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Abstract

What effects do factors that impair or enhance performance in individuals have when these individuals act in groups!? We
provide a framework, called the GIE ("Effects of Grouping on Impairments and Enhancements”) framework, for investigating
this question. As prominent examples for individual-level impairments and enhancements, we discuss sleep deprivation
and caffeine. Based on previous research, we derive hypotheses on how they influence performance in groups, specifically
process gains and losses in motivation, individual capability, and coordination. We conclude that the effect an impairment
or enhancement has on individual-level performance is not necessarily mirrored in group performance: grouping can help
or hurt. We provide recommendations on how to estimate empirically the effects individual-level performance impairments
and enhancements have in groups. By comparing sleep deprivation to stress and caffeine to pharmacological cognitive
enhancement, we illustrate that we cannot readily generalize from group results on one impairment or enhancement to

another, even if they have similar effects on individual-level performance.
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“Two heads are better than one.” This popular saying reflects
the general assumption that working together in a group is
beneficial to achieve high performance. And, indeed, compa-
nies and institutions rely on teams to be functional and com-
petitive (e.g., Surowiecki, 2004; Swezey & Salas, 1992). The
more challenging the economic, political, military, or medi-
cal issue that has to be resolved, the more likely it is that a
group of people will be employed to work on it. This trend to
rely on group performance seems to be so strong that our era
has been labeled an “age of groupism” (Locke et al., 2001,
p- 501). Accompanying this societal trend is vast research
interest in groups as entities in general (e.g., Baumeister,
Ainsworth, & Vohs, 2015) and in group performance in par-
ticular (e.g., Bahrami et al., 2010; Kerr & Tindale, 2004;
Koriat, 2012). For many years, research has been identifying
factors that can increase or decrease group performance—
claiming to explain dramatic failures of real life groups and
to offer practical advice on how to help groups bring about
optimal results (e.g., Hackman & Morris, 1975; Janis, 1982).

The 24/7 Lifestyle

Besides the prevalence of work groups in all areas of society,
we can also see a rise in what we could call a “24/7 lifestyle”:

For diverse reasons, efficiency demands are growing, and
more and more people worldwide work long hours and in
shifts regardless of the time and day (McMenamin, 2007).
This 24/7 lifestyle has direct adverse consequences for indi-
viduals, in particular sleep deprivation. Insufficient sleep is
so common nowadays (e.g., Schoenborn & Adams, 2010)
that it has been claimed to be a “public health epidemic” by
the U.S. Centers for Disease Control and Prevention (2015).
Similarly, as one means of coping with the 24/7 lifestyle, the
intake of caffeine is on the rise. Caffeine is the world’s most
widely used psychoactive substance, being consumed daily
mainly in coffee, cola beverages, or tea by a large (~80%)
and growing portion of the U.S. population (Eindther &
Giesbrecht, 2013; Frary, Johnson, & Wang, 2005).
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Research on Group Performance in
Times of a 24/7 Lifestyle

Both sleep deprivation and caffeine have been shown to have
a profound impact on human performance. Whereas sleep
deprivation acts as a performance impairment overall (for a
review, see Alhola & Polo-Kantola, 2007), caffeine can act
as a performance enhancement (for a review, see Eindther &
Giesbrecht, 2013). Both factors are common in work con-
texts, and many workers who follow a 24/7 lifestyle do their
work in groups. Think, for example, of the many occupations
that require people to work together for many hours, includ-
ing nights, like firefighters or emergency medical teams, or
of far-ranging political and economic decisions that are made
by committees while drinking several cups of coffee. Hence,
it is surprising that there is so little empirical research exam-
ining the influence of sleep deprivation and the influence of
caffeine on performance when people act in groups, espe-
cially because applicability has often been a central goal of
group performance research.

As a first attempt to address this issue, in this article, we
offer a conceptual analysis of how sleep deprivation and caf-
feine can influence performance in groups. By doing this, we
aim to not only take a first theoretical step in understanding
the effects of these two specific factors but also provide a
general framework for research. This framework can serve
as a model for how to tackle the question of how factors that
are known to impair or enhance individual performance
might be expected to affect performance when the individuals
act in groups. We call it, hence, the “Effects of Grouping on
Impairments and Enhancements” framework, or simply, the
GIE framework. Reading this, you might ask, “can’t we just
rely on findings on how individuals perform under sleep depri-
vation and under caffeine to know how they will be affected
when working in a group?” We would answer that we cannot.
To use an illustration, just because we know that a tipsy indi-
vidual performs worse than a sober one, a tipsy group does not
necessarily perform worse than a sober group. For example, it
has been shown that groups can compensate for their mem-
bers’ alcohol induced impairment of several aspects of cogni-
tive functioning (Frings, Hopthrow, Abrams, Hulbert, &
Gutierrez, 2008; cf. also Abrams, Hopthrow, Hulbert, &
Frings, 2006). As we explain in detail below, we generally
cannot simply presume that effects on individual performance
are mirrored in group performance, as group performance is
affected not only by the capabilities of the individual group
members but also by the social processes that the group uses to
match those capabilities with the demands of its task.

Our article has three main parts. First, we present an over-
view of group performance research, with a focus on how
best to estimate group performance from individual perfor-
mance. Second, we provide a general introduction to research
on the effects of sleep deprivation and caffeine on individual
performance and analyze how they should influence different
aspects of performance in groups. Third, we further illustrate

our GIE framework for analyzing how acting in a group
influences the effects of individual-level performance
impairments and enhancements. Here, we also discuss the
generalization of findings from one impairment or enhance-
ment to another, using the examples of stress (as an impair-
ment) and pharmacological cognitive enhancement (as an
enhancement), and we consider the role of task characteris-
tics, group size, and diversity in group composition as mod-
erating variables.

