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s the level of complexity and uncertainty

increases, it is more likely that a single individ-

ual is going to make a bad decision (Surowiecki,
2005). In today’s complex work environment, orga-
nizations are required to use teams to solve problems
efficiently and effectively (DeChurch & Mesmer-
Magnus, 2010). Akkerman et al. (2007) pointed out
that group work is not only the cornerstone of orga-
nizational life, but that it is becoming more prevalent
in educational settings. Leonard and Swap (1999)
highlighted the benefits of using teams over a single
individual: “Put enough different individual lenses
together, and you have a kaleidoscope of ideas”
(p. 21). For teams to operate effectively, DeChurch
and Mesmer-Magnus (2010) identified team mem-
bers’ need to share similar cognitive structures.
Cannon-Bowers and Salas (2001) identified three
benefits to looking at shared cognition:

1. Shared cognition has potential value as an
explanatory mechanism.

2. Shared cognition has the potential to be a valu-
able predictive variable in teams.

3. Shared cognition may help practitioners to
diagnose a team’s problems and provide insight
into how to solve them. (p. 196)

Sharing similar cognitive structures
among team members is one key ele-
ment for the collective to solve problems
and work more efficiently (DeChurch &
Mesmer-Magnus, 2010). Research has
shown that team cognition is positively
associated with team performance in
both organizational and educational
settings. Team shared cognition con-
structs are relatively new constructs and
have been identified in the literature
as team mental models, shared mental
models, information sharing, transactive
memory systems, cognitive congruence,
and group learning. Cannon-Bowers and
Salas (2001) called for better measures of
shared cognition to be developed, par-
tially through the integration of shared
cognition measures across disciplines.
The purpose of this meta-analysis is to
look at these six team cognition con-
structs in an effort to help identify which
measure, if any, results in predicting
team performance best. Results indi-
cated that information sharing was sta-
tistically significant compared to team
mental memory and group learning,
and marginally significant compared to
transactive memory systems. Addition-
ally, shared mental models and cognitive
congruence showed higher associations
with performance compared to team
mental models, group learning, and
transactive memory systems.
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In their meta-analysis on cognitive underpinnings and effective team-
work, DeChurch and Mesmer-Magnus (2010) confirmed that team cog-
nition is associated with team performance. They identified that team
cognition added 7% explained variance in team performance, above and
beyond the 12% explained variance in team performance from team
cohesion and team behavioral processes combined. Primarily focused on
team mental models (TMM) and transactive memory systems (TMS),
DeChurch and Mesmer-Magnus did recognize other forms of team cog-
nition: cognitive consensus, collective cognition, group cognition, shared
cognition, and shared mental models (see DeChurch & Mesmer-Magnus,
2010, Table 1, for more alternative cognitive constructs).

In addition to the forms of team cognition identified by DeChurch
and Mesmer-Magnus (2010), Mohammed and Dumville (2001) noted
other forms of team cognition. For example, team mental models have
been studied primarily by industrial and organizational psychologists,
information sharing has been studied by social psychologists, transactive
memory systems have been studied by cognitive psychologists, group
learning has been studied in decision making, and cognitive consensus
has been studied by organizational behaviorists (Mohammed & Dumville,
2001). Additional forms of shared cognition have been identified by
Mohammed, Ferzandi, and Hamilton (2010): team mental models, team
situation awareness, transactive memory, group learning, and strategic
consensus.

Researchers have used different cognitive constructs interchange-
ably, leading to identifying or measuring the wrong cognitive construct
(DeChurch & Mesmer-Magnus, 2010). These problems and others have
led to this comment by Cannon-Bowers and Salas (2001): “Better mea-
sures of shared cognition are needed” (p. 200). Cannon-Bowers and
Salas (2001) recommended that researchers define more specifically
which type of outcome is being studied to provide better clarity to the
research of shared cognition. Akkerman et al. (2007) highlighted that
the literature is not consistent in labeling or defining shared cognition
constructs.

The current study concentrates more specifically on comparing dif-
fering types of team cognition constructs rather than focusing on any
one specific type of outcome. Attempts have been made to define the
different types of team cognition constructs as well as identify how each
has been measured as an attempt to provide better clarity for the litera-
ture. This meta-analysis provides a step toward answering Akkerman et
al’s (2007) request for “conceptual clarity of the core concepts and the
methodology used” (p. 56) for studies relating to shared cognition. In
addition, numerous performance outcomes have been pooled together
for this meta-analysis with the intent of gaining a better perspective on
which team cognitive constructs provide maximal benefits to teams and
small groups. These outcomes have been identified along with how they
have been measured in the literature to meet Cannon-Bowers and Salas’s
(2001) recommendation.
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One attempt to gain better measures of team cognition is | One attempt to gain

to integrate measures across disciplines, as Cannon-Bowers better measures of
and Salas (2001) recommended. This meta-analysis attemptsto I team cognition is to
integrate different measures of team cognition (shared cogni- integrate measures

tion) from various disciplines to identify which, if any, measure
results in the greatest team performance outcome. We analyze
six team cognition construct measures in this meta-analysis: shared mental
models (SMM), team mental models (TMM), information sharing (IS),
transactive memory systems (TMS), cognitive congruence (CC), and group
learning (GL). The main questions for this meta-analysis are:

1. Which team cognition construct produces the best overall effect on
performance?

2. How do the measures compare to one another in relation to
performance?

A measure of research quality was assessed for each of the research
studies included in this meta-analysis. Meta-analyses should be con-
ducted by using quality articles so that there is less of a chance that the
effect sizes are found unreliable due to poor design quality (Beretvas,
2010). This quality measure assessed each research study included in this
meta-analysis, with the quality of each study coded as low quality, medium
quality, or high quality. To determine if any low-quality ranked articles
affected the results, a separate analysis was conducted comparing the
lower-ranked articles with the higher-ranked articles. This led us to
the third research question:

3. What differences are there in the effect sizes reported from those
ranked as low-quality research studies compared to those ranked
as high quality?

Further descriptions of the six forms of team cognition constructs,
along with the different ways in which they were measured in the lit-
erature, follow. In addition to the team cognition constructs, the research
quality measures are described in more detail under the Assessment of
Quality section.

Shared Cognition Constructs

Individual cognition represents one’s sense-making capabilities, one’s
ability to store information, and one’s ability to recall that information at a
later time. One model used to identify how an individual’s cognitive func-
tions work is the information-processing model, which has the follow-
ing generic components: the processing objective, information, response,
and feedback (Hinsz, Tindale, & Vollrath, 1997). Once a stimulus is
encountered, information relating to it, the contextual information, enters

across disciplines.

Volume 27, Number 1/2014 DOI: 10.1002/piq

85



the processing objective (Hinsz et al., 1997). If attention is directed to the
new information, then the information phase is activated in which this
information is encoded, stored, and made available for retrieval (Hinsz
et al., 1997). The response phase is activated once an individual decides
to act on the new stimulus, which is followed by a feedback mechanism
that compares one’s stored knowledge with what is actually occurring
(Hinsz et al., 1997). In the context of an individual team member, the
information-processing model “refers to the individual group member’s
tendencies to search for, attend to, select, encode, and retrieve informa-
tion from outside the group boundary, from other group members, and
from memory” (De Dreu & Beersma, 2010, p. 1111).

The information-processing model is useful to identify how informa-
tion is processed at the group level (De Dreu & Beersma, 2010; Hinsz
et al, 1997). Much like that of an individual, a team’s information-
processing model is directed to contextual knowledge, information the
group as a whole is attending to (Hinsz et al., 1997). At the team level,
information is shared fully in an open format (De Dreu & Beersma, 2010).
Information can be recalled from other team members, decreasing the
amount of cognitive load that is placed on any individual team member.
Team knowledge, for example, can be dispersed among the various team
members rather than requiring one team member to store all the informa-
tion required to complete a task. This shared cognition at the team level is
one of the main advantages of using teams for complex tasks.

Effective teamwork and decision making requires team members to
hold similar cognitive structures and distinctive knowledge configura-
tions (DeChurch & Mesmer-Magnus, 2010). To study these shared knowl-
edge configurations that team members hold, researchers have studied
shared cognitive constructs. Team cognition and team shared cognitive
constructs are an emerging field of study identified by the multitude of
terms and research studies found in the literature (Akkerman et al., 2007).

