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Abstract

With the strong proliferation of virtual teams across various organizations and contexts, understanding how virtuality affects
teamwork has become fundamental to team and organizational effectiveness. However, current conceptualizations of virtual-
ity rely almost exclusively on more or less fixed, structural features, such as the degree of technology reliance. In this paper,
we take a socio-constructivist perspective on team virtuality, focusing on individuals’ experience of team virtuality, which
may vary across teams and time points with similar structural features. More specifically, we develop and validate a scale
that captures the construct of Team Perceived Virtuality (Handke et al., 2021). Following a description of item development
and content validity, we present the results of four different studies that demonstrate the construct’s structural, discriminant,
and criterion validity with an overall number of 2,294 teams. The final instrument comprises 10 items that measure the
two dimensions of Team Perceived Virtuality (collectively-experienced distance and collectively-experienced information
deficits) with five items each. This final scale showed a very good fit to a two-dimensional structure both at individual and
team levels and adequate psychometric properties including aggregation indices. We further provide evidence for conceptual
and empirical distinctiveness of the two TPV dimensions based on related team constructs, and for criterion validity, show-
ing the expected significant relationships with leader-rated interaction quality and team performance. Lastly, we generalize
results from student project teams to an organizational team sample. Accordingly, this scale can enhance both research and
practice as a validated instrument to address how team virtuality is experienced.

Keywords Virtual Teams - Virtuality - Scale Development - Emergent States

Teamwork in modern organizations is unequivocally shaped
by the use of virtual tools and by work arrangements that
do not require (permanent) physical presence from their
employees. This includes employees working from home,
teams maximizing expertise by including professionals
from different locations, or organizations enabling 24/7
productivity by using different time zones to their advan-
tage (e.g., Dulebohn & Hoch, 2017; Raghuram et al., 2019).
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In the wake of the COVID-19 pandemic, large-scale polls
indicate that a majority of employees want to continue to
work remotely at least on a part-time basis (e.g., Brenan,
2020; IBM, 2020; Iometrics and Global Workplace Analyt-
ics, 2020; Ozimek, 2020), perpetuating virtual and hybrid
forms of collaboration as the new normal way of teaming
(e.g., Gilson et al., 2021; Gilstrap et al., 2022). Accordingly,
understanding the impact of team virtuality (i.e., the extent
to which teams engage in technology-mediated communica-
tion to accomplish their shared work goals, see e.g., Dixon
& Panteli, 2010; Kirkman & Mathieu, 2005) is crucial to
promoting team effectiveness now and in the future. Since
all teams—despite how much they use technology to com-
municate—are, to some extent, virtual (Gilson et al., 2021),
understanding how team members actually perceive and
experience their teamwork under these conditions becomes
extremely relevant for scholars and practitioners alike.
However, the mixed findings uncovered in prior research
suggest that the way we currently conceptualize and meas-
ure team virtuality is insufficient. Specifically, the effects of
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team virtuality have been shown to depend on a range of fac-
tors that determine how and under which conditions teams
work together (e.g., team type, study setting, work design,
team duration, Carter et al., 2019; Gibbs et al., 2017; Handke
et al., 2020; De Guinea et al., 2012; Purvanova & Kenda,
2022). For instance, studies where team members have
enough time to get to know one another, their communica-
tion technologies, and the task at hand generally reveal more
positive effects on team performance or satisfaction than
studies with adhoc laboratory groups, even if team virtual-
ity levels are comparable (e.g., Fuller & Dennis, 2009; van
der Klejj et al., 2009). These findings suggest that the type
and extent of technology-mediated communication itself is
insufficient when it comes to defining team virtuality and
explaining its effects on team outcomes.

From a sociomaterial perspective (e.g., Leonardi, 2012;
Orlikowski, 1992; Orlikowski & Scott, 2008), the effects of
a technology depend less on fixed, structural features (e.g.,
the technology’s capacity to transmit sound in real-time) but
on the way it is used in practice (e.g., whether team members
use audioconferences for simple information exchanges or
in-depth discussions, see also adaptive structuration theory,
DeSanctis & Poole, 1994). From this perspective, technol-
ogy reliance is only problematic if the team’s use of this
technology causes them to experience impairments in their
interactions. The actual problem thus lies in the team’s expe-
rience of its interaction, which is not a direct result of tech-
nology reliance per se but of technology that is poorly used.
Moreover, these negative experiences can arise through
technology use but could just as well occur in face-to-face
interaction, such as when members forget to update each
other on what they are currently working on or misinterpret
a certain non-verbal cue (see also Watson-Manheim et al.,
2002, 2012). Accordingly, to achieve a better understand-
ing of team virtuality, we need to extend (and potentially
replace) static, structural indicators (e.g., the overall degree
of technology reliance) of virtuality with those that capture
how team virtuality is experienced in practice.

Following this rationale, Handke et al. (2021) recently
proposed to separate structural indicators of team virtual-
ity (i.e., structural virtuality) from subjective perceptions of
team virtuality that reflect the team’s experiences. Structural
virtuality reflects objective properties of the technology used
by teams to communicate and/or objective distance between
team members and has been operationalized in numerous
ways (see also Table 1). In contrast, Handke et al.’s (2021)
conceptual work highlights the importance of considering
how team members experience virtuality. Specifically, the
authors introduced the concept of Team Perceived Virtuality
(TPV)—a cognitive-affective team emergent state that arises
through team interactions. This emergent state is composed
of two dimensions: collectively-experienced distance (i.e.,
team members’ collective feelings of being distant from one
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another) and collectively-experienced information deficits
(i.e., team members’ collective perceptions of poor infor-
mation exchange). The two TPV dimensions are proposed
to emerge through a sensemaking process triggered by
impaired team processes and to subsequently impact team
outcomes. Accordingly, whereas prior measures of (struc-
tural) virtuality concentrate primarily on technology use and
characteristics (e.g., media richness), TPV thus describes
collective experiences during teamwork more generally and
can thus be applied to any type of team setting.

Accordingly, we have three goals for this article. First, we
describe the development of multi-item scales for Handke
et al.’s (2021) TPV dimensions and provide evidence of their
content validity (Study 1). Second, we test the construct valid-
ity of the TPV construct with its two underlying dimensions
on both individual and team levels (Studies 2 and 3). Third,
we demonstrate the conceptual and empirical distinctiveness
of the two TPV dimensions based on related constructs (Stud-
ies 4a and 4b). Fourth, we establish criterion validity by link-
ing the TPV subscales to affective (leader-rated team interac-
tion quality) as well as a performance-related (leader-rated
team performance) outcomes. Fifth and finally, we generalize
our results from individual-level full-time workers and team-
level student semester projects to an organizational sample
(Study 5). We conclude with recommendations for future
research and application of the TPV measure.

Team Perceived Virtuality

Handke et al. (2021) define TPV as a “shared affective-cogni-
tive emergent state that is characterized by team members’ co-
constructed and collectively-experienced (1) distance and (2)
information deficits, thereby capturing the unrealized nature
of the team as a collective system” (p. 626). As an emergent
state, TPV arises from team interaction processes—which are
shaped by teams’ technology use (i.e., their structural virtual-
ity) but also by a range of other input factors, such as team
familiarity or work design (Handke et al., 2021). Conceptu-
ally, TPV is positioned as a mediator in the input-mediator-
output-input model of team effectiveness, translating team
processes into team outcomes. Accordingly, TPV captures
the perception of team virtuality in practice, meaning that
TPV can change and evolve depending on how team mem-
bers experience their interactions with one another and their
embedding environment. As most of today’s teams will dis-
play a certain degree of structural virtuality (for instance,
even co-located team members often use emails to share
documents, Gilson et al., 2021), the degree of structural vir-
tuality is an important element of teams’ work environments.
However, the effects of structural virtuality on actual team
experiences are not straightforward, regardless of how team
virtuality is being operationalized.



457

Journal of Business and Psychology (2025) 40:455-478

suor)
-oeIoIUI pAJe[aI-qol ATessedou Yy puokaq wed) ay)
)im owr a1ow puads 0) Surjuem o) IJsuen ‘Jou Aewr
10 ‘Aewl PUB UONJBIAIUI 9Y) SULIND 9OUBISIP/SSAUISO[D
Jo Surooy o) 0 s1ojar ‘win) ur ‘A4 ‘dnois oy yim

qw) puads 0) IISOP € OJUT SAIB[SUBT) UOISAYOD [BID0S

SI19U10 wWoij A)[Iqe[IeA. [EUOTIOWS JO ‘SSAUI[PUILI)
‘UOTIOdY . SIPN[OUT ‘UIN) UT ‘Ad ], JO UOISUSWIP d9UR)
-SIp pooudLIadxa-A[0AN09[[00 oy ], "(suosiad jo dnoi3
J10) uosied siy) 03 diysuonefar oy Jo Ayrenb ayy Sur
-IOPISU0D A[LIBSS909U JNOYIM uosIad 1oyjoue Jo ssou

-oreme o) A[dwr 9ouasaid-0o pue ooussard [e100s ylog

sIoquiow wed) £q paouarIadxa st 3UuByIXd Y} MOY
jou pue sontodoid Jo/pue SONSLINORIBYD S)I PUB PAsh
Suraq st Jey) AS0[0ouyd9} 9Y) UO SNO0J AJIOTUOIYOUAS

1O 9NJBA [BUOTJBULIOJUL ‘SSOUYOLI BIPIW JO SOINSEOJA]

(pa1onIsuod A[eroos
AIe Yo1ym Jo Aurwl {on[eA [RUOTIBULIOUI “3°9) $I1481
-1210040Y> 10/pue (30104 JWsues) 0} Kjroeded <3-0)
sa4mpaf $)1 Jo ‘Apueriodwr aJow ‘pue 93esn eIpIw

uoneduNUWod/A30[0uyd9) Jo juspuadapur ST AJL

sIoquIOW
S11 Jo Aouanbaly uororIaIuI J0 AOURISIP SATI[QO

9y} UO JO/PUE JJLITUNWIIOD O} PIsN BIPAW Yy} JO
sonradoid 9a109[qo uo SOSNO0} AJITen)arA [eINJONNS
"SISQUUSW WIB3) Ud9MIq ST UOToRIaUL Y} (3gueyoxad
UOBULIOJUI UI JUSIOYAP PUER JUBISIP “d°T)  [NIIIA,,

MO0V JO 20U2112dX2 JATIOIN[OD Y} 0} SIBJAI AdL

(000T “e[oBd pUE SSI[IB))) , SINOY YoM JO
9pIsINO 193230} owm) puads 0) oI pynom wea) InQ,,

(8661 T 12 OH) . ;uosiad

IO730 oY} Y)Im Surpom AJ309IIp 2Iom noA pue

‘YSIUBA 0} PWAAS ddeyIAUI Indwod ayy yorym
Surmp ‘[Te Je J1 ‘SoWT) 1Y) AIIM JUIIXD JeyM O],

(LOOT “Te 12 983am 000

“Te 10 seuqes) reuosiod-Teuosrodwr pue ‘wrem
P[0 ‘OAT)ISUIS-IAT}ISUISUT ‘Q[QRIO0S-I[qRIOOSUN

(020T “Te 19 umoxg)
3910 [OBa UeaM)aq UoTEILIOUT dFueyoxa Apidex

0} A30]0Ut}o9) 9SN SIOqUISUI WIBI) PIP USYJO MOH,,
(020T “Te 30 umo1g)
..[posn om £3o[ouyoa) ay) Jo 9sned9q pake[op sem
SIOQUUAW Wed) JAYI0 YIIM UOHBIIUNWWOD KA,