Performance in Groups

Potential and Actual Group Performance

Imagine the following situation: In a small company, a slo-
gan to advertise a new product is needed. It is likely that the
“creative team” will come together and think about a slogan.
The management’s hope is that this mutual brainstorming
(Osborn, 1957) results in a more successful slogan than
would be obtained by asking each member of the team sepa-
rately to produce an advert. Obviously, the underlying
assumption is that working together in a group is beneficial
in terms of increased performance. However, it is not that
simple. A group’s performance need not be equal to the sum
of its members’ task capabilities.

Inspired by Ivan Steiner’s (1966, 1972) influential work
on group processes and productivity, different conceptualiza-
tions of group performance have been suggested (e.g.,
Hackman, & Morris, 1975; Larson, 2010). One (Schulz-
Hardt & Brodbeck, 2015) suggests that group performance is
determined by (a) individual-specific components, and (b)
group-specific components. In this conceptualization, the
individual-specific components reflect the task competence
and motivation each individual group member can contribute
to the group’s performance. The group-specific components
refer to the group dynamics (cf. Lewin, 1947)—all influ-
ences of social interaction and social interdependence that
occur within the group. It is the group-specific components
that determine whether a group falls short of, achieves, or
even exceeds the performance that one might expect from
the individual-specific components. Therefore, it is essential
in group performance research to assess these group-specific
components. To do so, some benchmark must be computed—
the so-called group potential.

There have been many such group potential baselines
suggested, including the performance of the group’s best
member (e.g., Larson, 2010; Lorge & Solomon, 1955; Restle
& Davis, 1962), the performance of the average group mem-
ber (e.g., Larson, 2010), and the sum of individual perfor-
mances (e.g., Ringelmann, 1913). One of Steiner’s (1972)
insights was that the potential of the group fundamentally
depends on the demands of the particular task the group is
faced with. He envisioned an idealized potential productivity
baseline, which would assume that group members are no
less motivated than when working alone and that the group
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optimally combines and coordinates the members’ resources
(e.g., task relevant skills, abilities, and knowledge) given the
particular demands of the group’s task. This is a very useful
concept, at least in the abstract. One can take the difference
between the group’s potential productivity and its actual pro-
ductivity as an estimate of the group’s sub-optimality, what
Steiner called process loss, and then further analyze it to
identify instances of suboptimal motivation (or motivation
losses, for example, Karau & Williams, 1993) or of subopti-
mal coordination (or coordination losses, for example,
Stroebe & Diehl, 1994). But sometimes, it can be difficult to
specify precisely what a group’s potential productivity is.
One complication is that people can be more highly moti-
vated when working in a group than when working individu-
ally (e.g., Kerr & Hertel, 2011; Williams & Karau, 1991),
something that was not clearly anticipated in Steiner’s model.
Another is that it can be hard to specify just what the group
is capable of. It is conceivable that group interaction may
result in capabilities that could not easily be estimated from
knowledge of individual capabilities. For example, someone
making an error of reasoning may be less able to recognize it
as an error than another group member who has not made it
(Shaw, 1932), or complex solution strategies that are beyond
the understanding of any single individual might be cobbled
together from the combination and elaboration of less com-
plex strategies that individuals do possess (e.g., Laughlin,
Carey, & Kerr, 2008). Hence, there may be more than one
reasonable way of defining a group’s potential productivity,
and some confusion can occur depending on which baseline
is chosen—one researcher’s evidence for group sub-optimal-
ity can be another researcher’s evidence for group super-
optimality. For these reasons, we think the most useful
baselines should (a) explicitly take the group’s task demands
into account, (b) be based on what one can observe among
individuals, and (c) make minimal assumptions about group
social processes. The third requirement helps ensure that
deviations from the baselines can be attributed to interesting
social processes, that is, group-specific components.

This line of reasoning leads us to recommend the nominal
group potential as a particularly informative baseline. This is
the performance a group would achieve if no group interac-
tion took place that could inhibit or facilitate the group’s pro-
ductivity, and if the performances of individual group
members were aggregated or combined in a way that was
optimal for the task at hand (e.g., summed for most repetitive
production tasks or selecting the best individual performance
for a non-divisible Eureka task'). Essentially, the nominal
group potential is the performance of a group that would
have occurred if its members had worked at the same task
independently of each other, and those independent perfor-
mances had been optimally combined.

The nominal group potential of our exemplary creative
team is the number of non-redundant ideas for a slogan gener-
ated by the same number of people working individually with-
out interacting. In this conceptualization, whenever the actual

group performance exceeds the nominal group potential, some
group-specific process gains were responsible, whereas, when-
ever groups do not reach their potential, some group-specific
process losses were responsible (cf. Schulz-Hardt & Brodbeck,
2015). This can be expressed in the following simple formula
(Hackman & Morris, 1975): Actual Group Performance =
Group Potential — Process Losses + Process Gains.

Three Sources of Process Gains and Losses:
Motivation, Individual Capability, and
Coordination

