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Abstract
We examine how different forms of co-action give rise to feelings of solidarity. We propose

that (a) coordinated action elicits a sense of solidarity, and (b) the process through which

such solidarity emerges differs for different forms of co-action. We suggest that whether sol-

idarity within groups emerges from uniform action (e.g. synchronizing, as when people

speak in unison) or from more complementary forms of action (e.g. alternating, when speak-

ing in turns) has important consequences for the emergent position of individuals within the

group. Uniform action relies on commonality, leaving little scope for individuality. In comple-

mentary action each individual makes a distinctive contribution to the group, thereby in-

creasing a sense of personal value to the group, which should contribute to the emergence

of solidarity. The predictions receive support from five studies, in which we study groups in

laboratory and field settings. Results show that both complementary and uniform co-action

increase a sense of solidarity compared to control conditions. However, in the complemen-

tary action condition, but not in the uniform action (or synchrony) condition, the effect on

feelings of solidarity is mediated by a sense of personal value to the group.

Introduction
Researchers often distinguish between groups and social categories. Group research tends to
focus on small dynamic groups with some form of interdependence and social interaction. By
contrast, studies of social categories often focus on group members’ perceptions of large social
groups that exist by virtue of some shared property such as nationality or ethnicity (e.g., [1]).
Although categorical processes appear to be more prevalent in large groups and interactive
processes in small groups [2–3] we believe that both sets of processes occur in all groups (small
and large) to some extent. In the present paper, our broad aim is to learn more about the opera-
tion of interactive and categorical processes in small groups, in order to understand how feel-
ings of solidarity emerge.

Solidarity may emerge from the recognition of similarities between individuals: Uniformity
of characteristics or actions fosters both perceptions of entitativity and social categorization
(e.g., [4–7]). But solidarity can also emerge through interactions that appear to be much less
uniform ([8–10]). Most social interactions tend to consist of sequences of complementary
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actions: In conversations, for example, people take turns making distinctive contributions. In-
terestingly however, the same groups that engage in dialogic interaction may, at other occa-
sions, express and develop solidarity through uniform actions such as communal prayer,
dance, etc.

Although uniformity and complementarity may both foster a sense of solidarity, we propose
that the process is very different because the individual group members play such different
roles in the group’s formation. In groups that interact in a uniform fashion, a sense of unity
could be derived from the ability to distinguish the own group from its social context, thereby
placing the individual in the background, cf. [11–12]. In groups in which members interact in
more complementary ways however, the distinctive input of each individual is a fundamental
part of the group’s actions, making each individual of personal value to group formation. It is
this distinction that is central to the current research.

Two Pathways to Solidarity
In the Oxford English Dictionary solidarity is defined as “the fact or quality, on the part of
communities etc., of being perfectly united or at one in some respect, especially in interests,
sympathies, or aspirations”. In sociological and social-psychological theorizing, the concept of
solidarity has been used to explain the ways in which communities are tied together (e.g. [13])
or to specify some sort of attachment of belonging to a group [14]. Accordingly, we use the
term solidarity here to refer to both the experience that an aggregate of individuals constitutes
a social unity (i.e. the entitativity of a group), and the feeling that one is part of this social unity
(i.e. the sense of belonging or identification with this group).

A broad range of theories proposes that similarity is a key predictor of solidarity. Accord-
ing to the similarity-attraction hypothesis [15–16] people are more likely to feel attracted to
similar others. In group research, self-categorization theory (SCT: [12], [17–18]) proposes
that people are most likely to categorize as group members when differences within the
group are smaller than differences between groups. According to SCT, individuals tend to
perceive themselves in terms of a shared stereotype that defines the ingroup in contrast to rel-
evant outgroups (e.g., [19]).

Postmes et al. [1] argued that this type of group formation echoes some characteristics of
Durkheim’s [13] concept ofmechanical solidarity: A form of solidarity anchored in commonal-
ities or concurrent actions. Durkheim associated mechanical solidarity with groups including
indigenous tribes, who used rhythmic co-action to increase and express group unity. Indeed,
more recent research has supported the idea that people synchronize their behavior in interac-
tions [20–22] and that such synchronous interaction increases not only group entitativity (the
perception of unity of the group as an entity) but also interpersonal liking (the strength of in-
terpersonal relations within the group) and cooperative behavior [5–6], [23–25]. Moreover,
synchronous movement has been shown to blur self-other boundaries: Even complete strang-
ers perceived themselves as more similar to each other and showed more conformity to each
other after synchronous, rather than a-synchronous stimulation [26–28].

In modern societies however, Durkheim suggested that solidarity is organic: here individual
complementarity serves as the basis for group formation and the individuality of group mem-
bers becomes an important consideration in group functioning. Durkheim provides the exam-
ple of a village composed of different craftsmen. Here, it is the way in which craftsmen
complement and build upon each other, rather than the similarity of craftsmen, that provides a
sense of solidarity in the village. Complementarity thus refers to the integrated and coordinated
actions of individuals who, by virtue of their actions, are quite dissimilar from each other (or to
be more precise: distinctive without being antagonistic).
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Durkheim’s observations can be related to contemporary research showing that interper-
sonal interaction is also a major predictor of feelings of entitativity and improved interpersonal
relations within the group [3], [8–10], [29–31]. This can be conceptualized as a bottom-up pro-
cess in which a common sense of identity is induced from group members’ individual contribu-
tions to the group [32–34]. Further research has shown that also in heterogeneous groups,
inductive processes can provide a strong basis for identification [2].

In sum, there are two distinct ways in which solidarity can be achieved. One could be
termed deductive (or mechanical): overarching similarities in the group influence group mem-
bers to experience solidarity. This solidarity can be witnessed in different conceptually related
indicators of solidarity including entitativity and social identification. Exactly the same indica-
tors of solidarity are affected by a second pathway, which we termed inductive (or organic):
The complementary actions of individual group members creating a successful community.

In the research by Postmes and colleagues, the process of identity formation is manipulated
directly to be either inductive or deductive. The idea behind this is that this creates different
types of solidarity, which has consequences for, for instance, the way group members deal with
heterogeneity within the group (e.g. [2], [35]). The present research builds on these prior stud-
ies, zooming in on the process of co-action in groups and its consequences for social solidarity.
But rather than manipulating identity formation directly, we merely vary the mode of social in-
teraction between group members: We believe that the way members of the group interact
with each other shapes the development of a sense of solidarity.

Sense of Personal Value to the Group
One of the differences between mechanical and organic processes of group formation lies in
the contributions that individual group members make to it. Durkheim already observed that
in organic societies there would be more scope for individuality. Indeed, if solidarity is based
on member similarity, there is little scope for individuality within the group. Group members
should feel mutually replaceable and have little individual value to the group as a whole. For ex-
ample, the solidarity between soldiers in a platoon is often based upon the principle that all are
equal. This is embodied through uniform clothing, as well as synchronous action (e.g., march-
ing, drill exercises). The similarity or replaceability of soldiers in their formation or units could
be beneficial for the army’s continuity in combat: The loss of individuals would not endanger
the performance of a unit so long as their membership could be refreshed. The army and its
units were (and to a large extent are) designed so that the loss of individual lives does not en-
danger the functioning of the organization. In such situations, feelings of solidarity are presum-
ably less anchored in individual features, and based more on group features (platoon, division,
branch, nation).

Conversely, when group formation is organic, the actions of individuals in the group are a
direct determinant of the physical manifestation of the group. In a conversation, for instance,
the flow of talk can only proceed smoothly if speakers organize their speech production and
comprehension so that they take turns, reflect upon the other’s utterances, etc. [36–38]. To
function as a coherent social unit, the input of all members in such organic group processes is
essential: When one person or subgroup was to leave, the group would change. In other words,
coordinating who talks when, and building upon what has been said by other speakers allows
members to form a social structure [9–10]. The structure of an organically formed group, for
example as it emerges in a conversation, is based on the complementarity of the individual con-
tributions to the group. Previous research suggested that the recognition of one’s distinctive
input within the group has positive consequences for personal wellbeing and can enhance a
sense of connection [39–41]. Therefore, we expect that in such organic or complementary
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structures, the sense of personal value to the group will be an important predictor of an emer-
gent sense of solidarity.

The Present Research
In the present paper we examine whether feelings of solidarity can emerge in the background
of group members’ coaction. We propose a model in which coordinated action elicits a sense of
solidarity. We measure three aspects of solidarity: First, we examine group members’ percep-
tions of group entitativity, i.e. the extent to which they perceive their group as a social unit. Sec-
ond, we assess the extent to which group members identify with the group. Third, we examine
the extent to which group members feel that they belong to the group. Although it is clear that
these three are closely related, we included them because they are central to different schools of
thought in group research. Thus, entitativity is an important construct in interdependence re-
search and refers to perceived unity at the collective level. Identification is an important vari-
able in the social identity tradition, and refers to feelings of attachment to the group as an
entity. Belongingness, finally, has been examined in research on ostracism and is linked in that
literature to individual needs. Although these three concepts stem from distinct conceptual tra-
ditions, we believe they all tap into a sense of solidarity within the group. One could hypothe-
size that the three should be differentially affected by our manipulations. However, in line with
the literature review above, we believe that it would be likely for all three variables to be affected
in similar ways by coordinated action.