(6661 ‘pnwzZ 29 UOS[IE))  syudwainbar
Eﬁomuoa umo Ino 0} sogessouwr Ino Jo[re} 0) awr
pue Joujred uonEIIUNUWILIOD AW SMO[e [WnIpajA],,
(020t
“Ie 19 umolg) ., 'SIoqUUOW Wed) Udamlaq sIUIpue)s
-Iopunsiu JuaAaaid 03 uonewIojur Yy3noua papraoid
pasn am Jet} sAI30[0uYd9) UOTJBITUNIWOD Y],
(02T0T “Te 30 umoig)
(,SToqUIAW S, Wed) INOK JO SIIOYQ Y} ABUIPIOOD
0} A30[0UYyd9) SN SIqUISW WEd) PIP UIJO MOH,,
(010€ “Te 30 ddey) . s1001 (QIND) uoned
-IUNWWOD PJedIPAW-IAINdWOd SNOLIBA BIA SINOJ0
1By} UONEOIUNWWO) JO a3ejudorad ay) 9Jeoo[[vy,,

:90ueI[I/9sN A30[0Uyd],

(¥10T ‘PIsmo[zoy
29 YOOH) SI9qUISW Wk} SUOWE SO[TUI UT dOUB)SI(]

Y00z “1e 10
‘URUITY]) 1, oW Wed) dy) PIp sown Auewr MO

(2102 T2 39 BOUIND B() ([T] Swea) paINQLUSIP 10
[0] pPo1Bo0[-00) 2INSEAW SNOWOIOYDIP © St AJ[enIIA

:uo11eo0[-09/uo1sIadsIp onydeiSoon

(0S61 ‘103unsa
os[e 99s ‘g9 ‘d ‘90T ‘O[eaN 29 U9[[oM) .. dnoi3

® JO SIoQUIQW }SSUOWE puoq Io UOT)ORINE [[BIOAQ,,  SSQUIAISIYOO/UOISAYO)) ([B100S)

(st "d ‘coot
‘0BY7YZ)  JUSWIUOIIAUD — [BNIIA JO 9JOWAI IYIIS —

PjeIpaU B UI SIOYIO Y)IM J9Y1a50) Sureq Jo 9sus,, douasard(-0D)

(69 °d‘9/61 “Te 10 110YS) . sdiysuonefa1 [euostad
-19ul 9y} JO 90UAI[es JuanbIsuod Y} pue UoNORIANUI

oy} ur uosrad 1oyjo Ay Jo doudI[eS JO 92139p YL, 90UdsAI{ [B100S

AIMBN SANIRY
(185 "d ‘800T
e 9 STUUR(J) ,SNO0J UOWWIOD B IIM W) dWes Y}
Je 1973050} SUr{Iom oIe S[ENPIAIPUT YOTYM UT 9JelS,,

(S00T “NSIYIRIAL 29 UBUDITY) S [e1 UT (S[00)
[emuIIA BIA) UOTIRWLIOJUI SUISUBYIXH :AJOTUOIYOUAS

(9861 ‘[93UST 29 1JB( OS[E 995 “FG|

‘d ‘6661 ‘PNUIS 29 UOS[IED)) UONBUWLIOJUL YOI A11ed
Jey) So3essoW ASAUOD 0] SANI[IqR JANR[AI S[UURYD),,

(€oL "d ‘600T ‘noryIeiN %
UBUDITY]) SSOUDANIRYJD WBd) I0J d[qen[eA e Jey])

Blep JO uonedunuwod 9AII331 IO puas S[00) [enIiA

UOIYM 0] JU)XH,, :SSOUYILI BIPAW/AN[BA [RUOT)BUWLIOJU] AIenaIA feanmonng

(10T T8 19 pueH)
.(S9IIS JUDISJJIP UIM)AQ SAUOZ QWIT) JO SATIWOTTY

JO JoquINU 9Y) SB YINS) SISqUISWI WEd) Ua9mM1dq
Qoue)sIp ay) () 1o/pue (31odsuen ued A3o[ouyod)
© Jey) Sond [e100s Jo odA) pue Joquinu 9y} st yons)

ASoTouyo9) uonesIUNWIWOD () JO SAINEJ 9A1dAqQ),, AIenaIA feionng

AdL woIj uonounsip remdodouod urejy

swoyr Arerdwoxyg

(s)yuonrugaq JoNIsuo)

Ad.L 0} @0UIJI(] I8y} PUB S)PONNSUO)) PAJR[AY JO MAIAIOAQ | 3|qel

pringer

As



Journal of Business and Psychology (2025) 40:455-478

458

A[Te10u93 2I0W YIOMWES}/SUOT)
-OeIa)UI paje[al ysej-uou ySnoxy) dofaasp osfe nq
“YTOMY[SB) WOIJ QWO0D ABW JBY) S)OYP UOTIRULIOFUT
PuE 90UR)SIP JO SAOUALIAAXD )0q SOPN[IUT ‘TIAIMOY
‘Ad.L "Sey wea) ay) [eoS sk} Y SpIemo) Suorjor 0)
A[TedISuLnuI Soje[ol pue painjad yspj ST UOIRUIPIO0))
a3ueyoxe uoneuLojul (1ood) ysnoiyy
SosLIR Jey) (Wed) ) JO )BIS DATIOI[[0D B 0 SIJI
“9'T) 2JpIs JUaS.L21i2 UE ST ‘pUBY IYJ0 ) UO ‘AdL
‘sosodand paje[er-yse) 10y uonewIojul Suil24u0d Jo
A11713m 9U) UO SNOOJ B SUNIOPAI ‘(10T “'T8 12 MO[IRIA)
so3ueyoxa Jo Aouanbaij 1o uonewojur jo Ajenb
JO SULI9) UT PaINseaw A[[ensn sI pue ‘(UOT)oRIUI
II9Y) JO 2INJeU I} 0) ‘Op SIPqUISW WEd) JUTYIoWos
0] SI9JaI “'3°1) §5220.4d ® S1 SULIRYS UOTJRWLIOJU]

SIoquISW
wed) Aq (Are[rurs paatedrad “91) paivys are AdL JO
s3urfa9j ‘Airemidasuod ‘searoym ‘Sunyiy pue Suiduofoq
JO S[OAQ] JUSIAJIP dAT00Iad ABW SIOQUISUI WD) JUIY
-JIp ‘A[[eoy1oads QI0JA] *9Je1S SATIO[[0D B SB Pauyap SI
AdL searoym ‘dnoid oy 03 opmyme/yim diysuornefar
S [enpIAIpul 3y} 0) sopmynye/jo suondaored jpnprarpui
(se paInseaw aIe pue) 0) 19ja1 unyI| pue Surduojeg

dnoi3
B SB SIOQUISW WEJ) ) SPIemo) J[of 90UR)SIp oY) 0)
SIOJOI UOISUSWIIP 9OUBISIP PIOULIAdX9-A[OAT}OR[00
S, AdL SeaIaym ‘S[enpIAIpuI Ohy1oads spIemo) ssau
-9S0[0 JO STUI[A9J 0} JOJAI SIONNSUOD Y)Oq ‘A[TB[TWIS
‘[9A9] [enPIAIPUL Y] Je pajeoo] are Aynbuidoid pue
Kyruarxoxd poareorad oYM ‘[oAS] WES) AY) Je Pajedo]
ST AdL ‘9oUdH "Sur[aof 2411027102 & se pazifenidoouod
ST 90UBISIP PAOULIAAX A[QAI}O9[[0D JO UOISUSWIP
S, Adl ‘suondeorad jpnpraipui (Se paInseauw 9Ie pue)
10021 Aynburdoid pue Ayrurxoxd poareorad searoypy

(€00T ‘s1ma) ser oy ysidwoooe
PINOM dm MO JNOge UOISNJUOD [oNu SeM I3[,

(€00T ‘s1ma7) . uorysey
PAIRUIPIOOD-[[oM B UT JOY3250) PayIom Wed) InQ,,

(810T “'& 39 MO[IRIA UI 10 ‘C00T “OPI[oINg 2
uosIopung) , JIun ssaursnqg Ino Sunoajje sanssr Aoy
moqe ,doof oy ur, 3doy a1om sIoqUISW ‘wred) Auw uf,,

(Z00T “opI[oINg 29 uosiapung) . Wea} Y} JO SI1q
-wow 9y} Suowre pareys A[ooIf SUOISIOIP SeUl 0}
Pasn UOT)BWLIOJUT Y} SBAM YONW MOY ‘Wed) Inok uf,,

(S661 ‘Uyaf) ITun YI0M ST} JO IoqUISU

© 3Ur19q YIIM POYSHES dIe SIOqUISW WEed) MO[[o} AN,

Ieo) AW Jo s1oquuiaw Joy30 oy} 1] A[[eIouas |,
(020 T8 30 3uny)) . dnoi3

SIom Aur ur auwr ynoqe ared Aqear ojdoad yeyy 1095 1,
.dnoi3

SJom AW JO JOQUISW J[qEN[EA € SB P)eaI) We I,,

(8007 ‘eAoIRZEg
% I9YI[BAY) PAIOAUUOI-PIJOIUUOISIP PUB ‘QJOWI
-Tewrxoxd ‘oyeredas-1oy)a3o) Iej-9so[o ‘Aqreau-jueisip

(#10T “Ie 12
K1897,0) .[onSe9[[0o jueIsIp] 03 9SO[ (99 [[1IS |
90r[d aures oY) ur SUIOM JOU JIR 9M UdYM UdAH,,

(€91 *d ‘800T “Te 10 0o1Y) .. ’S[EOS UOWILOD
Surureye 0] MaIA B Y ‘sIoquiowl Judpuadaprojul
Jo seAnoalqo pue ‘ofpojmouy ‘suonoe oy Jurusie
pue Sunei3aur Je pawre surned Jo1Aeyaq pue SII3
-a1ens Jo asn ay) Surajoaur uoudwouayd juaSiowsy,,

(6002 ‘YYD 29 SNUIRIA-IOWSIIA]) , SIOINOSAT
[BUOTIBULIOJUT 9]qR[IBAR II3) 9ZI[IIN A[ATIO[[0D
SIoqUISW Wed} Yorym y3no1y) ss9ooid [enuao,,

(997 "d ‘5661 “uyaf)

SIoquiawr dnoiS 19Yyj0 spIemo) apmmje [o[qeinoae],,

(L *d*0T0T 18 39 Sunyd “ut 10 ‘G66
‘Areo] 29 191s10wineq) . dnois o[qess e ur paydoooe
[99} 01 pue suonoerul 2ANIsod pue juanbaryg,,

(8,61 “Auuazioy] osfe

998 ‘g7 ‘eAOIRZEY 29 IOYI[BAY) . OS[O QUOSWOS

0) 9so[0 “‘A[rearsAyd jou J1 ‘Afreuonouny s1 ays 1o
3y 1ey) spjoy [enpiarpur ue uondsorad aanodslqng,,

(¢86 "d ‘800 ‘I 12 UOS[IAY) ST uosiad Iayjoue
Iej Moy Jo 9so[d moy jo uondediad s .uosiad auQ,,

+UOTIBUIPIOO)) WIBI],

+%3ULIRYS UONBWLIOJU]

ImjeN aAnmu3o)

#SUDI']

wauIguorg

Kymburdoig

AJTuITXO0IJ POATRdIa]

AdI woIj uonounsip remdodouod urejy

swoy Arejdwoxyg

(s)yuonruyaqg

1on1suo)

(ponunuoo) | sjqey

pringer

AQs



Journal of Business and Psychology (2025) 40:455-478 459

Specifically, the effects of team virtuality depend neither on
how much teams use technology to communicate, nor on spe-
cific features of these technologies (e.g., the capacity to trans-
mit sound). Indeed, from a sociomateriality lens (Orlikowski,
2007), structural features of technology per se do not univocally
lead to specific outcomes. Individuals’ agency in using technol-
ogy will result in distinct use and appropriation of technology
features that will impact how teams experience distance and
information deficits (Costa & Handke, 2023). At the individual
level, for example, the use of electronic monitoring systems
depends on the attitudes that individual hold towards them
(Abraham et al., 2019; Alge & Hansen, 2014). Because how
individuals use certain features of technology is constrained
by, yet distinct from the built-in properties of that technology,
capturing the subjective rather than structural nature of team
virtuality is critical. Moreover, a range of contextual factors
(e.g., team familiarity, team design) can impact team experi-
ences and specifically the impact that structural virtuality has on
these experiences (see Handke et al., 2021). Structural virtuality
and these other factors can thus be considered as additive in
their effect on team experiences, meaning that high levels of
structural virtuality be compensated with other factors, such as
high levels of team familiarity.