Over the last decades, group performance scholars have been
investigating many of the factors that underlie process gains
and losses (e.g., Diehl & Stroebe, 1987; Ziegler, Diehl, &
Zijlstra, 2000). Process gains and process losses can be con-
ceptualized as arising from three different sources: (a) motiva-
tion, (b) individual capability, and (c) coordination
(Schulz-Hardt & Brodbeck, 2015). First, working together in a
group can either increase (e.g., Kerr & Hertel, 2011) or
decrease (e.g., Karau & Williams, 1993) the group members’
motivation to put effort into the mutual task. To return to our
example, motivation gains might occur, for instance, when
individual members of the creative team increase their indi-
vidual effort to compensate for deficits of other team members
(i.e., “social compensation”; Williams & Karau, 1991).
Motivation losses, however, could also occur, for example,
when individual members of the creative team feel that their
own contribution has little impact on the group’s overall per-
formance and therefore reduce their effort (“dispensability
effect”; Kerr & Bruun, 1983). Second, the group setting can
functionally lead to gains or losses in individual capability;
that is, the individual group members’ ability to perform on the
task at hand. For example, an idea for a slogan mentioned by
one member of the creative team might stimulate a cognitive
category that the other group members would not have thought
of otherwise (“cognitive stimulation”; for example, Kohn,
Paulus, & Choi, 2011; Nijstad, Stroebe, & Lodewijkx, 2002;
Paulus & Yang, 2000). On the contrary, an idea for a slogan
contributed by one member of the creative team might make
the others focus on the category this idea belongs to, leading to
the neglect of other categories (“cognitive restriction”; for
example, Kohn & Smith, 2011). Third, the social interaction
within the group can lead to coordination losses if the group
members do not coordinate their individual contributions in an
optimal way. For example, while one member of the creative
team is talking, others cannot think about or at least cannot
mention their ideas (“production blocking”; Diehl & Stroebe,
1987; for an overview, cf. Nijstad & Stroebe, 2006).%

Moderators of Process Gains and Losses

Our exemplary creative team might be unsuccessful. In face-
to-face brainstorming, process losses typically outweigh pro-
cess gains: The actual performance in terms of quantity and
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quality of ideas of a typical group interacting falls well below
its nominal group potential (for an overview, see Mullen,
Johnson, & Salas, 1991). So, contrary to popular belief, it is
not wise to employ interacting groups instead of individuals
for brainstorming to ensure high performance. This result,
however, cannot be generalized to other group performance
situations. Whether gains outweigh losses or the other way
around for a specific group can be influenced by several fac-
tors (for a review, see Kerr & Tindale, 2004), including per-
sonal attributes like gender and personality of the group
members, leadership tools like goal setting, the characteris-
tics of the task at hand, and—as we argue in this article—
factors that impair or enhance the individual group members’
performance like sleep deprivation or caffeine.

It is important to note that different moderators of group
performance are likely to interact with each other. For exam-
ple, whether and how sleep deprivation affects a group’s per-
formance depends on the characteristics of the task this
group is working on. Our article is the first to systematically
analyze how individual-level impairments and enhance-
ments can affect performance in groups and how this can be
studied. In an attempt to find a balance between introducing
this new topic in a concise and comprehensible way and
doing justice to the complexity of it, we follow an approach
we later also recommend to others: we first (i.e., in this sec-
tion) presume a number of default boundary conditions,
prominently a smaller task group (rather than a crowd), a
group that is homogeneous (rather than diverse) in being
impaired or enhanced, and—most importantly—what we
call a “typical group task.” These are tasks that are very
prominent in the modern-day work context. In such typical
group tasks, increases in (a) cognitive capacity, alertness,
and motivation and (b) information sharing and collabora-
tion are beneficial for group performance. The second
requirement tends to exclude very simple, repetitive, non-
cognitive tasks. Although such tasks might be common, they
seem less likely to be undertaken in groups and, hence, are
less relevant to our analysis. Included in such typical group
tasks would be, just to name a few examples, mutual infor-
mation generation and brainstorming, collective judgment or
decision-making tasks, and verbal as well as non-verbal
coordination tasks (such as surgery in a team). Our subse-
quent claims are targeted at such typical group tasks, and we
note whenever our analysis requires a more detailed specifi-
cation of task characteristics. Later in the article, however,
we explicitly discuss potential moderators of the effects of
individual-level impairments and enhancements in groups.
Besides task characteristics, these are group size and diver-
sity in the group’s composition.

In what follows, we first describe how the effects of a
specific performance impairment (sleep deprivation) and a
specific performance enhancement (caffeine) can be changed
by acting in a group. We then further illustrate our GIE
framework for studying other individual-level performance
impairments and enhancements in groups.

How Acting in a Group Can Change
the Effects of Sleep Deprivation and
Caffeine

In their search for moderators of group performance,
researchers have most commonly focused on the effects of
characteristics of the group members or of their work envi-
ronment. So far, surprisingly few have looked at factors
known to act as a performance impairment or performance
enhancement at the individual level. Sleep deprivation and
caffeine are prime examples for such factors. Despite their
obvious prevalence and practical relevance, studies investi-
gating how performance is affected by these two factors
when it is achieved in groups are still very scarce. Moreover,
although there are several powerful frameworks for analyz-
ing group performance (e.g., Hackman & Morris, 1975;
Ilgen, Hollenbeck, Johnson, & Jundt, 2005; Larson, 2010;
McGrath, 1984), so far no general framework has been pro-
posed specifically on how to best analyze the effects of such
individual-level impairments or enhancements on group per-
formance. Our article—and, hence, the GIE framework—
aims to fill this gap.

Numerous empirical studies confirm what we know from
our own everyday experience: loss of sleep and caffeine
intake influence individual cognitive performance. Hence,
they influence nominal group performance. We argue, how-
ever, that both factors are likely to show additional effects on
the group-specific components of group performance.
Below, we present a literature-based analysis for sleep depri-
vation and for caffeine, and examine how they can affect
motivation gains and losses, individual capability gains and
losses, and coordination losses in groups.

For each factor, we formulate several specific hypotheses.
To illustrate our predictions, we introduce a “grouping helps”
versus “‘grouping hurts” terminology. Grouping helps if
working together in a group attenuates negative conse-
quences of an impairment the group members show on the
individual level or if working together in a group augments
positive consequences of an individual-level enhancement.
In contrast, grouping hurts if working together in a group
augments negative consequences of an individual-level
impairment or attenuates positive consequences of an
individual-level enhancement. Our analysis not only sug-
gests specific group-level effects of sleep deprivation and
caffeine but should also serve as a useful illustration of the
GIE framework for investigating the effects on groups any
factor that can either impair or enhance individual-level per-
formance can have.