Additionally, we propose that this sense of solidarity emerges quite differently for comple-
mentary and uniform actions, respectively. When group members undertake complementary
actions, for instance by taking turns in a conversation, a sense of personal value plays an im-
portant role. Here, the group members’ sense of solidarity is founded upon the integration of a
unique combination of contributions from individual members. In contrast, when group mem-
bers undertake uniform actions, such as when talking or singing in synchrony, identification
processes are less likely to be influenced by a person’s personal value to the group. Therefore,
we expect that in the complementary action condition, but not in the uniform action (synchro-
ny) condition, the emergence of solidarity is mediated by the feeling that one is personally valu-
able to the group.

Finally, the different ways in which solidarity can emerge may affect group outcomes. For
instance, the complementarity of behavior and subsequent experience of personal value to the
group could foster divergent thinking. The reasoning behind this is that a complementary ac-
tion group derives solidarity not from uniformity, but is likely to value group members’ distinc-
tiveness in behavior and thinking. This may become one of the group’s strengths when such
increased divergence of thought leads to enhanced creativity compared to group whose solidar-
ity is derived from uniform action.

In this research, we hypothesize that a) both complementary and uniform (synchronous)
action can increase solidarity in the form of increased perceptions of group entitativity, and in-
creased identification with, and belonging to the group, b) a sense of personal value mediates
the relation between complementary action and feelings of solidarity, but not the relation be-
tween uniform action and feelings of solidarity, and c) compared to uniform action, comple-
mentary action leads to more divergence in a subsequent idea generation task, promoting
creativity in groups.

We tested this model in five studies using different methods. All studies we performed in
this line of research are reported in the present paper. Study 1 examines the general distinction
between naturally occurring solidarity through uniform action and solidarity through comple-
mentary action. Additionally, in Study 1 we develop a measure of sense of personal value to the
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group and examine whether it distinguishes between groups whose solidarity emerged from ei-
ther of the two forms of coaction. In Study 2, we manipulate different forms of coordination
(synchrony vs. complementarity) in dyads. We examine whether this leads to solidarity and
how each of these forms is related to a sense of personal value. In Study 3, we test the same hy-
potheses in a different context (i.e., a choir) and with triads. Study 4 aims to replicate Study 2
and 3 in again a different context, namely amongst actors. Importantly, in Study 4 we also in-
vestigate the consequences of different social structures for group creativity and idea genera-
tion. Finally, Study 5 focuses on alternative explanations for the effects, in particular whether
the different amount of effort involved in both forms of coordination may confound the effects.
In addition, Study 5 examines whether a sense of personal value is only related to solidarity be-
cause individuals value themselves, or whether the value of others may also contribute to the
emergent sense of solidarity.

Study 1
In Study 1, we examined whether people would recognize both processes in group settings that
naturally occurred in their daily life, and we examined what associations they had with these
different settings. We asked participants to remember social experiences from their personal
life in which they performed complementary actions or uniform actions. It was hypothesized
that both situations promote equal levels of entitativity, identification, and belonging (H1),
that a sense of personal value to the group is higher in the complementary action condition
than in the uniform action condition (H2), and that this sense of personal value mediates the
effect on the indicators of solidarity in the complementary action condition, more so than in
the uniform action condition (H3).

Method
Ethics statement. The research was approved by the Ethical Committee Psychology of the

University of Groningen. Participants had a minimum age of 16, and were allowed to provide
their own informed consent by the Ethical Committee Psychology of the University of Gro-
ningen. Written informed consent was obtained on paper (in Studies 2, 3 and 4) or digitally
(Studies 1 and 5) by all participants immediately before the research commenced.

Participants and design
The sample consisted of 199 participants (Mage = 21.01, SD = 6.85, 74% female) who were re-
cruited via the undergraduate participant pool at the University of Groningen (n = 164), or via
various online forums (n = 35). Undergraduates participated for partial course credit; the other
participants were volunteers. Participants were randomly assigned to the conditions of a study
in which coordination (uniform action vs. complementary action) was manipulated by remem-
bering a situation in which they behaved similarly or complementary to others.

Procedure
Participants filled out an online questionnaire on ‘social situations’. They were asked to think
back to a group setting. In the uniform action condition it was stated: “Sometimes group mem-
bers all perform actions that are roughly similar. Please take your time to think back to a situa-
tion in which you did something together with other people, and in which everyone acted
more or less similarly.” In the complementary action condition participants read “Sometimes
group members all perform different actions. Please take your time to think back of a situation
in which you did something together with other people, and in which everyone had a unique
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input.” Participants were then asked whether they recognized this kind of situation, and to de-
scribe such a situation from their own experience. The recalled experiences were coded by a
trained coder, who was blind to the conditions of the study. Subsequently, participants were
asked to fill out a questionnaire about this experience.

Dependent variables
The questionnaire assessed participants’ sense of personal value to the group. We developed a
measure consisting of three items; “I had an important role in this group”, “I think I was indis-
pensable to this group”, “Without me, this group would not function”, and found this to have ad-
equate reliability, Cronbach’s α = .87. In addition, participants completed a 4-item entitativity
scale ([2] e.g., “I feel that the others and I are a unit”, α = .91) and a 14-item social identification
scale ([14] e.g., “I feel a bond with this group”, α = .94). Feelings of belonging were measured by
4 items derived from the Need Threat Scale ([42] e.g., “During the task I felt that I belonged with
the others” α = .89). As manipulation checks, participants indicated the extent to which they
agreed with four items: In this situation “Everyone did something different”, “Every group mem-
ber had a different input” (action complementarity: α = .84), and in this situation “Everyone
acted the same”, “All group members had the same input (action uniformity: α = .78). All vari-
ables were measured on a scale from 1 = strongly disagree, to 7 = strongly agree.

Results
Seven participants were unable to remember a situation and their data were removed before
the analyses (N complementary action condition = 5, N uniform action condition = 2). No
outliers (Studentized Residuals> 3) were detected. An analysis of variance (ANOVA) on the
manipulation check revealed that group members perceived the situation that they reported
to have more action complementarity in the complementary action condition than in the uni-
form action condition:M = 5.21, SD = 1.09 andM = 3.43, SD = 1.51 respectively, F(1, 185) =
85.32, p< .001, η2 = .32. Conversely, group members perceived the situation that they re-
ported to have less action uniformity in the complementary action condition than in the uni-
form action condition:M = 3.14, SD = 1.32 andM = 4.70, SD = 1.32 respectively, F(1, 185) =
65.03, p< .001, η2 = .32.

Description of situations
In the uniform action condition, participants mentioned behaviors such as playing sports and
games (23%), going to a party, including behaviors such as dancing (7%), eating or drinking
(13%), and chatting or laughing (12%). In addition, they mentioned situations which were
characterized by some form of conformity to the group (14%), e.g. “The first time I went smok-
ing, I smoked because everybody else did”, “During a hazing ritual we all acted similarly (for in-
stance when eating or singing) because we were told to”, “We once went to a shop where we all
bought something healthy, just because we did not want to look stupid”.

In the complementary action condition, participants mentioned things that involved orga-
nizing an activity or event (34%) including things like “everyone painted a different part of the
house”, “We organized a New Year’s Eve party, and everyone had their own task. One orga-
nized the drinks; someone else arranged a location, etc.” In addition, participants mentioned
making a school- or work assignment (33%), and sports or games that were characterized by a
distinct input of each player (7%).

Pathways to Solidarity: Uniform and Complementary Social Interaction
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Dependent variables
As predicted, participants had a stronger sense of personal value in the complementary action
condition than in uniform action condition, F(1, 190) = 9.83, p = .002, η2 = .05. In line with the
predictions, no differences in perceived entitativity (F(1, 190) = 1.49, ns), feelings of belonging
(F< 1, ns) and identification (F< .1, ns) were found. Means are summarized in Table 1; corre-
lations between the different indicators of solidarity are summarized in Table 2.

Indirect effect
As expected, we did not find differences between conditions on the indicators of solidarity.
However, we predicted that there is a relative difference in the extent to which complementary
action (vs. uniform action) yields feelings of solidarity via a sense of personal value to the
group. To test this, we estimated the indirect effect of complementary action (vs. uniform ac-
tion) via personal value on perceived entitativity, identification, and belonging using the boot-
strapping procedure developed by Hayes [43]. The effect size of the indirect effect is indicated
by K2 [44]. The analyses revealed an indirect effect of condition via personal value on identifi-
cation (B = .13, SE = .06, 95% bootstrapped CI [.04; .28], K2 = .06), perceived entitativity (B =
.24, SE = .09, 95% bootstrapped CI [.09; .44], K2 = .10), and belonging, (B = .21, SE = .08, 95%
bootstrapped CI [.08; .39], K2 = .11). When modeling this effect, the direct effect of comple-
mentary action on perceived entitativity became negative, B = -.46, SE = .17, t = -2.69, p = .01, a
suppression effect suggesting that a sense of personal value contributes to why perceptions of
entitativity in complementary groups are as high as in uniform action groups. A similar

Table 1. Means (SD’s) for the dependent variables in Study 1.

Uniformity (n = 99) Complementarity (n = 93)

Personal Value to Group 3.45 (1.48) 4.12 (1.45)

Entitativity 5.28 (1.23) 5.05 (1.31)

Belonging 5.54 (1.13) 5.39 (1.07)

Identification* 4.73 (1.18) 4.79 (1.14)

*For identification there were 3 missing values.

doi:10.1371/journal.pone.0129061.t001

Table 2. Pearson correlations between the different indicators of solidarity (entitativity, belonging and identification) for each of the studies.

