model, and a good model should
have an F-ratio greater than at least 1 (Field, 2009). This rule was adopted as the fifth diagnostic test to

assess the fit of the model considered to test the hypothesis. If all diagnostic checks are satisfactory, the

goodness of the fit of the regression model will be ascertained.

'The second method applied for testing 717 was Spearman correlation analysis. This is a non-parametric
test commonly used in quantitative research and a distribution free test that does not require assumptions

about the underlying population or the distribution of data. The Spearman’s correlation coefficient
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determines a simple linear relationship between two variables and measures without dimensions (Al-
Hameed, 2022).

Results

SURVEY RESPONDENTS

'The survey was conducted among team members in GCEPs, and a total of 165 responses were received
from 64 teams. However, the final sample after completing data preparation and validation checks
(discussed below) included 163 respondents for the EFA and 52 teams for the OLS regression and
Spearman correlation analyses. The final sample consisted of 79% males and 21% females; 87% in the age
range of 30-60 years; 94% with the education of a degree or above; 33% from the UK, 18% from Europe,
and 33% from Asian countries; 84% at managerial level or above; 78% with more than 5 years of global

project experience; and 56% from projects over USD 50 million.

STAGE 1 DATA ANALYSIS

As the first step in Stage 1 for data preparation, missing data analysis was conducted. Initially, the responses
were checked manually and one response was dropped due to missing some key information. Thereafter, the

Missing Value Analysis option in SPSS was conducted (cf. Hair et al., 2010). The purpose was to determine

whether the remaining pattern of missing data after deleting the cases was missing completely at random
(MCAR). It was 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 = 9,296, Sig. = 1.000). The

remaining sample after these data preparation actions was 163 responses.

‘Thereafter, the EFA was conducted using PCA with Varimax rotation in the IBM SPSS software. The
KMO measures of sampling adequacy for collective sensemaking and team resilience were 0.882 and 0.911,
respectively, and, thus, the selected sample fulfilled the threshold of 0.5 (Field, 2009). Scree plots that show
the fulfilled results of PCA for both collective sensemaking and team resilience are shown in Figures 2 and

3, respectively. All item scales were loaded meaningfully and the variables/items that had not been loaded
properly were dropped. The communalities of EFA results are shown in Tables 1 and 2 for collective
sensemaking and team resilience, respectively. The final survey instruments used for testing /7 after
dropping items according to threshold limits mentioned in the data analyzing strategy consisted of 19- and
36-item scales for collective sensemaking and team resilience, respectively; they show strong Cronbach’s
alphas that are greater than the threshold limit of 0.7 (see Tables 1 and 2).

Next, the aggregation test was conducted. The results indicated that both mean and median of team-level
rWG(]) for the full sample were above 0.8 and satisfied the validation threshold limit of 0.7 (cf. Harvey and
Hollander, 2004). However, responses from one team were dropped during this analysis because the results
did not fulfill the validation check. In order to test the validity of data further, bivariate correlations among

the team-level variables were also tested. None of the correlations among the variables was outside the
adopted threshold range of 0.3 to 0.9 (Field, 2009). Overall, data from the sample fulfilled the requirement
for testing the hypothesis.

STAGE 2 DATA ANALYSIS

'The first method applied to test the hypothesis in stage 2 was the OLS regression analysis in the IBM
SPSS software. Before conducting the OLS regression, the normality was checked. Although the dependent
variable was measured as non-parametric using a Likert scale, its normality check using the Shapiro-Wilk

test had shown that the construct was normal, giving a p-value of 0.239 (>0.05). The construct was measured
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Figure 2.  PCA scree plot of collective sensemaking

Table 1. EFA results of collective sensemaking
Team members conduct frequent informal communications at lunch or after 0.713
work
Team members conduct frequent formal communications through team 0.759
meetings
Our team systematically acquires external technological and industry 0.646
information
Our team consults regularly with outside experts 0.511
Team has the ability to collect information about relevant public than clients/ 0.723

competitors

Team has the ability of collecting information from external experts such as 0.811
consultants

Information collected is coded and sorted to be understood easily by team 0.632
members

Team members have a shared vision of the project 0.753
Team members educate each other during the project 0.604
Cost, time, and schedule information is organized in meaningful ways 0.531
Technical information is summarized to reduce complexity 0.502
Cost, time, and schedule information is summarized to reduce its complexity 0.590
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Team has a shared understanding of the project users 0.521
Team lets clients inspect prototypes/work in progress before the project is 0.530
completed
Team finishes the design of the project only after taking feedback from the 0.552
client
Team conducts systematic benchmarking 0.625
Team has the ability of continuously collecting information from clients 0.686
Team has the ability of continuously collecting information about competitors 0.712
Team has the ability of continuously re-examining information in previous 0.546
projects
Item scale’s Cronbach’s alpha 0.740
Table 2. EFA results of team resilience
Team monitors own personal readiness to meet upcoming challenges 0.709

anticipated/unanticipated

Team members communicate with one another so that team members know 0.804
each other’s current capacity level

