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Literature on Shared Mental Models (SMMs) has been burgeoning in recent years
and this has provided increasingly detailed insight and evidence into the importance
of SMMs within specific contexts. However, because past research predominantly
focused on SMM structure as measured by diverse, context-dependent measures, a
consolidated multi-dimensional measure of perceived SMMs that can be used across
diverse team contexts is currently lacking. Furthermore, different conceptualizations
of the dimensionality of SMMs exist, which further impedes the comparison between
studies. These key limitations might hinder future development in the SMM literature.
We argue that the field of SMMs has now matured enough that it is possible to
take a deductive approach and evaluate the prior studies in order to refine the key
SMMs dimensions, operationalizations, and measurement. Hence, we take a three-
stage approach to consolidate existing literature scale-based measures of SMMs, using
four samples. Ultimately, this leads to a 20-item five-dimensional scale (i.e., equipment,
execution, interaction, composition, and temporal SMMs) – the Five Factor Perceived
Shared Mental Model Scale (5-PSMMS). Our scale provides scholars with a tool which
enables the measurement, and comparison, of SMMs across diverse team contexts. It
offers practitioners the option to more straightforwardly assess perceived SMMs in their
teams, allowing the identification of challenges in their teams and facilitating the design
of appropriate interventions.

Keywords: perceived mental models, deductive scale development, team cognition, shared mental models,
teams

INTRODUCTION

Effective teamwork is critically important to address the challenges teams face in the course of
their work across a wide variety of settings, especially in today’s competitive, demanding, and/or
changing work environments (e.g., Kozlowski and Bell, 2013; Mathieu et al., 2019). To effectively
face those challenges and perform their tasks, team members have to develop shared mental models
(SMMs) – a shared understanding of knowledge among team members relating to important
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aspects in a team environment (Klimoski and Mohammed,
1994; Mohammed et al., 2010). SMMs are valuable to team
members as they reduce uncertainty, lower misunderstandings
and conflict, improve coordination and adaptation, and by such
means increase effective team functioning (e.g., Cannon-Bowers
et al., 1993; Santos et al., 2016; Uitdewilligen et al., 2018).
Consequently, SMMs have been shown to be important in the
past in many diverse settings and, given the expected challenging
(business) world in the years ahead, are likely to remain so in the
future (e.g., Mesmer-Magnus et al., 2017; Mohammed et al., 2017;
Kniffin et al., 2021).

A thorough scientific understanding of SMMs is thus essential
and SMM research has advanced over the years, however, we
argue that there are two challenges that need to be resolved
in order to drive the SMM field forward. Firstly, a perceived
SMM scale to assess and study SMM perceptions in a systematic,
consistent, and methodical way across a wide range of contexts
is needed. Secondly, to achieve such a scale and work toward a
more coherent body of knowledge, the varied conceptualization
and underlying dimensions of SMMs need to be consolidated.

To elaborate on the first challenge, SMMs are conceptualized
as having both a structural and perceptual component (e.g.,
Mohammed et al., 2010; Marhefka et al., 2018, 2020). While
structure refers to the actual SMM, i.e., existing representations of
knowledge held by and shared among team members, perception
refers to the awareness of a shared understanding among team
members (Mohammed et al., 2010; Marhefka et al., 2020).
Researchers have argued that the perception that team members
are on the same page is one of the components of a SMM
(Klimoski and Mohammed, 1994; Marhefka et al., 2020) and that
when team members perceive they have a similar understanding,
there is not only a possession of knowledge across individuals
but the collective awareness thereof (Burtscher and Oostlander,
2019). Ignorance to the existence of SMMs may imply that
teams are unable to leverage their SMMs in working toward
collective goals (Rentsch et al., 2009). Despite the importance
of analyzing the perception of SMM, research has mainly
focused on SMM structure. Much of the literature on SMM
structure has been informed by a variety of, often idiosyncratic,
measurement approaches that are laborious, time-consuming,
and often difficult to apply, as SMMs can be context-specific
(Mohammed et al., 2000, 2010; DeChurch and Mesmer-Magnus,
2010a). Mohammed et al. (2000) already observed that the
measurement of SMM structure was often inconsistent. Although
measurement of SMM structure has become more standardized
over the last years, it remains divergent, and context-dependent
results are difficult to compare across diverse teams (DeChurch
and Mesmer-Magnus, 2010a), leading scholars to suggest that
more research is needed on the nature and relevance of general
and perceived SMMs (e.g., Mohammed et al., 2010; Marhefka
et al., 2018, 2020).

A key factor for such research is the existence of a valid
and reliable measure that assesses the perceptions of SMMs in
such a way that they fit to a wide range of tasks, teams, and
organizational contexts. A general SMM scale would provide a
solid anchor to study SMMs in a systematic, consistent, and
methodical way across a wide range of contexts and across a

much larger spectrum than is feasible with more time-consuming
methods. This would furthermore enable SMM structure to be
compared to perceived SMM as these different representations
of SMMs can have different outcomes in teams (Marhefka
et al., 2020). The importance of a perceived SMM scale can
also be seen in the fact that there have been a few prior
attempts to create or use such a scale (e.g., Levesque et al.,
2001; Santos et al., 2015b; Marhefka et al., 2018), but only
two such measures were developed and validated following
scale development criteria (i.e., Millward and Jeffries, 2001;
Johnson et al., 2007). Previous perceived SMM scales faced their
own limitations: some combined different dimensions under
one factor (e.g., Ellwart et al., 2014; Santos et al., 2015b),
did not focus on team members’ cognitive representation of
knowledge (e.g., Johnson et al., 2007), or focused only on a few
SMMs dimensions (e.g., Millward and Jeffries, 2001; Hsu et al.,
2011; Marhefka et al., 2018). Subsequently, a large number of
measurement items that are often divergent in content factor
structure exist across numerous scales, further convoluting the
study of perceived SMMs. To overcome this, a general SMM scale
which captures the key theoretical SMM dimensions occurring in
the literature is needed.

This brings us to the second issue in the literature, namely
the varying perspectives on the dimensional structure of
SMMs (Mohammed et al., 2000, 2010, 2021). Mohammed
et al. (2021) indicate definitional ambiguity as a limitation
in the study of team cognition, including SMMs. Existing
theoretical and empirical work offers conflicting ideas regarding
the key content dimensions of SMMs. For example, different
scholars focus on one or more of the following domains:
equipment, task, team interaction, and team (Cannon-Bowers
et al., 1993). Others have summarized these in two overarching
dimensions of task (merging equipment and task) and team
(merging team interaction and team) mental models (e.g.,
Mathieu et al., 2000). More recently, the conceptualization of
SMMs has been expanded to include the temporal domain —
a shared understanding of time and other temporal factors
which are relevant to the team’s environment (e.g., Mohammed
et al., 2015; Santos et al., 2015a). Scholars have observed
that it is currently not clear how this dimension relates
to the other content domains (Mohammed et al., 2012,
2015). Synthesizing the dimensional structure of SMMs is
critical because differences may exist in team members’
representations of each mental model dimension, separate
dimensions may be differentially relevant in different contexts,
and different dimensions may differently influence various
outcomes. Hence, the way in which prior research has
theorized and subsequently measured SMMs has differed
substantially, and to move forward the dimensionality should
be clarified so that future scholars can make more informed
theoretical decisions and allow their research to become
more comparable.

Addressing these two issues in the contemporary SMM
literature is the key goal of the current research. First
we will explicitly discuss and theoretically ground the five
SMM dimensions. Second if needed, we will refine these
conceptualizations of SMMs in order to build a strong
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overarching theoretical and conceptual framework. Based on
that, we then, thirdly, inventory, consolidate, and validate the
existing items in the literature into the new Five-Factor Perceived
Shared Mental Model Scale (5-PSMMS). This creates a new
measure of perceptions of SMMs, which can be applied to teams
independent of context. We follow a deductive scale development
approach (Hinkin, 1998; DeVellis, 2016), as the current SMM
literature is rich in the number and variety of items used, yet
lacks an overview and consolidation of these efforts. Based on
Hinkin (1998), our approach comprises six steps, namely (1) item
inventory, (2) content validity assessment, (3) item reduction,
(4) factor structure evaluation, (5) construct validity assessment,
and – ultimately – (6) data aggregation assessment to assess the
team level properties of our scale with the goal of creating a
validated, reliable measure of perceived SMMs.

BACKGROUND AND THEORY OF
SHARED MENTAL MODELS

Shared mental models refer to an emergent state – a cognitive
construct which is “dynamic in nature and varies as a function
of team context, inputs, processes, and outcomes” (Marks et al.,
2001, p. 357). As an emergent state, SMMs reciprocally influence
not only team outcomes, but also team processes (i.e., team
members’ actions that involve interaction with one other and
their task environment to translate inputs into outcomes; Marks
et al., 2001). Research has shown that when teams develop SMMs,
team members organize information and establish response
patterns that help them to adapt their behaviors to changes in
their environment, and effectively coordinate and perform their
work (e.g., Uitdewilligen et al., 2013, 2018, 2021; Santos et al.,
2021). Thus, to effectively accomplish their tasks, we argue that
it is critical that team members are “on the same page” on which
tools or equipment to use, what tasks to perform, with whom they
need to interact and coordinate and how to do so, and when the
work has to be accomplished (e.g., Cannon-Bowers et al., 1993;
Mohammed et al., 2010, 2017).