Belonging Identification

Entitativity Study 1 .80*** .64***

Study 2 .85*** .84***

Study 3 71*** -

Study 4 .74*** .53***

Study 5 .74*** .69***

Belonging Study 1 .72***

Study 2 .83***

Study 3 -

Study 4 .37***

Study 5 .67***

Note. Unilevel correlation coefficients are reported.

***p < .001.

doi:10.1371/journal.pone.0129061.t002
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negative direct effect appeared for belonging, after modeling the effect of personal value, B = -.36,
SE = .15, t = -2.41, p = .02. No direct effect of condition on identification was found (t< 1, ns).

Discussion
Study 1 shows that in recollections of real-life group situations, high complementarity was as-
sociated with situations that are descriptively very distinct from high uniformity. Thinking
about uniformity evoked a broad range of situations revolving around shared social activities
whose main purpose appears to be communal enjoyment (e.g., having fun through socially
scripted and symbolic forms of interaction). When participants were asked to recall comple-
mentary action, they recalled situations that were much more instrumental and focused on
achievement of some common goal (e.g., collaborative work to achieve some desirable out-
come). Despite the marked difference between both kinds of activities recalled, they were asso-
ciated with approximately equal levels of perceived group entitativity, experienced belonging
and identification. However, compared to uniform action situations, group members recalling
complementary situations experienced a higher sense of personal value, and this predicted
their feelings of solidarity.

Although we find Study 1 of descriptive interest and suggestive of the social processes that
are central to this paper, we believe that for various reasons (the correlational nature of the
data, the inability to control for confounds, the reliance on explicit recollection for tapping into
processes that might be of an implicit nature) we cannot draw any firm conclusions. Study 2
therefore experimentally studied the emergence of solidarity “in the background” of a particu-
lar dyadic activity that participants were asked to perform. In order to examine whether feel-
ings of solidarity would emerge as a result of the co-action, a control condition was included in
Study 2.

Study 2

Method
Seventy-six undergraduate students (Mage = 19.08, SD = 1.68, 66 female, 10 male) participated
in a study for partial course credit or a single reward of 5 euros. The sample size in each of the
following studies was based on a minimum of 20–25 per condition [45]. Because this is dyadic
or triadic data, however, individual studies may still be somewhat underpowered if intraclass
correlations (ICC) are very high. Previously unacquainted dyads were randomly assigned to
one of 3 conditions (control vs. synchrony vs. complementarity). Two dyads knew each other
beforehand. Analyzing the data without these two dyads yielded similar results.

Procedure
Participants entered the lab individually and were seated in separate cubicles after which they
were assigned to a partner. After filling out an informed consent form, participants were in-
structed to read a story through headsets together with their assigned partner. The story was
one page long and concerned a man who visited a restaurant. In the synchrony condition, par-
ticipants were instructed to read the story simultaneously (in sync) with their partner. In the
complementarity condition, participants read the sentences of the story in turn. In the control
condition, participants read the story and were informed that their partner was reading the
story in the next cubicle. It took dyads about 5 minutes to read the whole story. After reading,
participants took off their headsets and filled in a questionnaire. Finally, participants were fully
debriefed and thanked for their participation.
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This research builds on prior research (e.g., [30]) that examines the impact of smoothly co-
ordinated interaction to various control conditions, including a condition in which interactions
are disrupted by silences. Accordingly, this first experimental study contained two conditions
in which we attempted to disrupt group collaborations by brief delays in auditory feedback.
But this disruption manipulation failed: In the turn-taking condition a short delay disrupted
interaction in the predicted way, but in the synchronous interaction condition it caused com-
plete breakdown of interaction in several groups. Because this means that delay conditions are
no longer equivalent and comparable and because these conditions are not relevant for the cur-
rent paper, we decided not to report them.

Dependent variables
Participants’ sense of personal value to the dyad (α = .78), entitativity (α = .93), and belonging
(α = .96) were measured as in Study 1. Identification was assessed with three subscales of the
Leach et al. identification scale ([14], α = .92): Solidarity (α = .93), satisfaction (α = .90) and ho-
mogeneity (α = .88). Because the groups consisted of only two members, the self-stereotyping
subscale was deemed less relevant. In addition, because these were newly formed dyads, we
thought that questions about the centrality of the group to the individuals’ identity would not
make any sense to some of the participants. Therefore, we did not measure these identification
subscales. The dependent variables reported in the paper were embedded in a larger question-
naire which contains additional variables (again, see [30]). We have only reported the most
central dependent variables here, but the full set of results is available from the first author.

Results
Two orthogonal Helmert contrasts were specified: ψ1 differentiated between coordinated inter-
action (synchrony and complementarity) and the control condition. ψ2 differentiated between
the synchrony and the complementarity condition. The intra-class correlations (ICC1; [46])
for entitativity (.54), identification (.61), belonging (.80) suggested that multilevel analysis was
required. The sense of personal value had a much lower ICC1 (.03), which is consistent with
the idea that this is an assessment of distinctiveness made at the individual level. To account
for the interdependence of the data, we used Hierarchical Multilevel Analysis. Means are sum-
marized in Table 3.

Solidarity
Individual-level perceptions of entitativity, belonging and identification were regressed onto
dyad-level contrasts ψ1 and ψ2. The analysis showed that participants who had a coordinated
interaction perceived their dyad to be more entitative than participants in the control condi-
tion, ψ1: γ = 2.02, SE = .30, t(36) = 6.67, p< .001. In addition, participants in the complemen-
tarity condition perceived their dyad to be more entitative than those in the synchrony
condition, ψ2: γ = .76, SE = .32, t(36) = 2.40, p = .022.

Table 3. Means (SD’s) for the dependent variables in Study 2.

Control Synchrony Complementarity
(n = 21) (n = 28) (n = 27)

Personal Value to Group 3.46 (1.53) 3.70 (1.16) 4.27 (1.25)

Entitativity 2.55 (1.09) 4.18 (1.14) 4.94 (1.00)

Belonging 2.17 (.86) 5.10 (1.07) 5.78 (.71)

Identification 2.84 (.89) 4.49 (.91) 4.76 (.89)

doi:10.1371/journal.pone.0129061.t003
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Similarly, participants who had a coordinated interaction felt more belonging to the group
than participants in the control condition, ψ1: γ = 3.28, SE = .26, t(36) = 12.68, p< .001. In ad-
dition, participants in the complementarity condition felt that they belonged more to the group
than those in the synchrony condition, ψ2: γ = .69, SE = .27, t(36) = 2.53, p = .016.

Finally, participants in the coordinated interaction conditions identified stronger with their
dyad than participants in the control condition, ψ1: γ = 1.80, SE = .26, t(36) = 6.85, p< .001.
No difference was found between the complementarity and the synchrony condition (ψ2:
t< 1).

Personal value to the dyad
A similar analysis showed no significant effect of ψ1 on sense of personal value to the dyad: γ =
.52, SE = .33, t(36) = 1.56, p = .13, although mean scores on personal value were somewhat
higher in the interaction conditions than in the control condition. In addition, ψ2 did not sig-
nificantly affect participants’ sense of personal value, γ = .58, SE = .35, t(36) = 1.63, p = .11, but
means were in the predicted direction: Participants in the complementarity condition had a
somewhat higher sense of personal value than those in the synchrony condition.

Mediation
We tested two different mediation hypotheses: One for the indirect effect of synchrony (vs.
control, dummy D1) through a sense of personal value on the indicators of solidarity; and one
testing the same effect for complementarity (vs. control, dummy D2). This was a multilevel me-
diation: Condition was a group level (2) variable, which predicted sense of personal value to the
group and entitativity, belonging, and identification at the individual level (1). We followed
guidelines provided by Preacher, Zyphur, and Zhang [47] for conducting a 2-1-1 multilevel
mediation. As predicted, there was no evidence for mediation of the synchrony condition ef-
fect, via personal value, on identification (γ = .30, SE = .50, t< 1, ns), nor on entitativity (γ =
.30, SE = .82, t< 1, ns), nor on belonging (γ = .25, SE = .43, t< 1, ns). However, two trends sug-
gested indirect effects of complementarity (D2) via personal value on identification, γ = 1.02,
SE = .68, t(36) = 1.49, p = .14, 95% CI [-.32; 2.36], and belonging, γ = .88, SE = .55, t(36) = 1.61,
p = .11, 95% CI [-.19; 1.96]. No evidence for a mediation of the effect on entitativity was found,
γ = 1.04, SE = 2.00, t< 1, ns, 95% CI [-2.88; 4.95]. Although the indirect effects are not statisti-
cally significant, the direction of the effects is in line with the hypothesis that in the comple-
mentarity condition, but not in the synchrony condition, participants’ sense of personal value
to the group would predict their levels of belonging and identification with the group.

Discussion
Study 2 showed that having a coordinated interaction with a partner increased feelings of soli-
darity. Participants who read a story together perceived their dyad to be more entitative, felt
that they belonged more, and identified more with their dyad than participants in a control
condition. In addition, participants who read the story by taking turns with the other member
of their dyad reported slightly higher perceptions of entitativity and higher levels of belonging
than those who read the story in synchrony. No significant effects of the different ways of coor-
dinating speech on identification were found. The findings regarding entitativity and belonging
were unexpected and suggested that, if anything, complementary action led to slightly stronger
feelings of solidarity than synchronous action did. Although it is possible that these findings re-
flect a theoretically meaningful difference, it could also be a side-effect of the methodology we
used in this study. For instance, it is possible that reading in turns through headset resembles a
telephone conversation, in which turn-taking is the default way of coordinating speech. The
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experienced familiarity when taking turns in this situation compared to simultaneous speech,
may have fostered the development of a sense of solidarity in this condition. Study 3 was de-
signed to test whether this finding would hold in a different context.