The motivation behind the development of TPV is thus to
offer a continuous construct that can capture teamwork expe-
riences regardless of how much teams rely on technology to
interact, and regardless of what type of media supports these
interactions. As a result, and given the many other factors that
can contribute to teamwork experiences, TPV is not expected
to be directly explained or predicted by structural virtuality.
Based on the extant perspective on (structural) team virtuality
in the literature, TPV is a deficit-oriented state, meaning that
higher levels of its two constituting dimensions are associated
with more negative consequences for team functioning. The
differentiation between feelings of distance and perceptions
of information deficits aligns with the general distinction into
affective and cognitive team (emergent) states (e.g., Bell et al.,
2018; Marks et al., 2001) and reflects two central themes in the
team virtuality literature, as we will describe in the following.

tion deficits, in turn, while likely influenced by the

degree of technology usage, are not restricted to the
moments where teams interact through technology

but refer to a holistic experience of teamwork
how/when/for what to use digital media). Although
TPV’s dimension of collectively-experienced infor-
mation deficits also reflects a shared understanding,
it is not about the usage of technology per se, but

information and communication technology (e.g.,
about information exchange more generally

tion deficits dimension of TPV, effective use of
technology for virtual communication focuses on

technology-mediated communication. Informa-

SMM refer to a common understanding of taskwork,
teamwork, and other aspects such as the use of

Closely linked to the collective-experienced informa-

Main conceptual distinction from TPV

tive and encouraging tone” (Hill & Bartol, 2016)
related to each other” (taskwork SMM; Konradt

et al., 2015)
“I know which team members have expertise in spe-

cific areas” (teamwork SMM; Ellwart et al., 2014)

“Each team member knows the characteristics and
functionalities of the used digital media “ (ICT-

members in a way that is clear and easily under-
SMM; Miiller & Antoni, 2020)

“Our team communicates virtually with other team
stood” (Hill & Bartol, 2016)

“Our team sends virtual communications with a posi-
“I know how the tasks of my team members are

Exemplary items

Collectively-Experienced Distance

mates in a way that reduces the increased potential
for misunderstandings, negative attributions, and
adverse impact on the development of shared

understanding (Hill & Bartol, 2016, p. 165)
of knowledge that is shared by team members”

(Mohammed et al., 2000, p. 123)

The affective dimension of TPV is characterized by collective
feelings of distance, stemming from team members’ mutual
awareness of emotional inaccessibility, disconnectedness, and
estrangement. The more distant team members feel, the less
their relationship with one another will be characterized by
warmth, affection, friendship, or intimacy. Importantly, feeling
distant is not the same as being physically distant or interacting
through technology rather than face-to-face. Accordingly, team
members can work from different locations but still feel close
to each other (“far-but-close”) just as they can be physically
co-located but feel distant from one another (“close-but-far’;

“[Communicating] virtually with distributed team-
“Organized understanding or mental representation

Definition(s)

Virtual Communication®

Effective Use of Technology for
Shared Mental Models (SMM)
*Scale included in Study 4a

Table 1 (continued)

Construct
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see O’Leary et al., 2014; Wilson et al., 2008). Similarly, the
concept of electronic propinquity (Korzenny, 1978; see also
Walther & Bazarova, 2008) suggests that psychological feel-
ings of nearness or presence are influenced not only by the
physical properties of a communication medium but by the
people using it. For instance, a team of geographically dis-
persed software engineers can feel close to one another because
they are very expressive in their communication, adept at rec-
ognizing each other’s emotional states, and excellent at giving
each other support and guidance. At the same time, a team
of financial analysts working at the same site can feel very
distant from one another, with team members rarely popping
by at each other’s desks or offices to engage in spontaneous,
informal conversation, and generally knowing very little about
each other’s actions, experiences, or preferences.

Collectively-Experienced Information Deficits

The cognitive dimension of TPV, in turn, is characterized by
collective perceptions of poor information exchange. Handke
et al. (2021) describe information exchange as poor when it
“does not (1) enable timely feedback, (2) meet team members’
personal requirements (e.g., by allowing to alter messages to
enhance specific team members’ understanding), (3) combine
a variety of different cues (e.g., by conveying both the content
of a message as well as its emotional tone), and (4) use rich and
varied language (e.g., by enabling the use of symbol sets close
to natural language; see also Carlson & Zmud, 1999)” (p. 170).
In a team where information deficits are high, team members
will have difficulties in hearing and being heard, such that they
cannot reach a joint understanding of what everyone in the
team is thinking, feeling, and doing. Whereas related terms
such as information richness or synchronicity have largely
been used in conjunction with physical media properties (e.g.,
Dennis et al., 2008; Kirkman & Mathieu, 2005), Handke et al.
(2021) note that the experience of information deficits arises
not from the communication medium per se but by how its use
transpires into team interactions. For instance, a team commu-
nicating exclusively through communication technology may
experience very low levels of information deficits because
team members know each other’s communication needs and
styles and have learned to anticipate and react toward potential
misunderstandings (see channel expansion theory, Carlson &
Zmud, 1999). At the same time, a team relying primarily on
face-to-face communication can be very high in information
deficits as team members fail to react to each other’s inquiries
on time or to seek and give constructive feedback.

Measuring TPV
Despite the conceptual importance, there is still no scale to

measure TPV. Measuring TPV requires considering exist-
ing structural indicators of team virtuality, as well as related
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constructs. Table 1 gives an overview of measurements of
structural virtuality as well as related constructs and meas-
urements on both cognitive and affective dimensions. In
the following, we will describe how the two dimensions
collectively-experienced distance and information deficits
differ from these other constructs and their measurement and
which implication this has for the TPV scale development.

Structural virtuality indicators range from dichotomous
measures (i.e., team members are either co-located or geo-
graphically distributed) to continuous measures of objective
distance (i.e., how many miles team members are apart, Hoch
& Kozlowski, 2014) or technology usage (i.e., how often
members use technology to communicate, Rapp et al., 2010).
In other studies, authors approach structural virtuality by
assessing media characteristics, such as media richness/infor-
mational value (Daft et al., 1987; Kirkman & Mathieu, 2005;
for applied examples see e.g., Brown et al., 2020; Ganesh
& Gupta, 2010) or synchronicity (Dennis et al., 2008; Kirk-
man & Mathieu, 2005; for applied examples see e.g., Brown
et al., 2020; Rico & Cohen, 2005). Studies drawing on these
approaches either assign values of media richness or synchro-
nicity based on the type of technologies teams use (e.g., face-
to-face communication receives a higher weight than emails,
see e.g., Ganesh & Gupta, 2010; Rico & Cohen, 2005) or
alternatively ask for team members’ perceptions of these char-
acteristics (Brown et al., 2020). As described above, these
operationalizations of virtuality refer either to geographic dis-
persion, objective technology usage, or media characteristics.
What they do not capture is the holistic experience of working
together virtually, as conceptualized through TPV.

Several existing constructs measure subjective experi-
ences which are closely related to the two TPV dimensions.
Specifically, on the affective dimension (i.e., collectively-
experienced distance), TPV overlaps with constructs such
as perceived proximity (O’Leary et al., 2014; Wilson et al.,
2008), (electronic) propinquity (Walther & Bazarova,
2008), social presence (Short et al., 1976), co-presence
(Zhao, 2003), cohesion (e.g., Carron et al., 1985; Festinger,
1950), belonging (Baumeister & Leary, 1995), and liking
(e.g., Jehn, 1995). On the cognitive dimension (i.e., col-
lectively-experienced information deficits), in turn, there
are similarities to constructs such as information sharing
(Mesmer-Magnus & DeChurch, 2009), team coordination
(Rico et al., 2008), effective use of technology for virtual
communication (Hill & Bartol, 2016), and shared mental
models (e.g., Klimoski & Mohammed, 1994; Mohammed
et al., 2000). In a first empirical attempt to capture TPV,
Costa et al. (2023) draw on propinquity and effective use
of technology for virtual communication as proxies for the
two TPV dimensions. However, despite being a valid first
approach to demonstrate the two-dimensional and subjec-
tive nature of team virtuality, the proxies employed in their
study do not fully capture the construct of TPV. Specifically,
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these proxies exhibit two noteworthy shortcomings, which
also apply to the other related constructs named above and
displayed in Table 1.

First, collectively-experienced distance and informa-
tion deficits can be perceived by all teams, not solely
those who are physically dispersed and/or interact pre-
dominantly through technology (i.e., are structurally
virtual). As such, TPV cannot be adequately captured
through measurements that directly tie these perceptions
to dispersion and/or technology use, such as in the case
of effective use of technology for virtual communication,
perceived proximity, or co-presence. Second, both TPV
dimensions are group-level properties reflecting team
members’ collective experiences, rather than percep-
tions on a dyadic level between individual communication
partners, such as in the case of propinquity. The remain-
ing constructs, which can be considered as group-level
properties that are not restricted to dispersion/technology
use, in turn, generally fail to capture the nature of TPV
in its entirety. For instance, in terms of similar affective
constructs, cohesiveness/cohesion does not adequately
reflect the psychological nature of feeling estranged from
and cold towards other team members. Similarly, shared
mental models, which capture group-level representations
of knowledge, do not extend to the general lack of infor-
mation and inability to convey and converge on meaning
that defines collectively-experienced information deficits.

Hence, although some of the existing constructs are
closely linked to TPV, none of them address both the affec-
tive and cognitive states that are tied to the feam-level expe-
rience of virtuality. In Table 1 we provide a comprehensive
overview of related constructs and how these differ from the
TPV. With this newly conceptually-grounded measure, we
respond to current research and practice needs with (1) the
assessment of shared teamwork experiences that are becom-
ing commonplace in organizations, (2) the simultaneous
appraisal of affective and cognitive components of such
experiences, and (3) a psychometrically sound measure that
is consistent with the latest literature on virtual teams. The
following sections therefore describe the development and
validation of the TPV construct. The datasets as well as R
and Mplus output files for all five studies can be found here:
https://osf.io/ag9m7/.

Study 1: Item Generation and Content
Validity

Initially, two of the authors constructed a pool of 20 items
(10 per dimension) to capture the two TPV dimensions
(see Table 2). To do so, we closely attended Handke et al.’s
(2021) definition of collectively-experienced distance and

information deficits and further reviewed related measures of
affective and cognitive team states (as depicted in Table 1).