Overview of the Current Measurement of
Shared Mental Models
As highlighted above, SMMs are assessed through a wide range
of different methodological approaches, yet they are similar in
their aim to reveal “the degree of convergence among team
members with regard to the content of known elements and
the relationships between elements” (Mohammed et al., 2000,
p. 129). Researchers study SMMs using different techniques, such
as paired comparison ratings (or similarity ratings), rating scales,
card sorting, concept mapping, cognitive mapping and content
analysis (Mohammed et al., 2000, 2010; DeChurch and Mesmer-
Magnus, 2010a). According to Mohammed et al. (2021, p. 480),
the measurement of team cognition, and therefore of SMMs, “has
been marked by fragmentation,” as can be seen in the numerous
measurement approaches and adaptations made to them. In the
following sections we elaborate on the most widely used measures
of structure and perceptions of SMMs, including their advantages
and disadvantages.

Measures of Shared Mental Model Structure
Paired Comparison Ratings (or Similarity Ratings)
In paired comparison ratings, participants are presented with a
matrix in which concepts related to their tasks are listed along one
side and the top, or with a list of pairs of brief statements related
to their tasks. These concepts or statements are derived from a
detailed task analysis (Mohammed et al., 2010). Participants are
asked to evaluate the relationship between each pair of concepts
or statements on a numerical (scale format) rating [e.g., “-4
(negatively related, a high degree of one requires a low degree of
the other) to 4 (positively related, a high degree of one requires a
high degree of the other)”] (Mathieu et al., 2000, p. 277). Examples
can be found in Mathieu et al. (2000) and Lim and Klein (2006).

Card Sorting
In card sorting, the researchers provide participants with cards
that contain critical incidents. Participants are typically asked to
sort these cards into categories (piles) that they find meaningful.
Categorizations in this format are subsequently scored and
aggregated to form mean team scores for comparison and rating
(Mohammed et al., 2010). Examples can be found in Smith-
Jentsch et al. (2001, 2008).

Concept Mapping
In concept mapping, participants are presented with concepts
or statements that they need to arrange in a hierarchical order
(Mohammed et al., 2010), or that they need to select and use
to build a concept map (e.g., Uitdewilligen et al., 2021). The
concepts are typically predetermined and developed based on
a detailed task analysis. Examples can be found in Marks et al.
(2000) and Uitdewilligen et al. (2021).

Cognitive Mapping
In cognitive mapping, participants present their mental model
content without using pre-established concepts, statements, or
categories (Mohammed et al., 2010). Instead, written or verbal
statements from interactions between team members are coded
and organized in a manner which illustrates concepts and
the relationships between them (e.g., Waller et al., 2004). The
concepts are therefore derived from unstructured participant
data and compared between team members to develop a picture
of the SMM. Examples can be found in Carley (1997) and Van
den Bossche et al. (2011).

Measures of Shared Mental Model Perception
Rating Scales
In rating scales, participants are provided with a series of
statements and asked to respond to them using a fixed response
format – e.g., from 1 = strongly disagree to 7 = strongly agree. Items
can be worded according to task-related concepts (e.g., Marhefka
et al., 2020) but are not necessarily informed by task analyses
and can be predetermined based on the theoretical content of
SMMs (e.g., Santos et al., 2015b). These measures are aggregated
from individual perceptions of mental models to the team level.
Examples can be found in Johnson et al. (2007) and Santos et al.
(2015b).
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Comparing Measures of Structure and
Measures of Perception
A variety of measures of SMMs exists, each with its own
unique strengths, but also its problems and limitations. As
such, we discuss the advantages and disadvantages related to
measures of structure and measures of perceptions of SMMs in
the sections below.

Measures of Shared Mental Model Structure
Advantages
Measures of SMM structure are typically related to a specific task
and based on rigorous task analyses, and hence contain specific,
in-depth, task-related information. As they are based on task
analyses, these measures enable the assessment of SMM similarity
(i.e., the degree to which mental models are compatible among
team members) and SMM accuracy (i.e., the degree to which
mental models correctly represent the team task when compared
with a subject matter expert, SME; Edwards et al., 2006). Concept
mapping and cognitive mapping have advantages over, for
instance, paired comparison ratings. Concept mapping allows
participants to create and visualize a concept map and assess
the relationship between the main concepts, and hence SMMs
reflect procedural or sequential task elements. Cognitive mapping
allows participants to determine the content for inclusion in the
SMM and researcher influence is therefore limited (DeChurch
and Mesmer-Magnus, 2010a; Mohammed et al., 2010).

Disadvantages
These measures often differ in the manner and extent to which
they assess the structure of SMMs. Representations of mental
models across similar teams can therefore differ due to the
measure being applied, rather than actual structural differences.
This problem is further exacerbated when studying diverse teams
that do not share tasks or outcomes, or are dissimilar in terms of
team context, such as task interdependence, task complexity, or
structure (Kozlowski and Bell, 2013). These techniques are often
context-dependent, as they have to be informed by a rigorous
and detailed task analysis to identify the concepts or statements
that are relevant to a particular team in a particular organization
(Mohammed et al., 2010). While this enables the measurement
of task-specific content inherent to the team’s SMM, it presents
practical difficulties in studying teams in the field as it is a difficult,
complex, time-, and resource-consuming task (Mohammed and
Hamilton, 2012). There are critical limitations of such custom-
made measures, namely that data collection “is time-consuming,
is labor intensive, takes longer to analyze (and thus do not
render ready feedback for constituencies in the field)” (DeChurch
and Mesmer-Magnus, 2010a, p. 10) and results are difficult to
compare and integrate across a range of settings.

Measures of Shared Mental Model Perception
Advantages
Measures of SMM perception provide researchers and
practitioners with insight on the awareness of team members of
the existence of SMMs, without which they would arguably be
unable to capitalize on these models in working toward team
goals (Marhefka et al., 2020). Measures of SMM perception

require less time and effort from researchers to use in their
questionnaires and are easier for participants to assess and can
therefore be used with relative ease (DeChurch and Mesmer-
Magnus, 2010a; Mohammed et al., 2010). Analyses of perception
measures are also simpler to execute and compare within and
across samples than conducting content analyses on team
interactions or participant-driven representations of SMMs (as
is the case in cognitive maps, for example). Participants can
complete measures of perceived SMMs within a few minutes,
given the relative simplicity of completing questionnaires. These
measures are not dependent on tasks and task analyses and the
generic item content can be applied in any team context where
people work together toward a shared goal. The influence of
researchers is limited because the SMM content and dimensions
are defined in a manner that can be applied to teams in general
and they are therefore free from qualitative interpretations by the
researcher (Mohammed et al., 2010). In addition, measures of
perception enable replication across a broad spectrum of teams
and over time. The comparison between different teams is not
reliant on task analyses and therefore simple to code and analyze
while completing a series of questionnaires spread over a specific
time is easy to coordinate.

Disadvantages
The main disadvantage of measures of SMM perceptions is
that the nature of rating scales is such that items are not
directly compared to one another by the participant and hence
offers no indication of the structure of the individual’s mental
model. Measures of SMM perceptions may yield false indications
of sharedness among team members in cases where these
perceptions are inaccurate (Marhefka et al., 2020). As such, it is
important to select and prepare respondents well and check the
data for outliers and inconsistencies.

The Need for a Measure of Shared
Mental Model Perceptions
Thus, the context dependency typically inherent in measures
of SMM structure implies that different teams are likely to
develop divergent SMM representations, which are difficult to
compare. Currently, no measure offers the potential of comparing
actual or perceived SMMs across different teams in a manner
that reflects its full factor structure. The lack of a validated
and generalizable scale complicates the study and comparison
of SMMs across different functions as well as the comparison
between the structure and perceptions of SMMs. To overcome
this difficulty, it is crucial to have a measure that assesses the
perceptions of SMMs that can be completed by team members
from various teams and organizational contexts.

Although several scales with many measurement items exist,
none of these reflect all the contemporary dimensions of SMMs.
The perceptions of SMMs warrant their own measurement
as was already acknowledged by Klimoski and Mohammed
(1994) when they suggested that SMMs are in part a reflection
of team members’ perceptions of their knowledge structures.
The awareness of the existence of SMMs is important in
capitalizing on shared resources in the team as members may
possess consensus regarding their organized understanding and
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representations of knowledge but be ignorant of this fact
(Rentsch et al., 2009). Marhefka et al. (2020) support the notion
that perceptions of SMMs are an important aspect of their
manifestation in teams and found that perceived SMMs and
actual SMMs (i.e., structured representations of the SMM and
its content) had different, but complementary team outcomes:
perceived SMMs were associated with greater team viability
and actual SMMs with greater performance. The benefits of
a perceived SMM scale are twofold. First, it relates to an
important issue in the SMM literature, namely the relevance
of perceptions of SMMs given their implications for team
outcomes and the ability of teams to take action based on their
actual mental models. Second, such a scale would be simple to
implement, analyze, and compare, hence offering insights into
perceptions of SMMs not only within specific teams, but also
across different teams. It can be distributed to multiple teams,
completed without direct observation, and its results are readily
interpretable through simple statistical analyses. Naturally, the
perceived scale can also be used in comparison, or conjunction,
with assessments of actual SMMs. Such a perceived scale would
also ease the burden of studying SMMs over time and in dynamic
and changing circumstances, given the ease with which it can
be distributed and findings can be generalized. Yet, in order to
build such a perceived scale, it is vital to adequately capture the
dimensionality of SMMs.