Shared cognition, within teams and small groups, represents the col-
lective understanding among team members regarding these members’
interactions and team tasks (Hinsz & Ladbury, 2012). The literature
describes team cognition as the organized understanding of this collec-
tive knowledge among team members (Mohammed & Dumville, 2001),
enabling team members to make sense of and acquire knowledge necessary
to execute actions (Kozlowski & Ilgen, 2006). Shared cognition provides a
way for team members to structure collective meaning and coordinate
their activities toward task achievement (Akkerman et al., 2007).

A team’s cognitive model transcends each team member’s cognitive
model, fostering better-quality decision-making capabilities from the
collective (Tzeng, 2006). This sharing of cognitions among team mem-
bers allows teams to complete tasks more efficiently, improving team
effectiveness (DeChurch & Mesmer-Magnus, 2010; Hinsz & Ladbury,
2012; Kozlowski & Ilgen, 2006). Team cognition has been shown to be
an indicator of team performance, providing team members with a shared
understanding of any problems and their resolution techniques (Johnson &
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O’Connor, 2008). Shared cognition provides the benefits of being a pre-
dictor of learning and performance (Cannon-Bowers & Salas, 2001) while
providing teams with better decision-making capabilities. Akkerman et
al. (2007) agreed that shared cognition provides a better understand-
ing of how team members learn from one another, improving the team
learning process. Shared cognition has been attributed to better task
performance, better team processes, and better motivational outcomes
(Cannon-Bowers & Salas, 2001) while allowing teams to accomplish their
goals more successfully (Hinsz & Ladbury, 2012).

A wide variety of shared cognition constructs can be found in the
literature from multiple disciplines. Although these constructs are similar
in that each represents a team’s shared cognition, they differ in a variety
of ways, including how they are defined and measured. The following
sections identify how each of the six team cognition constructs (shared
mental models, team mental models, information sharing, transactive
memory systems, cognitive consensus, and group learning) is defined and
measured in the literature selected for this meta- analysis.

Shared Mental Models (SMM)

The SMM construct represents team members’ overlapping mental
representation of knowledge, often associated with tasks, equipment,
working relationships, and situations (Bossche, Gijselaers, Segers, Woltjer,
& Kirschner, 2011). Johnson and Lee (2008) expanded on this definition
to include shared knowledge, skill, attitudes, objectives, processes, team-
work components, communication, coordination, roles, and interactions.
Bossche et al. (2011) operationalized SMM into two categories, concepts
and statements. From their research, they measured SMM concepts as
the number of concepts identified by team members, accepting two out
of three similar concepts from a team of three. In addition to SMM con-
cepts, SMM statements included two out of three statements from team
members, reflecting the same meaning. Alternatively, Johnson and Lee
(2008) operationalized SMM into five measures based on team member
perceptions of sharedness: team-related knowledge (TK), team-related
skill (TS), team-related attitude (TA), team-related dynamicity (TD), and
team-related environment (TE).

Outcome measures from Bossche et al. (2011) included perceived
team performance, team performance-actual (equity), and team per-
formance-goodwill. Perceived team performance was measured from
a questionnaire, while both team performance measures were reported
from a simulation game, Steer the Economy (Bossche et al.,, 2011). Equity
referred to the total equity at the end of each game from each team, and
goodwill represented an estimate of future profits.

Team Mental Models (TMM)
Mohammed and Dumville (2001) defined TMM as the “organized
understanding of relevant knowledge that is shared by team members”
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(p- 89). In congruence with others’ studies on TMM, Burtscher, Kolbe,
Wacker, and Manser (2011) divided TMM into two separate components:
accuracy and similarity. Accuracy represents how accurate team member
mental representations are to one another. The accuracy component is
often measured against the knowledge from an expert, which was the case
for the Burtscher et al. (2011) study. Similarity represents team member
shared mental representations, that is, how similar team members’ mental
representations are to one another. Lim and Klein (2006) expanded on
the definition of TMMs to include knowledge of tasks, equipment, roles,
goals, and abilities. By this expanded definition, Lim and Klein incorpo-
rated a multiple mental model representing TMM accuracy and similarity
for both teamwork and task work. Both teamwork and task work mental
models were captured through questionnaires and assessed using the
structural technique Pathfinder (Lim & Klein, 2006). Team performance
was assessed by experts during the test scenario in the study conducted
by Burtscher et al. (2011). In the study by Lim and Klein (2006), team per-
formance was measured from a military assessment that was designed to
identify the effectiveness of each team.

Information Sharing (IS)

Information sharing has its roots in the fields of knowledge manage-
ment and learning organization. Information sharing, as identified by
Bontis, Richards, and Serenko (2011), is “the transfer of tacit and explicit
knowledge from individuals within the organization to the collective”
(p. 240). Internal IS was one of six constructs measured in the question-
naire they included in their study. Garg (2010) identified IS as the ability of
team members to share information. Information sharing was measured
by a questionnaire, although no specifics were provided on the develop-
ment of the questionnaire. Kontoghiorghes, Awbrey, and Feurig (2005)
addressed IS from a learning organization point of view where IS was
described as openly sharing information with employees at all levels of the
organization, including teams. Also, from the learning organization per-
spective, Weldy and Gillis (2010) identified IS as a system allowing access
to information and the sharing of information, termed embedded systems.
The embedded systems scale was measured as one of seven dimensions on
the dimensions of the learning organization questionnaire (DLOQ).

Performance measures provided by Garg (2010) included perceived
measures from a questionnaire. Team member perceptions, efficiency,
and customer focus were measured by Bontis et al. (2011) as performance
measures. Efficiency related to how team members believed their work-
place had become more efficient, while customer focus related to how team
members believed customer focus had changed (Bontis et al., 2011). Two
performance measures were included in the Kontoghiorghes et al. (2005)
study, rapid change adaptation and quick product introduction, both being
perception measures. Rapid change adaptation addressed how the organiza-
tion is able to adapt to change, while quick product introduction addressed
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innovation by new product introduction (Kontoghiorghes et al., 2005).
Finally, two performance measures were provided in the Weldy and Gillis
(2010) study, both from questionnaires and both perception questions:
financial performance (the state of financial health for the organization)
and knowledge performance (improvements to products and services;
Weldy & Gillis, 2010).

Transactive Memory Systems (TMS)

Team members often know the action of other team members, an
awareness referred to as transactive memory systems (TMS). These systems
were introduced by Wegner (1986) from research on married couples.
This research expanded to teams and work groups in which an accepted
definition of TMS is where team members encode, store, and retrieve
relevant information together (Liang, Moreland, & Argote, 1995). Groups
that received training as a whole were compared with groups of individu-
als who received similar training with no attachment to any group in the
Liang et al. (1995) study. Groups that trained together were shown to dis-
play stronger TMSs compared to groups trained individually (Liang et al.,
1995). TMS was divided into three separate dimensions in the Michinov
and Michinov (2009) study: specialization, coordination, and credibility.
Specialization identifies the expertise among team members, coordina-
tion is associated with the ability of team members to work efficiently
with one another, and credibility relates to team members’ trust of one
another’s expertise (Michinov & Michinov, 2009). A modified version of
the transactive memory scale was used to measure these three dimen-
sions in the Michinov and Michinov (2009) and Michinov, Michinov, and
Huguet (2009) studies. The unmodified transactive memory scale was
used to measure the same three dimensions in the Pearsall, Ellis, and Stein
(2009) study, as well as the Gino, Argote, Miron-Spektor, and Todorova
(2010) study.

Performance was based on the number of assembly errors during
team experiments for the Liang et al. (1995) study. Group performance
was measured in two ways for the Michinov and Michinov (2009) study:
performance and performance improvement. Performance was measured
from the five tasks that students were given to perform during the semes-
ter course, whereas performance improvement measured their improve-
ment during the semester at five different intervals. Pearsall, Ellis, and
Stein (2009) measured team performance based on scores received from
a computer simulation game that was used as part of the testing pro-
cedure. The level of creativity in the end product was measured for the
Gino et al. (2010) study. Creativity was assessed by a consensual assess-
ment technique by two independent judges. Finally, Michinov et al. (2009)
measured performance by having students draw a complex figure (inde-
pendently) that they previously had traced as a group. Independent judges
measured students on speed and accuracy in which performance scores
were added to give one score per team.
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Cognitive Consensus

Kirkman, Tesluk, and Rosen (2001) differentiated between team
measures aggregated by individual team members to measures based
on team member consensus. Measures based on team member consen-
sus involved team members’ meeting to determine a team response to
test items. Their input was the gain of consensus scores over aggregated
scores. Collins and Smith (2006) looked at consensus from the view-
point of social climate—the collective (consensus) shared norms, values,
and beliefs about employee interactions. This combination consensus of
knowledge exchange was measured by a questionnaire designed to evalu-
ate the degree to which employees felt they were able to exchange and
combine information.