Study 2 also revealed that a sense of personal value to the group was related to two of the
three indicators of solidarity. Results are thus at least somewhat consistent with the idea that
personal value can create a sense of solidarity on a basis quite distinct from the homogeneity
beliefs that are often assumed to be central to social identity formation (cf. [35]).

It was hypothesized that participants’ sense of personal value would increase when taking
turns, rather than reading in synchrony. The data did not provide significant support for this
hypothesis, although the means were in the predicted direction. However, it is quite likely that
a dyad is too small for members to negate personal value to the group. Indeed, in order to con-
sider a dyad a “group”, even in the synchrony condition both participants are required: A
group of one is not typically considered a group. Study 3 therefore examined groups of three
participants to account for this limitation.

Moreover, in Study 2 participants in the experimental conditions were more aware of their
partner than in the control condition—who did not see or hear their partners at any time dur-
ing the experiment. It is therefore possible that participants in the control condition felt that
they were actually alone during the experiment, which may have confounded the effects. In the
following studies, partners in each condition were therefore able to see and hear their partners
throughout the experiment.

Study 3
Because speaking in synchrony is a more uncommon activity than speaking in turns, we
wanted to replicate these findings across several settings. One such context in which synchro-
nous and complementary group activities can be compared is singing. The activity of singing
together has often been suggested to increase a sense of togetherness [48–50]. Indeed, many
groups, such as sororities, churches, and tribes use singing in their activities, pointing to the
symbolic relevance of this group activity. Research on the effect of singing on the experience of
togetherness has (to our best knowledge) almost exclusively focused on the act of singing in
unison [49]. However, singing often also occurs in more complementary forms where multiple
voices can be discerned, for example in part-singing, in duets or in canon. A recent study
showed that compared to singing a canon or multiple voice part, singing in unison leads to
higher synchronization of cardiac and respiratory patterns between people [51]. Different
forms of singing thus affect bodily synchronization between people. However, the psychologi-
cal consequences of such synchronization are yet to be examined. The present study contrasted
singing in unison to complementary singing. We reasoned both would lead to an increased
sense of solidarity to the group, but that the role of individuality in the process would be very
different.

Method
Thirty-one singers (Mage = 40.49, SD = 15.89, range 14–65; 6 male, 25 female) participated vol-
untarily in a field-study advertised to be about “singing together”. Participants were informed
about the study via their choirs, their singing teachers, or posters in the music institute and
signed up for the study individually. All participants participated voluntarily. After arrival at
the music institute, participants consecutively went through all three conditions (control vs.
synchrony vs. complementarity) in random order, each time with a different group of two or
three singers. Thus, for each round, participants were randomly assigned to groups, which
were randomly assigned to one of three conditions.
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In each of the conditions participants were asked to sing the song Use Somebody (written by
the Kings of Leon). Three days before the study, participants received the lyrics and a link to
the vocal and piano version of the song (performed by Laura Jansen). In the synchrony condi-
tion, members of the group were instructed to sing the song simultaneously, in unison. In the
complementarity condition, members were instructed to sing by taking turns on each new line
in the song. In the control condition, each group member was instructed to sing the first two
verses of the song solo, in presence of the other group members. In each condition, the singers
were accompanied by a piano.

After each round, participants filled out a questionnaire assessing their sense of personal
value to the group (α = .84), perceptions of entitativity (α = .90), and feelings of belonging (α =
.84) similar to previous studies. Because the design of Study 3 required that participants filled
out the same questionnaire three times, we reduced the length of the questionnaire by not in-
cluding a measure of identification. Additionally, participants indicated the extent to which
they felt that they had a voice in the group, with 5 items: “I had the ability to make my own
voice heard”, “I dared to make my own voice heard”, “I could be myself in the group”, “I could
be different than others in this group”, “I tried to make my own voice heard”, α = .79. This vari-
able was created to distinguish between participants perceived scope for individual action (their
voice) and their perceptions of these actions as meaningful contributions to the group as a
whole; which would lead to increased sense of personal value to the group.

In order to not make it too apparent to participants that the study was concerned with peo-
ple’s feelings of solidarity, these questions were embedded in a larger list of filler items about
various aspects of the singing, e.g., the perceived aesthetics of the performance, various feelings
aroused by the singing, etc. After the third round of questionnaires, participants were fully de-
briefed and had the opportunity to ask questions.

Results
Again, two contrasts were specified to differentiate between conditions in which participants
were singing together and the control ‘solo’ condition (ψ1), and between the synchrony and
the complementarity condition (ψ2). Hierarchical Multilevel Analysis with Cross-classified ef-
fect modeling was used to correct for the interdependence of the data. The outcomes were mea-
sured at level 1. This level was nested within individuals (each individual participated 3 times),
and within groups (each group consisted of three individuals). We found no influence of order
(whether it was the first, second, or third round of the experiment). In theory, one could also
model the influences of group members in the previous round, on the individual outcomes of
the next round. However, to reduce complexity, we did not include these models.

When screening for multilevel outliers, two outliers appeared. Because these participants
appeared normal on the other measures, and we preferred not to remove single measurements
from our dataset, we decided to test our hypotheses both with and without the outliers. No dif-
ferences emerged, except for a marginally significant effect of ψ2 on entitativity: β = -.43, SE =
.26, t(86) = -1.67, p = .10, Because of the nested structure of our model and the small sample
size, we report the data with all cases included. However, two participants could only be includ-
ed in two of the three conditions; One of them participated in only two of three rounds and the
other did not completely fill out one of the questionnaires. Means are summarized in Table 4.
The within participant ICC1s for personal value to the group (.66), entitativity (.39), belonging
(.04), and voice (.51) indicated that we needed to correct for interdependence of the data on
the level of the individual. Within groups, the ICC1s for personal value to the group (.07) and
voice (.07) were quite low, but the ICC1s for entitativity (.14) and belonging (.12) indicated
that there was variance that could be explained at the group level.
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Solidarity. A regression including both contrasts at the group-level was performed to pre-
dict measurement-level entitativity with the group, while correcting for the level of the individ-
ual. No between-condition differences were found for perceptions of entitativity, ψ1: t< 1, ns,
and ψ2: t< 1, ns.

A similar analysis on feelings of belonging showed the predicted effect: Participants who
were singing together (either in synchrony or in complementarity) experienced higher feelings
of belonging than participants in the control condition ψ1: β = .64, SE = .29, t(88) = 2.24, p =
.03. No differences between the synchrony and complementarity condition were found, ψ2:
t< 1, ns.

Personal value to the group
No effects of ψ1 on sense of personal value to the group were found, t< 1, ns. However, on ψ2,
a marginally significant effect in the predicted direction was found suggesting that participants
in the complementarity condition felt they had a higher personal value to the group than those
in the synchrony condition,: β = .45, SE = .26, t(88) = 1.76, p = .08.

Voice. Participants perceived that they had more voice in the control condition, than in the
conditions in which they sang together, ψ1: β = -.47, SE = .14, t(88) = -3.38, p = .001. In addition,
a marginally significant effect on ψ2 suggested that participants in the complementarity condi-
tion felt that they hadmore voice than those in the synchrony condition, β = .26, SE = .16, t(88) =
1.68, p = .096.

Process
We examined whether feelings of belonging and perceptions of entitativity could be predicted
by sense of personal value to the group. Because of the complex structure of our model, we de-
cided not to examine mediation, but assess the relations between variables with cross-classified
multilevel regressions. These regressions indicated that a sense of personal value predicts both
entitativity (θ = .18, SE = .09, t(89) = 1.96, p = .052), and belonging (θ = .28, SE = .08, t(89) =
3.74, p = .001). Voice positively predicts belonging (θ = .31, SE = .14, t(89) = 2.30, p = .024) but
does not significantly predict entitativity (θ = -.11, SE = .15, t< 1, ns). Finally, voice was related
to a sense of personal value to the group, θ = .87, SE = .12, t(89) = 6.76, p< .001.

Discussion
Study 3 shows that singing together, compared to singing alone, increases feelings of belonging.
Perceptions of entitativity do not change as a result of the way of singing. The data reveal a
marginally significant effect suggesting that compared to singing in unison, singing in turns in-
creases a sense of personal value to the group. These feelings are related to a sense of belonging
and perceptions of entitativity. Together these results suggest that singing in a complementary
fashion can elicit feelings of belonging and entitativity up to a level similar as singing in unison,
possibly because of an increased sense of personal value to the group. The effect on personal

Table 4. Means (SD’s) per condition for the dependent variables in Study 3.

Solo Synchrony Complementarity
(n = 29) (n = 31) (n = 31)

Personal Value to Group 4.26 (1.37) 3.91 (1.46) 4.38 (1.93)

Belonging 4.47 (1.31) 5.04 (1.24) 5.12 (1.22)

Entitativity 4.01 (1.37) 4.37 (1.49) 4.10 (1.18)

Voice 6.01 (.81) 5.38 (.87) 5.65 (1.07)

doi:10.1371/journal.pone.0129061.t004
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value to the group is however statistically marginal. Possibly, the effect is obscured by the gen-
erally high levels of noise in data that is acquired through real-life interaction (or, in this case,
singing together), but it may also be that the effect, in fact, is random. Study 4 therefore aims to
replicate this finding in a between subjects design.