Clarification of the Dimensions of Shared
Mental Models
In their foundational conceptualization of SMMs, Cannon-
Bowers et al. (1993) identified four different dimensions, namely
equipment (i.e., tools and equipment teams use in performing
their work), task (i.e., the nature of the tasks teams are required
to perform), team interaction (i.e., the way in which teams
are structured and team members interact with each other),
and team (i.e., the attributes and knowledge team members
possess). Cannon-Bowers et al. (1993) illustrate four discrepant
(yet related) factors underlying SMMs in teams that inform
the team’s core understanding of their function and operation.
Drawing on the idea that teams need to perform activities related
to the task, and work well together as a team, Mathieu et al.
(2000) merged these four dimensions into two: the task (reflecting
the equipment and task dimensions) and the team (reflecting
the team interaction and team dimensions). The task and team
domains are commonly used in literature (Mesmer-Magnus et al.,
2017) and, while these domains are effective at describing broad
features of a team to which the underlying factors may relate, it is
difficult to reconcile that the four factors of Cannon-Bowers et al.
(1993) can be paired off into single factors, for instance, that the
notion of how members should communicate with one another
(interaction) forms part of the same construct as the location
of particular expertise in the team (team). The aforementioned
factors are likely related, but describe discrepant features of the
team’s environment. Although past research has most commonly
focused on task and/or team mental models (e.g., Mathieu et al.,
2005; Lim and Klein, 2006), this dimensional structure has
often not been explicitly theorized, nor tested, and has largely

remained an (implicit) assumption. It is therefore critical to
consider the four dimensions of SMMs and their unique aspects
in order to clarify the nature of the knowledge that is shared
among team members.

Although this four-dimensional view captures most of the
prior work on SMMs, it does not yet incorporate a key recent
development, namely the increasing theoretical and empirical
insight that time is a crucial element of a team’s relevant
environment (e.g., Roe, 2008; Mohammed and Harrison, 2013).
This realization has recently led to the conceptualization of
temporal mental models (Mohammed et al., 2015; Santos
et al., 2015a). Temporal mental models reflect team members’
shared understanding about how tasks and task components
should be sequenced, the pace at which activities in the
team need to be completed, and the deadlines and time-
related milestones relevant to task accomplishment (Mohammed
et al., 2015; Santos et al., 2015a). The research indicates that
teams that develop temporal mental models achieve high team
performance (Mohammed et al., 2015; Santos et al., 2015a;
Marhefka et al., 2018). However, the temporal dimension has
not yet been subjected to the same degree of scrutiny as
the other four dimensions of SMMs, leaving it vulnerable
to (implicit) assumptions about its uniqueness as well as its
interrelatedness.

Therefore, a systematic analysis of the existing literature
is needed to understand how the dimensions of SMMs can
be coherently operationalized and related to one another. We
synthesize the full four-factor model of SMMs as originally
developed (Cannon-Bowers et al., 1993) with the recently
introduced temporal dimension (Mohammed et al., 2015) to
conceptualize SMMs as comprising five unique dimensions (as
presented in Table 1) representing the most complete, generally
applicable factor structure as per current literature. While it is
feasible that teams may possess SMMs relating to other aspects
of their environment, these five core dimensions capture team
members’ understanding of which tools or equipment to use, what
tasks to perform, with whom they need to interact and coordinate,
and how to do so, and when the work has to be accomplished.
Due to the interactive effects in team functioning, we expect
these five dimensions to be strongly correlated to one another
as any one dimension can be relevant to one of the remaining
four. As an example, in effectively communicating in a team it is

TABLE 1 | Conceptualization of the five SMMs dimensions.

Dimension Conceptualization

Equipment Shared understanding among team members about equipment,
tools and technology they use in performing their tasks.

Execution Shared understanding among team members about their duties,
work processes and procedures relevant in performing their tasks.

Interaction Shared understanding among team members about the most
appropriate ways and means by which members interact and
communicate with one another.

Composition Shared understanding among team members about members’
knowledge, skills, and abilities.

Temporal Shared understanding among team members about time and other
temporal aspects relating to their environment.
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important to understand both how (i.e., interaction) and when
(temporal) to do so. For the sake of clarity, we slightly rename
the dimensions of Cannon-Bowers et al. (1993) to distinguish
between equipment (e.g., tools and technology), execution (e.g.,
procedures, strategies and contingency plans), interaction (e.g.,
team members’ responsibilities and communication patterns)
and composition (e.g., team members’ preferences, skills, and
habits) mental models, and add to that temporal mental models
(e.g., Santos et al., 2015a).

HYPOTHESES

Dimensionality
Our scale represents five main dimensions of SMMs used in the
literature that capture team members’ understanding about the
equipment, execution, interaction, composition, and temporal
aspects of work. Therefore, it is important to confirm the factor
structure of our measure, in particular because previous measures
have not been developed to represent all these dimensions of
SMMs. Thus, we argue that:

Hypothesis 1: The 5-PSMMS is multidimensional, reflecting
a five-factor model representing equipment, execution,
interaction, composition and temporal mental model
similarity and providing good fit to the data across samples.

Convergent Validity
It is important to distinguish our scale from similar and dissimilar
related constructs within its nomological network, providing
evidence for its construct validity (Hinkin, 1998). We test
convergent, discriminant, nomological, and criterion validity
(Hair et al., 2018). To test for convergent validity, we assess if
there is a positive correlation between our 5-PSMMS with an
existing SMM scale which covers four SMM dimensions with
a single item per dimension, serving as a fair, albeit limited,
measure for assessing general SMMs (Santos et al., 2015b).

Hypothesis 2a: The 5-PSMMS is positively correlated with the
SMM scale of Santos et al. (2015b).

Hypothesis 2b: The 5-PSMMS is more strongly correlated
with the SMM scale of Santos et al. (2015b) than with other
variables in the nomological network.

Discriminant Validity
To test for discriminant validity, we compare the 5-PSMMS
with transactive memory systems (TMS), as both TMS and
SMMs are shared cognitive constructs categorized as emergent
states (DeChurch and Mesmer-Magnus, 2010b). TMS refer to a
cognitive structure regarding team members’ expertise as well as
the shared perception of who knows what (Lewis, 2003; Mesmer-
Magnus et al., 2017). By developing TMS, team members can
locate and access specific knowledge relevant to team functioning
(Lewis, 2003). SMMs are related to TMS and both promote
team performance as team members can draw on SMMs
and TMS to inform their decisions and adapt their behaviors
(e.g., Mesmer-Magnus et al., 2017; Uitdewilligen et al., 2018;

Bachrach et al., 2019). SMMs and TMS are distinct, as SMMs
refer to the knowledge that is shared among team members,
and TMS refer to the location of and access to specialized
knowledge that members possess (Lewis, 2003; Mesmer-Magnus
et al., 2017).

Hypothesis 3: The 5-PSMMS and its dimensions correlate
positively with TMS.

Nomological Validity With Positively
Associated Constructs
To further assess our scale’s validity, we will assess the
nomological network and also compare our scale to five other
constructs, three positively associated with SMMs and, in the
next section, two negatively associated constructs (cf. Paulin
and Griffin, 2017; Thomas and Lucas, 2019). We start with
team learning, which refers to an “ongoing process of reflection
and action, characterized by asking questions, seeking feedback,
experimenting, reflecting on results, and discussing errors or
unexpected outcomes of actions” (Edmondson, 1999, p. 353).
It leads to increased knowledge, skills, and abilities within the
team which facilitate performance. The construction of meaning
and shared understanding that can result from team learning
behaviors have been shown to enable the development of SMMs
(Van den Bossche et al., 2011). Team learning is related to, but
conceptually and empirically different from, SMMs in that it
represents the development process of mental representations
and structures relating to the team environment rather than those
structures themselves.

Next, we assess team reflexivity, a process of overt reflection,
analysis and discussion of teams’ performance and strategies for
improvement in terms of accomplishments and goals (West,
1996; Tesler et al., 2018). Research has shown that team
reflexivity leads to positive team outcomes such as improved
team innovation, performance, and learning (Schippers et al.,
2015). Team members engaging in team reflexivity actively
share information and integrate the product of these discussions
in their shared conceptualization of the structure and content
of their environment, leading to greater similarity in SMMs
(Gurtner et al., 2007; Tesler et al., 2018). Team reflexivity
therefore enables the development of SMMs, but is conceptually
and empirically different from SMMs as it refers to the processing
and interpretation of information within the team, rather than
the shared understanding thereof.

Teams often possess a degree of intrateam interdependence,
where members are reliant on one another to perform their
tasks and achieve their goals, to a greater or lesser extent (Van
der Vegt and Janssen, 2003). Interdependence in teams has also
been shown to influence knowledge sharing and learning (e.g.,
Van der Vegt et al., 2010), which is central to the development
and emergence of SMMs (Staples and Webster, 2008; Van den
Bossche et al., 2011). Maynard and Gilson (2014) propose that
interdependence is related to SMMs, and interacts in yielding
team outcomes. Van der Vegt and Van de Vliert (2005) also
show that interdependence is relevant to perceptions of skill
dissimilarity and can therefore be related a shared understanding
of which team members possess what skills.
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Hypothesis 4: The 5-PSMMS and its dimensions are
positively correlated with (a) team learning, (b) team
reflexivity, and (c) interdependence.