In a first step, to explore whether these adequately
reflected the two underlying dimensions—collectively-
experienced distance and information deficits—we asked
22 raters (graduate students in management, specializing
in human resources management) to allocate the 20 items
to two different dimensions and to subsequently label each
of these dimensions. The 20 items were presented in ran-
dom order, so that distance and information deficits items
were not presented together in two distinct blocks. Using
R Statistical Software (v4.3.2, R Core Team, 2023) and the
smacof package (v2.1-5, Mair et al., 2022), we performed
a multidimensional scaling (MDS) procedure, which con-
structs a two-dimensional map that captures the distance
between items based on the likelihood of these items being
assigned to the same dimension. In the resulting MDS
map, items with higher similarity (i.e., that were more
often assigned to the same dimension), are located closer
together than items that were less likely to be assigned to
the same dimension. As can be seen in Fig. 1, the items
intended to capture collectively-experienced distance and
information deficits, respectively, clustered closely together
at opposite ends of the MDS map. We further calculated
Kruskal’s (1964) stress statistic—which ranges from 0
(perfectly stable) to 1 (perfectly unstable)—to assess the
stability of the MDS solution, i.e., the extent to which a
particular matrix is not random (Sturrock & Rocha, 2000).
We obtained a stress value of 0.071, which is below the
1% cut-off value for this number of objects (items) in a
two-dimensional matrix (Sturrock & Rocha, 2000). This
allowed us to conclude that the assignment of the 20 items
to the two TPV dimensions was not random across the
22 raters, emphasizing that the items clearly differentiate
between an affective and a cognitive dimension of TPV.
The most common label given to the dimension consisting
of the items developed to reflect information deficits was
“(team/group) communication”, whereas the most common
labels for the items developed to reflect the collectively-
experienced distance were “relationship” and “closeness/
distance/proximity”. Accordingly, raters were not only
clearly able to differentiate between the items but also
developed labels reflective of the two TPV dimensions.

In a second step, items were reviewed by a panel of
well-known virtual team experts. The 11 reviewers were
scholars in the field of teams, and specifically of virtual
teams, who agreed to rate each of the items as Essential,
Useful, or Not necessary. The Content Validity Ratio
(CVR, Lawshe, 1975; Wilson et al., 2012) was used to
measure the raters’ agreement. CVR values ranged from
1 to 0.27 considering the relevant ratings: essential and
useful. Using the critical value of 0.78 (for 11 panelists
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Table 2 Study 1 and Study 2: Content Validity Ratio, Descriptives, Reliabilities, and Factor Loadings

Study 1~ Study 2

FL
# CVR M SD o 1 2
Collectively-experienced distance 93
1 In my team, we feel at ease with each other. [R]* 0.45
2 In my team, members are emotionally inaccessible to each other.? 0.64
3 In my team, we can confide in each other. [R]? 0.27
4 In my team, we feel that we like each other. [R]* 0.45
5 In my team, we feel detached from each other. 1 269 1.59 .89
6 In my team, we feel that our relationship is cold. 1 261 1.69 .90
7 In my team, we feel like we are far away from each other. 0.82 281 1.73 .90
8 In my team, we feel estranged from each other. 0.82 259  1.65 93
9 In my team, we feel like we cannot get through to each other. 0.82 259 157 90
10 In my team we feel close to each other. [R]P 1 2.84 1.38 041
Collectively-experienced information deficits .89
When we exchange information in my team ...
11 ...it's difficult to ensure we can go back and check it.* 0.27
12 ... it has deficits.* 0.45
13 ...we do not react to each other's contributions quickly enough.? 0.64
14 ...we have trouble understanding each other.* 0.64
15 ...the ways in which we can express ourselves are limited. 0.82 284 1.58 .85
16 ...it's hard to convey the actual meaning of what we are saying. 1 260 1.52 91
17 ...it's difficult to understand if we are on the same page or not. 1 2.68 1.56 .88
18 ...we are unable to convey the necessary information in its entirety. 1 2.68 1.56 .85
19 ...we don't know whether everyone has had access to the same information. 1 287 1.61 18
20 ...we can transmit the emotional tone of our message. [R]P 0.82 2.89 1.29 21

Study 1 N=11, Study 2 N=393. CVR =content validity ratio; FL. = Standardized factor loading; R =Items recoded prior to analysis
 Items deleted after Study 1. " Items deleted after Study 2. € Level-1 (i.e., individual-level) factor loadings based on multilevel CFA

and p=0.01, Lawshe, 1975), six items from each dimen-
[ ] . .
ID2 sion could be retained, therefore leading to a final list of
0.25 D5 12 items.
L .
Dist6 J .DistS
~ D1 Dist7
2 o0 * Dist10
> is . g o e
g o0 Dist1-DistS Study 2: Structural Validity (Individual-Level)
a ID8 Dist5 Dist2
/D6 Dists, DSt In this study, we tested the two-factor structure (i.e., col-
02 Dg® lectively-experienced distance and collectively-experienced
' information deficits) of the 12-item TPV scale developed
P
ID7® in Study 1 in a sample of 393 individuals. We thus per-
07 080 025 Dime%g%n ] 0.25 0-50 075 formed confirmatory factor analysis (CFA) to assess model

fit and further compared the two-factor model against an
alternative one-factor model assuming TPV has no subdi-
mensions. Finally, given that TPV has been conceived as a
measure applicable to teams irrespective of their level of

Fig.1 MDS Map (Study 1). Note. N=22. ID=Information deficits,
Dist=Distance
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structural virtuality, we further conducted measurement
invariance analyses across low and high structural virtual-
ity subsamples.

Sample and Procedure

We recruited 447 employees working in the United States
via MTurk to participate in an online survey. Ethics approval
for this research was granted by the Institutional Review
Board of Claremont McKenna College under the project title
Development of the Team Perceived Virtuality Scale (proto-
col number 2022-01-013A1). Four hundred and twenty-three
participants completed the survey. To ensure data quality, we
followed the recommendation for using Mturk samples to
filter out employees who fail to correctly answer two atten-
tion check items in the first survey (Cheung et al., 2017).
The first item asked employees whether they had ever had a
fatal heart attack while watching television (Paolacci et al.,
2010), whereas the second asked them to name their dream
job (Peer et al., 2014).

This quality check resulted in a final sample of 393
employees. Employees’ age ranged from 20 to 69 years
(M=39.46, SD=10.61). All participants worked full-time
and were employed in various industry sectors (e.g., IT/
data analysis = 18.3%, retail/sales = 11.2%, finance/account-
ing=28.7%). Employees’ average team was 4.21 years
(SD=17.48), with the average size of their immediate team
being 10.79 members (SD=24.21). On average, they spent
57.78% (SD =129.43, range: 0—100%) of their time interact-
ing face-to-face with their teams.

Measures and Data Analysis

Participants rated all 12 TPV items (see Table 2) on a
7-point response scale from 1 (strongly disagree) to 7
(strongly agree). To validate the factorial structure of the
TPV scale developed in Study 1, we conducted a CFA with
the MLR estimator using Mplus version 8.4 (Muthén &
Muthén, 1998 — 2017),! with the 12 items loading onto two
factors (i.e., collectively-experienced distance and informa-
tion deficits). To evaluate model fit, we examined the Xz’
the standardized root mean square residual (SRMR), the
root mean square of error of approximation (RMSEA), and
the comparative fit index (CFI). The following cutoff values

! For open source software users, see also our analyses using the R
package lavaan (0.6-16, Rosseel, 2012), which yield nearly identical
results (apart from minor differences in selected model fit criteria,
such as AIC, BIC and SRMR and minor differences in some esti-
mates, both of which may be explained through different optimiza-
tion methods used by the respective software). This also applies to
the other SEM analyses in this paper, with the exception of the more
complex MCFA which led to improper solutions in lavaan and was
thus performed with Mplus.

were used to indicate acceptable model fit: CFI>0.95 and
RMSEA and SRMR <0.08 (Browne & Cudeck, 1992; Hu
& Bentler, 1999). We further tested the two-factor solution
against a model with all items loading only on one global
factor (i.e., assuming that TPV is a one-dimensional con-
struct). Finally, for measurement invariance analyses, we
divided the sample into two groups based on the percentage
of time that participants engaged in face-to-face interactions
with their teams: low structural virtuality (50-100% face-
to-face interactions; M =76.05, SD=15.08, n=259) versus
high structural virtuality (0-49% face-to-face interactions;
M=22.46,SD=14.31 n=134).

Results

The two-factor solution exhibited a very good model
fit (X2 =93.21, df =53, p<0.001, CFI=0.981,
RMSEA =0.044, SRMR =0.032), which was superior
to the one-factor model (X2 =271.47, df =54, p<0.001,
CFI=0.897, RMSEA =0.101, SRMR =0.048), as shown
by a significant Satorra-Bentler scaled (Satorra & Bentler,
2001) x? difference (Ax*=49.71, Adf=1 p<0.001).
However, factor loadings of the two reverse-coded items
(see Table 2, item #10 and item #20) were much smaller
than for all the other items loading onto the respec-
tive factor. Moreover, a further model in which these
two reversed-coded items loaded onto an error method
factor exhibited a superior model fit over the two-fac-
tor model (X2 =75.62, df =51, p<0.001, CFI=0.988,
RMSEA =0.035, SRMR =0.027; Satorra-Bentler scaled
AXZ =16.60, Adf=2, p<0.001). We therefore decided
to omit the two reverse-coded items from further analy-
ses. Accordingly, the final TPV scale consisted of 10
items, loading onto two factors and showing an excellent
model fit (x*=41.60, df =34, p=0.174, CF1=0.996,
RMSEA =0.024, SRMR =0.017).

Given that the TPV subscales should be applicable at
various levels of structural virtuality, we further wanted to
confirm invariance of the TPV measurement model across
individuals working under conditions of high versus low
structural virtuality. To do so, we examined configural, met-
ric, and scalar multigroup invariance of the two TPV dimen-
sions (for an overview of measurement invariance conven-
tions and reporting, see Putnick & Bornstein, 2016) based
on the final 10-item scale. Configural invariance considers
whether the same pattern of factor loadings holds across dif-
ferent subsamples/groups. Adequacy of the configural model
is given by typical CFA guidelines. Accordingly, the model
fit of the configural model in this analysis can be consid-
ered as very good (X2= 87.31,df=68, p=0.057, CFI=0.99,
RMSEA =0.04, SRMR =0.02). Given configural invariance,
we then tested for metric invariance. Metric invariance con-
strains respective factor loadings to equality across groups.
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As the overall model fit of the metric invariance model
was not significantly worse than for the configural invari-
ance model (metric invariance model: x 2=94.63, df=76;
Satorra-Bentler scaled AXZ 7.19, Adf=8, p=0.516), we
found support for metric invariance, suggesting that rela-
tions between the items and their respective TPV dimen-
sions were equivalent across both groups. In a final step, we
tested for scalar invariance, which places additional equality
constraints on item intercepts across groups. Once again,
the model fit was not significantly worse than for the less
constrained (i.e., metric) model (scalar invariance model:
x*=105.17, df=84; Satorra-Bentler scaled Ay?* 10.82,
Adf=8, p=0.212), thereby providing support for full scalar
invariance across low and high levels of structural virtual-
ity. This means that participants view the TPV construct
in a similar manner regardless of their structural virtuality.
Next to measurement invariance, there was also no overall
correlation between the degree of virtuality and the dis-
tance (r=0.02, p=0.693) or information deficits dimension
(r=0.01, p=0.853). The latent factor correlation between
the two dimensions was pcp, =0.89, 95% CI [0.84; 0.93].