Comparable to the results on personal value, Study 3 showed that participants felt that they
had more voice in the complementarity condition, than in the synchrony condition. The vari-
able voice related to the extent to which people felt that they could make their own voice heard.
However, whereas a sense of personal value to the group was related to perceptions of group
entitativity, voice appeared to be unrelated to group entitativity. This possibly suggests that
feelings of group unity may depend less on being given scope for independent action than on
making a recognizable contribution to a group product.

In Study 3, we did not find that singing together increased entitativity compared to a control
condition in which participants were singing solo. Because we did not a priori expect the solo
condition to increase solidarity or a sense of personal value to the group, we did not define this
contrast in our analyses. However, from the means and standard deviations, we can conclude
that there are no differences between the sense of personal value to the group in the solo condi-
tion and in the complementary condition. Possibly, the experience of singing solo in the pres-
ence of others emphasized the relation between singer and ‘audience’, therefore eliciting a
sense of entitativity in itself. Supporting this idea, we found that the mean sense of personal
value to the group in the solo condition was almost as high as the mean in the complementarity
condition, suggesting that participants may have experienced some form of complementarity
when singing solo. This was a limitation, because Study 3 now lacked a ‘true’ control condition
to which the effects on entitativity could be compared. In Study 4 we therefore included a con-
trol condition for which the development of different actor-audience relations would be less
likely.

Study 4
Together, the first three studies suggest that a sense of solidarity can emerge through co-action.
The results also show that complementary actions elicit a structure that is qualitatively different
from uniform action with regard to the position of the individual. Study 4 focuses on the conse-
quences of these different forms of solidarity for the level of divergence within groups.

Convergence and Divergence within Groups
In social structures in which similarity is the defining feature of the group, behavior that devi-
ates from the norm is a problem to the internal cohesion of the group. Indeed, research sug-
gests that in such groups, norm deviations are experienced as threats to the distinctiveness of
the own group with regard to other groups and therefore often elicit punishment [52–53].

Research has shown that such a search for consensus can lead to a convergent style of think-
ing, in which group members are likely to concentrate on the proposed viewpoint to the exclu-
sion of other considerations [54–56]. For instance, they are likely to discuss information that is
already shared among group members, rather than bring new facts to the table [57].

Whereas members of groups in which solidarity emerges from similarities are likely to think
in a convergent manner, groups in which solidarity emerges from complementary action may
not function in a similar way. For instance, when members are assigned expert roles, this can
lead to more coordinated information sharing, in which members mutually recognize each oth-
er’s responsibility for specific domains of information [58]. Similarly, norms that promote indi-
vidualism, originality or critical thought can decrease sanctions against dissenting group
members [33], [59–60]. Taking this a step further, this research suggests that in groups that are
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based on individual contributions, voicing dissimilar opinions may be less harmful for the
group’s social identity. After all, it is not their distinctiveness from other groups that informs
members about who they are as a group, but rather the individual coordination amongst mem-
bers that promotes a sense of solidarity. In line with this reasoning, exposure to minority view-
points has been shown to elicit more divergent thought [54] and heterogeneous groups have
been suggested to be more effective in problem solving than homogeneous groups [61] (but see
[62] for a review of different effects of different types of heterogeneity).

Taking this together, Study 4 tests the hypothesis that groups in which solidarity emerges
through complementary action are more likely to think in a divergent manner than groups in
which solidarity emerges through uniformity. That is, we expect complementary action to in-
crease the generation of both more ideas (fluency) and more original ideas (originality), which
are argued to contribute to creativity, problem solving and decision making [54], [63].

Coordinated Action in Theatre
In Study 4, we employed actors to read out a text in synchrony or in turns. Actors were chosen
because both forms of synchronous speech and complementarity (e.g., turn-taking) are natu-
rally occurring in plays as well as in practice sessions. In fact, in ancient Greek tragedies or
comedies, synchronous speaking in unison is a normal occurrence: It is the mode in which the
chorus observes and comments on the action of the actors. Interesting to note is that in Greek
drama, the chorus often repeats portions of the text that have also appeared in dialogue. It has
been suggested that this “vox populi” affirms the statements made by individuals through the
public and renders it truthful (a form of social validation, in other words [64]). A contempo-
rary version of synchronous speech is often incorporated in modern plays, such as musicals or
grand operas and this form is a well-rehearsed aspect of actors’ training.

Method
Ninety-three actors (Mage = 22, SD = 4.61, 57 female, 36 male) participated in groups of three
in a field study for a single reward of 5 euros. Groups were randomly assigned to the conditions
of a study in which interpersonal coordination was manipulated (synchronous vs. complemen-
tarity vs. control) by reading a poem.

Participants were recruited at different professional and amateur theater companies and
schools. After filling out the informed consent form participants of all groups were instructed
to recite the Dutch translation of the poem The Raven by Edgar Allan Poe. In the synchrony
condition, participants were instructed to recite the poem simultaneously with the other partic-
ipants, in the same rhythm. In the complementarity condition, they were instructed to recite
the sentences of the poem in turn. In the control condition, participants were instructed to re-
cite the poem, independently of each other. To make sure that participants did not synchronize
in this condition, they were positioned in such a way that they could not hear each other. After-
wards, they completed a questionnaire assessing their sense of personal value to the group (α =
.80), perceptions of entitativity (α = .85), feelings of belonging (α = .80) and identification (α =
.92) in the same way as in Study 2.

Group creativity task
After filling out the questionnaire, all groups received the instructions for a group creativity
task. They were asked to write a promotion plan for a theater play of Romeo and Juliet (Shake-
speare). Groups were asked to discuss how to handle the promotion, and to write down their
plan on an A4-paper. They were given 15 min to complete the task, and during this time the
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experimenter left the room. The group task was videotaped for later analysis. Finally, partici-
pants were fully debriefed.

Results
As in Study 2, two contrasts were specified: ψ1 differentiated between coordinated interaction
(synchrony and complementarity) and no coordinated interaction (control), ψ2 differentiated
between the synchrony and the complementarity condition. The ICC1’s for entitativity (.43),
identification (.47), belonging (.39) and sense of personal value to the group (.15) suggested
that multilevel analysis was needed. One multilevel outlier was removed (Standardized residual
on one of the dependent variables> 3). Means are summarized in Table 5.

Solidarity
Amultilevel regression included both contrasts as group-level predictors for individual-level
identification with the group. A marginally significant effect of ψ1 was found, indicating that
participants who had a coordinated interaction identified more with the group than partici-
pants in the control condition, γ = .61, SE = .31, t(28) = 1.99, p = .056. No significant effect of
ψ2 on identification was found, γ = .48, SE = .35, t(28) = 1.39, p = .18, although means were
somewhat higher in the complementarity than in the synchrony condition.

A similar regression on feelings of belonging revealed that coordinated interaction increased
feelings of belonging compared with the control condition, ψ1: γ = 1.38, SE = .24, t(28) = 5.73,
p< .001. ψ2 did not significantly affect belonging, γ = -.01, t< 1, ns.

Moreover, coordinated interaction led to higher perceived entitativity compared with the
control condition, ψ1: γ = 1.25, SE = .32, t(28) = 3.91, p = .001. ψ2 did not significantly affect
entitativity, γ = .03, t< 1, ns.

Personal value to the group
Results showed that participants who had a coordinated interaction (either in synchrony or
complementary) reported higher feelings of personal value to the group than participants in
the control condition, ψ1: γ = .70, SE = .30, t(28) = 2.32, p = .03. Importantly, ψ2 also signifi-
cantly affected participants’ sense of personal value, γ = .78, SE = .34, t(28) = 2.31, p = .03, such
that participants in the complementarity condition had a higher sense of personal value to the
group than participants in the synchrony condition.

Table 5. Means (SD’s) per condition for the dependent variables in Study 4.

Control Synchrony Complementarity

(n = 29) (n = 30) (n = 33)

Personal Value to Group 2.72 (1.32) 3.03 (1.22) 3.82 (1.46)

Identification 4.62 (1.05) 4.99 (1.04) 5.47 (.89)

Entitativity 3.45 (1.16) 4.68 (1.20) 4.70 (1.00)

Belonging 3.93 (1.23) 5.32 (.83) 5.30 (.76)

Idea generation task (group level)

Control Synchrony Complementarity

(n = 10) (n = 10) (n = 11)

Fluency (Number of ideas) 18.55 (3.89) 15.70 (5.11) 19.18 (6.47)

Number of original ideas 9.30 (2.74) 6.85 (4.24) 10.36 (5.16)

doi:10.1371/journal.pone.0129061.t005
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Mediation
As in Study 2, two different mediation analyses were conducted to test the indirect effects of
synchrony (vs. control, dummy D1) and complementarity (vs. control, dummy D2) through a
sense of personal value on the indicators of solidarity, following the guidelines by Preacher,
Zyphur, and Zhang [47] for conducting a 2-1-1 multilevel mediation. As predicted, no evi-
dence for mediation of the synchrony condition effect, via personal value, on identification
emerged (γ = 0.66, SE = 0.66, t(28) = 1.00, ns), nor on entitativity (γ = 0.55, SE = 0.52, t(28) =
1.07, ns), nor on belonging (γ = 0.07, SE = 1.51, t(28) = .04, ns). However, the indirect effect of
complementarity (D2) via personal value on identification was significant, γ = 2.34, SE = 1.06, t
(28) = 2.20, p = .03, 95% CI [.26; 4.42], as was the indirect effect on entitativity, γ = 1.94, SE =
.80, t(28) = 2.44, p = .015, 95% CI [.38; 3.49]. No evidence for an indirect effect via personal
value on belonging was found, γ = .23, SE = 5.34, t< 1, ns. Mediation could also be tested by in-
cluding the original contrasts as predictors. The results of this analysis were similar, but we de-
cided to report the dummy-variables here to facilitate interpretation. As hypothesized, in the
complementarity condition, but not in the synchrony condition, participants’ sense of personal
value to the group predicted identification and the degree to which the group was perceived as
an entity.