Nomological Validity With Negatively
Associated Constructs
We also assess factors that have been theoretically and empirically
negatively associated with SMMs, namely team cognitive
diversity and intrateam conflict. Individual and task-related
differences between team members can influence their perception
of one another, but also have the potential to affect how they
develop a shared understanding of important aspects of their
work (Lim and Klein, 2006; Mohammed et al., 2010). Team
cognitive diversity is the extent of interpersonal differences
between team members in terms of their knowledge, skills,
values, assumptions, and beliefs (Van der Vegt and Janssen,
2003; Schilpzand, 2010). Different members may possess unique
knowledge or interpretations regarding their environment (e.g.,
Martins et al., 2013). This heterogeneity could lead to conflicting
individual representations of mental models, as was shown
by Schilpzand (2010), hence team cognitive diversity can be
expected to be negatively related to SMMs.

Conflict is a dysfunctional team process that can adversely
impact team performance and effectiveness (e.g., de Wit et al.,
2012). Three types of conflict can occur in teams (Jehn, 1995;
Jehn and Mannix, 2001): relationship conflict (interpersonal
incompatibilities characterized by negative affectivity between
team members), task conflict (differences in ideas and opinions
regarding the team’s task), and process conflict (conflict on
how tasks will be executed in terms of duties and resources).
de Wit et al. (2012) showed that all three conflict types are
negatively associated with emergent states in teams, as they
impose constraints on team interaction which is essential to
their emergence. In particular, previous research has suggested
a negative relationship between SMMs and intrateam conflict
(Santos and Passos, 2013; Santos et al., 2015b). Previous studies
have shown that one type of conflict can lead to another (e.g.,
Greer et al., 2008) and that the types often load on the same
factor (e.g., Polzer et al., 2006), thus we consider conflict as one
construct. We therefore hypothesize that:

Hypothesis 5: The 5-PSMMS and its dimensions are
negatively correlated with (a) team cognitive diversity and (b)
intrateam conflict.

SCALE CONSOLIDATION PROCESS

To consolidate the scale, we used a deductive approach aimed at
balancing factor analytical structure and model fit characteristics
with meaningful content. Thereby, we follow Hinkin’s (1998) and
DeVellis’ (2016) scale development procedures. As described in
the introduction, many theoretical and empirical studies in the
field of SMMs have been published which comprise multiple
dimensions of SMMs, hence there is sufficient knowledge to
inform a deductive approach to scale development. Conforming
to Hinkin’s (1998) steps, we develop the scale across three main

stages, namely: (1) item development, (2) scale development,
and (3) scale evaluation. In these steps, we balanced theoretical
and empirical considerations in selecting items, because when
“items load as expected then it will require some judgment in
deciding which items to retain” (Hinkin, 1998, p. 171). Following
DeVellis (2016), we take a conservative approach when reducing
items and thus rather retain a surplus (i.e., redundant items) than
eliminating potentially useful content too early.

Stage 1: Item Inventory and Evaluation
We conducted a systematic literature search to identify published
SMMs measures that could be used to derive scale items or
to inform item development using EBSCOhost, targeting
four specific databases: Business Source Premier, ERIC,
PsychARTICLES, and Psychology and Behavioral Sciences
Collection. We searched for academic papers published in
peer-reviewed journals until February 2019 yielding 216
published papers.

Criteria for Inclusion
We only considered papers that directly dealt with SMMs as
a construct (reducing the pool to 103 results), and measured
SMMs with perceived scales (36 results) or similarity ratings (27
results) as these were the only measures likely to provide usable
scale items. This left us with a total of 61 papers from which
to extract items.

First, we examined the selected papers and listed all items that
measured SMMs using scales. The items of four papers could
not be obtained, also not after contacting the authors. We also
excluded two papers in sports teams, leaving us with 30 papers for
consideration, including 332 items. We removed duplicate items
(a consequence of researchers using each other’s scales or items),
leaving 19 papers and 188 items.

Next, we listed the items we could obtain from papers using
similarity ratings, which we split into two categories (we could
not obtain the items of seven papers for categorization). The first
category referred to items that could be adapted to reflect SMMs
in generic team contexts comprising 85 usable items from eight
papers. The second category referred to items that could not be
adapted to generic team contexts as the researchers either used
concepts, and not statements, to assess SMMs, or items which
were inseparable from their contextual basis. We excluded 12
papers with 146 items in this category.

In total, we retained 27 papers (19 using scales, eight using
similarity ratings) which contained 273 items (188 scale items, 85
similarity rating items).

Item Generation
As our aim was to develop a scale that would be applicable in
a wide range of tasks, teams, and organizational contexts, we
removed all contextual information from the items. Similarity
rating items were adapted into a scale format where participants
could indicate their level of agreement with the statement. We
also split double-barreled items into items measuring only one
issue. Consequently, we had a list of 314 items.

We applied the item stem “Team members have a similar
understanding about. . .” to all items and deleted exact copies
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of items following adaptation, using the clarity and conciseness
of their wording, and publication date as basis for retaining
the best alternative. We screened all items against the criteria
for high-quality scale items defined by Hinkin (1998), namely:
items should be short and simple, use familiar language, and be
consistent in perspective (describe behavior or feelings), address
only one issue, avoid bias, and reverse scored items should be
carefully worded to avoid misinterpretation. This filtering process
yielded 248 items.

Content Validity Assessment
To assess the items in terms of their content validity (i.e., the
degree to which they are likely to represent the construct they are
associated with; Hair et al., 2018) we drew on two stages of review
by panels of SMEs in teamwork and organizational behavior.
Associated statistics were calculated to determine which items to
retain for use in subsequent exploratory factor analyses (EFA).

Subject Matter Expert Review: First Stage
In the first stage, we asked a panel of six SMEs (cf. Hardesty and
Bearden, 2004; Colquitt et al., 2019) to categorize all the items
(randomized per item) according to the five SMMs dimensions.
SMEs were presented with definitions of the five dimensions of
SMMs and asked to categorize each item under one or more
dimensions. They could also categorize the items under “Other” –
to check whether another dimension was hidden in the existing
item list – or “Unrelated” – to identify misaligned items. SMEs
could write suggestions when selecting either option.

Subject Matter Expert Review Process: Second Stage
In the second stage of the expert review process, we asked a panel
of 18 SMEs (10 established Organizational Behavior scholars
and eight Ph.D. students) to rate how well the items associated
with each dimension rated the particular dimension they were
linked to. We presented reviewers with a definition of each
dimension followed by the items categorized under each of the
five dimensions as defined. We provided SMEs with Colquitt
et al.’s (2019) instructions to rate how well each item measured
the dimension using a scale ranging from 1 (Item does an
EXTREMELY BAD job of measuring the bolded concept provided
above) to 7 (Item does an EXTREMELY GOOD job of measuring
the bolded concept provided above).

Analysis and Results: Subject Matter Expert Reviews
Following the guidelines of Colquitt et al. (2019) for
assessing content validity, we calculated the Coefficient of
Substantive Validity (Csv; frequency of aligned and discrepant
categorizations1) and Proportional Substantive Agreement (PSA;
proportion of reviewers agreeing on item categorization) based
on the first stage expert review. We calculated the Hinkin-Tracey

1Similar to Anderson and Gerbing (1991), during the initial expert review, SMEs
categorized items into different factors and associated dimensions in the first stage.
We allowed SMEs to categorize each item under more than one dimension. As
such we needed to adapt the calculation of Csv as the number of categorizations
per item was allowed to be greater than the number of reviewers. Hence, the
statistic was reformulated [Csv = (nc – no)/No] where nc is the number of times
the item was categorized under the relevant dimension, no is the number of
categorizations under other dimensions, and No is the total number of times the
item was categorized under any dimension.

Coefficient (HTC; mean item rating divided by the number of
anchors) based on the second stage expert review.

Colquitt et al. (2019) provide guidelines for interpreting the
three statistics mentioned above (i.e., Csv, PSA, HTC) in terms of
five categories of content validity strength based on the degree
of agreement between raters (i.e., very strong, strong, moderate,
weak, and lack of agreement). For all three statistics we used
criteria of Colquitt et al. (2019) for scales not normed to orbital
scales as no such measure was included at this point in the
process. Items which showed a lack of agreement among SMEs
under one or more of the three statistics were not considered
for further use (one exception was made for an item under
equipment which did not meet this requirement for Csv to allow
content breadth). We thus retained 127 items (9 for equipment,
35 for execution, 31 for interaction, 27 for composition, and 25
for temporal) for further evaluation.

Next, we identified if any duplicate items from the first SME
review were still retained in this list. We found one such item
in the execution and temporal lists and thus removed it, leaving
34 for execution and 24 for temporal. We then evaluated the
remaining 125 items following Hinkin’s (1998) criteria for high
quality scale items and potential redundancy, opting to include
items which were distinct from one another but related to, and
representative of, the theoretical dimension (DeVellis, 2016) with
the aim to retain eight to twelve items per dimension. This left us
with 49 items (nine for equipment and 10 each for the remaining
four dimensions).