Team performance was evaluated through team leader evaluations
in the Kirkman et al. (2001) study. Team leaders were asked to rate their
teams on the following team effectiveness ratings: productivity, cus-
tomer service, team organizational citizenship behaviors, and proactivity.
Performance from the Collins and Smith (2006) study was composed of
revenue from new products and services in a one-year time frame and by
the percentage of sales growth from the same time frame.

Group Learning

Group learning has been identified by Pazos, Micari, and Light
(2010) as an environment in which “student participation and interaction,
facilitation style and student problem-solving” (pp. 191-192) are preva-
lent. Onwuegbuzie, Collins, and Jiao (2009) also identified group learn-
ing (cooperative learning), where students encourage and facilitate one
another’s achievements. Williams, Duray, and Reddy (2006) looked at col-
laborative learning in an online course setting in which peers were seen
as a source of authority and knowledge. Group interaction was measured
using an instrument consisting of 10 items in the Pazos et al. (2010) study.
This group interaction scale was based on a spectrum with individual ori-
ented on one end of the spectrum and cooperative on the other end of the
spectrum. A social interaction scale was used to assess individuals’ coop-
erative, competitive, and individualistic perceptions in the Onwuegbuzie
et al. (2009) study. Teamwork orientation was measured in the
Williams et al. (2006) study to represent the extent to which team mem-
bers value their membership. Higher teamwork orientation, representing
collaborative learning, was believed to result in higher overall team learn-
ing in the Williams et al. study.

Self-efficacy was used as a performance outcome in the Pazos et al.
(2010) study since it was reported that self-efficacy has been related to
students’ ability to do well in course work. A survey was used to measure
the student self-efficacy scores, with an average of individual scores repre-
senting the team’s self-efficacy measure. Students were graded on article
critiques they submitted as part of their course work in the Onwuegbuzie
et al. (2009) study, with group scores assigned from these critique scores
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as the performance measure. Overall student learning and student team-
source learning were used as the outcome variables in the Williams et al.
(2006) study. Overall student learning was measured by students’ percep-
tions of their learning. Student team-source learning was measured by a
questionnaire designed to assess the perceptions that students had on the
skills gained from their interactions with other team members (Williams
et al.,, 2006).

The primary focus of this meta-analysis is to identify which measure
of the six team cognition constructs produced the best performance out-
come results. This study is unique in that it compares each of the cogni-
tion constructs to one another based on the outcome performance.

Summaries of the articles analyzed in this meta-analysis are provided
in Table 1, along with their quality rankings (described later), the study
predictors, the study outcome measures, the type of measure (perceptual
or actual), and the reported effect sizes for each study. As can be seen in
Table 1, there are numerous types of performance outcome measures.

The following section briefly describes the use of effect sizes and
their importance in meta-analysis studies. The effect sizes used represent
performance measures for each of the six team cognition constructs from
which the meta-analysis results are based.

Effect Sizes

Meta-analyses analyze the effect size from different studies that
represent the same or similar constructs and their outcomes. An effect
size is identified as the “value which reflects the magnitude of the treat-
ment effect or . . . the strength of a relationship between two variables”
(Borenstein, Hedges, Higgins, & Rothstein, 2009, p. 3). The most common
effect sizes used in meta-analyses are unstandardized or standardized
mean differences (d-index), odds-ratio, correlation coefficient (r-index)
(Borenstein et al., 2009; Cooper, 2010), proportions, and arithmetic
means (Lipsey & Wilson, 2001).

This meta-analysis concentrated on correlation coefficients for each
of the six team cognition constructs (SMM, TMM, IS, TMS, CC, and GL)
and a team performance outcome. In addition to the correlation coef-
ficients, the unstandardized beta coefficient was used if there was only
one predictor variable and the outcome variable was a team performance
measure and no correlation coefficient data for these two variables were
provided. This univariate regression coefficient, with one predictor and
one outcome, is the same as a correlation coefficient (Cohen, Cohen,
West, & Aiken, 2003). Each correlation coefficient was then transformed
to a standardized measure using the Fisher’s Z transformation:

Z=05x In(1l+r/1-r).

Volume 27, Number 1/2014 DOI: 10.1002/piq

91



oy =4

< <« < < < <

L g80— =4

<< < < <

61" 01
Lc =4

<

LG 0} '
9L =4 d

3ZIS 1153443 IdALl
a3iLdod3y

wUCmE‘_Oth wes|

qumE\_Oth wes|

dduewiopad wes|
[IIMpoob aduewI0yad Wea)
Jenyoe s>uewloyiad wes|

aduewWIORd Wes) paAldIad

JN0D1NO

v WIN Yromuwes)
¥ W YoM ise].
S W Yiomwes|
S W 1om se]

V-WWL

S-WWL

jusWuoIIAUg
Apiweuiqg
spniny

™S

abpajmouy
paie|sy-weal WINS

JUBWLIS—ININS
1d22U0D)-NINS

SH40.1D1a3dd

ybIH (9007) U1 %8 Wi TOLLELL
(110T) Josuey g 42x2eMm
Y614 ‘3|0 4aYds1ing ToLL00L

S|9poW [eJUSW Wea|

wnipsy (8007) @97 73 Uosuyor LoLrlol
(L1L0T) J2uysiy
3 43f1|op ‘s19bas
ybiH ‘s19e|as(in ‘aydssog LOLEOOL
S|opow [ejusw paleys
DNDINVY SYIHDOYV3SIY H3gWNN
ALITYNO ai

SISATVYNVY-V13N JHL NI @3ZATYNY STTIILYY 40 AHVWWNS L 379VL




(abpd 31x2u uo sanuuo)

0160 — =4
6¢ =4
04 030€ =4
€9°016G" =4
¢S5 039¢ =4
Sy ol =4
L9 0} pS =4

[« 9

a o o o o o o

1usWaA0IdWI 9dUBWIOLIDd

9JouUewloliad

si0119 Alquiasse wea|

19A9] ANAIIRDID Wed|

2duewoyad abpajmouy|

S>uewuoyad [epueuly

uopeydepe abueyd pidey
Auandnpoud buipnpui
9cuewloyad |[eISAQ
SSDUIAID3YS Buipnpu|
uol12e)s11es JaWolsnd buipnpul
SN20j J3Wo3Isn)

Aouanyy3

Aujiqipaid
uo[1euIPI00)
uonezijeads

pauiesl
|enpIAIpUI SNSISA paules} dnoio

SW1

Swia)sAs pappaquil

Hurieys uorrewoyul
pue uonedlunwwod uadQ

(sodwod) Huieys uopewIoju|

Hunieys uonew.oyu| [eusalu|

ybiH

ubIH

ybiH

YbiH

ybIH

MO

wnipa

(6002)
AOUIYDIIA '8 AOUIYDIIN

(5661) 21061y
13 ‘puejalo ‘buer]

(0L02)
eA0Jopo] % lopjads
-uoli ‘91064y ‘ouin

70LE8OL

¥0L/80L

010801

SWwI91SAS Alowaw dAIdeSURl |

(0L02) sNI'D 8 Aplsm

(S007) Buna4 % ‘2ugmy
‘saybioiyboruoy|

(0102) B1eo

(LLOT) 0ua13s
3 ‘spieypry ‘siuog

€0L9Y01L

€018901

€01SP0L

€010€01L

Bulieys uonewoyu|



'sio1neyaq diysuaznid uoneziuebiQ = g0 Aoeinddy = v ‘AIe|iwIS = § *3INseaw uodadiad JISpes|-wes| = d-71 *9INseaw aduew.oyiad [en)dy = Y "2inseaw uoindadisd = d 230N

sy orzr =4
=1
w—=1
sy o1z =4
vS 016t =1
gorgg— =1
L =14

v
d

d-1L
d-1L
d-1L

< < < <

Bujuiea| 924N0S-Wea} JuUspnIS

Bujuies| JuspnIs |[eI9AQ

AKoedyya-jI9s

$21025 anbid 3Py

400 wes]
9DIAJDS JBWO0ISND

AuAndnpoid
SnuaAsy

ymmoub sajes o

9duewlopad wes)