Sleep Deprivation and Performance in Groups

Sleep deprivation: A brief introduction. Although its exact pur-
pose is still unknown, sleep clearly plays a crucial role in
human biology. It exerts a restorative effect on the brain and
enables the reorganization of neural activity (e.g., Hobson,
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2005; Saper, Scammell, & Lu, 2005; Xie et al., 2013; Yang
etal., 2014; cf. also Horne, 1988b). Sleep deprivation simply
refers to the condition of having had insufficient sleep (i.e.,
less than 6-10 hr within a 24-hr period for a healthy adult,
albeit with large interpersonal variation; Hirshkowitz et al.,
2015). Sleep deprivation has several deleterious effects on
individual cognition. It has been shown to negatively affect
multiple distinct brain processes, particularly by disrupting
the integrative functioning of the prefrontal cortex, leading
to overall impairments in different cognitive functions (Dur-
mer & Dinges, 2005; Harrison & Horne, 2000). Also on a
societal level, sleep deprivation has increasingly been linked
to not only losses in productivity (Rosekind et al., 2010) but
also work injuries (Barnes & Wagner, 2009), airline (Price &
Holley, 1990) and motor vehicle accidents, as well as indus-
trial disasters (Dinges, 1995; Miyata et al., 2010; Philip etal.,
2014). The prevalence of sleep deprivation seems to be very
high with 28% of U.S.-American survey respondents report-
ing that they sleep 6 hr or less per night, and an additional 7%
indicating that they sleep 7 hr or less (Schoenborn & Adams,
2010).

Sleep deprivation, acute or chronic, can be caused by
sleep disorders like insomnia or sleep apnea. But in addition,
societal factors associated with our current 24/7 lifestyle—
like increasing productivity demands, round-the-clock access
to technology, and shifting work schedules—make sleep
deprivation likely to occur (Akerstedt, 1998; Barnes, 2011;
Chatzitheochari & Arber, 2009).

Our immediate concern is how sleep deprivation might
affect performance when acting in groups. Given how often
teams like fire fighters, politicians, power plant employees,
or medics work long shifts overnight, it is surprising that
only two empirical studies have been published so far that
investigate the effects of sleep deprivation on group-specific
aspects of performance. Both of these studies focused on
potential gains and losses in motivation.

Sleep deprivation and gains and losses in motivation. On the
individual level, sleep deprivation has been alleged to make
people more prone to loafing; that is, they appear to spend
relatively more of their work time engaged in their personal
pursuits (Wagner, Barnes, Lim, & Ferris, 2012). Hoeksma-
van Orden, Gaillard, and Buunk (1998) compared the perfor-
mance on three cognitive tasks over a 20-hr period between
individuals and four-person groups. All participants worked
at the tasks individually, so there was no social interaction in
the group condition, although incentives depended on mean-
member performance. For all tasks, participants received trial
by trial feedback (e.g., correct vs. incorrect), but there was no
feedback on total (across trial) individual or group perfor-
mance. For all three tasks, they found a significant interaction
between the individual/group factor and time working: Per-
formance was more adversely affected by lack of sleep (that
is, fatigue) in the group condition than in the individual con-
dition. The authors concluded that sleep deprivation made

group members exert less effort to contribute to the group’s
goal (“social loafing”; Latané, Williams, & Harkins, 1979).
This suggests that grouping hurts: Sleep deprivation can lead to
motivation-related process losses that decrease a group’s per-
formance beyond the negative effect sleep deprivation has on
the individuals’ performance. However, in a follow-up study,
Hoeksma-van Orden et al. also showed that these process
losses could be reduced by making public the group members’
individual contributions to the overall performance.

In a similar vein, Baranski and colleagues’ (2007) partici-
pants worked at a complex threat assessment task. Within
each block of trials, participants sometimes worked individu-
ally and sometimes in four-person groups. Group members
had access to unique information, which, if poorly evaluated,
could degrade their mutual performance. There were 14 trial
blocks, extending over 28 hr; independent measurements
confirmed that about half way through the study, participants
reported becoming increasingly sleepy. During the initial
blocks (low sleep deprivation), there were no differences in
performance (accuracy and processing time) between indi-
viduals and group members. Performance in both conditions
degraded as participants became sleepier, but this deteriora-
tion was significantly larger in the individual condition than
in the group condition—grouping helped. The authors argued
that this relatively better group performance was attributable
to social compensation: All group members received feed-
back about one another’s performance at the highly interde-
pendent group task. Hence, they were aware of the
fatigue-induced decline in their mutual performance and
tried to compensate for the low performance of others. This
implies that groups that receive information about their indi-
vidual contributions may, when possible, engage in compen-
satory effort to attenuate the negative effects of sleep
deprivation. Taken together, these two articles suggest that
the group-specific motivational aspects of performance are
affected by sleep deprivation: Sleep deprived groups may be
more prone to social loafing, but if individual performance
impairments are salient, performance-restoring—or even
enhancing—effects can be evoked. These findings suggest a
generally promising technique: Making group members
aware of their individual contribution to the group’s perfor-
mance promotes high performance, because the group mem-
bers might not only actively compensate for their own but
also for other group members’ cognitive impairments.