Next, we evaluated the 49 retained items in terms of their
wording and content breadth. Two items under the equipment
and execution dimensions respectively were worded in a manner
which appeared less related to the dimensions and we included an
alternative format item for each. We also added a new item to the
interaction dimension given that no item was directly addressing
methods of communication within the team, representing a
potential gap between the items and theory. This yielded 56 items
(11 for equipment, 13 for execution, 11 for interaction, 10 for
composition, and 11 for temporal).

Stage 2: Scale Development
In the next stage of the scale development process, shortlisted
items were evaluated by administering them to a sample which
was representative of the target population (i.e., adults working
in teams). The purpose of this stage was twofold: firstly, to
determine whether the theorized factor structure underlying the
scale was supported and, secondly, to identify which items were
most suitable to measure these factors.

Initial Item Reduction
Participants
We recruited our first sample of 311 participants using Prolific2.
After screening responses for quality in terms of obvious bias
(e.g., only one response option selected throughout), failure
to properly respond to attention controls (see below), and
anomalous data (e.g., reported team size of 300) we retained
a dataset of 287 participants. Participants reported working

2www.prolific.co
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in teams comprising 9.12 members on average (SD = 6.28),
ranging from three to 35 members, predominantly working
in the following sectors: healthcare and social assistance
(12.9%), finance and insurance (8.7%), government and public
administration (8.4%), and retail (7.7%). Of these participants,
47.4% were female and 35.1% identified as leaders in their teams.
The average age was 34 years (SD = 9.99), ranging from 19 to
65 years, and the average team tenure was 3.58 years (SD = 3.82).
Participants hailed from 32 different countries, predominantly
the United Kingdom (40.8%), the United States (14.6%), Portugal
(10.5%), Poland (6.6%), and Canada (4.5%).

Measures
The questionnaire contained the 56 SMMs items which were
randomized per participant and measured using a 7-point scale
ranging from 1 (strongly disagree) to 7 (strongly agree). To control
for response quality, we included two attention control items
instructing participants to select a particular response (e.g., “This
item is an attention control item and the Disagree option needs
to be selected.”).

Analysis
Following Hinkin’s (1998) recommendations we conducted a
series of exploratory factor analyses (EFA) to determine whether
the theorized factor structure was represented in the data
and, if so, to reduce the number of items in the scale based
on these results. Because of the expected correlation between
factors (separate, but related, facets of SMMs) and to avoid the
overestimation of factors as can be encountered with principal
components analysis, we used principal axis factoring and
oblique rotation (Worthington and Whittaker, 2006; Hair et al.,
2018).

Results
Six factors were extracted (Eigenvalues > 1). The pattern
matrix suggested that four of the five dimensions (equipment,
interaction, composition, and temporal) possessed items which
loaded sufficiently (>0.40) with no problematic cross loadings
(>0.35) to proceed with item reduction (Hinkin, 1998). However,
items linked to the execution dimension loaded on more than one
factor. Three items loaded on the temporal dimension (>0.40)
while two loaded on a sixth factor (>0.40). Upon reducing the
items for four factors (excluding execution), we found that the
majority of the items (N = 12) under the execution dimension
now loaded on the same factor as those under the temporal
dimension. This finding suggested that – based on the existing
items from the literature – Hypothesis 1 could not be supported
and that a problem was incurred at the theoretical level. As such
we had to undertake an additional step.

Clarification of the Temporal Dimension
To determine why the execution items loaded on the same factor
as the temporal items, despite being described as unique in the
literature, we analyzed the definitions for both dimensions as
well as the items associated with each construct. We identified
a potential problem in the manner in which the temporal
dimension had been previously defined in the literature. This

definition was focused on temporal aspects relating to “tasks,”
“task components” and “task accomplishments” (e.g., Gevers
et al., 2006; Mohammed et al., 2015; Santos et al., 2015a; Marhefka
et al., 2018).

We therefore had to challenge the current conceptualization
of temporal mental models, as we discovered that it was not
theoretically distinct enough from the other dimensions. More
specifically, we found that existing temporal mental model items
and conceptualizations overlap with the execution dimension
as they state that team members have a shared representation
of knowledge about how tasks and task components should be
sequenced. Temporal factors such as sequencing, pace, timing,
deadlines, and time-related milestones can be applied more
broadly than the performance of tasks alone. For instance,
the timing of sharing a new piece of information between
members can affect the conditions for team functioning. Time
can be considered relevant to all aspects of SMMs as team
members can have greater or lesser agreement on the relevance
of time in terms of their work and team functioning. The
temporal dimension should therefore be considered unique and
independent, warranting inclusion as a generalized construct. We
therefore redefine temporal mental models as “team members’
shared and organized understanding and mental representation
of knowledge about time and the temporal aspects (e.g.,
sequences, pace, deadlines, and timing) related to their work
and the key elements of the work environment relevant to the
team.”

We revised temporal items to represent the revised definition
of temporal mental models using the 27 temporal items originally
retained from the literature as a basis. We identified all words
or phrases that were linked to the execution dimension and
adapted the items to reflect the revised definition for temporal
mental models. Two items were duplicated after adaptation
and one of each duplicate pair eliminated. The remaining 25
adapted items were subjected to a further round of content
validity evaluation where we asked another panel of SMEs
from the field of Organizational Behavior (N = 8) to rate the
degree to which each item measured the adapted definition
of the temporal dimension as well as the task dimension
(with particular emphasis on the execution dimension), to
determine which items would be likely to better represent
a unique factor.

We calculated the HTC for items of both dimensions and
compared these to determine which items were most convergent
on the temporal dimension and most divergent from the
execution dimension. We retained or eliminated items across
three steps, namely we: (1) retained items with a moderate
to strong HTC score, (2) eliminated items that were relatively
similar, and (3) retained items with weak HTC scores if these
contributed to construct breadth. On this basis we retained 15
temporal items for further EFA.

Final Item Reduction
Participants
We recruited a second sample of 301 new participants using
Prolific. Using the same criteria as the first dataset, our second
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dataset contained 275 responses. Teams had on average 7.55
members (SD = 4.71), predominantly worked in: information
services and data processing (9.1%), health care and social
assistance (8.4%), finance and insurance (7.6%), manufacturing
(6.9%), and software (6.9%). Of the participants, 37.8% were
female and 35.6% identified as leaders in their teams. The average
age was 33.35 years (SD = 8.14) and average team tenure was
3.63 years (SD = 3.41). Participants hailed from 29 countries,
but were predominantly from the United Kingdom (43.6%), the
United States (18.9%), Portugal (8.7%), and Poland (6.5%).

Measures
We administered a questionnaire with 60 items (including the
15 revised temporal items and the original 11 for equipment,
13 for execution, 11 for interaction, and 10 for composition).
As before, the items were randomized per participant and
measured using a 7-point scale ranging from 1 (strongly
disagree) to 7 (strongly agree). We also included the two
attention control items.

Analysis
We again conducted EFAs following Hinkin’s (1998)
recommendations. We reduced items in a stepwise manner
over a series of 15 EFA until we were left with four items per
dimension. Following Hinkin’s (1998) and DeVellis’ (2016)
guidelines, we created a set of six hierarchical rules that would
be applied for every EFA in the series to identify items to
eliminate. For every EFA we checked the application of the
following rule in the numerical order they are presented
and subsequently eliminated items accordingly: (1) eliminate
items with no factor loading above the absolute minimum
of 0.32; (2) eliminate items that have their strongest loading
under a different factor than the majority of items from the
same content domain; (3) eliminate items with cross loadings
greater than 0.32; (4) eliminate items with loadings below
the ideal minimum of 0.40 on the expected main dimension;
(5) eliminate worst loading items from alternative item
pairs (as discussed in “Content Validity Assessment”); (6)
eliminate the worst loading item from each dimension (one per
dimension per EFA).

Results
We used the rules described in the prior section to eliminate
items from dimensions, and first focused on the four non-
temporal dimensions as the temporal dimension was revised.
This yielded a set of seven items per dimension. We then included
the temporal items in the analyses and applied criteria (1) to
(4) that left us with nine temporal items in addition to the
seven items under each other dimension. Four temporal items
had similar content (relating to deadlines) and we eliminated
two of the four to ensure that the retained items reflected
as much of the theoretical content as per the dimension’s
definition. This yielded seven items under each of the five
dimensions and we reduced this further on the basis of criteria
(1) to (6) until we were left with the final set of 20 items
(four items under each of the five dimensions). All initial
Eigenvalues were around 1 and given our strong theoretical

TABLE 2 | Exploratory factor analyses pattern matrix – final item reduction
(Sample 2).