9duewlopad dnoin

uolelusiIo yiomwes|

9415 uonoeusyul dnoug

uonesadoo)

91e62166k J9A0 Uleh SNSU3SUOD)

SuolleUIqWOD
/abueydxa abpajmouy

Buidod Juepiony
Buidod buiajos-wa|qoid
|emeispyim |ed160joydAsd

SWL

SWL

ybiH

wnipa

wnipaw

ybiH

Y61

ybiH

wnipay

(9002) Appay

R ‘Aeang ‘swel|jip QOLyLLL
(01L02)

61773 ‘LedI ‘sozed 9018601
(6002) oelr 3

‘sulfjoD ‘d1zngbanmuQ 90LZoLL

Bujuies dnoin

(L00T) ussoy
3 YN|SIL ‘UL SOL9ELL
(9002) yHws B sutjjod SOLLELL

SNSUASUOD dAINUDHOD

(6002)

u191s 3 ‘sl|[3 ‘|jesiead 01280l
(6002) 39nbnH

13 ‘NOUIYDIN ‘AOUIYDIN 01801

(panupuod) 1319




A number of the studies researched for this meta-analysis included
data from multivariate and multiple regression analyses. Lipsey and
Wilson (2001) recommended against using the standardized regression
coefficients since “each analysis is assumed to be estimating a differ-
ent population parameter” (p. 67). They further recommended against
using analyses from multivariate relationships for meta-analysis stud-
ies. Cooper (2010) duplicated this concern by recognizing the diverse
nature of regression models with differing variables included in compet-
ing models.

A number of the studies provided more than one correlation co-
efficient for the relationships between the shared cognition construct and
the team performance output. In cases where more than one correla-
tion coefficient is provided in a single study, these coefficients should not
all be included in the meta-analysis since these measures are dependent
measures (Borenstein et al., 2009; Cooper, 2010; Lipsey & Wilson, 2001).
Instead, the researcher is to either choose one effect size for the meta-
analysis or average the effect sizes and use the average effect size for the
meta-analysis (Borenstein et al., 2009; Cooper, 2010; & Lipsey & Wilson,
2001). For this meta-analysis, it was determined that the average effect
size would be incorporated into the meta-analysis where more than one
effect size was coded within the same study.

Method

Data Collection Methods

This meta-analysis concentrated on team shared cognition measures.
Six forms of team cognition measures were analyzed: shared mental models
(SMM), team mental models (TMM), information sharing (IS), transactive
memory systems (TMS), cognitive consensus (CC), and group learning
(GL). The studies were pooled from the national bibliographic database,
ERIC-EBSCOhost. The search criteria for each of the forms of team shared
cognition follow. The time period for each search was set at January 1990
through April 2012. The beginning date was selected with the belief that
most recent literature on shared cognition would fall within this time period.

The first search conducted was for TMMs. The term “Team Mental
Models” was entered, the criterion “in abstract,” along with the criterion
for “English” articles. The initial search resulted in 38 articles; 12 of these
were not accessible. Of these 38 articles, 25 were found to be relevant to
the meta-analysis after reviewing their abstracts. Four had quantitative
data and could be used for this meta-analysis. After analyzing these four
articles, it was discovered that both TMM and SMM articles were classi-
fied under the “team mental models” search. Of the four remaining arti-
cles, two were classified as being related to TMM and two as being related
to SMM. We therefore had two articles each for TMM and for SMM.
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The second search was for information sharing. The term “informa-
tion sharing” was entered with the criterion “in abstract” selected along
with “English” The initial criteria produced 832 articles, which were
reduced through an abstract review by excluding K-12 education arti-
cles, classroom articles, and international education articles. Only articles
including organizational, higher education, and training were selected.
This produced 53 articles. Of these 53, only 5 provided quantitative data
that could be used for this meta-analysis. One of the 5 articles did not
provide adequate quantitative data, resulting in 4 articles for the shared
cognition construct of information sharing.

The third search, for transactive memory systems, was conducted
using the search term “transactive memory” with the criteria “in abstract”
selected along with “English” The initial search resulted in 8 articles. Of
these 8 articles, 4 provided quantitative data that could be used for this
meta-analysis.

The fourth search conducted was for group learning. The search term
“group learning” was entered with the criterion “in abstract” selected
along with “English” This initial search resulted in 4,572 articles. This
search was refined to include “academic journals” only, resulting in 2,556
articles, and then further reduced by changing the criterion “in abstract”
to “in title,” resulting in 577 articles. In a review of the abstracts, articles
relating to K-12 education, classroom, and international education were
excluded. Articles relating to organizational or higher education
were included. The final article total resulted in 38 articles in which 9
articles provided quantitative data for this meta-analysis. Three of these
9 articles provided adequate information for this meta-analysis.

The final search, for cognitive consensus, was conducted. The search
term “cognitive AND consensus” was entered with the criterion “abstract”
selected along with “English” A total of 67 articles were produced in
which 3 provided adequate quantitative data for this meta-analysis.

In total, 18 articles were selected for this meta-analysis: 2 for TMM, 2
for SMM, 4 for IS, 4 for TMS, 3 for GL, and 3 for CC.

Sample Summary

The sample drawn from the search resulted in 13,491 participants
with 768 teams in all. Of these totals, 1,664 participants were males and
1,101 females, with an estimated average age of around 21 years. Not all of
the retrieved articles provided complete sampling data for their research.
This resulted in not being able to calculate the total number of males and
females, as well as the average of all participants. This summary informa-
tion comes from the articles retrieved from the search.

For the SMM construct, there were 101 participants with 32 teams;
62 participants were male, and 39 were female, with an average age of 23.5
years. All of the articles for SMM were from the higher education sector.
For the TMM construct, there were 610 participants with 102 teams; 585
were male, and 25 were female, with an average age of 20.4. The sectors
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represented for the TMM construct included the health industry and
the military (international). The military study was made up of all males,
accounting for the high ratio of males to females for the TMM construct.

The IS construct consisted of 9,779 participants with four groups.
Each study under the IS construct consisted of only one group, ques-
tioning an organization’s department or a specific type of employee (IT
service employee) rather than comparing actual teams. Of these 9,779
participants, only one study documented the gender makeup, with 101
males and 42 females. No average age was provided from either of the
studies for the IS construct. The IS studies represented the private sector,
which included business, telecommunications, IT, management, health
industry, manufacturing, and the service industry.

The TMS construct produced 964 participants with 316 teams. There
were 455 males and 509 females, with an average age of 21.3 years. All of
the TMS studies represented higher education, with two of them repre-
senting higher education from an international university.

For the construct CC, there were 1,090 participants with 99 teams.
No data were reported regarding the age or gender of the participants for
either of the two studies for the CC construct. The sectors represented
by these two studies were textiles, high-tech manufacturing, insurance,
engineering, software, management, and consulting.

The GL construct resulted in 947 participants and 215 teams, with
461 males and 486 females. The average age for the GL construct was esti-
mated to be 21.6 years (not all studies reported age). All of the GL studies
represented the higher education sector.

Assessment of Quality

To document the quality of the research studies included in this meta-
analysis, a measure of each study’s quality was recorded. These quality
measures are provided to support the findings from this meta-analysis.
For example, data provided from studies identified as high in quality
should be viewed as being more valid than data provided from studies
identified as low in quality. In addition, the quality measures were used
to analyze the calculated effect sizes to see if there were any differences
among the different quality groupings.

The quality measure used in this meta-analysis was a modified ver-
sion of Gall, Gall, and Borg’s (2010) Questions to Ask Yourself When
Evaluating a Report of a Quantitative Study. The quality evaluation is pro-
vided in the Appendix at the end of this article. This quality evaluation was
divided into four sections: Introduction, Method, Results, and Discussion.

Among the questions in the Introduction were these:

+ Is the literature review section of the report sufficiently
comprehensive?

+ Does the literature review include studies that you know to be rel-
evant to the problem?
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+ Is each variable in the study clearly defined?

Questions relating to the Method section include the following types:

+ Is each measure appropriate for the sample?
+ Is each measure in the study sufficiently reliable for its intended
purpose?

The Results section concentrated on questions pertaining to whether
appropriate statistical techniques were used and whether the practical
significance was reported—for example:

+ Did the researchers provide a reasonable explanation of the findings?
+ Did the researchers draw sound implication for practice from their
findings?