Keeping an eye on the group members’ motivation in gen-
eral seems to be good advice, as sleep deprivation is also
known to make individuals less empathic and less able to
solve conflicts (Gordon & Chen, 2014), as well as less mor-
ally aware (Barnes, Guina, & Wagner, 2015). They are more
sensitive to what they experience as unfairness and are more
guided by their emotions in social decisions (Anderson &
Dickinson, 2010). Also, the depletion of resources for self-
regulation (“‘ego depletion”; Baumeister, Bratslavsky, Muraven,
& Tice, 1998) has been linked to fatigue (Evans, Boggero, &
Segerstrom, 2015; Hagger, Wood, Stiff, & Chatzisarantis,
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2010). Sleep deprivation has been shown to induce ego
depletion, thereby making individuals prone to unethical
behavior (Barnes, Schaubroeck, Huth, & Ghumman, 2011;
Christian & Ellis, 2011) and deception (Welsh, Ellis,
Christian, & Mai, 2014). This could lead to further motiva-
tion losses within a group (cf. Abele & Diehl, 2008). Sleep
deprived individuals also tend to perceive neutral stimuli as
more negative (Tempesta et al., 2010). Hence, to keep spirits
high seems to be of particular importance in sleep deprived
groups (cf. also Barnes, 2011; Barnes & Hollenbeck, 2009).

Sleep deprivation and gains and losses in individual capability. For
the influence of sleep deprivation on process gains or losses
regarding individual capability, no data has been published
so far. Nonetheless, we can formulate preliminary hypothe-
ses based on what we know about how sleep deprivation
affects individuals. When it comes to potential gains in indi-
vidual capability due to working together in a group, sleep
deprivation is likely to attenuate them: Acute sleep depriva-
tion is clearly shown to impair a range of capability-relevant
cognitive functions like attention and working memory (for a
review, see Alhola & Polo-Kantola, 2007). Sleep deprived
individuals show similar cognitive impairment to patients
with prefrontal brain lesions (Killgore, Balkin, & Wesensten,
2006; Killgore, Lipizzi, Kamimori, & Balkin, 2007), older
people (Chee & Choo, 2004; Harrison, Horne, & Rothwell,
2000), or people under the influence of alcohol (Falleti,
Maruff, Collie, Darby, & McStephen, 2003; Williamson &
Feyer, 2000). Basically, sleep deprivation reduces cognitive
capacity because extra resources need to be allocated simply
to stay awake (Ilkowska & Engle, 2010). For performance in
groups, this means that gains in individual capability are less
likely under sleep deprivation, as group members have less
cognitive resources to pay attention to (verbal or non-verbal)
cues passed on by other group members, which in many
tasks is necessary for process gains like cognitive stimula-
tion to occur.

Sleep deprivation can not only undermine process gains
but it simultaneously increases the probability for losses in
individual capability. Sleep deprived individuals tend to
think less creatively (Horne, 1988a) and are less able to
update information (Harrison & Horne, 2000; Killgore et al.,
2006; M. E. Smith, McEvoy, & Gevins, 2002), to form new
memories (Chee & Choo, 2004; Yoo, Gujar, Hu, Jolesz, &
Walker, 2007) or to switch between different tasks
(Couyoumdjian et al., 2010). Hence, under sleep deprivation,
group members are presumably more likely to stick to single
aspects of the interaction, whether it is a certain category of
ideas in brainstorming or a specific suggestion for a solution
to a decision problem. Individuals being able to revise their
own thoughts and preferences can be crucial for high perfor-
mance in groups, for example, to avoid cognitive restriction
(e.g., Kohn & Smith, 2011) or a suboptimal decision alterna-
tive being chosen (e.g., Faulmiiller, Kerschreiter, Mojzisch,
& Schulz-Hardt, 2010; Greitemeyer & Schulz-Hardt, 2003).

Moreover, fatigue seems to reduce epistemic motivation (for
a review, see Kruglanski & Webster, 1996). This “willing-
ness to expend effort to achieve a thorough, rich, and accu-
rate understanding of the world” (De Dreu, Nijstad, & van
Knippenberg, 2008, p. 23) has been directly linked to group
function in De Dreu et al.’s (2008) Motivated Information
Processing in Groups model. If epistemic motivation is
reduced in a group situation, individual capability—related
factors like systematic information search and processing,
flexibility of thought, and divergent thinking suffer. In sum-
mary, regarding the likely effects of sleep deprivation on
individual capability, grouping hurts.

However, being aware of the impairments caused by sleep
deprivation could attenuate losses in individual capability.
Sleep deprivation does not seem to impair important func-
tions of meta-cognition: Individuals are still able to self-
monitor their capabilities and declining performance goes
along with declining confidence in own outputs (Baranski,
2007; cf. also Dorrian, Lamond, & Dawson, 2000), or a
change in cognitive strategies (Tavakoli, Muller-Gass, &
Campbell, 2015). In a similar vein, Hockey’s (1997, 2011,
2013) Compensatory Control Model suggests that individu-
als can maintain their level of performance at a given task,
although at the expense of latent decrements like increased
physiological activation or fatigue after-effects (cf. Vincent
etal., 2015). Hence, sleep deprived group members might try
to compensate for their impairments by using resources
offered by other group members. In this way, awareness of
individual impairments could lead to compensatory efforts
and attenuate process losses. For example, because taking
others’ perspectives seems to enhance creativity in teams
(Hoever, van Knippenberg, van Ginkel, & Barkema, 2012),
such compensation for sleep deprivation could enhance
group member creativity. Such predictions are, however,
more speculative than those leading to the conclusion pre-
sented above (i.e., that grouping hurts).