Team maintains awareness of the team'’s overall readiness and 0.753
vulnerabilities

Team addresses known vulnerabilities 0.774
Team quickly and honestly assesses, communicates, and responds to 0.878
challenges

Team huddles as a team to diagnose unexpected challenges/stressors and 0.724

consciously generates alternative approaches/solutions

Team ensures that all team members know when the team is moving from 0.726
normal to emergency mode

Team quickly identifies what is not working in managing a challenging 0.824
situation and makes real-time adjustments

Team identifies any long-standing stresses that cannot be avoided, and 0.766
establishes plans for managing them as best as possible

Team clarifies whether and how the team situation has changed 0.823

Team does a quick post-event pulse check to identify where the team may 0.721
need to recover

Team monitors individual team members for signs of post-event stresses 0.787
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Team works through friction points that may have emerged between team 0.807

members as a result of the stressful experience

Team re-establishes relationships with those outside the team that might 0.790
have been strained by the challenge

Team communicates appreciation for helpful actions taken by team 0.817
members during a stressful event

Team members thank people outside the team for their help and support 0.617
Team ensures that all team members are comfortable speaking when they 0.624
need help

Team members promptly ask for and seeks assistance 0.587
Team provides timely ongoing status updates to team members as a 0.725

challenging situation develops

Team reduces stresses and addresses threats by using standard operating 0.669
procedures and known solutions

Team continues constructive routines in the face of stress 0.624
Team defers to team members with the most relevant expertise and 0.621
experience

Team conducts a team debrief to identify lessons learned and how they want 0.704

to work together going forward

Team confirms follow-up actions and responsibilities to address resource or 0.763
health concerns and ensure ongoing viability

Team helps individual team members who are adversely affected by the 0.689
challenging event or stresses

Team makes adjustments to processes, procedures, resources, etc., so we 0.534
feel prepared to handle future challenges

Team understands any near-term pending challenges that are likely to 0.612
stress the team

Team identifies the types of situations with which the team would have 0.730
difficulty coping, and how best to prepare for them

Team conducts what-if discussions to clarify how to handle likely and/or 0.776
critical challenges

Team anticipates likely potential risks to cohesion or performance 0.809

Team identifies ways the team could avoid being surprised by a sudden 0.780
demand/crisis

Team members voice early alerts of potential problems 0.713

Team ensures that warnings about potential problems are not dismissed 0.653
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Table 2. continued

Team prepares team members to recognize the signs of a potential 0.724
challenge/problem

Team identifies and documents back-up responsibilities that team members 0.705
can enact when needed

Team establishes a process for assessing and communicating the nature and 0.767
potential impact of a developing situation/challenge

Item scale’s Cronbach’s alpha 0.906
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Figure 3.  PCA scree plot of team resilience

using an item scale of 40, and the calculated mean values with two decimal places were used for the analysis;

thus, the normality check was fulfilled.

Thereafter, the OLS regression analysis in SPSS was performed. All control variables (en bloc) were
run at the beginning (Model 1; Table 3). None of the control variables indicated either significant positive
or negative relationships with team resilience (see Table 3). However, a reasonable positive relationship

was shown between cumulative teamwork duration and team resilience (8 = 0.21, p < 0.1), but it was not
significant. Thereafter, at the second step, collective sensemaking and all control variables (en bloc) were run
together (Model 2; Table 3). A positive and significant relationship between collective sensemaking and
team resilience was found (8 = 0.59, p < 0.01). As diagnostic checks, Figures 4 and 5 show the satisfactory
residual plot and the scatter plot. They were used to assess the violation of the assumptions relating to
linearity and homoscedasticity. The Durbin-Watson test that was used to test the correlation between errors
was also satisfactory, showing the value of 2.52 that is between the accepted levels of 0 to 4 (Field, 2009).
Although the normality check was carried out before running OLS regression, the histogram plot was also

checked (see Figure 6) and the normal distribution was re-confirmed (cf. Hair et al., 2010). The average

variability check F-ratio had also shown a satisfactory result of 3.64 that was greater than the minimum
threshold of 1 (Field, 2009). The regression coeflicient and all diagnostic checks are satisfactory; thus,
H1 is supported. The second test, Spearman correlation analysis, also supported this hypothesis, giving a

positive and significant relationship at the 0.01 level (two-tailed), resulting in a Spearman’s rank correlation
coefficient of 0.561 at <0.001 significance (two-tailed), as shown in Table 4. Thus, /7 is confirmed

empirically.
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Figure 5.  Scatter plot of regression analysis

Discussion of findings

'The main finding in this study is the confirmation of the hypothesized relationship (777) between collective
sensemaking and team resilience for the GCEP team context, giving credibility to the authors who
provided noteworthy evidence in the literature to postulate this hypothesis (e.g., Weick, 1993; Castka, et al.
2001; Boreham, 2004; Ionescu et al., 2009; Alliger et al., 2015; Talat and Riaz, 2020; Fisher, LeNoble and
Vanhove, 2023; Murphy and Devine, 2023; Varanasi et al., 2023). This means that team resilience can be
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Figure 6.  Histogram of team resilience