There were 18 questions, each measured on a 3-point scale from 0
to 2 (0 = No, 1 = Somewhat, 2 = Yes). With a total possible score of 36,
the quality scores were coded into a categorical variable with three qual-
ity scales: Low-Quality Ranking (below 18), Medium-Quality Ranking
(between 18 and 27), and High- Quality Ranking (above 27). Each article
was evaluated by the researcher; 9 of the 18 articles were also evaluated by
a second researcher (a third-year doctoral student) using the same quality
evaluation measure. The interrater reliability between these two measures
resulted in a calculation of 80% (Cronbach’s alpha standardized =.800).

Of the 19 articles for this meta-analysis, 1 was classified as low-quality
ranking, 5 as medium-quality ranking, and 12 as high-quality ranking.
Figure 1 shows the frequency chart for the three quality ranking scales,
and Figure 2 shows the frequency chart for the total quality scores.

Statistical Methods

For this meta-analysis a random-effects model was conducted as
opposed to a fixed-effects model. A fixed-effects model is used when
studies are functionally identical to one another, compared to a random-
effects model, which is used when various researchers operate indepen-
dently, making it less likely that each study is identical to one another
(Borenstein et al., 2009). A random-effects model was incorporated since
each of the research studies varied from one another by design, sample,
measures, and researchers. The procedures for these calculations are
summarized from Borenstein et al. (2009) and Lipsey and Wilson (2001).

Results

Assessment of Heterogeneity
A test of heterogeneity was conducted to determine whether
the variance calculated (true variance) was more than what would be
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expected from random error. To test for heterogeneity, the within-
study variance and the between-study variance were determined. The
weight assigned to each study is represented by W and was calcu-
lated as the inverse of the variance for a particular study. The calcu-
lated correlation, in this case the Fischer’s z score, is identified as Y. The
degrees of freedom (df) equal the number of studies (k) minus 1 (df =
k — 1). The excess variation is identified as Q — df (Borenstein et al., 2009).

The test of homogeneity was conducted using the fixed-effects values.
It is tested by the null hypothesis that all studies share a common effect
size (Borenstein et al., 2009). Table 2 shows the calculations for the fixed
effects for all the effect sizes in the meta-analysis.

To test the null hypothesis for homogeneity, a Q value of 177.53 was
calculated with a df = 17. Using a chi square test, the critical value for this
test was 27.587. Since the calculated Q was greater than the critical value
for df = 17, the observed variation is greater than expected by error, thus
rejecting the null that the within-study variances are not different. Thus,
this sample is a sample of heterogeneity in which the variance is more
than what is expected from error.

For the fixed effects, the weighted mean was calculated as .656, $$ =
.0000939, SE = .00969. The 95% CI [.637, .675] excludes zero, identifying
this confidence interval as being significant. The calculated z-score for the
fixed effects was 67.68, greater than the significant z-score of 1.96 with an
alpha of .05 for a two-tailed test. The null hypothesis that the fixed-effects
weighted mean is equal to the population mean of zero was rejected, indi-
cating that there is a relationship between the shared cognition weighted
means and team performance.

Once the homogeneity test had been rejected, the random effects
were calculated to determine the between-study variance. The random
effects were calculated, producing a between-study variance (T2) of .055
with a standard deviation of T'= .235. Table 3 shows the calculated values
for each of the random effects for this meta-analysis.

The new weight assigned to each study was calculated using the total
variance, within-study variance plus between-study variance (V; = Vw
+ VB). The random-effects weighted mean (W*) was calculated as .359,
V= .0041, SE = .0644. The random effects resulted in a 95% CI [.233,
.485], excluding zero, which identifies this confidence interval as being
significant. The calculated z-score for the random effects was calculated
to be 5.57 (p < .001), greater than the significant z-critical value of 1.96
with an alpha of .05 for a two-tailed test. By being significant, the null
hypothesis that the random-effects weighted mean is equal to the popu-
lation mean of zero was rejected, indicating that there is a relationship
in the population between the six shared cognition constructs and team
performance.

Values from the random effects were transformed from the stan-
dardized format (Fisher’s z) to a regular correlation format, summary
effect, to compare with the originally reported values for the effect sizes
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(Borenstein et al., 2009). The summary effect of the correlation is .344
with a 95% CI [.228, .450]. This summary effect (corrected correlation)
shows a positive association between the team cognitive constructs and
team performance; this positive association is significant.

To determine the proportion of variance, the P statistic was cal-
culated. This value helps to answer the question: “What proportion of
the observed variance reflects real differences in effect size?” (Borenstein
et al., 2009, p. 116). For the effect sizes in this meta-analysis, 1 indicated
that 90.42% of observed variance was real. Borenstein et al. (2009) pro-
vided that I* values greater than 75% are classified as being high, indi-
cating that most of the observed variance is real.

To summarize the statistics identified above, the following points are
provided from Borenstein et al. (2009, p. 120):

1. The Q statistic and its p-value serve as a test of significance.

2. The estimate T2 serves as the between-studies variance in the
analysis and the estimate of T serves as the standard deviation of
the true effects.

3. Pistheratiooftrue heterogeneity to total variation in observed effects.

The prediction interval for the weighted mean (M*) can be calculated
to determine the estimated dispersion of expected effect sizes. This dis-
persion represents the estimated effect size values that can be expected
for these six shared cognitive constructs when testing performance out-
come measures. The prediction interval was different from the confi-
dence interval for the weighted mean that was reported earlier (.233 to
.485). This confidence interval represents the accuracy of the weighted
mean of .359, meaning that each weighted mean is expected to fall within
the range of .233 and .485.

With a df =16, the critical ¢-value is 2.120 for a two-tailed test at
an alpha of .05. The prediction interval for the weighted mean was
calculated to be —0.157 for the lower interval and 0.875 for the upper
interval. This prediction interval indicates that the six shared cognitive
constructs will produce (95% of the time) effect sizes that range from
—0.157 to 0.875.

Shared Cognition Comparisons

In order to address the research questions posed at the beginning of this
meta-analysis a comparison between the individual team cognition mea-
sures was conducted. At the beginning of this meta-analysis the research-
ers were interested in answering two research questions: (1) Which shared
cognition construct produces the best overall effect on performance? and
(2) How do the measures compare to one another in relation to perfor-
mance? The calculated weighted effect sizes for each of the team cognition
constructs are provided in Table 4, along with the weighted mean calcula-
tions for each of the six-shared cognitive constructs in Table 5.
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The values provided in Table 4 used the same calculations as those
in the test of heterogeneity. The main difference is that for the test of
heterogeneity, all 18 studies were included as one comparison, resulting
in the summed values for all 18 studies. For these individual construct
calculations, only the construct values were summed rather than all 18
studies. This resulted in a separate between-study variance (TZ) for each
construct, which produced a weighted effect size (W*) for each effect for
that cognitive construct. The weighted values were then summed and
used to calculate the mean effect (M* Var+ and SEM*) for each cogni-
tive construct, along with its corresponding confidence interval estimate
(Table 5).

The weighted mean for each cognitive construct was calculated along
with the estimated confidence interval for each effect size. Next, the
transformed correlation was calculated (Fisher’s z to correlation). Of the
six cognitive constructs, four of the weighted means were found to have
a statistically significant calculated Z-value; SMM (.417), IS (.568), TMS
(.308), and CC (.449). No statistically significant results were found for
the weighted means for either TMM (.196) or GL (.147), indicating that
the weighted means for these two cognitive constructs did not differ from
zero.

For each of the six shared cognitive constructs, the corrected correla-
tion values were all positive, ranging from a low of .147 for GL with a high
of .513 for IS. A comparison was conducted for each of these constructs
using the comparison procedures outlined by Borenstein et al. (2009).
This method used a z-test to compare the two mean effects, comparing
each paired shared cognitive constructs. In order to compare all possible
mean effects, a matrix was set up with a total comparison of 15 mean
effects. This comparison matrix and the calculated z-values are provided
in Table 6.

To compare two mean effects, the first step was to calculate the dif-
ference between the two mean effects, Diff* = M*; — M*,. The z-value
was then calculated by dividing this difference by the calculated standard
error, SEDiff* = SQRT (V4> + V5 Borenstein et al., 2009).

For the calculations provided in Table 6, the mean effect for the first
column was subtracted from the second, third, fourth, fifth, or sixth col-
umn, depending on which calculation was being performed. For exam-
ple, the first calculated z-value is —.932 which is the product of, Dift* =
My — M*q0 By being negative, this calculated z-value indicates that
the mean effect for TMM is smaller than the mean effect for SMM.