Sleep deprivation and losses in coordination. In an investigation
on the effects of fatigue on performance in a vigilance task,
Frings (2015) found that even though working in a group
apparently increased participants’ motivation to spot stimuli,
sleep deprived groups performed worse than sleep deprived
individuals, as measured by the number of absent stimuli
wrongly classified as present. The author suggests that this
increased number of “false alarms” might have been due to
group members distracting each other. This suggests that
sleep deprivation can lead to coordination losses. Increased
coordination losses can also be expected in more complex
cognitive tasks. To effectively interact with other group
members, individuals working together need to be able to
simultaneously pay attention to information provided by oth-
ers and keep in mind their own contribution to the group’s
task. Due to their reduced working memory capacity
(Ilkowska & Engle, 2010), sleep deprived group members
may also be more likely to forget what they were going to
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say when exchanging verbal information with other group
members during the time someone else is speaking—thereby
increasing production blocking. Hence, group members are
likely to contribute less of their ideas or knowledge when
they are sleep deprived. Regarding the information they do
contribute, due to their less creative thinking (Horne, 1988a)
and their overall reduced cognitive capacity, sleep deprived
group members should be even more likely to “go with the
default,” leading to an increase in discussion biases. These
biases comprise the tendency to mainly discuss such infor-
mation that is consistent with the group members’ personal
preferences (e.g., Dennis, 1996; Faulmiiller, Mojzisch, Ker-
schreiter, & Schulz-Hardt, 2012; Mojzisch, Kerschreiter,
Faulmiiller, Vogelgesang, & Schulz-Hardt, 2014) and such
information that is already shared among group members
(e.g., Stasser & Titus, 1985; for a review, see Lu, Yuan, &
McLeod, 2011). In several types of decision tasks, these
biases can be detrimental to high group performance, as they
hinder the revision of initial suboptimal decision tendencies
in light of new or more complete information (e.g., Stasser &
Titus, 1985). Coordination losses can be increased further
because sleep deprived individuals are less able to withhold
inappropriate responses to stimuli (Anderson & Platten,
2011; Drummond, Paulus, & Tapert, 2006), suggesting that
they are more likely to make useless contributions that could
slow down the group instead of serving the mutual goal.
Moreover, more severe sleep deprivation results in ineffec-
tive communication and impaired language comprehension
(Harrison & Horne, 2000) which is detrimental for success-
ful group coordination. Hence, grouping hurts.

However, similar to losses in motivation and (to a lesser
degree) individual capability, it is possible that a group might
be able to compensate for the problematic effects sleep depri-
vation has on its members. Earlier, we noted that under cer-
tain conditions (e.g., high interdependence, member
contributions being made public), sleep deprived individuals
might work harder when being in a group to compensate for
the anticipated or observed suboptimal performance of other
group members (i.e., grouping could help). Research on the
effects of alcohol on group performance suggests that such
compensation may occur not only via increased effort but
also via more optimal coordination of member resources.
The result pattern in these studies is that the detrimental
effect of alcohol on performance was not observed among
groups (Abrams et al., 2006; Frings et al., 2008; Hopthrow,
de Moura, Meleady, Abrams, & Swift, 2014). Although this
could conceivably stem from motivational gains in the tipsy
groups (via social compensation), there is direct evidence for
relatively better coordination of member contributions in
such groups. Specifically, after drinking, groups were more
likely to ignore poor or extreme member judgments and to
take longer to decide (Abrams et al., 2006; Frings et al.,
2008). These findings are consistent with a “group monitor-
ing” (Abrams et al., 2006, p. 628) account that holds that
when individual judgment is impaired (e.g., by alcohol),

group members change their strategy for collective judg-
ment, becoming more systematic in processing the available
member input, which attenuates the extent of impairment in
the group. In the same fashion, sleep deprivation could
prompt such group monitoring—a hypothesis supported by
the finding that working in a group can compensate for indi-
viduals’ decreased cognitive flexibility in problem solving
under sleep deprivation, leading to higher quality problem
solving in sleep deprived groups compared with individuals
(Frings, 2011). Hence, when group monitoring is possible,
that is, when the impairment is not strong and is evident to
group members, and when effective coordination strategies
are available, coordination losses can be dampened.

Summary and hypotheses. In sum, in typical group tasks,
sleep deprivation is likely to negatively affect different
group-specific components of performance, thereby inhibit-
ing groups over and above the aversive effects it has on each
individual within that group. Sleep deprived groups may be
prone to social loafing under certain circumstances, benefit
less from each other’s knowledge, and exchange and inte-
grate less useful information. Importantly, these impairments
come in addition to the individual-specific effects of sleep
deprivation. Hence, in contrast to individual performance,
group performance is not only threatened by individual-level
impairments of group members, but can additionally suffer
from negative group-specific losses. In other words, group-
ing can hurt: When it comes to performance, sleep depriva-
tion potentially hits groups even harder than individuals.
However, there is also a clear possibility for sleep deprived
groups to compensate for their individual-level impairments
(cf. Baranski et al., 2007; Frings, 2011)—a possibility that is
not available to individuals without social interaction. This
illustrates the danger that lies in trying to simply transfer
findings on the effects of sleep deprivation on individual per-
formance to the group level. In this case, the negative effects
of sleep deprivation on group performance—but also the
possibility for compensation due to social interaction when
being offered the right conditions—would have been
overlooked.

We formulate the following conceptual hypotheses for
typical group tasks’:

Hypothesis 1a: Sleep deprivation affects group members’
motivation, and this effect is moderated by the identifi-
ability of individual group members’ contributions to the
group task. When individual contributions are not identi-
fiable, sleep deprivation decreases gains and increases
losses in motivation, with negative implications for group
performance. In contrast, when individual contributions
are identifiable, sleep deprivation increases gains and
decreases losses in motivation, with positive implications
for group performance.

Hypothesis 1b: Sleep deprivation affects group mem-
bers’ individual capability. It decreases gains and increases
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losses in individual capability, with negative implications
for group performance. More speculatively, this effect can
be further moderated by awareness of individual impair-
ment, with positive implications for group performance
when awareness is high.