Item Factor

1 2 3 4 5

Equipment

How to use other team members’ equipment 0.02 −0.01 0.71 0.00 −0.08

What equipment is important for which tasks −0.01 0.02 0.72 0.02 0.11

The tools needed to complete our tasks 0.06 0.04 0.66 0.02 0.11

The technology needed to complete our tasks 0.02 −0.07 0.66 0.01 −0.02

Execution

Specific strategies for completing various tasks 0.58 −0.06 0.18 0.02 −0.04

How to deal with the task 0.55 0.00 0.17 0.03 0.11

How best to perform our tasks 0.64 −0.10 −0.02 0.10 0.14

The relationships between tasks 0.56 −0.10 0.02 0.08 0.07

Interaction

How to communicate with each other −0.05 −0.07 −0.03 0.86 −0.03

Sharing information with each other 0.20 −0.02 0.01 0.46 0.12

How we should interact with each other −0.07 −0.19 0.12 0.60 0.04

The best methods to communicate with each other 0.10 0.10 0.02 0.81 0.03

Composition

Each other’s knowledge −0.03 −0.77 0.02 0.01 0.05

Each other’s abilities 0.08 −0.74 0.06 0.03 −0.02

Each other’s skills for doing various team tasks 0.00 −0.73 −0.03 0.01 0.21

Each other’s individual strengths and weaknesses 0.10 −0.71 0.03 0.08 −0.16

Temporal

Our deadlines −0.08 −0.04 0.12 0.11 0.63

How quickly we need to work 0.19 −0.04 0.02 0.03 0.54

Appropriately timing our work 0.17 0.02 0.00 0.07 0.72

Coordinating the timing of our work 0.10 −0.22 0.13 0.00 0.51

Rotation sums of squared loadingsa 6.72 6.16 6.32 6.59 5.40

All items share the item stem “Team members have a similar understanding
about. . . ”; N = 275 individuals; final set of items following item reduction using
the second sample of participants.
aPrincipal axis factor extraction and direct oblimin rotation.

consideration we chose to specify a five-factor extraction (Hair
et al., 2018).

The subsequent factor solution reflected five factors with
four items attached to each (Table 2), which conforms
to Hinkin’s (1998) suggestion of 4–6 items per dimension.
Reliabilities for the scales were acceptable (Hinkin, 1998), as all
values were above 0.70 (ranging from 0.82 for equipment to
0.88 for composition, with an overall scale reliability of 0.94).
Overall, this yielded good support for Hypothesis 1 and the 20
items (see Table 3) were consequently deemed adequate for
entering the next stage.

Stage 3: Scale Evaluation
Following item reduction, we evaluated the degree to which
items represent the theoretical model. We conducted a third
study, where we performed a confirmatory factor analysis
(CFA) to test model fit and conducted evaluations of construct
validity (Hinkin, 1998; Hair et al., 2018). Then we tested if
the measure had distinct team-level constructs (James et al.,
1993; Bliese, 2000) by conducting a fourth study using working
teams. Finally, we tested whether the criterion related validity
of the scale at the team level in a fifth study comprising
working teams.
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TABLE 3 | 5-PSMMS items.

Dimensions and items Obtained or adapted from

Equipment

How to use other team members’ equipment Lim and Klein, 2006

What equipment is important for which tasks Kang et al., 2006

The tools needed to complete our tasksa Santos et al., 2015b

The technology needed to complete our tasksa Santos et al., 2015b

Execution

Specific strategies for completing various tasks Johnson et al., 2007

How to deal with the task Van den Bossche et al., 2006

How best to perform our tasks Guchait et al., 2014

The relationships between tasks Kang et al., 2006

Interaction

How to communicate with each othera Lee and Johnson, 2008

Sharing information with each othera Johnson et al., 2007

How we should interact with each othera Lee and Johnson, 2008

The best methods to communicate with each otherb N/A

Composition

Each other’s knowledge Lee and Johnson, 2008

Each other’s abilitiesa Lim and Klein, 2006

Each other’s skills for doing various team tasksa Johnson et al., 2007

Each other’s individual strengths and weaknesses Burtscher and Oostlander, 2019

Temporal

Our deadlinesa Levesque et al., 2001

How quickly we need to worka Marhefka et al., 2018

Appropriately timing our worka Mohammed et al., 2015

Coordinating the timing of our worka Levesque et al., 2001

All items share the item stem “Team members have a similar understanding
about. . .”.
a Items that were adapted from the original.
bNewly created item.

Confirmatory Factor Analysis
Participants
To assess the fit of the items to the theoretical model, we recruited
a third sample of 310 new participants using Prolific. We followed
similar procedures as before and obtained a dataset of 288
participants. Participants reported working in teams comprising
7.25 members on average (SD = 4.25) predominantly working in
the following sectors: information services and data processing
(12.85%), government and public administration (9.7%), finance
and insurance (8.0%), and software (7.3%). Of the participants,
45.5% were female and 29.5% were leaders. The average age
was 33.24 years (SD = 8.67) and the average team tenure was
5.52 years (SD = 5.32). Participants hailed from 30 countries,
predominantly the United Kingdom (43.8%), Poland (10.4%),
United States (9.0%), and Portugal (7.3%)3.

3Our sample was relatively heterogeneous in terms of nationality and industry.
Therefore, we conducted ANOVAs (with Tukey’s post hoc tests) to assess if the
respondents’ mean scores on our 5-PSMMS measure and the seven nomological
variables differed for each particular nationality or industry compared to one
another. We focused on nationalities/industries for which we had at least two
responses and thus included 21 nationalities and 26 industries in these analyses
(the list of nationalities/industries can be provided by the first author upon
request). Of the 4280 tests, only one was significant at p < 0.05 (i.e., the difference
in means between the ‘Finance and Insurance’ and ‘Wholesale’ industries for the
reflexivity scale). Overall, measures in the study were quite stable indicating the
robustness of our study, yet we acknowledge that future research might want to
study the effects of nationality and/or industry in more detail.

Measures
Our survey had the SMMs items and the measures to assess
convergent, discriminant, and nomological network validity. All
measures used a 7-point scale.

Shared Mental Models. We measured SMMs with our 20 items
(α = 0.94) and the existing four-item SMM scale of Santos et al.
(2015b; α = 0.81) to assess convergent validity.

Positively Related Variables. We measured TMS with the 15-
item scale of Lewis (2003; α = 0.84) to test for discriminant
validity. Team learning was assessed with the seven-item scale
of Edmondson (1999; α = 0.76). Team reflexivity was assessed
with the eight-item scale of Carter and West (1998; α = 0.76).
Interdependence was assessed with the eight-item scale of Van
der Vegt and Janssen (2003; α = 0.80).

Negatively Related Variables. Team cognitive diversity was
assessed with the four-item scale of Van der Vegt and Janssen
(2003; α = 0.64). Intrateam conflict was assessed with the nine-
item scale of Jehn and Mannix (2001; α = 0.92).

Analysis
We conducted a series of CFAs using AMOS (version 25) to
determine the model’s adequacy, including an unconstrained
model, a single factor model, and the theorized factor model.
We took two steps in order to assess convergent, discriminant,
and nomological validity. Firstly, we calculated the construct
reliability (CR), average variance explained (AVE), and maximum
shared variance (MSV) for the theorized model (Hair et al., 2018).
In addition, we analyzed the correlations between our scale and
the variables identified for testing convergent, discriminant, and
nomological validity (Hair et al., 2018).

Results
Table 4 shows the results of the series of CFAs. We obtained
acceptable model fit, which supports the structure of the scale and
its ability to measure the theorized constructs (Hair et al., 2018).
This supports Hypothesis 1. The CR values for the five dimensions
ranged from 0.80 (equipment) to 0.87 (interaction) as is shown in
Table 5, further supporting Hypothesis 1.

Table 6 shows the correlations between the 5-PSMMS with
other variables. In support of convergent validity, our scale
correlated significantly with the SMMs scale of Santos et al.
(2015b), r = 0.66, p < 0.01. This finding supported Hypothesis
2a. The scale also demonstrated that the correlation between the
5-PSMMS and the SMM scale of Santos et al. (2015b) exceeded
those between the 5-PSMMS and all other included variables.
By converting correlations to Fischer’s Z scores we found that
the correlation between the 5-PSMMS and the SMM scale of
Santos et al. (2015b) was significantly larger than between the 5-
PSMMS and all variables in this study at the p < 0.01 level,
supporting Hypothesis 2b. In particular, the scale demonstrated
a significant, large correlation (r = 0.55, p < 0.01; which was
smaller than the correlation with the alternative SMM scale) with
the TMS scale of Lewis (2003), supporting discriminant validity
and lending support to Hypothesis 3. We also note significant
moderate correlations with factors positively associated with
SMMs (i.e., r = 0.45 for team learning, r = 0.34 for team reflexivity,
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TABLE 4 | Confirmatory factor analysis - model fit indices (Sample 3).

Model χ 2 df χ 2/df p CFI SRMR RMSEA [90% CI] PCLOSE

Model 1 3225.91 190 16.98 <0.001 0.00 0.44 0.24 [0.23, 0.24] 0.00

Model 2 757.21 170 4.45 <0.001 0.81 0.07 0.11 [0.10, 0.12] 0.00

Model 3 246.94 160 1.54 <0.001 0.97 0.05 0.04 [0.03, 0.05] 0.84

Model 1: independent model; Model 2: single factor model; Model 3: five-factor model. CFI, comparative fit index; SRMR, standardized root-mean-square residual;
RMSEA, root mean square error of approximation; CI, confidence interval.

TABLE 5 | Construct reliability, average variance extracted, and convergent and discriminant validity (Sample 4).