To be significant, the calculated z-value needs to be greater than
the critical z-value of 1.96, alpha = .05, two-tailed. Two z-values were
found to be significant. The first significant difference was between IS and
TMM, z = 2.372, p = 0.018, indicating that the weighted mean for IS was
significantly different from (greater than, since the Z-value was positive)
the weighted mean for TMM, p < .05, two-tailed. The second significant
difference was between GL and IS, z = —2.588, p = 0.0097, indicat-
ing that the weighted mean for GL was significantly different from (less
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than, since the Z-value was negative) the weighted mean for IS, p < .05,
two-tailed. In addition to the significant findings at the p = .05 level, one
significant finding at the p = .10 level was identified. This significant level
at p < .10 is being reported here since we are concerned with the differ-
ences between constructs, even though the significance level of p < .10 is
higher than the significance level used primarily as the standard (p < .05)
for this meta-analysis. The significant finding at the p < .10 was between
TMS and IS, z = —1.939, p = 0.0525, indicating that the weighted mean
for TMS was marginally significantly different from (less than, since the
Z-value was negative) the weighted mean for IS, two-tailed.

From this comparison, the one team cognition construct that stood
out was that of IS, with statistical findings greater than the constructs of
TMM, GL, and TMS. The two shared cognitive constructs that were not
statistically different from IS were SMM and CC; neither of these con-
structs was found to be significantly different from TMM, GL, or TMS.
However, these findings did indicate that SMM had a higher calculated
Z-value than TMM, and GL. In addition to the findings for SMM, the
calculated Z-values for CC were higher than those for SMM, TMM, TMS,
and GL.

Quality Ranking Comparison

The final research question posed at the beginning of this meta-
analysis was related to the quality of the research studies used in
the analysis. A quality score was measured for each of the 18 studies in this
meta-analysis. (For a summary of these quality scores, see the
“Assessment of Quality” section). This comparison test assessed the stud-
ies ranked as high quality and compared them with the studies ranked as
being of low and medium quality. The low-quality and medium-quality cat-
egories were recoded into one category since only one study ranked in the
low-quality category. This recoding allowed the 12 high-quality studies to
be compared against the 6 low-quality and medium-quality studies. This
comparison helped shed light on the third research question:

3. What differences are there in the effect sizes reported from those
ranked as low-quality studies compared to those ranked as high-
quality studies?

For this comparison test, the weighted values were summed, once for
the low- and medium-quality studies and once for the high-quality stud-
ies. The between-study variance (T?) for the low- and medium-quality
studies was 0.109, with a within-study variance for the high-quality stud-
ies being 0.026. Table 7 provides the calculated values for the two groups:
low- and medium-quality studies and high-quality studies.

For the values provided in Table 7, the mean effect for the high-qual-
ity studies was subtracted from the mean effect for the low- and medium-
quality studies. This resulted in a calculated Diff* = M*Low/Med — M*High
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TABLE7 WEIGHTED MEAN SUMMARY FOR LOW/MEDIUM-
AND HIGH-QUALITY RANKED ARTICLES

LOW / MEDIUM HIGH
M 0316 0391

Ve 0.024 0.002
SEne 0.155 0.048
LLys 0.012 0.298
Ul 0.621 0.484
Zye 2.034 8212
P 0.022 <.001
Q 64.928 38433
r* 0.306 0372
LLr* 0.012 0.289
ULr* 0.552 0.450

= 0.3795 — 0.316 = 0.0633. The standard error was calculated as being
.166, z = .3812 (z = .0633/.166), p = 0.703. To be significant, the calcu-
lated z-value needs to be greater than the critical z-value of 1.96, alpha
= .05, two-tailed. Since this z-value was less than the z-critical value, the
null hypothesis that the two groups are equal was retained, indicating that
these groups are not statistically different from one another.

The prediction intervals were calculated for both the low- and
medium-quality studies and the high-quality studies. The lower
and upper prediction limits for the low- and medium-quality studies were
calculated to range from —0.697 to 1.330, respectively. The lower and
upper prediction limits for the high-quality studies were calculated to
range from 0.0023 to 0.767. These prediction limits show that the range
of the effect sizes for the high-quality studies falls within the range calcu-
lated for the low- and medium-quality studies. This overlap supports the
nonsignificant finding presented above.

Discussion

The test of homogeneity of all the shared cognition studies included
in this meta-analysis showed that the variance was greater than what is
expected from error alone. By being a heterogeneous sample, the random
effects were calculated so that analyses could be conducted. This was
done primarily to account for this additional variance. In keeping with
the recommendations provided by Lipsey and Wilson (2001) on reporting
results for meta-analyses, this section looks at why the study effects differ.

The primary focus of this meta-analysis was to compare six shared
cognition constructs (SMM, TMM, IS, TMS, CC, and GL) and their
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association with team performance. Relating to the first two research
questions, the IS construct was statistically significant compared to the
constructs of TMM and GL at the p < .05 level and marginally signifi-
cant compared to the TMS construct at the p < .10 level. No other sig-
nificant findings were identified between the other cognition constructs.
Following IS, the SMM construct showed higher associations with per-
formance compared to TMM and GL, while the construct of CC showed
higher associations with performance compared to SMM, TMM, TMS,
and GL, although neither was statistically significant.

The IS construct provides team members with the tools, resources,
and environment that are conducive to sharing information with other
team members. Wittenbaum, Hubbell, and Zuckerman (1999) indi-
cated that it was uncommon for group members to pool their unique
knowledge effectively; typically team members discuss common, shared
knowledge. By discussing only shared knowledge, new knowledge is
unlikely to surface, reducing a team’s ability to solve problems and to be
innovative. Stasser and Titus (1985) and Stasser, Vaughan, and Stewart
(2000) identified that pooling unshared knowledge is critical to decision
making in teams. Since the IS construct addressed the sharing of tacit and
explicit knowledge, which is comparative to unshared and shared knowl-
edge for teams, it is possible that the IS construct was better able to use
team members’ unshared knowledge compared to the other constructs in
this meta-analysis.

By comparison, SMM also looked at assessing knowledge, but knowl-
edge that was more specific to team task work. Alternatively, CC assessed
the consensus of the team’s knowledge. The consensus measure could
prove to be less effective than IS if the consensus of the group was that of
shared knowledge rather than unshared knowledge.

The least effective measures were shown to be TMM, TMS, and GL.
TMM looked at both similarity and accuracy measures of team knowledge
related to both task work and teamwork. In the study by Burtscher et al.
(2011), the accuracy measure was negatively correlated with performance.
For future research, looking separately at each of these two measures, similar-
ity and accuracy, could be beneficial. Identifying which measure, similarity
or accuracy, is a better predictor of performance could show where a
team’s performance could be improved. These measures could also be
compared against the measures from IS to determine if TMM-accuracy or
TMM-similarity is a comparable predictor of team performance.

Transactive memory systems look at the ability of team members to
encode, store, and retrieve (Liang et al., 1995) knowledge while perform-
ing a particular task. While TMS may be beneficial when performing a
task that team members have performed previously, it may not be the best
measure to capture new knowledge among team members. This could be
the reason that TMS was significantly lower compared to IS.

Group learning included student participation and interaction, which
could be conducive to sharing new knowledge among members. However,
the Williams et al. (2006) study placed students in a situation where they
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were perceived to be a source of authority and knowledge. Placing a team
member in a situation does not guarantee that new knowledge will be
generated. One other potential downfall for the GL construct was that the
length of discussions was not measured. Hollingshead (1996) suggested
that prolonging discussion leads to discussing more unshared informa-
tion. Increasing the length of discussion among student groups could
prove to be beneficial to overall student learning. These potential explana-
tions could contribute to explaining why GL was a lower predictor of per-
formance compared to all other constructs (IS, SMM, TMM, TMS, and
CC). Future research efforts could compare different situations in which
knowledgeable and nonknowledgeable team members are perceived as
being the source of knowledge. Future research could also vary the length
of discussion between groups to see if that length is positively associated
with overall student learning.