Study 3: Structural Validity (Individual
and Team Levels)

As TPV is a team-level construct, the purpose of Study 3
was to validate the 10-item solution derived from Study 2 on
a sample of 1,087 teams. Accordingly, we performed multi-
level CFA (MCFA) to assess model fit and further calculated
measures of interrater reliability (ICC) and agreement (rwg)
to justify the use of our scale at the team level.

Sample

Data was pulled from the ITPmetrics.com database” from
122 classes involving 5,121 student team members organ-
ized into 1,144 teams. These assessments were conducted
between November 2022 to December 2022. Courses were
in a multitude of disciplines, institutions, and countries.
A total of 38.4% of the respondents identified as female,
59.5% as male, and the remaining were undisclosed. The
mean participant age was 21.88 (SD=4.47) and the average
group size was 4.48 (SD=1.34). To ensure data quality, we
filtered out all participants that had failed to correctly answer
two attention checks built into the online assessments. The

2 ITPmetrics.com offers a range of 100% freely accessible assess-
ments, including the instantaneous creation of user-friendly feedback
reports. The assessment platform currently has over 600,000 assess-
ments taken. For more information, see e.g., O’Neill et al. (2018;
2020).
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attention checks instructed participants to respond either
with strongly agree (attention check 1) or strongly disagree
(attention check 2). Eight hundred and twenty-four par-
ticipants were filtered out based on failing these attention
checks. We further deleted all teams consisting of only one
respondent (n =48), resulting in a final sample of 4,249 indi-
viduals, nested in 1,087 teams and 119 classes. In this final
sample, participants’ mean age was 21.75 (SD=4.27), and
38.2% identified as female, 59.5% as male, and 2.3% were
undisclosed. The average team size was 3.91 (SD=1.22).

Measures and Data Analysis

Participants rated all 10 TPV items (see Table 2) on a
7-point response scale ranging from 1 (strongly disagree)
to 7 (strongly agree). To validate the factorial structure of
the TPV scale on the individual and team levels, we first
determined whether the data empirically justified aggregat-
ing the two TPV dimensions to the team level. To do so,
we calculated intraclass correlations (ICCs) for the two
TPV dimensions. ICC(1) represents the reliability of an
individual’s rating of the group mean (i.e., the propor-
tion of total variance attributable to team membership),
ICC(2) represents the reliability of the group average rating
(Chen et al., 2005). ICC(1) values of 0.01 are considered as
small, > 0.10 as medium, and > 0.25 as large (LeBreton &
Senter, 2008). In their review of cut-off values for common
aggregation indices, Woehr et al (2015) reported an average
ICC(1) value of 0.22 (SD=0.15) and an average ICC(2)
value of 0.64 (SD = 18) for group-level constructs across
290 (for ICC(1)) and 239 (for ICC(2)) studies. Moreover,
Woehr et al. (2015) also suggest comparing ICC indices
obtained for actual team data to those of “pseudo” teams
formed by randomly combining individual responses into
“teams”. This random group resampling procedure (RGR)
provides estimates of the amount of within-unit reliability
one would expect when individuals are not rating a com-
mon target (i.e., the same team). These estimates are then
compared to those from the actual teams, with larger ICC
estimates for observed teams relative to values obtained
for pseudo teams (i.e., RGR results) providing support for
team-level aggregation.

However, although ICC values provide important infor-
mation on the relative between-team variance, the aggrega-
tion of individuals’ referent-shift measures (i.e., item word-
ings aligned with team-level processes or states, as in the
case of the TPV scale) needs to be supported through agree-
ment indices (Chen et al., 2005; James, 1982). Accordingly,
to support aggregating team members’ individual responses
to the team level, we further calculated James et al.’s (1984)
rwg(j) agreement index using both a uniform (rectangular)
null distribution and a slightly skewed null distribution (Bie-
mann et al., 2012; LeBreton & Senter, 2008). Whereas the
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uniform null distribution assumes that team members use
the entire response scale, a slightly skewed null distribution
corresponds to a leniency bias (meaning that individuals
tend to choose lower values on the response scale, which
may be likely in the case of TPV’s deficit orientation) and
are thus necessarily smaller than those based on a uniform
null distribution (Woehr et al., 2015). LeBreton and Senter
(2008) suggest to evaluate rwg(j) values based on the fol-
lowing categorization: lack of agreement (0.00-0.30), weak
agreement (0.31-0.50), moderate agreement (0.51-0.70),
strong agreement (0.71-0.90), or very strong agreement
(0.91-1.00). Woehr et al. (2015) further suggest evaluat-
ing interrater agreement (rwg) relative to estimates reported
in the literature. The authors report average values of 0.84
(SD=0.11) for a uniform null and average values of 0.67
(SD=0.19) for a slightly skewed null distribution across
both group- and organizational-level constructs. We calcu-
lated all indices of agreement using the R package multilevel
(version 2.7, Bliese et al., 2022).

In a second step, we performed MCFA with the MLR
estimator using Mplus version 8.4 (Muthén & Muthén,
1998—2017) to account for the nested structure in our
dataset (i.e., individuals as part of teams). MCFA models
individual and team-level constructs simultaneously at both
levels (see Dyer et al., 2005; Hirst et al., 2009). Follow-
ing the results of Study 2, we assumed two latent factors
representing the two TPV dimensions. We used the same
criteria to assess model fit as for single-level CFA (see Study
2). Even though the team-level data (Level 2) was further
nested in classes, ICC(1) values were so low for this level
of analysis (i.e., < 0.05) that we did not consider class as a
further level of analysis.

Results

Collectively-experienced distance showed the follow-
ing team-level psychometric properties: ICC(1)=0.25,
ICC(2) =0.56, median ry,juniform = 0.96, median
Tyg(iyskewed = 0-94, a=97. Team-level psychometric proper-
ties for collectively-experienced information deficits were:
ICC(1)=0.13, ICC(2)=0.38, median Iy, (juniform = 0-93,
median rygj)skewed = 0-82, ®=0.89. The RGR procedure
produced average ICC(1) values of 0.005 (collectively-
experienced distance; SD =0.007) and 0.004 (collectively-
experienced information deficits; SD=0.007) and average
ICC(2) values of 0.019 (collectively-experienced distance;
SD=0.026) and 0.019 (collectively-experienced information
deficits; SD =0.026). Accordingly, even though the ICC(2)
value for collectively-experienced information deficits was
below 1 SD from the average ICC(2) values reported by
Woehr et al. (2015), it was still substantially larger than the
average (even larger than 99%) of the ICC(2) values obtained

for the pseudo teams. All other ICC values were near the
average values or at least within 1 SD from the average val-
ues reported by Woehr et al. (2015). Finally, the rwg(j) val-
ues of both TPV subscales indicated strong to very strong
agreement, even under the slightly skewed null distribution.
In sum, these results suggest that aggregation to the team
level is appropriate.

Furthermore, the MCFA showed an excel-
lent model fit (X2 =772.50, df=68, p<0.001,
CFI=0.970, RMSEA =0.049, SRMR i, =0.031,
SRMRy i yeen = 0.058). This suggests that the two-factor
solution fit the data well and consistently at both lev-
els. Moreover, the two-factor model fit the data signifi-
cantly better than the one-factor model (x>=4119.68,
df=70, p<0.001, CF1=0.827, RMSEA =0.117,
SRMR iinin = 0.129, SRMR(yeen = 1.137), as shown by
a significant Satorra-Bentler scaled (Satorra & Bentler,
2001) x? difference (Ax?=1,110.64, Adf=2, p <0.001).
Similar to Study 2, we observed high factor correlations
between the two dimensions at the individual (pcgs =0.70,
95% CI[0.66; 0.73]) and team (pcps =0.99, 95% CI[0.92;
0.1.06]) levels of analysis. Descriptive statistics as well as
factor loadings at individual and team levels of analysis
are displayed in Table 3. Although the specific technolo-
gies used were not measured, work with students high-
lights that approximately 66% of them rely on technologi-
cal tools in the classroom (Brasca et al., 2022). Examples
of these virtual tools include video conferencing platform
(e.g., Zoom, Microsoft Teams) for synchronous com-
munication, emails, and text messages for asynchronous
communication, and Google drive or related software for
project and information management (Horvat et al., 2021).
Therefore, an array of structural virtuality options is avail-
able and was likely used by our sample.

Study 4: Conceptual and Empirical
Distinctiveness & Criterion Validity

The purpose of Study 4 was to assess the conceptual distinc-
tiveness (Sample 4a) as well as the discriminant (Subsample
4b) and criterion validity (Subsample 4c) of the two TPV
dimensions. For conceptual distinctiveness, we followed the
guidelines initially posed by Anderson and Gerbing (1991),
recently updated by Colquitt et al. (2019). To further support
the content validity of TPV, we sought out naive judges (i.e.,
individuals without substantial experience in the field). We
selected six orbiting constructs: three cognitive (i.e., effec-
tiveness of the use of technology for virtual communication,
information sharing, and team coordination) and three affec-
tive (i.e., belonging, social cohesion, and liking) constructs
to compare to our focal dimensions collectively experienced
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Table 4 Study 4b & 4c: Team-level Descriptive Statistics and Intercorrelations

Subsample 4b Subsample 4¢

M sD 1 2 3 4 M sD 1 2 5 6
1 TPV — distance 193 094 - 86 697 -717 182 085 - 807 407 -40™
2 TPV — information deficits 198 082 84" - -697 697 194 073 78" - -33" .35™
3 Team monitoring and backup ~ 4.51 047 -65" -65" - -90"
4 Coordination 447 050 -69" -667 84" -
5 Team interaction quality 428 079 -38" 327 - 67
6 Team performance 428 085 -39 -317" 637 -

N=643 teams (Subsample 4b); N=400 teams (Subsample 4c). ““p <.001. Lower diagonal represents scale score correlations, upper diagonal

represents latent factor correlations

information deficits and collectively experienced distance,
respectively.

For discriminant validity, we compared the two TPV
dimensions against two team action process measures: team
monitoring and backup and coordination. Based on Marks
et al.’s (2001) seminal team process framework, emergent
states such as TPV need to be differentiated from other
mediators in team effectiveness models, namely team pro-
cesses. Whereas emergent states describe affective, cogni-
tive, and motivational states of teams, team processes denote
team members’ “interdependent acts that convert inputs to
outcomes through cognitive, verbal, and behavioral activi-
ties directed toward organizing taskwork to achieve collec-
tive goals” (Marks et al., 2001, p. 357). As Handke et al.’s
(2021) theoretical model sees TPV arising from team inter-
actions (with both TPV dimensions being negatively related
to team action processes), the two TPV dimensions should
thus be highly related, yet distinguishable from team action
processes, such as team monitoring and backup and coordi-
nation. Common approaches to establish discriminant valid-
ity are to construct a measurement model in which latent
variables that represent conceptually similar constructs are
allowed to freely covary with each other (unconstrained
model) to then a) calculate the factor correlations between
these latent variables and b) compare this unconstrained
model against constrained ones where the covariance of the
latent variables is set to equal one or any self-defined cut-off
reflecting a high correlation (see e.g., Ronkko & Cho, 2022;
Shaffer et al., 2016).