Hypothesis 1c: Sleep deprivation affects group members’
coordination, and this effect is moderated by the potential
for group monitoring. When the conditions for group mon-
itoring are poor, sleep deprivation increases losses in coor-
dination, with negative implications for group performance.
In contrast, when the conditions for group monitoring are
good (the group members’ impairment due to sleep depri-
vation is low or medium, awareness of the impairment is
high, and effective coordination strategies are available),
sleep deprivation decreases losses in coordination, with
positive implications for group performance.

Cdffeine and Performance in Groups

Cdffeine: A brief introduction. Caffeine is a psychoactive sub-
stance, chemically belonging to the group of methylxan-
thines. It acts as a central nervous system stimulant by
inhibiting adenosine which slows down neural activity
(Ferre, 2008). As a result, it has a general effect of promoting
wakefulness and restoring alertness. Caffeine can be found
in different natural sources like the coffee plant, the tea bush,
and the kola nut and is consumed in a variety of nutritional
and pharmaceutical products like coffee, chocolate, or pain
medication (Barone & Roberts, 1996). The amount of caf-
feine contained in these products varies greatly, even within
the same category. For example, the average amount of caf-
feine in a cup of coffee ranges between 19 mg for instant
coffee to 177 mg for boiled ground coffee (Nehlig, 1999).
There is also a great variation in caffeine consumption
between individuals and countries. However, it occurs in
almost every society and culture, and both the percentage of
people consuming caffeine and the amount consumed are on
the rise (Nehlig, 1999). In the United States, for example, it
is used daily by 80% of the population, with an average daily
dose of 193 mg, the main sources being coffee, soft drinks,
and tea (Frary et al., 2005).

Caffeine might sometimes be ingested without the direct
aim to do so (e.g., when having a coffee solely for its taste)
or even without knowing about it (e.g., when eating choco-
late ice cream). However, it is also regularly consumed in a
conscious attempt to cope with the challenges of a 24/7 life-
style to improve wakefulness or alertness throughout the
whole workday. Compared with other stimulants with simi-
lar effects, caffeine is easily available and fully accepted
socially, so it can be consumed with the explicit goal of
enhancing performance without fearing stigmatization (cf.
Faulmiiller, Maslen, & Santoni de Sio, 2013). This is done in
different jobs like professional sports (cf. Reyner & Horne,
2013), long distance driving (Sharwood et al., 2013), or in
medical professions (Jackson & Moreton, 2013).

Whether caffeine can measure up to users’ performance-
enhancing expectations has been a long-standing research
question. The first systematic study investigating the effects
of caffeine on human performance was sponsored by the
Coca-Cola Company and published over 100 years ago
(Hollingworth, 1912). Since then, thousands of other publica-
tions on that topic have followed (for a comprehensive intro-
duction, see Nehlig, 2004). Whereas research on sleep
deprivation unambiguously points to adverse effects on many
aspects of individual performance, the state of research on the
effects of caffeine is less definite and far more controversial.
Opverall, caffeine seems to more clearly influence low-level
functions like perception and motor activity, than high-level
functions like cognition, learning, and memory. Also, some
effects seem to be moderated by factors like age, habituation,
or even personality (for reviews on the effects of caffeine on
individual performance, see Eindther & Giesbrecht, 2013;
Nehlig, 2010; A. P. Smith, 2002). Hence, contrary to lay the-
ory, “it appears that caffeine cannot be considered a ‘pure’
cognitive enhancer” (Nehlig, 2010, p. S91).

The question of to what degree caffeine intake can com-
pensate for the adverse effects of sleep deprivation is a com-
plex one and highly debated. Some studies have found, for
example, that moderate doses of caffeine can improve vigi-
lance and reaction time in sleep deprived individuals (e.g.,
Lieberman, Tharion, Shukitt-Hale, Speckman, & Tulley,
2002), whereas others did not find any such performance-
enhancing effect (e.g., Killgore et al., 2007). Whether or not
caffeine can compensate for performance impairments due to
sleep deprivation on the individual level depends on the inter-
action of several factors like severity of sleep deprivation,
caffeine dose, and cognitive functions crucial for performance
in the given task. As the state of research is indefinite on the
individual level, any analysis trying to draw conclusions for
groups would be highly speculative. Hence, in this article, we
limit ourselves to separately analyzing the influences of sleep
deprivation and caffeine on group performance.

Given the prevalence of its use, many groups regularly
perform under the influence of caffeine. Surprisingly, no
study has been published yet that investigates the influence of
caffeine on the group-specific aspects of performance. Hence,
below we review work on caffeine and individual functioning
and, using those findings that are more consistent, derive
hypotheses for its potential influences on gains and losses in
motivation, individual capability, and coordination.

Caffeine and gains and losses in motivation. There is no direct
evidence on how caffeine influences motivation. However,
mainly using findings on mood-related concepts, we specu-
late that the intake of caffeine—at least in moderate doses—
can positively affect group-specific aspects of performance
regarding motivation: In other words, grouping helps. One of
the more consistent findings on caffeine is that it can improve
mood, for example, by making individuals feel less sad and
gloomy, but more happy and cheerful (e.g., Quinlan et al.,
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2000) or by making them feel less drowsy and sluggish, but
more energetic and alert (e.g., Heatherley, Hayward, Seers,
& Rogers, 2005). Also, caffeine in low to medium doses can
reduce anxiety (cf. Nehlig, 2010). In the context of athletic
performance, one study found that participants who had con-
sumed caffeine perceived exercise to cost less effort than
participants who had not (although this perception of reduced
effort did not improve athletic performance; Hadjicharalam-
bous et al., 2006). More specific to social situations, in one
study, individuals who were given caffeine felt more friendly,
more attentive, and more sociable than the control group, and
also more keen to work (A. P. Smith, Kendrick, & Maben,
1992). These results suggest that when working together in a
group, at least in tasks where sociability promotes perfor-
mance (e.g., mutual decision making or tasks depending on
creativity), individuals who have consumed caffeine might
enjoy social interaction more, therefore potentially produc-
ing motivational gains by helping their fellow group mem-
bers, especially when they are on good terms with them
rather than being strangers (cf. Kerr & Seok, 2011). Also,
motivation losses might be reduced by being more trustful
and less prone to social loafing.*