Limitations

One limitation for this meta-analysis is the small number of studies.
Of the 5,517 articles initially captured, only 18 were found relevant to
this meta-analysis with adequate empirical data. Having a small size can
reduce the power for the overall analysis and could produce higher vari-
ances compared to having a larger sample. Selecting a larger number of
categories—in this case, six shared cognitive constructs—helps to spread
this variability among studies. However, the number of studies per cat-
egory could be considered low. The literature search for this meta-analysis
followed the guidelines provided by Cooper (2010), who indicated that a
complete literature search should include the following:

1. A search of reference databases

A perusal of relevant journals

3. The examination of references in past primary research and
research synthesis and

4. Personal contact with active and prominent researchers. (p. 78)

N

With the exception of this final recommendation, the current study
attempted to collect effect sizes representing associations between each
of the six shared cognition constructs and team or departmental perfor-
mance outcomes. This resulted in a smaller-than-expected sample size.
Due to this size, the differences identified in this meta-analysis can only
be highlighted with explanations as to why these differences may exist.
However, these results cannot be generalized to any population due to
this small size. The results here are more informative in nature than infer-
ential or causational.

The outcome measures included in this meta-analysis are broad, con-
sisting of task-based outcome, behavioral outcome, business outcome,
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and perceptual outcome measures. Although these outcome measures
might be considered too broad by some, they were identified from the
literature and not selected by the researchers. The attempt was to identify
the effects that the six shared cognition constructs had on performance
outcome measures with minimal limitations on the outcome measures
themselves. Selection of only one specific outcome measure would have
resulted in a sample size too small for analysis.

Most of the research studies in this meta-analysis are from peer-
reviewed journals; some were from dissertations. Publication bias is pos-
sible in this meta-analysis, showing primarily only statistically significant
results. However, some measures in this meta-analysis provided multiple
outcome measures to represent one construct, thus producing both sta-
tistically significant findings as well as nonstatistically significant findings.
This fact may only partially reduce the potential for publication bias. We
recognize that some publication bias may be present in this meta-analysis.

Conclusion

The small sample size from this meta-analysis was primarily a func-
tion of the emerging nature of these team cognition constructs. Cannon-
Bowers (2001) had indicated that interest in researching these emerging
constructs had only surfaced within the past ten years, placing the begin-
ning of exploring these emerging constructs at around 1991. For example,
transactive memory systems were introduced by Wagner in 1986, and
it was not until much later that research studies measured TMS against
team performance. In addition, team mental models were first concep-
tualized by Klimoski and Mohammed in 1994, some of the first tests
relating shared mental models against team effectiveness were conducted
by Cannon-Bowers and Salas in 2001, and information sharing was intro-
duced to the team literature by Hinz et al. in 1997 and by Stasser and Titus
in 1985. Going back for additional data prior to 1990, the selected data
retrieval cut-off date for this meta-analysis, would not produce any related
sources of new data. This point leads to two conclusions: team cognition
constructs are new and emerging constructs, and more research needs to
be conducted to better understand them.

This meta-analysis attempted to shed light on the methods that have
emerged to measure team cognition. Also, response to the concerns
identified by Cannon-Bowers and Salas (2001) and by Akkerman et al.
(2007) calling for better clarity in defining team cognition constructs
was addressed. Results also attempted to identify which team cognition
construct measures are better at predicting performance in response to
Cannon-Bowers and Salas’s (2001) call for better measures. We recom-
mend expanding research on the team cognition constructs of information
sharing, shared mental models, and cognitive congruence. More research
is needed in these areas, and this meta-analysis contributes to the literature
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by beginning this exploration into team cognition constructs and identifies
the need for more research on team cognition constructs with a focus
on the outcome of team performance.

References

References marked with an asterisk indicate studies included in the meta-analysis. The
in-text citations to studies selected for meta-analysis are not preceded by asterisks.

Akkerman, S., Van den Bossche, P., Admiraal, W., Gijselaers, W., Segers, M., Simons, R.-J., &
Kirschner, P. (2007). Reconsidering group cognition: From conceptual confusion to
a boundary area between cognitive and socio-cultural perspectives? Educational
Research Review, 2, 39-63. doi:10.1016/j.edurev.2007.02.001

Beretvas, N.S. (2010). Meta-analysis. In G.R., Hancock & R.O., Mueller (Eds.), The reviewer’s
guide to quantitative methods in the social sciences (pp. 255-263). New York, NY:
Routledge.

*Bontis, N., Richards, D., & Serenko, A. (2011). Improving service delivery: Investigating
the role of information sharing, job characteristics, and employee satisfaction.
Learning Organization, 18(3), 239-250. doi:10.1108/09696471111123289

Borenstein, M., Hedges, L.V., Higgins, J.P.T., & Rothstein, H.R. (2009). Introduction to meta-
analysis. West Sussex, UK: Wiley.

*Bossche, P.V.,, Gijselaers, W., Segers, M., Woltjer, P., & Kirschner, P. (2011). Team learning:
building shared mental models. Instructional Science, 39, 283-301. doi:10.1077/
s11251-010-9128-3

*Burtscher, M.J., Kolbe, M., Wacker, J., & Manser, T. (2011). Interactions of team mental
models and monitoring behaviors predict team performance in simulated
anesthesia inductions. Journal of Experimental Psychology: Applied, 17(3), 257-269.
doi:10.1037/a0025148

Cannon-Bowers, J.A., & Salas, E. (2001). Reflections on shared cognition. Journal of Orga-
nizational Behavior, 22(2), 195-202. doi:10.1002/job.82

Cohen, J,, Cohen, P., West, S.G., & Aiken, L.S. (2003). Applied multiple regression correlation
analysis for the behavioral sciences (3rd ed.). New York, NY: Routledge.

*Collins, C.J., & Smith, K.G. (2006). Knowledge exchange and combination: The role of
human resource practices in the performance of high-technology firms. Academy of
Management Journal, 49(3), 544-560. doi:10.5465/AMJ.2006.21794671

Cooper, H. (2010). Research synthesis and meta-analysis: Applied social research methods
series (4th ed., Vol. 2). Thousand Oaks, CA: Sage.

DeChurch, L.A., & Mesmer-Magnus, J. R. (2010). The cognitive underpinnings of effective
teamwork: A meta-analysis. Journal of Applied Psychology, 95(1), 32-53. doi:10.1037/
a0017328

De Dreu, CK.W., & Beersma, B. (2010). Team confidence, motivated information
processing, and dynamic group decision making. European Journal of Social Psy-
chology, 40(7), 1110-1119. doi:10.1002/ejsp.763

Gall, M.D., Gall, J.P., & Borg, W.R. (2010). Applying educational research: How to read, do,
and use research to solve problems of practice (6th ed.). Boston, MA: Pearson.

*Garg, M. (2010). Impact of enterprise resource planning on organizational productivity
in an information technology organization (Walden University). ProQuest Disserta-
tions and Thesis, 243. Retrieved from http://search.proquest.com/docview/305221
096?accountid=7113

*Gino, F., Argote, L., Miron-Spektor, E., & Todorova, G. (2010). First, get your feet wet: The
effects of learning from direct and indirect experience on team creativity. Orga-
nizational Behavior and Human Decision Processes, 11(2), 102-115. doi:10.1016/j
.0bhdp.2009.11.002

Volume 27, Number 1/2014 DOI: 10.1002/piq

113



Hinsz, V.B., & Ladbury, J.L. (2012). Combinations of contributions for sharing cognitionsin
teams. In E. Salas, S.M. Fiore, & M. P. Letsky (Eds.), Theories of team cognition: Cross-
disciplinary perspectives (pp. 245-270). New York, NY: Routledge.

Hinsz, V.B., Tindale, S.R., & Vollrath, D.A. (1997). The emerging conceptualization of groups
as information processors. Psychological Bulletin, 121, 43-64. doi:10.1037/0033-
3909.121.1.43

Hollingshead, A.B. (1996). The rank order effect in group decision making. Organizational
Behavior and Human Decision Processes, 68, 181-193. doi:10.1006/0bhd.1996.0098

*Johnson, T.E., & Lee, Y. (2008). The relationship between shared mental models and task
performance in an online team-based learning environment. Performance Improve-
ment Quarterly, 21(3), 97-112. doi:10.1002/pig.20033

Johnson, T.E.,, & O'Connor, D.L. (2008). Measuring team shared understanding using the
analysis-constructed shared mental model methodology. Performance Improve-
ment Quarterly, 21(3), 113-134. doi:10.1022/piq.20034

Kirkman, B.L., Tesluk, P.E., & Rosen, B. (2001). Assessing the incremental validity of team
consensus ratings over aggregation of individual-level data in predicting team
effectiveness. Personnel Psychology, 54(3), 645-667. Retrieved from onlinelibrary.
wiley.com/journal/10.111/(ISSN)1744-6570

Klimoski, R., & Mohammed, S. (1994). Team mental model: Construct or metaphor? Jour-
nal of Management, 20, 403-437. doi:10.1177/014920639402000206

*Kontoghiorghes, C., Awbrey, S.M., & Feurig, P.L. (2005). Examining the relationship
between learning organization characteristics and change adaptation, innovation,
and organizational performance. Human Resource Development Quarterly, 16(2),
185-212. doi:0.1002/hrdqg.1133

Kozlowski, S.W.J., & llgen, D.R. (2006). Enhancing the effectiveness of work groups
and teams. Psychological Science in the Public Interest, 7(3), 77-124. doi:10.111/
j.1529.1006.2006.00030.x

Leonard, D., & Swap, W. (1999). When sparks fly: Igniting creativity in groups. Boston, MA:
Harvard Business School Press.