We performed these analyses using team-level CFA, simi-
lar to other group-level construct validation procedures (e.g.,
Mathieu et al., 2020; Tannenbaum et al., 2024). Accordingly,
using team-level data, we first conducted a CFA with the
MLR estimator using Mplus version 8.4 (Muthén & Muthén,
1998—2017) in which collectively-experienced distance,
collectively-experienced information deficits, team moni-
toring and backup, and coordination were modelled as four
first-order factors that were allowed to freely covary. Based
on recommendations by Ronkko and Cho (2022) we further

calculated 95% confidence intervals for the factor correla-
tions between the two TPV constructs and the two action
processes, whereby the absolute value of the upper limit
should not exceed 0.80. In a next step, we compared this
unconstrained model to four constrained models where the
respective factor correlations had been set to -0.85 (based on
a cut-off value suggested by Shaffer et al., 2016, and which
leads to stricter assessments of discriminant validity than the
typically employed cut-off value of 1, see Ronkkd & Cho,
2022). Significantly higher X2 values of the unconstrained
model are considered to support discriminant validity. Please
note that factor correlations were set to negative values given
the deficit-oriented nature of the TPV subscales. The factor
correlations can be seen in the upper diagonal in Table 4.

Criterion validity, in turn, is achieved when the TPV sub-
scales relate to an external criterion that seems to be a result
of TPV. Based on Handke et al.’s (2021) theoretical model,
we focused on an affective (leader-rated team interaction
quality) as well as a performance-related (leader-rated team
performance) outcome. Specifically, we expect that collec-
tively-experienced distance would be negatively related to
leader-rated team interaction quality and that collectively-
experienced information deficits would be negatively related
to leader-rated team performance.

Sample 4a

We recruited 124 employees working in the United States
via Prolific to participate in an online survey. All participants
indicated to work in a team context more or less regularly.
Participants were compensated £2.50 (approx. $3) for their
time. Ethics approval for this research was granted by the
Institutional Review Board of Claremont McKenna College
under the same protocol number as for Study 2. First, partici-
pants were presented with a brief training to understand how
to drag items to the construct boxes as proposed in Colquitt
et al. (2019). To ensure data quality, we removed participants
who did not pass one of the two attention checks, which
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asked them to drag an item to a specific box. A final sample
of 117 individuals, who took average of 12 min, completed
the task. In this final sample, 40% of participants identified
as female, the mean age was 38.61 years (SD=11.19), and
80.87% worked full-time. A Q-sort task included reading 34
randomly ordered items and classifying them as best rep-
resenting one of the defined constructs. These items came
from either the 10-item TPV scale as our focal construct or
one of the six orbiting constructs (e.g., information sharing,
belonging, and liking). See Table 1 for the complete list of
the orbiting constructs as well as their definitions and item
sources. All employed items can also be found in the sup-
plemental materials uploaded to OSF.

Data Analysis

We calculated the two recommended indices, the proportion
of substantive agreement (p,) and the substantive validity
coefficient (c,) as indicators of the TPV’s distinctiveness in
comparison to closely related constructs. The former ranges
from O to 1, where higher values indicate the extent to which
items were properly matched to the intended construct,
whereas the latter ranges from -1 to 1 and it compares the
matching to the appropriate construct versus all other orbit-
ing constructs; therefore, a higher and negative value would
indicate an item is more often linked to another construct
than the expected one.

Results

Utilizing Colquitt et al.’s (2019) evaluation criteria of highly
correlated constructs, all 10 items met the criteria for being
moderate to very strong. None of our items represented any
alternative construct over the expected dimensions of TPV.
This indicates the appropriateness of our items as represent-
ing the content domain of TPV according to its dimensions,
and better than any other orbiting scale. See Table 3 for the
TPV results and the Supplemental Materials on OSF for the
orbiting constructs’ indices. In summary, we found that the
dimension of experienced information deficits (p,,=0.72;
¢, =0.45) differs from effectiveness of the use of technology
for virtual communication, information sharing, and team
coordination items while experienced distance (p,,=0.87;
¢, =0.74) differs from belonging, social cohesion, and lik-
ing items. As a result, this finding significantly strengthens
our confidence in the content validation of our scale when
compared to established and validated scales.

Subsamples 4b and 4c
As with Study 3, both subsamples were pulled from the ITP-

metrics.com database (but did not overlap with the sample
used in Study 3). Similarly, we excluded all individuals who
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failed the two attention checks, resulting in an overall sam-
ple of 4,213 (previously 5,030) individuals, nested in 1,143
teams (average team size: 3.69, SD=1.27) and 121 classes.
Assignment to the two subsamples was determined based
on whether they contained leader ratings (Subsample 4c)
or not (Subsample 4b). Six hundred and eighty teams had
taken part in assessments that did not contain leader evalua-
tions, a further 37 teams were omitted from further analyses
as they were represented by only one respondent. Accord-
ingly, the final Subsample 4b consisted of 2,402 individuals,
nested in 643 teams. In Subsample 4b, participants’ mean
age was 22.20 (§D=4.18) and 42.6% identified as female,
55.4% as male, and the remainder were undisclosed. The
average team size was 3.74 (SD=1.17). Four hundred and
sixty-three teams had designated team leaders, and in some
teams (less than 8%) there was more than one team leader
(in this case, external ratings reflected mean ratings across
team leaders). We eliminated all teams with only one (or no)
team member other than the team leader, resulting in a final
Subsample 4c of 400 teams, comprised of 1,272 team mem-
bers (excluding team leaders). Team members’ mean age in
the final Subsample 24c was 22.61 (SD=4.61) and 35.2%
identified as female, 63.1% as male, and the remainder were
undisclosed. The average team size was 3.05 (S§D=0.95).

Measures

TPV Dimensions

Collectively-Experienced Distance Collectively-experi-
enced distance was captured with five items, as employed
in Study 3 (see also Table 3), and rated on a 7-point
response scale ranging from 1 (strongly disagree) to 7
(strongly agree). In Subsample 4b, team-level psychomet-
ric properties were ICC(1)=0.32, ICC(2) =0.64, median
Lyo(juniform = 0-97, median rygewea = 0-95, a=0.98.
The RGR procedure produced average ICC(1) values of
0.007 (SD =0.010) and average ICC(2) values of 0.023
(SD=0.034). In Subsample 4c, team-level psychometric
properties were ICC(1)=0.26, ICC(2)=0.51, median
Tyo(jyuniform = 0-98, median ryq kewea =096, a=0.97.
The RGR procedure produced average ICC(1) values of
0.010 (SD=0.015) and average ICC(2) values of 0.028
(SD=0.042). In sum, ICC values were near the mean
values reported by Woehr et al. (2015), and ICC values
for the pseudo teams were substantially lower. Moreover,
rwg(j) values indicated very strong agreement for collec-
tively-experienced distance in both studies.

Collectively-Experienced Information Deficits Collectively-
experienced information deficits were captured with five
items, as employed in Study 3 (see also Table 3), and rated
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on a 7-point response scale ranging from 1 (strongly dis-
agree) to 7 (strongly agree). In Study 4b, team-level psy-
chometric properties were ICC(1)=0.29, ICC(2)=0.61,
median Iy, uniform = 0.95, median ry,)kewea = 0.93,
a=0.96. The RGR procedure produced average ICC(1)
values of 0.011 (SD=0.016) and average ICC(2) values
of 0.022 (§D=0.034). In Subsample 4c, team-level psy-
chometric properties were ICC(1)=0.18, ICC(2)=0.39,
median Iy )uniform = 0-95, median 1, )ewed =0-93, €=0.93.
The RGR procedure produced average ICC(1) values of
0.010 (SD=0.015) and average ICC(2) values of 0.030
(8D =0.044). In sum, ICC values were near the mean val-
ues reported by Woehr et al. (2015), with the exception of
the ICC(2) values in Study 4c. However, as with Study 3, all
ICC values in the two studies were substantially larger than
the values obtained for the pseudo teams. Moreover, rwg(j)
values indicated very strong agreement for collectively-
experienced information deficits in both studies.

Team Action Processes

Team Monitoring and Backup Team monitoring and backup
was measured using three items each, adapting items from
Mathieu et al.’s (2020) team process survey measure (for an
overview of the employed items, see O’Neill et al., 2020).
An exemplary item is “We seek to understand each other’s
strengths and weaknesses”. Items were rated on a five-
point response scale ranging from 1 (strongly disagree) to 5
(strongly agree). Team-level psychometric properties were
ICC(1)=0.26, ICC(2)=0.57, median r =0.98,
median Iy kewed =0.97, €=0.91.

wg(j)uniform

Coordination Coordination was measured using three items
each, adopting items from Mathieu et al.’s (2020) team pro-
cess survey measure (for an overview of the employed items,
see O’Neill et al., 2020). An exemplary item is “Our team
smoothly integrates our work efforts”. Items were rated
on a five-point response scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Team-level psychomet-
ric properties were ICC(1)=0.27, ICC(2) =0.58, median

=0.98, median r =0.97, a=0.93.

rwg(j)uniform wg(j)skewed —

Leader-Rated Team Outcomes

Leader-Rated Team Interaction Quality Leader-rated team
interaction quality was based on four items from Wage-
man et al.’s (2005) Team Diagnostic Survey. An exemplary
item is “There is a lot of unpleasantness among members of
this team”. Items were rated on a five-point response scale
ranging from 1 (strongly disagree) to 5 (strongly agree).
All items were recoded, so that higher values reflected a
higher quality of team interaction. Internal consistency was
a=0.81.

Leader-Rated Team Performance Leader-rated team perfor-
mance was assessed with three items reflecting established
performance criteria, namely efficiency, quality, and overall
achievement (as employed by Van der Vegt & Bunderson,
2005). An exemplary item is “The team produces high-qual-
ity work”. Items were rated on a five-point response scale
ranging from 1 (strongly disagree) to 5 (strongly agree).
Internal consistency was a=0.91.

Measurement Invariance Analyses

To confirm measurement invariance across the two sub-
samples, we examined configural, metric, and scalar multi-
group invariance of the two TPV subdimensions. Analyses
were performed at the team level. Given the very good fit
of the configural model (X2=257.74, df=68, p<0.001,
CFI=0.98, RMSEA =0.07, SRMR =0.03), we tested first
for metric, then for scalar invariance, both of which found
full support (metric invariance model: x 2=269.99, df=176;
Satorra-Bentler scaled AXZ 12.89, Adf=9, p=0.116; sca-
lar invariance model: X2 =285.63, df =84; Satorra-Bentler
scaled AXZ 8.84, Adf=38, p=0.356).

Results

Team-level descriptives and intercorrelations for both sub-
samples can be found in Table 4. For discriminant validity
(Subsample 4b), we tested both factor correlations between
collectively-experienced distance/ information and team
monitoring and backup/coordination in the unconstrained
model® and then compared this model to four constrained
models in which the respective factor correlations had been
fixed at -0.85. The unconstrained model yielded an excel-
lent model fit (x*=253.89, df=98, p<0.001, CFI=0.98,
RMSEA =0.050, SRMR =0.023). Factor correlations for
the latent variables were: pcps =-0.69 (distance with team
monitoring and backup, 95% CI [-0.60; -0.78]), pcpa =-0.71
(distance with coordination, 95% CI [-0.63; -0.80]),
pcra =-0.69 (information deficits with team monitoring and
backup, 95% CI [-0.58; -0.79]), and pepa =-0.69 (informa-
tion deficits with coordination, 95% CI [-0.59; -0.79]). As
can be seen in Table 4, the factor correlations between the
two TPV (pepa =0.86; 95% CI [0.83; 0.90]) as well as the
two action process subscales (pcpy =0.90, 95% CI [0.87;
94]) were substantially higher. Model comparisons showed

3 For comparability across studies, we also performed MCFA for
the unconstrained model but encountered an improper solution most
likely attributable to the high correlation between the two action pro-
cesses. We encountered no problems when running the MCFA with
just the two TPV dimensions (see online supplemental material).
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significant Satorra-Bentler scaled y? differences between the
unconstrained and all four constrained models (fixed cor-
relation distance-team monitoring and backup: AXZ 46.72,
Adf=1, p<0.001; fixed correlation distance-coordination:
AXZ 38.01, Adf=1, p<0.001; fixed correlation information
deficits-team monitoring and backup: AXZ 50.79, Adf=1,
p <0.001; fixed correlation information deficits-coordina-
tion: AXZ 66.78, Adf=1, p<0.001). In sum, these results
support the discriminant validity of the two TPV dimensions
as emergent states versus team processes.