Correlations

Dimension CR AVE MSV MaxR(H) 1 2 3 4 5

(1) Equipment 0.80 0.50 0.61 0.81 (0.71)

(2) Execution 0.81 0.52 0.71 0.81 0.78 *** (0.72)

(3) Interaction 0.87 0.63 0.56 0.89 0.60 *** 0.75 *** (0.80)

(4) Composition 0.86 0.61 0.54 0.87 0.64 *** 0.74 *** 0.69 *** (0.78)

(5) Temporal 0.85 0.58 0.71 0.85 0.63 *** 0.84 *** 0.71 *** 0.65 *** (0.76)

N = 288 individuals. CR, construct reliability; AVE, average variance explained; MSV, maximum shared variance; MaxR(H), maximum reliability. Square root of AVE (H)
on diagonal of correlation table in italics and between brackets; CR is computed “from the squared sum of factor loadings for each construct and the sum of the error
variance terms for a construct” and >0.70 is sufficient (Hair et al., 2018, p. 676). AVE is calculated as the sum of all standardized factor loadings divided by the number
of items in the particular scale and the suggested cut-off value is 0.50. To establish discriminant validity the square root of AVE for a particular factor should be larger than
its correlation with other factors (Hair et al., 2018). ***p < 0.001.

TABLE 6 | Descriptive statistics and correlations for convergent and discriminant validity (Sample 4).

Variables M SD 1 2 3 4 5 6 7 8 9 10 11 12

(1) Equipment 5.54 0.88

(2) Execution 5.31 0.91 0.62 **

(3) Interaction 5.47 1.02 0.52 ** 0.64 **

(4) Composition 5.42 0.91 0.54 ** 0.61 ** 0.63 **

(5) Temporal 5.40 1.01 0.52 ** 0.69 ** 0.64 ** 0.55 **

(6) 5-PSMMS (current study) 5.43 0.78 0.77 ** 0.86 ** 0.85 ** 0.81 ** 0.83 **

(7) SMM scale (Santos et al., 2015b) 5.52 0.82 0.54 ** 0.52 ** 0.54 ** 0.62 ** 0.51 ** 0.66 **

(8) Transactive memory systems 5.48 0.61 0.36 ** 0.45 ** 0.49 ** 0.49 ** 0.47 ** 0.55 ** 0.61 **

(9) Team learning 4.77 0.92 0.29 ** 0.43 ** 0.43 ** 0.29 ** 0.38 ** 0.45 ** 0.45 ** 0.53 **

(10) Team reflexivity 4.97 0.77 0.23 ** 0.29 ** 0.33 ** 0.25 ** 0.30 ** 0.34 ** 0.43 ** 0.49 ** 0.69 **

(11) Interdependence 5.39 0.79 0.19 ** 0.24 ** 0.35 ** 0.35 ** 0.36 ** 0.36 ** 0.39 ** 0.58 ** 0.47 ** 0.40 **

(12) Team cognitive diversity 4.33 0.93 −0.17 ** −0.25 ** −0.21 ** −0.21 ** −0.18 ** −0.24 ** −0.20 ** −0.25 ** −0.17 ** −0.16 ** −0.19 **

(13) Team conflict 2.70 0.94 −0.23 ** −0.29 ** −0.39 ** −0.31 ** −0.29 ** −0.37 ** −0.40 ** −0.47 ** −0.28 ** −0.19 ** −0.27 ** 0.39 **

N = 288 individuals; we used the four item SMM scale of Santos et al. (2015b) as second scale measure of SMMs to compare to the 5-PSMMS. **p < 0.01.

and r = 0.36 for team interdependence; all p < 0.01), thus
supporting Hypotheses 4a, 4b, and 4c. Two factors negatively
associated with SMMs showed significant negative correlations:
r = –0.24 for team cognitive diversity and r = –0.37 for intrateam
conflict (both p < 0.01), supporting Hypotheses 5a and 5b.

Aggregation
Our scale is intended for use at the team level, given its focus on
the shared understanding of team members regarding different
aspects of their work. As such, we conducted a further study
using responses from teams with three or more members and
aggregated the data of each variable by calculating average
scores per team.

Participants
To assess whether aggregation would be permissible using our
scale, we conducted a fourth study and recruited 340 new

participants from 100 organizational teams with the help of
research students. Of the participants, 46.8% were female and
25.0% identified as team leaders. The average age was 32.51 years
(SD = 11.19). The average reported team size was 8.70 members
(SD = 5.65) and on average we received 3.40 responses per team4.
Participants who specified their industry predominantly worked
in retail (34.3%), health care and social assistance (21.0%),
finance and insurance (9.7%) and software (6.1%). Participants
hailed from 25 countries, predominantly Germany (31.2%), the
Netherlands (10.0%), Finland (5.9%), and Belgium (4.1%)5.

4To assess possible effects of team tenure and the response rate, we conducted a
correlation analysis testing tenure (r = –0.19, p = 0.22) and response rate (r = –
0.14, p = 0.17). Since neither coefficient was significant, we conclude that tenure
and response rate do not significantly affect the 5-PSMMS.
5As per Sample 3, we conducted ANOVAs (with Tukey’s post hoc tests) to
assess if the respondents’ mean scores on our 5-PSMMS measure differed for
each particular nationality or industry compared to one another. We focused on
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Measures
We used our 20 SMMs items.

Analyses
Aggregation can be justified if the F-test is significant as this
indicates that variance between groups significantly exceeds
variance within groups (Klein et al., 2000). Additionally,
we calculated interrater reliability using the two intraclass
correlation coefficients ICC1 and ICC2, where ICC2 values
should be greater than ICC1 (Bliese, 2000). We also calculated
rwg(j) (the agreement between members within groups)
where > 0.70 is deemed acceptable (James et al., 1993).

Results
Table 7 summarizes the data relating to aggregation. The F-test
was significant at p < 0.001 for the whole SMM scale and all
dimensions (except for composition, which was significant at
p < 0.01). Aggregation is therefore justified for the whole scale
and all five dimensions. The ICC1 value for the whole scale was
0.27 and values for the five dimensions ranged from 0.10 to 0.29.
The ICC2 value for the whole scale was 0.62 and values for the
five dimensions ranged from 0.326 to 0.65. Fleiss (1986) considers
ICC2 values < 0.40 to be poor, <0.75 to be fair to good and
>0.75 to be excellent. Only the composition dimension had an
ICC2 value below 0.40, hence the scale overall is acceptable. All
ICC2 values exceeded their ICC1 counterparts, conforming to
Bliese’s (2000) recommendations. Lastly, the rwg(j) of the whole
scale was 0.98 and ranged from 0.90 to 0.92 for the five SMM
dimensions, meeting the requirement for aggregation (James
et al., 1993). The scale is therefore suitable for measurement
at the team level.

nationalities/industries for which we had at least two responses and thus included
13 nationalities and 18 sectors in these analyses (the list of nationalities/industries
can be provided by the first author upon request). Of the 231 tests, none were
significant. Thus, as expected, our findings are robust, similar to what we reported
for Sample 3 in footnote 3.
6The ICC(2) value for composition (0.32) was just below the 0.40 cut-off value.
Therefore, we reinvestigated the dataset which revealed that six of the 100 teams
might contain a possible outlier which could skew the results. We reanalyzed
the aggregation data for composition using the updated sample (Nteams = 94,
Nindividuals = 312) and found a sufficient ICC(2) value for the dimension (0.46).
This indicates that for 94% of teams in our sample, the composition dimension
was acceptable. We kept the 100 teams in our main findings, as all other statistics
are adequate for all these teams.

TABLE 7 | Tests for data aggregation (Sample 4).

Dimension F MS between MS within ICC(1) ICC(2) Average rwg(j)

5-PSMMS 2.61 *** 1.17 0.45 0.27 0.62 0.98

Equipment 1.74 *** 1.40 0.81 0.14 0.42 0.91

Execution 2.84 *** 1.92 0.68 0.29 0.65 0.92

Interaction 2.35 *** 1.86 0.79 0.23 0.57 0.92

Composition 1.47 * 1.21 0.82 0.10 0.32 0.91

Temporal 1.99 *** 1.72 0.87 0.18 0.50 0.90

Nteams = 100; Nindividuals = 340. *p < 0.05; ***p < 0.001.

DISCUSSION

Our aim was to consolidate the existing literature and from
that create and validate a generally applicable SMM scale.
To that end, we assessed more than 300 existing items
and consolidated these divergent measurements from past
research into a contemporary and utilitarian instrument that
could be used to measure perceived SMMs across different
tasks, teams, and organizational contexts. This was needed,
because despite a large number of items and measures used
in past research, there is currently no scale that incorporates
team perceptions on all five core dimensions of SMMs.
Past research, applying a plethora of measures, scales, and
items – based on different dimensions – has provided in-
depth insight into SMMs, yet has complicated synthesizing the
literature, and this limits future research and the development
of this field. Thus, we developed the 5-PSMMS and found
support for its factor structure, convergent, discriminant and
nomological validity, and aggregation to the team level.
Specifically, the 5-PSMMS, with four items for each of the
five dimensions, demonstrated psychometric adequacy over four
separate datasets, containing 287, 275, 288, and 340 respondents,
respectively.