Creativity
The videotapes of the group task were coded by two independent coders. They coded for the
number of unique ideas that were generated by the group. Afterwards, each idea was coded for
originality on a scale from 1 = not original, to 5 = very original. Ideas were unoriginal when
they were often mentioned across groups or commonly known. Original ideas were defined as
rare, unusual and/or radical ideas [65]. The number of original ideas was defined as the num-
ber of ideas that was rated with a 3 or higher on originality [66]. The interrater reliability [67]
for the number of ideas was .80, p< .001; for the originality of ideas .69, p< .001 and for the
number of original ideas per group .61, p< .001. This can be interpreted as a medium to strong
agreement between the raters [68]. The scores of the two raters were averaged before analysis;
means are summarized in Table 5.

Because the ideas were generated in groups, the data was analyzed only at the group level.
Analyzing these data with overdispersed Poisson regression (as is recommended for skewed
count data by [69]) yields similar results. But because in this study the count data were normal-
ly distributed around the mean, we report the OLS regression coefficients here. No effect was
found for ψ1, suggesting that a coordinated interaction did not increase idea generation, b =
-1.11, ns, nor did it increase the number or original ideas created, b = -1.62, ns. However, a
trend was found on ψ2, suggesting that groups in the complementarity condition generated
more ideas than those in the synchrony condition, b = 3.48, SE = 2.32, t(28) = 1.50, p = .145, η2

= .08. Moreover, groups in the complementarity condition generated a statistically marginally
significant higher number of original ideas than those in the synchrony condition, ψ2: b = 3.51,
SE = 1.84, t(28) = 1.91, p = .066, η2 = .12.

Discussion
Results show that reading a poem in a coordinated way increased group members’ perceptions
of entitativity and feelings of belonging, and, with marginal statistical significance, increased
their identification with the group compared to participants in a control condition. Comple-
mentarity increased group members’ sense of personal value to the group, which in turn pre-
dicted their levels of identification and perceptions of entitativity. Participants who read
in synchrony, on the other hand, felt equally valuable to the group to those in the control
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condition. Thus, when participants were allowed to contribute their unique individual lines in
the recital of the poem, this not only augmented their sense of personal value to the group, but
also increased their sense of solidarity within the group.

We reasoned that the different structure of the groups and the different room for distinct in-
dividual contributions could have consequences for the creativity of these groups. The results
show that coordinated communication in itself does not increase fluency or originality in an
idea generation task. However, a marginally statistically significant trend suggested that the
structure of communication does make a difference for subsequent collaboration: Groups in
which individuals engaged in complementary action tended to generate a few more ideas, and
in particular more original ideas on a subsequent task, than groups which initially spoke in syn-
chrony. This suggests that groups that are structured around the idea that each individual has a
unique value to the group, may show an increase in divergent and creative thinking.

Study 5
The purpose of Study 5 was to devote attention to two additional issues. We examined an alter-
native explanation for the equal (or in Study 2 somewhat higher) feelings of solidarity in the
complementarity condition: Talking sequentially could be less effortful than the synchronous
communication. Incidentally, it could also be hypothesized that efforts would be reduced in the
synchrony condition, following for instance the literature on social loafing [71]. However, as
complementarity represents a more frequently occurring situation (i.e., turn-taking in a con-
versation), we expected people to be very accustomed to this version of the task, which there-
fore requires less effort.

Research on fluency has shown that the subjective ease with which people process informa-
tion influences their judgment on a range of social dimensions (e.g. liking, truthfulness, etc.;
see [70] for a review). Extrapolating from this, it is possible that the relative ease of the comple-
mentary task in comparison to the synchrony tasks (at least in Study 2 and 4) increased feelings
of solidarity in this condition. In Study 5, this alternative explanation was examined by adding
a condition in which complementarity was made more effortful. If feelings of solidarity were to
be caused by the ease of turn-taking, rather than by the complementary coaction itself as we
hypothesized, this should be reflected by higher levels of solidarity in the complementarity nor-
mal effort condition, compared to the complementarity high effort condition.

In addition, Study 5 examined whether a sense of personal value was solely important to sol-
idarity because of self-investment, or whether the value of other group members would similar-
ly play a role in the development of a sense of solidarity. Conceptually, this would be quite
important to know: If the value of others were to play a role in emergent sense of solidarity in
complementary collaborations, this would be direct evidence that the process of creating soli-
darity is not entirely self-centered, but that it is a group process, in which contributions of oth-
ers play a role as well.

Method
Participants were 150 undergraduate students (Mage = 19.48, SD = 2.41, 75% female) who par-
ticipated in triads (n = 40) or dyads (n = 15) in a study for partial course credit or a single re-
ward of 6 euros. Groups were randomly assigned to the conditions of a study in which
interpersonal coordination was manipulated (synchronous vs. complementarity normal effort
vs. complementarity high effort) by reading a poem.

Participants were seated around a table behind individual laptops. After filling out the in-
formed consent form, participants of all groups were instructed to read a fragment of the poem
“Mei” (Dutch for “May”) byHerman Gorter. Participants were instructed to recite the poem
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from their computer screen. Sentences turned red at the moment they were supposed to be recit-
ed by the participant. In the synchrony condition, participants were instructed to recite the poem
simultaneously with the other participants, in the same rhythm. In both complementarity condi-
tions, participants were instructed to take turns when reciting the lines of the poem. However,
the computer was programmed such that in the complementarity normal effort condition sen-
tences turned red in a rhythm that would allow for smooth transition of speaking turns. Howev-
er, in the high effort complementarity condition, the sentences turned red in an unpredictable
and disordered rhythm. In order to have a coordinated interaction (i.e. without interruptions),
participants needed to be alert to changes in rhythm and adjust their speech tempo to the others.

Before starting, participants were given the time to read the poem, then listened to an audio-
tape of the first two verses of the poem, and finally engaged in a practice session. The practice
session involved reciting the first two verses following the instruction for the assigned condi-
tion. When the instructions were clear, participants recited the whole poem in the instructed
manner. Afterwards, participants completed a questionnaire on their laptops containing mea-
sures of entitativity (α = .83), belonging (α = .85), identification (all subscales except for the
centrality subscale, α = .93), and sense of personal value to the group (α = .87). Furthermore,
we added three rephrased personal value questions to examine the degree to which participants
felt that each of the other group members was of value to the group (e.g. “I think the person on
my right/left is indispensable to the group”). Scores correlated highly for both other group mem-
bers (r = .80), and were therefore combined. The total scale of perceived value of others to the
group had a high reliability (α = .91). To assess the level of effort participant rated their agree-
ment with the statements the task was exacting, easy (reverse coded), required a lot of effort
(1 = strongly disagree, 7 = strongly agree). Participants were debriefed and given the opportu-
nity to ask question before leaving the laboratory.

Results
Again, two orthogonal Helmert contrasts were specified: ψ1 differentiated between the syn-
chrony condition and both complementarity conditions, ψ2 differentiated between the normal
effort and the high effort complementarity condition. The ICC1’s for entitativity (.26), belong-
ing (.14), identification (.20) and sense of personal value to the group (.16), and perceived
value of others to the group (.13) indicated that multilevel analysis was required. Therefore,
data was screened as in Study 4, which led to the removal of one multilevel outlier (Standard-
ized residual on one of the dependent variables> 3). Means are summarized in Table 6.

Manipulation Check
First, we tested whether participants in the high effort complementarity condition would in-
deed perceive the task to be more effortful than those in the complementarity normal effort

Table 6. Means (SD’s) per condition for the dependent variables in Study 5.

Synchrony Complementarity normal effort Complementarity high effort
(n = 49) (n = 50) (n = 50)

Personal Value to Group 2.99 (1.19) 3.91 (1.41) 3.96 (1.45)

Perceived Value of Others 3.49 (1.13) 4.27 (1.38) 4.45 (1.26)

Entitativity 3.91 (1.14) 4.15 (.80) 4.12 (.99)

Belonging 4.30 (1.11) 4.61 (.91) 4.51 (.85)

Identification 3.74 (1.04) 3.96 (.73) 3.77 (.81)

Effort 3.61 (.99) 3.13 (.99) 3.55 (1.18)

doi:10.1371/journal.pone.0129061.t006
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condition. This was indeed the case, ψ2: γ = .43 SE = .21, t(52) = 2.02, p = .05. No difference
was found in effort between the synchrony and the two complementarity conditions, ψ1: γ =
-.27 SE = .19, t(52) = 1.42, ns.