In terms of criterion validity (Subsample 4c), the inter-
correlations shown in Table 4 support the assumed nega-
tive relationship between collectively-experienced distance
and leader-rated team interaction quality as well as between
collectively-experienced deficits and leader-rated team per-
formance. The two TPV dimensions also correlated highly
at pepa =-0.80, 95% CI [0.74; 86].

To complement the findings from the aforementioned
samples, we gathered field data from organizational teams
to gather further evidence for the generalizability of our TPV
scale (Study 5).

Study 5: Generalizability to Organizational
Teams

Even though student projects teams (such as in Study 3,
Study 4b, and Study 4c) show effects of structural virtu-
ality that are similar to organizational teams (Purvanova
& Kenda, 2022), meta-analysis has also revealed that stu-
dent samples do not significantly differ from one another in
their demographics or even general observed correlations
(Wheeler et al., 2014), meaning that it is possible that the
variability in how students experience virtuality may be
narrower than in other groups. Consequently, the aim of
Study 5 was to test the generalizability of the TPV scale to
organizational teams. Specifically, we sought to confirm the
structural validity of TPV and its two dimensions on both
individual and team levels in a sample of 1,063 individuals
nested in 164 teams from a German organization specialized
in international business services.

Sample and Procedure

Employees (N=2,820) were contacted to participate in the
online survey, which had been developed in collaboration
with the Worker’s Council of the participating organization.
In accordance with the Ethics Code of the American Psycho-
logical Association, participants were first presented with an
informed consent form that included information about the
purpose of the study, the right to decline and withdraw their
participation, prospective research benefits (here: potential
improvement to hybrid working conditions implemented by
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the Worker’s Council and the human resource department),
and how data was to be stored, used, and made accessible
for research purposes. Work unit membership and demo-
graphic information was obtained via human resource data
and connected to raw survey data through a unique identi-
fier embedded into the URL of the survey link sent to par-
ticipants’ work email address. Of the 1,351 participants that
participated in the survey, 1,219 fully completed it and 1,073
of these could also be clearly assigned to a team.* Delet-
ing all teams with only one participant resulted in a final
sample size of 1,063 individuals, nested in 164 teams. The
average team size was 6.48 (SD=3.11, range: 2 — 16). Sixty-
three and a half percent of respondents identified as female,
the mean age was 36.15 years (SD =8.64), and the mean
organizational tenure was 4.75 years (SD=5.02). There
were 65 different nationalities represented in the sample,
the majority being German (61.34%). The majority of the
sample worked full-time (86.64%), On average, participants
worked remotely for 88.16% (SD =21.09%, range: 0 — 100%)
of their working time.

Measures and Data Analysis

Participants rated all 10 TPV items on a 7-point response
scale ranging from 1 (strongly disagree) to 7 (strongly
agree). Team-level psychometric properties for collectively
experienced distance were ICC(1)=0.14, ICC(2)=0.51,
median Iy, uniform = 0-88, median 1y, skewea = 0-81,
a=0.92. The RGR procedure produced average ICC(1)
values of 0.006 (SD=0.010) and average ICC(2) values
of 0.036 (SD =0.055). Team-level psychometric proper-
ties for collectively experienced information deficits were
ICC(1)=0.08, ICC(2) =0.37, median Iyyjupiform = 0-90,
median Iygjsewed = 0-84, ®=0.98. The RGR procedure
produced average ICC(1) values of 0.007 (§D=0.010) and
average ICC(2) values of 0.038 (SD=0.057). In sum, ICC
values were within the range of 1 SD around the mean val-
ues reported by Woehr et al. (2015)—once again with the
exception of ICC(2) values for information deficits—and
ICC values for the pseudo teams were substantially lower.
Moreover, rwg(j) values indicated strong agreement for both
TPV subscales, even under the slightly skewed distribution.

* To ensure that participants had the same team in mind when
answering the TPV items, we asked them to think of the members
who reported to the same disciplinary leader as them, which in this
case corresponded to a work unit in the provided HR data. However,
in some cases, work units had no designated leader (due to turnover,
restructuring, or because they belonged to special status groups, e.g.,
apprentices, worker’s council members), making it unclear whether
the respective participants would still have the same team in mind
or think of e.g., higher-level work units, such as their department. To
avoid any misalignments in referent shift, we thus decided to exclude
these individuals from further analysis.
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Table 5 Study 5: Descriptives, Reliabilities, and Team + Individual-level Item Factor Loadings

FL, FL,
# M SD o 1 2 1 2
Collectively-experienced distance .95
1 In my team, we feel detached from each other. 329 1.56 .621 .988
[In meinem Team fiihlen wir uns voneinander losgelost. |
2 In my team, we feel that our relationship is cold. 2.50 1.41 .863 957
[In meinem Team fiihlen sich unsere Beziehungen untereinander unterkiihlt an. ]
3 In my team, we feel like we are far away from each other. 2.74 1.51 877 999
[In meinem Team fiihlen wir uns weit voneinander entfernt. |
4 In my team, we feel estranged from each other. 2.38 1.40 916 985
[In meinem Team fiihlen wir uns voneinander entfremdet. |
5 In my team, we feel like we cannot get through to each other. 217 1.27 .847 987
[In meinem Teamffiihlt es sich so an, als konnten wir nicht zueinander finden. |
Collectively-experienced information deficits 92
When we exchange information in my team ...
[Wenn wir in meinem Team Informationen austauschen...]
1 ...the ways in which we can express ourselves are limited. 2.37 1.29 769 .868
[... sind die Wege, iiber die wir uns ausdriicken, eingeschrdnkt. |
2 ...it's hard to convey the actual meaning of what we are saying. 227 1.21 913 .989
[...ist es schwer, die tatscichliche Bedeutung von dem, was wir sagen, zu vermitteln. |
3 ...it's difficult to understand if we are on the same page or not. 2.30 1.25 .898 .966
[... ist es schwer zu verstehen, ob wir dasselbe meinen oder nicht. |
4 ...we are unable to convey the necessary information in its entirety. 220 1.25 .835 .999
[... sind wir nicht fahig, die notigen Informationen in ihrer Génze zu vermitteln. |
5 ...we don't know whether everyone has had access to the same information. 275 1.57 706 .989

[... wissen wir nicht, ob alle Zugang zu denselben Informationen hatten. |

Brackets enclose German items. FLi = Standardized factor loading at individual level of analysis. FLt=Standardized factor loading at team level

of analysis. Individual-level N=1063, Team-level N=164

In sum, we thus considered aggregation to the team-level as
justified. We then performed MCFA with the MLR estimator
using Mplus version 8.4 (Muthén & Muthén, 1998—2017).
Given the international composition of the participating
organization, the survey could be taken in either German
(with items developed through back translation with native
speakers, see Table 5) or English. We thus also tested for
measurement invariance across the two languages (German:
n=_813; English: n=250).

Results

The MCFA showed an excellent model fit (X2=300.80,
df=68, p<0.001, CFI=0.966, RMSEA =0.057,
SRMR ;nin =0.035, SRMR| . cen = 0.053), suggesting that
the two-factor solution fit the data well and consistently at
both levels. Moreover, the two-factor model fit the data sig-
nificantly better than the one-factor model (x*=1687.83,
df=70, p<0.001, CFI=0.761, RMSEA =0.147,
SRMR iipin = 0.098, SRMR, .y cen =0.738), as shown by

a significant Satorra-Bentler scaled (Satorra & Bentler,
2001) 2 difference (Ax*=5,591.57, Adf=2, p<0.001).
Factor correlations were pops =0.71 (95% CI [0.66; 76]) at
the individual level and pep, =0.85 (95% CI [0.67; 1.03])
at the team level. Descriptive statistics as well as factor
loadings at individual and team levels of analysis are dis-
played in Table 5. Given intra-team variations in language
settings, measurement invariance analyses were performed
at the individual level, but variables were group-mean
centered prior to analysis to account for the nestedness of
the data. Given the very good fit of the configural model
(X2=253.22, df=68,p<0.001, CFI=0.96, RMSEA =0.07,
SRMR =0.03), we then tested for metric invariance. While
we could not find support for full metric invariance (x
2=277.49, df=76, p<0.001; compared to configural model:
Satorra-Bentler scaled AXZ 22.15, Adf=8, p=0.005) we
did find support for partial metric invariance, in which four
of the loadings of the distance factor were allowed to vary
across languages (x 2=258.28, df=72, p<0.001; com-
pared to configural model: Satorra-Bentler scaled sz 1.92,
Adf=4, p=0.750). We further tested team-level correlations
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between the TPV subscale means and degree of structural
team virtuality (i.e., team levels of remote work). Both cor-
relations were small and insignificant (structural virtuality
— distance: r=-0.05, p=0.553; structural virtuality — infor-
mation deficits: r=-0.15, p=0.051).

Discussion

With the proliferation of work arrangements that allow indi-
viduals to work from various locations and the technological
developments to facilitate information exchange and inter-
action at a distance, teams are now working virtually on a
regular (if not daily) basis. Therefore, understanding how
teams (regardless of how much, how often or how rich/syn-
chronous their use of technology is) experience their virtual
collaboration is a necessary condition for designing their
work in a way that promotes effectiveness while catering to
individual team members’ needs and intervening in times
when teamwork is impaired. The existing literature on team
virtuality has almost exclusively focused on structural fea-
tures, such as the amount of time individuals interact via
technology, whether these technologies allow for synchro-
nous communication (e.g., Dennis et al., 2008; Kirkman &
Mathieu, 2005), or how much they approximate face-to-face
interaction (e.g., Daft et al., 1987; Kock, 2004). However,
the heterogeneous findings linked to team virtuality effects
(e.g., Handke et al., 2020; Purvanova & Kenda, 2022; De
Guinea et al., 2012) suggest that current virtuality conceptu-
alizations and measurements cannot fully capture the actual
practice of virtual teamwork. Specifically, they do not cap-
ture technology use in practice and thus do not acknowledge
how teams actually experience virtual interactions. Accord-
ingly, this paper addressed how teams perceive their level of
virtuality, based on the conceptual proposal by Handke et al.
(2021) of Team Perceived Virtuality.

More specifically, we developed and validated the TPV
scale, an instrument that accounts for the subjective expe-
rience of distance and information deficits in teams with
different degrees of structural virtuality. The results of our
five studies provide support for the main conceptual propo-
sitions around TPV put forward by Handke et al. (2021).
First, we found support for a bi-dimensional structure of the
construct across distinct samples and levels of analysis, with
one dimension reflecting a more affective nature (distance),
and another reflecting a more cognitive nature (information
deficits) of TPV. Second, we provide evidence for the team-
level essence of TPV, supporting its definition as a team
emergent state. Third, our data reflects the predictive power
of TPV on both affective and performance-related team out-
comes (based on leader ratings to avoid same source bias)
and its significant connection to team processes. Fourth, we
provide evidence for the need of the TPV construct, which
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is distinct from structural virtuality (as evident from its non-
significant correlations) as well as from neighboring and
related constructs that capture the perceived outcomes of
structural virtuality (e.g., belonging, information sharing,
etc.). Taken together, our results corroborate the multidi-
mensional and team-level nature of TPV and its relationship
with team outcomes.