Theoretical and Methodological
Implications
This study makes three important contributions to the SMM
literature. First, the 5-PSMMS is the first and only scale
that reflects all the core dimensions of SMMs currently
used in literature. It provides researchers with an instrument
that can be used to study and compare perceptions of
SMMs, in a range of team or organization contexts. The
scale shows five SMM dimensions (i.e., equipment, execution,
interaction, composition, and temporal) and thus enables
the study of perceived SMMs as a whole or in terms
of these dimensions in isolation or combination with one
another at the team level. In doing so we address the need
for such an instrument which enables better research on
perceived SMMs (e.g., Mohammed et al., 2010; Marhefka
et al., 2020). The scale furthermore offers the potential for
researchers to compare perceptions of SMMs with measures
that assess SMMs’ structure and content (Marhefka et al.,
2018, 2020). Although a generic scale sacrifices some depth,
it has the benefit that misspecification of measurement (e.g.,
drawing on outdated or otherwise flawed task analyses) and
misinterpretation (e.g., incorrectly interpreting keywords used
by team members) of results are far less likely while offering
the potential for comparison of results from research, not
only within the field of SMMs, but also across disciplines
(e.g., organizational learning, teamwork, or leadership). Hence,
besides being used on its own, the 5-PSMMS also has the
potential to serve as basis – or anchoring point – for the
development of tailored instruments that can be applied in very
specialized contexts (e.g., specialized medical teams performing
unique operations) and enables the comparison between such
different measures.
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Second, we reflect upon the current common practice of
studying SMMs in terms of only the task and/or team dimensions
(e.g., Lim and Klein, 2006; Lee and Johnson, 2008) by critically
evaluating the factor structure. In finding support for the five-
factor model of SMMs, we support the original conceptualization
of Cannon-Bowers et al. (1993) and incorporate the recently
emerged temporal dimension as well (Mohammed et al., 2015;
Santos et al., 2015a). As such, we advise that future research
explicitly theorize why all five dimensions, or only some of them,
are included in the particular study.

Third, our study incorporates temporal mental models into
the general framework of SMMs in teams by highlighting
that all five core dimensions are unique and should thus be
acknowledged in future research. In addition, we also present
important revisions to the temporal dimension of SMMs.
Our deductive approach used items currently found in the
literature and we discovered that, at present, the temporal
dimension items include language explicitly linked to the
execution dimension (e.g., Gevers et al., 2006; Mohammed
et al., 2015; Santos et al., 2015a, 2016; Marhefka et al., 2018).
Hinkin (1998) advocates using items which measure only one
issue, are clear in tone and structure, and do not lead to
biased responses. Thus, the past conceptualization of temporal
mental models is not appropriate as temporal factors can be
relevant to all facets of a team and should thus not overly
lean on one SMM dimension or another. Hence, our third
contribution is that we challenge the current conceptualization,
operationalization, and measurement of temporal mental models
and offer an empirically supported refinement to this important,
and burgeoning, aspect of SMMs.

Practical Implications
We also make two important practical contributions. First,
our new scale offers practitioners an accessible and user-
friendly tool to identify potential issues involving SMMs in their
teams. Alternative measures of SMMs often fall outside the
ability of managers or consultants to apply, given their time-
consuming nature and the limitation of not being applicable
over a wide range of team and organizational contexts. The
20-item 5-PSMMS enables practitioners to identify whether
teams have a shared understanding about their environment in
general and allows for diagnosis of particular aspects of this
environment by using one, or more, of the five sub-scales,
which can be interpreted by computing teams’ mean score on
each dimension (or the global SMM dimension) and comparing
means across teams. As an example, a manager, consultant,
or HR professional may find that a team does not share a
perception on interaction mental models and can then address
this by improving the communication style of team members.
Given that we focused on perceived SMM, it would even be
possible to see which (groups of) individuals would benefit most
from an intervention, yet privacy concerns should be taken into
account when doing so.

Second, we demonstrate the relevance of SMMs for a
number of issues practitioners may encounter in teams.
Our scale (conforming to theory) also related positively,
but uniquely to important concepts like team learning,

team reflexivity, and interdependence, and negatively to team
cognitive diversity and intrateam conflict. By promoting
the development and improvement of SMMs, it is likely
that teams can avoid dysfunctional conflict (e.g., through
the reduction of uncertainty about key issues in the team
environment; Santos and Passos, 2013) and improve learning
(e.g., through improved information sharing and understanding
about which members possess which skills, knowledge, and
abilities; Santos et al., 2016). Teams with more cognitively
diverse members may also be liable to have less similar
perceptions of SMMs (Schilpzand, 2010). Thus, managers
working with cognitively diverse teams may improve team
functioning by bridging differences in knowledge, values, or
beliefs via the establishment of a shared understanding of the
team’s environment.

Overall, through more widespread and repeated
application of the 5-PSMMS, organizations can develop
baseline assessments of SMMs in teams across the
organization. In doing so they can identify teams that
may benefit from intervention to develop a greater
shared understanding about their environment and goals.
This could enable targeted interventions to increase
positive processes such as team learning and reflexivity,
and reduce negative ones such as conflicts, and thus
also improve performance.

Strengths, Limitations, and Future
Research
Akin to any other study, our research has some strengths as
well as some limitations. Key amongst the strengths is our
deductive approach following established scale development
procedures (Hinkin, 1998; DeVellis, 2016), as this allowed us
to critically assess and improve the current way of measuring
within the SMM literature. Additionally, the use of four
unique samples and the varied and detailed statistical tests
are also strengths of the current research. A limitation is
that our new scale refers to a perceived measure and not to
a measure of SMM structure and context-dependent content
(DeChurch and Mesmer-Magnus, 2010a). We cannot exclude
the possibility that team members may sometimes mistakenly
identify SMMs whereas, in reality, these may have drifted
apart. For example, given that we found that, in a few teams,
agreement amongst team members might be less than ideal
for the composition dimension, we recommend researchers
interested in that dimension to be especially diligent when
they select their teams and respondents. Inaccurate SMMs
pose a risk to team outcomes (Marhefka et al., 2018),
however while actual SMMs may relay the structure of SMMs,
this collectively represented structure may also be inaccurate
(Marhefka et al., 2020). Therefore, our items and dimensions
could be used in future research on their own, but could also offer
complementary insights to measures of SMM structure, given the
demonstrated outcomes of both SMM perception and structure
(Marhefka et al., 2020).

In this paper, we followed an established methodology
(Hinkin, 1998; DeVellis, 2016) to consolidate the measures
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of perceived SMMs into a scale which is theoretically more
representative than past measures of perceived SMMs have
been (cf. Johnson et al., 2007; Santos et al., 2015b), as we
include all five core dimensions in one measure. Moreover,
we also identified – and then corrected – a bias in how
temporal mental models are conceptualized and measured in
the contemporary literature. We then tested the nomological
network and aggregation, to show that the 5-PSMMS is an
interesting and appropriate tool for future researchers to use, and
that it is suitable for use at the team level. One possible option
would be to investigate the incremental and criterion related
validity of our scale in more depth, as this was out of scope for
our scale consolidation paper.

A related limitation is that our scale focused on generalized
content of SMMs and thus loses some of the context-rich
nature and thereby structure of SMMs captured, for instance,
in card sorting or cognitive maps (DeChurch and Mesmer-
Magnus, 2010a; Mohammed and Hamilton, 2012). However,
these measures may also carry the risk of misspecification
(Wildman et al., 2014), given that the structure of SMM is
not immune to the risk of shared inaccurate representations
among team members (Marhefka et al., 2020), and is very
resource intensive to develop and use. For future research
we advise that researchers consider why their studies require
tailored measures such as card sorting or cognitive maps,
given the difficulty involved in collecting large samples of
data over time using such means. We also strongly advise to
rigorously theorize and operationalize the five dimensions and
measures, and suggest that our 5-PSMMS, as psychometrically
adequate measure, can serve as a foundation, or benchmark,
for doing so (Mohammed et al., 2010, 2017). Post hoc analyses
indicated that neither nationality nor industry influenced results
on the 5-PSMMS, supporting its robustness. Nonetheless, it is
conceivable that nationality or industry could possibly influence
perceived SMMs in some instances, and future research could
thus also investigate the influence of such factors (cf. Niler
et al., 2021). Overall, our scale allows for comparisons across
a wide range of team and organizational contexts, permits
easier longitudinal research, assists tailor-made studies, and
facilitates the integration of research and practical findings across
the SMM literature.

With regard to our data, although we used four unique
datasets containing 1190 participants in total, the data was
cross-sectional and self-reported. Such data is common in scale
development papers (cf. Paulin and Griffin, 2017; Thomas and
Lucas, 2019), yet our research design does much to allay these
concerns as we draw on multiple samples, conduct multiple
factor analyses, and actively screened responses based on a
number of quality indications. Moreover, in our fourth dataset,
the multilevel analyses go some way to address the risks posed by
common method bias by aggregating the responses of multiple
individuals to the team level. Future research could provide
our scale to multiple sources (e.g., team members, leaders, HR
specialists, etc.) and assess to what extent they agree about a
team’s SMM. Additionally, future research could test our scale,
its items and dimensions, over time by means of longitudinal
research. Since our scale is generally applicable to a wide range

of team and organizational contexts, such endeavors could
be undertaken by different scholars, whilst still allowing their
findings to quite easily be compared.

CONCLUSION

Via our deductive scale consolidation approach, we were able to
critically reflect upon the existing measures of SMM perceptions
and dimensions in the contemporary literature and provide a
new, theoretically and methodologically improved, scale that
contains all five core dimensions. This allows researchers to more
easily assess perceptions of SMMs in teams, and more easily
compare findings across contexts, than is currently possible with
custom-made, time- and resource intensive measures. Overall,
our hope is thus that future research and practice on perceived
SMMs can be done more rigorously, systematically, and easily
with our new 20-item scale.
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