*Liang, D.W., Moreland, R., & Argote, L. (1995). Group versus individual training and
group performance: The mediating role of transactive memory. Personality and
Social Psychology Bulletin, 21(4), 384-393. doi:10.1177/0146167295214009

*Lim, B.-C., &Klein, K.J. (2006). Team mental models and team performance: A field study
of the effects of team mental model similarity and accuracy. Journal of Organiza-
tional Behaviour, 27, 403-418. doi:10.1002/job387

Lipsey, M.W., & Wilson, D.B. (2001). Practical meta-analysis. Thousand Oaks, CA: Sage.

*Michinov, N., & Michinov, E. (2009). Investigating the relationship between transactive
memory and performance in collaborative learning. Learning and Instruction, 19(1),
43-54. doi:10.1016/j.learninstruc.2008.01.003

*Michinov, E., Michinov, N., & Huguet, P. (2009). Effects of gender role and task content on
performance in same-gender dyads: Transactive memory as a potential mediator.
European Journal of Psychology of Education, 24(2), 155-168. Retrieved from www
.springer.com/psychology/journal/10212

Mohammed, S., & Dumville, B.C. (2001). Team mental models in a team knowledge
framework: Expanding theory and measurement across disciplinary boundaries.
Journal of Organizational Behavior, 22(2), 89-106. Retrieved from http:www
.onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-1379

Mohammed, S., Ferzandi, L., & Hamilton, K. (2010). Metaphor no more: A 15-year review
of the team mental model construct. Journal of Management, 36(4), 876-910.
doi:10.1177/014920630935680

*Onwuegbuzie, A.J.,, Collins, KM.T., & Jiao, Q.G. (2009). Performance of cooperative
learning groups in a postgraduate education research methodology course: The
role of social interdependence. Active Learning in Higher Education, 10(3), 265-277.
doi:10.1177/1469787409343190

*Pazos, P., Micari, M., & Light, G. (2010). Developing an instrument to characterise peer-
led groups in collaborative learning environments: Assessing problem-solving

114

DOI: 10.1002/piq Performance Improvement Quarterly



approach and group interaction. Assessment and Evaluation in Higher Education,
35(2), 191-208. doi:10.1080/02602930802691572

*Pearsall, M.J., Ellis, A.P.J., & Stein, J.H. (2009). Coping with challenge and hindrance
stressors in teams: Behavioral, cognitive, and affective outcomes. Organiza-
tional Behavior and Human Decision Processes, 109(1), 18-28. doi:10.1016/j.
obhdp.2009.02.002

Stasser, G., & Titus, W. (1985). Pooling of unshared information in group decision making:
Biased information sampling during discussion. Journal of Personality and Social
Psychology, 48(6), 1467-1478. Retrieved from http://www.apa.org/pubs/journals/
psp/index.aspx

Stasser, G., Vaughan, S.I, & Stewart, D.D. (2000). Pooling unshared information: The
benefits of knowing how access to information is distributed among group
members. Organizational Behavior and Human Decision Processes, 82, 102-116.
doi:10.1006/0bhd.2000.2890

Surowiecki, J. (2005). The wisdom of crowds. New York, NY: Anchor Books.

Tzeng, J.-Y. (2006). Developing and sharing team mental models in a profession-driven
and value-laden organization. Performance Improvement Quarterly, 19(2), 155-172.
doi:10.111/j.1937-8327.2006.tb00370.x

Wegner, D.M. (1986). Transactive memory: A contemporary analysis of the group mind.
In G. Mullen & G. Goethals (Eds.), Theories of group behavior (pp. 185-208). New York,
NY: Springer-Verlag.

*Weldy, T.G., & Gillis, W.E. (2010). The learning organization: Variations at
different organizational levels. Learning Organization, 17(5), 455-470.
doi:10.1108/09696471011059831

*Williams, E.A., Duray, R., & Reddy, V. (2006). Teamwork orientation, group cohesiveness,
and student learning: A study of the use of teams in online distance education.
Journal of Management Education, 30(4), 592-616. doi:10.1177/1052562905276740

Wittenbaum, G.M., Hubbell, A.P., & Zuckerman, C. (1999). Mutual enhancement: Toward
an understanding of the collective preference for shared information. Journal of
Personality and Social Psychology, 77(5), 967-978. Retrieved from http://www.apa
.org/pubs/journals/psp/index.aspx

JOHN R. TURNER

John R. Turner is a doctoral candidate at the University of North
Texas in the applied technology and performance improvement program.
He started his career in mechanical engineering, where he was employed
for 15 years. After leaving the engineering service industry, he completed
a second bachelor’s degree in psychology from the University of Arkansas
at Little Rock, followed by a master’s degree in human resource develop-
ment from the University of Texas at Tyler. He has published articles in
Performance Improvement journal, Journal of Knowledge Management,
and International Journal of Technology, Knowledge, and Society.

E-mail: jrthpt@gmail.com

QI CHEN

Qi Chen, PhD, is with the University of North Texas. Her quantitative
research interests are longitudinal and mediational data analysis using

Volume 27, Number 1/2014 DOI: 10.1002/piq



multilevel models, structural equation models, and mixture models (e.g.,
misspecification in growth mixture models), as well as the application of
these models in educational, policy, and family research (e.g., school-based
prevention, teacher-student relationship, parenting and child achieve-
ment). Recent work has appeared in peer-reviewed journals, includ-
ing Structural Equation Modeling, Journal of Applied Developmental
Psychology, The Elementary School Journal, Educational Evaluation and
Policy Analysis, Developmental Psychology, Journal of Family Psychology,
and Early Childhood Research Quarterly.

E-mail: qi.chen@unt.edu

SHELBY DANKS

Shelby Danks is a Journey to Excellence specialist at a large health
care system in north Texas. Her research interests include emerging mea-
sures of organizational performance and effectiveness.

E-mail: shelbydanks@gmail.com

116

DOI: 10.1002/piq Performance Improvement Quarterly



Appendix: Study Quality Evaluation Questions from Gall, Gall, and
Borg (2010)

1. Introduction

Q1.

QL1
Q1.2
Q13

Q1l4

Is the literature review section of the report sufficiently comprehensive, and
does it include studies that you know to be relevant to the problem?

Is each variable in the study clearly defined?
Is the measure of each variable consistent with how the variable was defined?

Are the research hypotheses, questions, or objectives explicitly stated, and if
so, are they clear?

Do the researchers make a convincing case that a research hypothesis, ques-
tion, or objective was important to study?

2. Method Section

Q2.

Q21

Q2.2
Q23
Q24
Q25

Did the sampling procedures produce a sample that is representative of an
identifiable population, or generalizable to your local population?

Did the researchers form subgroups to increase understanding of the phe-
nomena being studied?

Is each measure appropriate for the sample?
Is each measure in the study sufficiently valid for its intended purpose?
Is each measure in the study sufficiently reliable for its intended purpose?

Were the research procedures appropriate and clearly stated so that others
could replicate them if they wished?

3. Results Section

Q3.
Q3.1

Were appropriate statistical techniques used, and were they used correctly?

Was the practical significance of statistical results considered?

4, Discussion Section

Q4.

Q4.1
Q4.2

Q43
Q4.4

Do the results of the data analyses support what the researchers conclude are
the findings of the study?

Did the researchers provide reasonable explanations of the findings?

Did the researchers relate the findings to a particular theory or body of related
research?

Did the researchers draw sound implications for practice from their findings?

Did the researchers suggest further research to build on their results, or to
answer questions that were raised by their findings?

Scoring for each item was based on a scale from 0 = No, 1 = Somewhat, to 2 = Yes.
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