We do want to note that albeit support for the multi-
dimensional nature of TPV, we also observed very high
factor correlations between collectively-experienced
distance and information deficits at the team level of
analysis. This pattern of high factor correlations between
dimensions of the same scale resembles many other vali-
dated multidimensional scales at both team (e.g., team
processes, Mathieu et al., 2020; team resilience, Tan-
nenbaum et al., 2024) and individual levels (e.g., work
engagement, Schaufeli et al., 2006; psychological empow-
erment, Spreitzer, 1995). However, these results also
suggest that researchers may want to consider computing
an overall TPV score that would correspond to Handke
et al.’s (2021) framing of TPV as an aggregate of the two
dimensions. Alternatively, as we do find support for a
(conceptual) distinctiveness between the two dimensions
as affective versus cognitive facets of TPV, researchers
may also opt for one of the two dimensions depending on
their outcome of interest.

Theoretical Contribution

Even though task-media-fit theories (e.g., media richness
theory, Daft et al., 1987; task-media fit hypothesis, McGrath
& Hollingshead, 1993; media synchronicity theory, Dennis
& Valacich, 1999; Dennis et al., 2008) have greatly con-
tributed to our understanding of technology use, they paint
a fairly static picture of team virtuality and its effects. Par-
ticularly the more traditional “cues-filtered-out theories”
(see e.g., Walther & Parks, 2002) generally assume that
media have inherent characteristics (i.e., information rich-
ness), which will be experienced similarly by all individu-
als and remain fixed over time. Moreover, a vast number
of studies analyzing the effects of team virtuality are still
based on experiments concentrating on short-term use and
effects, based on isolated tasks performed by ad-hoc groups
or dyads, who have no shared history or future of working
together (e.g., Hambley et al., 2007; Rico & Cohen, 2005).

In reality, however, organizational teams are likely to
experience more variety and freedom in their taskwork and
will gain experience in working together over the course
of their interaction. This not only makes individuals more
adept at using technology in different ways, it also makes
them perceive a technology as being richer (see e.g., Carl-
son & Zmud, 1999; Fuller & Dennis, 2009). For instance,
given enough message exchange, technology-mediated
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communication has been shown to exhibit high degrees
of relational communication (Walther & Tidwell, 1995;
Walther, 1992, 1994). Moreover, even experimental research
shows no differences between face-to-face and technology-
mediated groups’ performance when these worked on mul-
tiple/successive tasks (Fuller & Dennis, 2009; Simon, 2006;
van der Kleij et al., 2009). These findings are supported by
recent meta-analyses (Carter et al., 2019; Purvanova &
Kenda, 2022), which show no effect of structural team vir-
tuality on team performance outcomes in organizational/
longer-tenured teams and thereby emphasize the shortcom-
ings of structural virtuality operationalizations.

Accordingly, the validated TPV construct highlights
how important it is to capture technology use in practice
and subjective teamwork experiences to explain the differ-
ential effect of structural team virtuality. Specifically, it is
less the physical properties of technology (e.g., the trans-
mission of voice) or its built-in features (e.g., whether they
allow group messaging or notifications) but how each team
uses and acts upon these (e.g., who is invited to the group
chat, which notifications are turned off) that will influence
teamwork experiences (Costa & Handke, 2023). This is also
reflected in the low and insignificant correlations between
TPV and structural virtuality we found in Studies 2 and 5,
likely signaling the stronger impact of other contextual fac-
tors (e.g., team familiarity, team design) or team processes
on teamwork experiences. We do note, however, that these
low/insignificant correlations could also be due to the opera-
tionalization of structural virtuality (here, as the team-level
percentage of remote work time). Structural virtuality has
been operationalized on many different dimensions (e.g.,
dispersion, reliance on communication technology, infor-
mational value of communication technology) and consider-
ing only one of these dimensions as a measure of structural
virtuality may be an incomplete operationalization of the
construct, leading to lower relationships with TPV. Finally,
the rise of hybrid work practices likely increases intra-team
variation in structural virtuality. Hence aggregating struc-
tural virtuality to the team level through a compositional
(rather than compilational) approach can often be a less
accurate picture of how teams collectively use technology
to communicate and coordinate their actions.

To overcome the shortcomings of structural virtuality and
its extant operationalization, we thus aim to contribute to
the broader discussion on the subjective rather than objec-
tive measurement of constructs, as it has been debated in
other literatures, such as organizational culture and climate
(Glisson & James, 2002; Yammarino, & Dansereau, 2011).
In sum, this work contributes to newer conceptualizations of
technology use and team virtuality through highlighting its
social construction and subjectivity, as well as the key role
interactions between technology features and human agency
(Orlikowski, 2007).

Practical Implications

The present work provides a robust instrument to address
teams’ subjective virtuality experiences. As such, it can
guide practitioners and team leaders when managing teams,
regardless of their structural level of virtuality. More spe-
cifically, it calls their attention to three main aspects. First,
teams need to work on both distance and information deficit
perceptions. For instance, leaders should provide time and
space for enough interpersonal exchanges between members
to reduce distance perceptions as well as continuously moni-
tor team members’ ability to achieve a joint understanding
in order to manage information deficits perceptions. Second,
the co-construction of meaning around technology use needs
to be done proactively, rather than solely as a reaction to
interaction impairments. For example, leaders can promote
functional sensemaking (Morgeson et al., 2010) about tech-
nology usage and its consequences by letting the team reflect
on their technology usage, its impact on task and relational
function, and how it may be optimized. This regular prac-
tice can also be coupled with the intentional development
of shared mental models around technology usage (Miiller
& Antoni, 2020), by which members develop a common
understanding of how, when, and for what they are expected
to use technology, therefore reducing misinterpretations and
communication impairments. Third and finally, acknowl-
edging the importance of subjective virtuality experiences
calls attention to the eventual unintended consequences
of technology usage (Soga et al., 2021) that can influence
team perceptions. Understanding that, for example, allow-
ing team members to email others on a Saturday can result
in increased technostress (e.g., Salanova et al., 2012) can
prompt leaders to use other technology features (such as
email scheduling tools) to circumvent potential pitfalls. It
is through the assessment of TPV that managers can flag
when socialization activities and communication interven-
tions are needed. In this post-pandemic era in which workers
are co-located, hybrid, and in-person, the ability to optimize
face-to-face interactions among workers and identify poten-
tial communication gaps holds significant value. Being able
to make the most of employees’ time by fostering quality
interactions and pinpointing any communication deficiencies
can greatly benefit organizations.

Limitations and Future Research

Parallel to the contributions highlighted above, the present
work has some limitations that constrain the generalizabil-
ity of its findings. First, we show different types of valida-
tion studies across samples and contexts, but the specific
influence of technology has not yet been tested. Although
conceptually TPV can be applied across teams, there may
be some empirical nuances regarding technology. Future

@ Springer



474

Journal of Business and Psychology (2025) 40:455-478

research can accommodate this limitation by manipulating
the technology used and measuring TPV at the same time.
It can also enhance our understanding of the generalizability
of the criterion-related validity by utilizing various team out-
comes, such as objective team performance. Future research
should, therefore, continue to validate this TPV measure
across contexts and sample types to properly expand its
nomological network. Moreover, we included leader-rated
team outcomes in Study 4c but were unable to define or
evaluate how these leaders were designated. Hence, future
studies with organizational team samples should look into
specific leadership details when studying TPV.

Second, four of our studies employed the original English
version of the scale, with English-speaking samples mostly
from North America. When applying this to a mostly Ger-
man sample (Study 5), we uncovered the potential for meas-
urement nuances across cultures. The construct can, there-
fore, gain from cross-cultural validation with individuals
from other geographic regions and cultures. Although cul-
ture might influence the relative importance of each dimen-
sion on their relationship to team’s outcomes, exploring how
different cultural contexts shape these team processes and
contribute differently to the emergence of TPV would be
promising.

Third, although TPV seems promising in revealing “red
flags” in team dynamics, we have not empirically established
the contingencies in how TPV relates to team outcomes. To
properly understand the complexity of perceived virtuality
in real teams, having a psychometrically sound measure is
the first step. Researchers can now continue to validate this
measure including more contextual and temporal elements.
Specifically, future research can enhance complexity in two
ways: longitudinally and with multi-level contingencies.
There are individual and organizational characteristics that
can be further explored as suppressors or accelerators in the
relationship between TPV and team outcomes. For instance,
other empirical work in virtual teams has shown how cogni-
tive reappraisal, an emotion regulation strategy (Theodorou
et al., 2023), and empowerment climate (Nauman et al.,
2010) can function as moderators that may change how TPV
relates to important team outcomes. Some other contingen-
cies could include team size, team design, and team evolu-
tion and maturation (e.g., Handke et al., 2021; Kirkman &
Mathieu, 2005).

Fourth, in the realm of multi-level measurement, our
scale was crafted to align with the referent-shift composi-
tion model (Chan, 1998), and our results show that team
members tend to agree to a shared perception of TPV (cf.
rwg and ICC values). Nonetheless, it is worth noting that
compilation models, where certain team members may
offer nuanced perspectives of TPV that challenge the
extent of sharedness necessary for the emergence of this
construct, are worth exploring in future studies. This will
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help to better understand what can influence the degree
of team members’ agreement on TPV. Again, within the
climate literature, the concept of climate strength (i.e., the
degree of within-unit agreement on climate perceptions),
has revealed potential for considering different composition
models of team constructs. Thus, we hope future research
continues to use this instrument and uncovers more of its
properties within a more complex environment.

Lastly, further analyses need to be conducted to assess
the incremental validity of the two TPV dimensions. In their
conceptual model, Handke et al. (2021) propose that whereas
perceived distance would be more predictive of affective
outcomes, perceived information deficits would contribute
to understanding teams’ task-related performance. As such
TPV should ideally help us understand why (virtual) team
performance and satisfaction often do not align (e.g., Simon,
2006; Van der Kleij et al., 2009). Recent research with prox-
ies (i.e., related constructs) of TPV has provided initial sup-
port for these differential relationships (Costa et al., 2023).
However, in our scale validation, Study 4c showed higher
correlations between the two outcomes and perceived dis-
tance than between the respective outcomes and perceived
information deficits. As elaborated earlier, these relation-
ships would need to be tested in more complex models with
organizational field data in order to assess whether the dif-
ferential relationship between the two TPV dimensions and
team outcomes truly exists.

Conclusion

We put forth a measure of TPV that is conceptually dis-
tinct to structural virtuality, allowing for a more dynamic
and subjective approach to virtuality. Through five stud-
ies, we find support for content, construct, and criterion-
related validity for the operationalization of the construct
coined by Handke et al. (2021). Specifically, virtual
team experts provided support for face validity to the
TPV measure and naive judges were able to discriminate
between items that measured TPV and those that measured
related constructs. Moreover, confirmatory factor analyses
across multiple samples showed a very good model fit at
both individual and team levels of the final 10-item meas-
ure, consisting of two dimensions each: collectively-expe-
rienced distance and collectively-experienced information
deficits. Furthermore, our measure shows discriminant
validity to important team processes and criterion-related
validity to leader-rated interaction quality and team perfor-
mance. Taken together, this newly developed TPV meas-
ure offers substantive evidence that shows its relevance to
science and practice for addressing team virtuality as it is
experienced.
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