Table 3. Results of OLS regression analysis

Model 1 Model 2

Number of team functions 0.04 0.04
Team size 0.04 0.04

Number of virtual-working countries —0.08 —-0.08
Cumulative teamwork duration 0.21* 0.21t
Project environment nature 0.03 0.03
Physical project location 0.05 0.05
Project value 0.01 0.01

Collective sensemaking - o9 **

R? 0.07 0.40

AR? 0.07 0.40
F change 0.49 3.64**
Durban-Watson test 2.26 2.52
ANOVA (F) 0.49 3.64**

Adjusted R? -0.08 0.29

Variance of individual predictor variable 0.07 0.33

*p < 0.05; **p < 0.01; ***p < 0.001; and 'p < 0.10

enabled through collective sensemaking in GCEP team settings regardless of whether team members are
virtually dispersed across different locations and countries so that they do not have face-to-face interactions.

'This confirms that collective sensemaking is needed for them to know what is going on in their project
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Table 4. Results of Spearman correlation analysis
Team resilience Collective
N LEN sensemaking mean
Team resilience Correlation coefficient 1.000 0.561**
mean Sig. (two-tailed) <0.001
N 52 52
Collective Correlation coefficient 0.561** 1.000
sensemaking Sig. (two-tailed) <0.001
mean
N 52 52

**Correlation is significant at the 0.01 level (two-tailed).

environment and to take preventive or corrective actions immediately when they face or are going to face
problematic situations such as calamities. The findings highlight the importance of creating collective
sensemaking in GCEP settings to know what is going on to become vulnerable and resilient against
calamities in order to prevent disasters like the Mann Gulch event described by Weick (1993).

The findings also confirm two survey instruments for the GCEP context. Collective sensemaking
was confirmed with 19-item scales giving credibility to the authors who initially developed the survey
instrument (Moorman, 1995; Bogner and Barr, 2000; Lynn, Reilly and Akgtin, 2000; Akgtin et al., 2006;
Neill, McKee and Rose, 2007; Chang and Cho 2008; Park, Lim and Philip, 2009; Akgiin et al., 2012).
Similarly, acknowledging the original contribution of Alliger et al. (2015), the team resilience was confirmed

with 36-item scales. Confirming these item scales will be helpful not only for future researchers to use in

their studies but also for the teams in GCEPs to understand the important aspects to prioritize in their
projects. Because of the volatile nature in the GECPs, knowing these aspects is helpful for them to apply
appropriate preventive or corrective team-performance practices to face these challenges. For example, they
may be able to use an integrated software to communicate instant warning messages on calamities to all
virtually dispersed team members. However, revealing how these teams create collective sensemaking to

manage calamities is not within the scope of this paper, and this is to be explored in a future study.

Conclusions

This paper concluded the positive and significant relationship between collective sensemaking and team
resilience in the GCEP team settings, and achieved the aim and the objective. This conclusion was made
empirically confirming /7 that was postulated drawing from the literature. This conclusion confirms

that the teams in GCEP settings need to create collective sensemaking to enable team resilience against
calamities regardless of the fact that team members work virtually and remotely, residing in different
locations and countries without having face-to-face interactions. This conclusion was extended by
confirming the survey instruments of collective sensemaking and team resilience with 19- and 36-item
scales, respectively, for the GCEP context. This may help these teams to identify what aspects are to be
prioritized for becoming resilient through collective sensemaking, but revealing these practices has not been

addressed in this paper.

Concluding this relationship represents a significant contribution because the findings provide several
crucial implications to the GCEP sector. Although a holistic approach focusing on every construct to enable
team resilience in this context was not the focus of this paper, the empirically validated and confirmed
relationship highlights an important aspect to be focused on (i.e., collective sensemaking). This finding
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provides clear evidence and much needed clarity on the importance of applying best practice in creating
collective sensemaking in these project settings to become resilient against calamities. This is important

because these team members work permanently in virtual team settings.

'The originality of this finding is noteworthy and is one of the first research attempts to confirm the
relationship between collective sensemaking and team resilience in GCEP team setting. This finding is
a significant theoretical contribution as well as an original contribution to the body of knowledge in the
construction management research domain; therefore, evidence for the confirmed relationship is no longer
anecdotal. This paper also contributes to the knowledge in terms of methodological standpoint through the
identification and validation of two item scales for measuring collective sensemaking and team resilience
in GCEP team settings. Future studies can employ these survey instruments. This paper, thus, advocates

coherent theories in the construction management research domain.

This research had two limitations. The first was due to the difficulty in the sampling of GCEPs because
no information was available in a single place. Therefore, extra care was taken to distribute the survey among
teams in GECPs across the world, although teams were found with the help of international contacts,
professional bodies, and global collaborative organizations. The second limitation was the scope of this
paper, which only revealed the relationship between collective sensemaking and team resilience in the
GCEDP team settings. Therefore, a recommendation is made to reveal how collective sensemaking is created
to become resilient against calamities in the GCEP team settings in a future study.
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