Solidarity
The regression included both contrasts as group-level predictors for individual-level indicators
of solidarity. As expected, we found no differences between the synchrony and the complemen-
tarity conditions in levels of identification, ψ1: γ = .05, t< 1, ns, perceptions of entitativity, ψ1:
γ = .07, t< 1, ns, or feelings of belonging ψ1: γ = .13, t< 1, ns. Unlike the alternative explana-
tion would suggest, we did not find a difference between the normal effort and high effort com-
plementarity conditions on either identification, ψ2: γ = -.13, t< 1, ns, entitativity, ψ2: γ = .06,
t< 1, ns, or belonging ψ2: γ = -.01, t< 1, ns. Thus, the level of effort that was needed to coordi-
nate behavior did not affect levels of identification, perceptions of entitativity or feelings
of belonging.

Value to the group
As predicted, participants who interacted in synchrony reported a lower sense of personal
value than participants in both complementarity conditions, ψ1: γ = .87, SE = .25, t(52) = 3.47,
p = .001. In addition, ψ2 did not significantly affect feelings of personal value, γ = .12, t< 1, ns,
suggesting that the higher sense of personal value to the group in the complementarity is not
explained by the lower levels of effort that the task required.

Similar results were found on the perceived value of the other group members; participants
in both complementarity conditions perceived the others to have higher value to the group
than participants in the synchrony condition did, ψ1: γ = .81, SE = .22, t(52) = 3.62, p = .001.
No differences were found between the participants in the high effort and normal effort com-
plementarity condition, ψ2: γ = 0.23, t< 1, ns.

Mediation
We examined whether there was an indirect effect of complementarity (vs. synchrony) via
sense of personal value to the group on the indicators of solidarity [47]. To test the complete
model, both contrasts were group level predictors in the analysis, personal value was an indi-
vidual level mediator and entitativity, identification, and belonging were individual level de-
pendent variables. Results showed the predicted effect of ψ1 via sense of personal value on
identification, γ = .91, SE = .35, t(55) = 2.61, p = .009, 95% CI [.23; 1.60], and entitativity, γ =
1.19, SE = .48, t(55) = 2.50, p = .012, 95% CI [.26; 2.12], but not on belonging, t< 1, ns.

Importantly, the effects on entitativity and identification were not only mediated by a sense
of personal value to the group, but also by the perception that others were valued: Indirect effect
on identification, γ = 1.24, SE = .35, t(55) = 3.53, p< .001, 95% CI [.55; 1.94], and entitativity, γ
= 1.67, SE = .56, t(55) = 3.00, p = .003, 95% CI [.58; 2.76]. If anything, the mediation by sense of
personal value of others appeared to be slightly stronger. In fact, a sense of personal value was
highly positively correlated to the experienced value of others (r = .75), suggesting that the per-
ceived importance of self positively relates to the perceived importance of others in the group.
Again, no mediation was found for the effects on belonging, t< 1, ns.

Discussion
The results of Study 5 replicate that an increased sense of personal value in the complementari-
ty conditions compared to the synchrony condition mediate the effects on feelings of
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identification and perceptions of group entitativity. Thus, when acting complementary, rather
than acting in synchrony, a sense of personal value to the group explains the emergence of feel-
ings of solidarity.

Importantly, results show that the extent to which others are valued is just as predictive of
the level of solidarity as a sense of own value to the group is. This finding reveals that the form-
ing of solidarity is not primarily self-centered in nature: It is a group process in which contribu-
tions of others as well as self play a role. Although asking about the perceived value of others in
the group may elicit social desirability concerns, we see no reason why social desirability con-
cerns would play a larger role in one condition than the other. Accordingly, these concerns
could not explain why value of others in the group plays a larger role in the development of sol-
idarity in the complementarity condition, than in the development of solidarity in the unifor-
mity condition.

In the complementarity high effort condition, the task was structured in a way that it was
difficult to coordinate speech. Note that when designing the experiment, we originally pre-
dicted that the varying rhythm of turn-taking would indeed disrupt participants’ ability to
successfully take turns. When running the experiment, however, we noticed that participants
were able to vary speech rates so fluently that there were very few disruptions: Participants
were reluctant to interrupt each other. Instead, they tried to speak faster or stopped their sen-
tence when another participant started speaking. It appeared that the motivation to have a
smoothly coordinated interaction was so high that people were able to obtain a smooth flow
despite the impediments. We thus conclude that individuals are able to coordinate their ac-
tions even if this requires extra effort (see also [72]), and that this ability helps them to acquire
feelings of solidarity. Thus, the data of Study 5 provided no support for the alternative expla-
nation that alternating speech would elicit solidarity because it requires less effort than speak-
ing in synchrony.

Summary of Results across Studies
Figs 1–3 present a graphical overview of the parameters across the five studies. The hypothesis
that both synchronous and complementary action leads to an increased sense of solidarity in
comparison with a control condition was tested in Study 2 and Study 4. Initially, Study 3 was
also designed to have a control condition: The condition in which participants sang solo. How-
ever, singing solo in front of the other group members appeared to be quite a special experience
in which processes of solidarity formation also occurred. Moreover, as participants performed

Fig 1. Dummy coded effects (and 95%CIs) of synchrony and complementarity (vs. control) for
personal value to the group and the three indicators of solidarity.

doi:10.1371/journal.pone.0129061.g001
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their solo parts successively, this condition became somewhat similar to the complementarity
condition. In hindsight, we thus believe this condition is not an appropriate control condition,
and therefore we should not view comparisons with this condition as convincing evidence for
the presence or absence of an increase of solidarity.

In the results section of the individual studies, we used ψ1 to compare both coordinated ac-
tion conditions jointly to the control condition. Although the positive effects of this contrast in-
dicate that coordinated action serves solidarity, our contrast coding does not allow for the
conclusion that each of the conditions differ from control. Fig 1 therefore summarizes the re-
sults by providing the parameter estimates and confidence intervals for the dummy-coded ef-
fects on entitativity, identification, and belonging (thereby comparing synchrony and
complementarity separately to the control condition). The hypothesis was generally supported
across the two studies: All six confidence intervals for the effect of complementarity on solidar-
ity were higher than zero. Moreover, five out of six confidence intervals on synchrony were
well above zero. Moreover, as depicted in Fig 2, no structural differences between the synchro-
ny and complementarity conditions were found with regard to the three indicators of solidari-
ty. Only in Study 2, scores on entitativity and belonging were higher in the complementarity
than in the synchrony condition.

Fig 1 also provides support for the second hypothesis; that complementary action increases
members’ sense of personal value to the group, whereas synchrony does not. Both Study 2 and
Study 4 showed that the confidence intervals for the effect of complementary action on

Fig 3. 95% confidence intervals of the indirect effects of Contrast 2 (complementarity vs. synchrony)
via personal value to the group on the different indicators of solidarity in Study 1, 2, 4, and 5.

doi:10.1371/journal.pone.0129061.g003

Fig 2. Contrast estimates (and 95%CIs) comparing the effects of complementarity and synchrony on
personal value to the group and the three indicators of solidarity for Study 1–5.

doi:10.1371/journal.pone.0129061.g002
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personal value to the group did not include zero, whereas the confidence intervals for the effect
of synchrony on personal value to the group did include zero. In line with this, Fig 2 displays
contrast estimates comparing the effects of complementary action and synchrony across all
five studies. In line with the hypothesis, the 95% confidence interval for the contrast between
complementarity and synchrony on personal value does not include zero in any of the studies
except Study 2 (95% CI [-.01; 1.16], the smaller effect in Study 2 could be explained by the in-
clusion of dyads in this study, whereas the other studies mainly included triads—see also the
discussion section of Study 2), suggesting that participants experience higher personal value to
the group in the complementarity conditions compared to the synchrony conditions.

The final hypothesis concerns the indirect effect of personal value. We expected that the in-
creased sense of personal value to the group in the complementarity condition compared to the
synchrony condition indirectly explains the experience of solidarity. This hypothesis was tested
in all studies except Study 3, due to the complex nature of the design. In Study 1, 4, and 5, we
found support for an indirect effect of complementary action (vs. synchrony) via personal
value to the group on perceptions of group entitativity and identification with the group, as
none of the 95% confidence intervals for the indirect effect included zero (see Fig 3). In Study
2, the indirect effects were in the same direction, but the confidence intervals did include zero
(CI entitativity [-1.86;3.34], CI identification [-.25;1.68]). On the third indicator of solidarity—
feelings of belonging—results were mixed: Although the results for belonging in Study 1 and 2
were broadly similar to the results for entitativity and identification, in Study 4 and 5 the confi-
dence intervals for feelings of belonging were very large and included zero (CI belonging Study
4 [-7.40; 7.73], CI belonging Study 5 [-13.65; 17.51]).

Finally, the studies had too little power to reliably compare the correlations within condi-
tions. Possibly as a result, these correlations did not show a very clear pattern. We compared
the relationships between indispensability and each of the indicators of solidarity in both the
uniformity and the complementarity conditions. Correlations ranged between .07 and .50, and
no significant between-condition differences emerged (all Zs< 1.19, ps> .23). Thus, although
we found a general positive relation between feeling personally valuable to the group and
experiencing solidarity, we found no evidence that this relation was stronger in the comple-
mentarity condition than in the uniformity condition. However, we note that due to power
constraints, one should be cautious in interpreting differences in the magnitude of correlations
within conditions.

General Discussion
The present research shows that during coordinated action, processes of identity formation
take place. Findings suggest that solidarity can emerge as a result of different forms of coordi-
nated action: Uniform action, in which similarities between group members are central and
individuality is in the background; and more complementary forms of action, in which the in-
dividual actions of each group member contributes to the emergence of solidarity. To differen-
tiate these processes of group formation, we identify sense of personal value to the group as a
mediator. More specifically, the current studies reveal that compared to people who act in uni-
form ways (e.g. synchronously), people who act in ways complementary to each other have a
higher sense of personal value to the group (Studies 1, 3, 4 and 5), which relates to an increased
level of identification and perception of group entitativity (Studies 1, 2, 4 and 5). These findings
contribute to the literature in a number of ways.

First, the results suggest that identity formation can occur as a side effect of co-action. Previ-
ous research on social identity formation [32–33] has distinguished between deductive process-
es of identity formation on the one hand, in which groups form their identity by contrasting
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their own group with relevant outgroups (e.g. [12], [17]) and inductive processes on the other
hand, in which a group is based on the individual contributions of its members. It has been
suggested that the route through which solidarity emerges defines the nature of the group:
Whereas deductively formed groups allow for little variation between individuals within the
group, inductively formed groups can be strengthened by individual differences of their mem-
bers [35].

The present research extends this research. In particular it sheds light on processes of induc-
tion, by showing that the way in which individuals coordinate their actions influences the na-
ture of the solidarity. But although the results for complementary action are directly relevant to
inductive social identity formation, we point out that the synchrony findings are not directly
attributable to deductive social identity formation. The reason is that although synchrony relies
on the process of deduction, it may do so in the absence of a shared social identity derived
from superordinate commonalities (cf. [32–33]). Indeed, although in our experiments group
actions were coordinated through experimental instructions, none of our studies ensured that
a shared social identity was made salient. Although there are situations in which synchrony is
predefined by a higher order that could be construed as a shared identity (e.g., in the army, or
in a directed orchestra), synchrony is often defined by the entrainment of the behavior between
different individuals (e.g. [6], [72]). Thus, the proper conclusion from the present research, we
believe, is that synchronous action in groups creates a sense of solidarity in which individuals
feel connected at an overarching level of ‘we’, in which individual contributions are of second-
ary importance. Moreover, synchronous action may create a group structure in which individ-
ual distinctiveness is problematic and therefore leaves less room for creativity.

Second, the present research identifies a sense of personal value to the group as a mediator
of these effects. More specifically, findings show that when individuals behave in a complemen-
tary way, for instance when performing a group task in which they have distinguishable contri-
butions, or when having a conversation in which they take turns, a sense of solidarity is
developed on the basis of members’ feelings of being an essential component of the group. In
contrast, in groups that are structured by similarity, like a choir singing in unison or an army
in which soldiers march synchronously, a sense of personal value to the group does not play
such a critical role in the process of identification. Our results show that complementary and
synchronous co-action are equally likely to increase solidarity within the group, but differ in
whether they position the individual in the foreground, or in the background of group
formation.

These results provide insight in the role of individuality in groups. Although the need to be-
long to groups and the need for personal distinctiveness may sometimes be contrasting needs
(e.g., [73]), the present research illustrates that in certain settings this need not be the case. Our
results show that accentuating individual contributions in a group may promote, rather than
reduce identification with a group, as this underlines the value of individuals to the group. This
finding is in line with research which shows that in inductively formed groups, member hetero-
geneity may contribute to identification processes [2]. We extend this finding by showing that
in addition to groups that are formed in an inductive way, coordinated action of a complemen-
tary nature can similarly underline the essentiality of distinct individual contributions to the
group. In addition, the present research identifies the critical role of a sense of personal value to
the group in identification processes.

Third, the results of Study 4 suggest that groups with complementary structures may be
more successful when generating ideas in subsequent collaboration tasks. More specifically, a
trend was found which suggested that complementary action groups generated more, and
more creative, ideas than groups that had previously acted in synchrony. Although this finding
should be interpreted with caution—the effects were only marginally significant and based on a
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relatively small number of groups—we believe that it provides a potential direction for future
research. More specifically, it points to the possibility that compared to groups which acquire
solidarity through acting uniformly, complementary groups may be more likely to think diver-
gently; which has been argued to contribute to creativity, problem solving and decision making
[54], [63]. Future research could further examine whether different forms of co-action can im-
prove group performance on for instance creative or decision-making tasks.

Finally, in Study 5 we show that although in complementary groups the focus is more on
the individual, this should not be equated with self-centeredness. Instead, Study 5 reveals that
perceiving other members as valuable is at least as important in predicting identification and
entitativity, as is the sense of personal value to the group. It thus appears that in complementar-
ity groups, it is not only critical that one is ‘being heard’. Instead, it is the combination of indi-
vidual inputs from self and others that predicts feelings of solidarity. Indeed, Study 3 shows
that singing solo in a choir increases ones sense of voice—or the feeling that one is being heard.
However, this did not result in increased perceptions of entitativity. In contrast, the subjective
feelings of value of self and others both relate to perceptions of the group as an entitative whole,
suggesting that self and others are treated as similarly important not just in groups founded
upon uniformity, but also in groups founded upon complementary actions. This is a conclu-
sion with important implications, for it implies that group systems that are founded upon com-
plementarity need not be intrinsically more competitive or more prone to inequality. But since
the conclusion is based on results of a single study, we emphasize that this would be an impor-
tant issue for future research.

The five studies conducted in this research used different methods to test the proposed
model. Findings were replicated in several contexts, making use of naturally occurring groups
in an online study (Study 1), and manipulated groups in controlled lab environments (Studies
2 & 5) and field studies (Studies 3 & 4) with different samples from the general population, un-
dergraduate students, singers, and actors respectively. The coordination activities that were ex-
amined included activities performed in naturally occurring groups, such as sports, talking,
making assignments, organizing events etc. (Study 1), the act of singing together (Study 3), re-
citing stories via headsets (Study 2) or reciting poems in either a free rhythm (Study 4) or a
directed rhythm (Study 5). By exploring different methods we may have sacrificed some exper-
imental control, which could have affected the tightness of our results. However, we believe
that testing our model in different contexts increased the ecological validity of our findings.

Limitations and Directions for Future Research
One important caveat is that (in the nature of experimental research) we attempted to differen-
tiate idealized states in which group solidarity either emerges from uniform vs. complementary
action. Of course, this notion of two types of processes is likely to present an overly simplistic
view on reality. We believe that most groups rely on both complementary and uniform inputs
from its members, and therefore both processes described here should be evident, to a greater
or lesser extent, in all groups in society. Nevertheless, the results of Study 1 do suggest that it
may be fruitful to make this distinction even in real-life groups.

Another potential limitation of the current research is that the manipulations to elicit syn-
chronous or complementary action in Studies 2–5 implicitly direct towards a common goal:
The completion of the story, poem, or song. Consequently, the effects of coordinating group
members’ actions may partly result from cooperatively working towards a goal, rather than of
the coordinated interaction per se. This indicates that we should be careful generalizing our
findings to forms of coordinated interaction that occur within a less clear task structure. There
are however two reasons to believe that the results do not occur as a function of task structure
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alone. First, research on complementary and synchronous rituals in communities without a
clearly defined task structure (Buddist chanting, Brazilian drumming) showed increased entita-
tivity compared to control groups in which rituals were performed without synchrony or com-
plementarity [23]. Second, the identification of personal value to the group as a mediator for
the effects of complementary (compared to synchronous) action suggest that these different
forms of interaction elicit qualitatively different forms of solidarity.

One more minor issue concerns some slight variations in findings across studies. First it is
important to point out where there was no variability: We found relatively similar results across
all indicators of solidarity, with coordinated action increasing feelings of belonging, levels of
identification, and perceptions of entitativity. Although we had no a priori expectations for dif-
ferences between these three constructs, the literature does suggest that they are distinct indica-
tors that capture different aspects of solidarity. Whereas entitativity is defined as the
overarching sense of unity that group members experience, identification is concerned with the
relation of the individual with the group. Previous research suggests that these constructs are
closely related (e.g., [2], [74]), and also in our studies we generally find high correlations (see
Table 2). Moreover, in our studies, we confirmed that the effects on perceived entitativity and
identification were both mediated by a sense of personal value to the group.

But effects on belongingness were slightly more elusive: Although effects on belongingness
were broadly consistent, in Study 4 and 5 no mediation was found. Although it is difficult to in-
terpret null effects (especially across studies with only modest power) we may speculate that
part of the reason for this could lie with the measure used: The Need Threat Scale [42]. In this
scale, items of belonging are mixed with items of rejection, such as the reversed item “I felt ac-
cepted by the others group members”. We successfully used this as a measure of solidarity in a
previous line of research, in which belonging was threatened by a disruption of conversational
coordination [9–10], [30]. However, in the current studies no such threat is present: Partici-
pants can coordinate successfully in both the synchrony and the complementarity condition—
they just use different ways of coordination. Perhaps this absence of any threat may explain
why this scale proved to be less sensitive in the present studies.

Conclusions
In the present research we show that a sense of ‘us’ can emerge in the background of specific
actions that individuals perform together, but that the nature of these actions (complementa-
ry or synchronous) shapes the groups via different pathways. This sense of ‘us’ consists not
just of perceptions of group entitativity but also a sense of individual identification to the
group. This confirms that dynamic processes in small groups can take on a more categorical
and more interactive shape, both of which produce a sense of solidarity. The crucial differ-
ence between these two processes is not the level of solidarity they produce, but its quality:
Categorical processes relegate individual group members to the background of group forma-
tion. In interactive processes, by contrast, individuals are at the forefront of what it means to
be “us”.
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