Even though research seems to paint an overall positive
picture when it comes to the effects of low to medium doses
of caffeine on mood and motivation (cf. Casas, Ramos-
Quiroga, Prat, & Qureshi, 2004), high doses can lead to anxi-
ety (Green & Suls, 1996; Sicard et al., 1996), nervousness
(cf. Nehlig, 2010) and negative mood in general (e.g.,
Liguori, Hughes, & Grass, 1997). It has been suggested that
caffeine might have positive effects on mood in doses up to
300 mg, but negative effects at higher doses (Lieberman,
1992 as reported in B. D. Smith, Osborne, Mann, Jones, &
White, 2004). Hence, albeit a little speculatively, we assume
an inverted U-shaped relationship between caffeine and
group member motivation at typical group tasks, mediated
by mood.

Cdffeine and gains and losses in individual capability. More spe-
cific predictions can be made regarding individual capability,
suggesting that grouping helps. Dozens of studies have
investigated the effect of caffeine on attention, overall yield-
ing positive results for both simple and more complex tasks
(cf. Eindther & Giesbrecht, 2013). For example, as shown in
anow classic study, even in a very low dosage (32 mg, which
is about the amount that one glass of Coca-Cola® contains)
caffeine can improve vigilance and reaction time (Lieber-
man, Wurtman, Emde, Roberts, & Coviella, 1987). More-
over, caffeine improves performance in tasks that involve
working memory (cf. Nehlig, 2010). These findings suggest
process gains in individual capability, since group members
under the influence of caffeine should be more able to pay
attention to what their fellow group members do and to
remember what they have learned, promoting greater exploi-
tation of other members’ input and strategies. For example,
in non-verbal coordination tasks, group members can more

easily pick up knowledge or skills from others which they
can, in turn, contribute to the group’s performance. Also, in
typical verbal group tasks, caffeine is likely to have some
benefits: It has been shown to improve learning when infor-
mation is presented passively (cf. Nehlig, 2010)—a situation
that is mostly present in information exchanging groups
where learning is not an explicit goal but rather a positive
side-effect. Recent evidence also suggests that caffeine helps
to build long-term memory (Borota et al., 2014). Moreover,
another study found that caffeine led to a fast and frugal ver-
bal generation of options for action in decision-making situ-
ations (H&usser, Schlemmer, Kaiser, Kalis, & Mojzisch, 2014).
It also helps in logically evaluating verbal statements (A. P.
Smith, 1994) and in systematic information processing—the
latter leading to increased attitude change when being pre-
sented with high-quality arguments (Martin, Laing, Martin,
& Mitchell, 2005; Mintz & Mills, 1971). Hence, caffeine
might enable group members to better process verbal infor-
mation others in the group bring forward, making process
gains like cognitive stimulation more likely in a variety of
tasks. For example, as work on brainstorming (e.g., DeRosa,
Smith, & Hantula, 2007; Nijstad & Stroebe, 2006) suggests
that mutual stimulation may increase creativity, we might
expect caffeine to enhance individual creative capability. An
interesting, although very speculative question is, given that
reduced cognitive capacities due to factors like fatigue or
environmental noise (Kruglanski & Webster, 1996) and time
pressure (De Dreu, 2003) reduce epistemic motivation,
might higher capacities due to caffeine use increase epis-
temic motivation? If so, working in groups under the influ-
ence of caffeine could evoke gains in individual capability
by, for example, promoting deeper information processing or
more creative thinking (cf. De Dreu et al., 2008).”

In turn, losses in individual capability seem to be less
likely under the influence of caffeine. Overall, caffeine
improves vigilance, concentration, and the ability to focus
(cf. Einother & Giesbrecht, 2013; Nehlig, 1999). Depending
on personal characteristics like age (Hogervorst, Riedel,
Schmitt, & Jolles, 1998) and personality (Gupta, 1991), peo-
ple seem to be less sensitive to distractions when they have
taken caffeine. This suggests that group members might be
less negatively influenced by the interaction process itself.

Similar to the effects of caffeine on mood, an inverted
U-shaped effect of caffeine on cognitive performance has
been suggested. Some studies (e.g., Hasenfratz & Bittig,
1994; Tieges, Ridderinkhof, Snel, & Kok, 2004) found a
higher likelihood for errors in individuals who received very
high doses of caffeine. Others (e.g., Brunye, Mahoney,
Lieberman, Giles, & Taylor, 2010; Maridakis, Herring, &
O’Connor, 2009; Warburton, 1995) showed a simple positive
correlation between dose and cognitive performance.
However, research overall paints the picture that the effects
of caffeine on basic cognitive functions are surprisingly
unrelated to dose—at least up to an amount that is typically
consumed by habitual caffeine users (up to 400 mg, cf.
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Einéther & Giesbrecht, 2013). Hence, contrary to the effects
of caffeine on process gains and losses in motivation, we
assume no inverted U-shaped relationship between dose of
caffeine and individual capability—related process gains and
losses.

Cdffeine intake and losses in coordination. Caffeine might have
the potential to dampen coordination losses—at least for a
certain range of caffeine doses. One of the rather uncontro-
versial findings is that low to moderate doses of caffeine
improve reaction time (cf. Eindther & Giesbrecht, 2013).
This can lead to a grouping-helps effect by reducing coordi-
nation losses that arise from too slow reactions to actions of
fellow group members, most prominently in tasks that
require fast coordination of physical movements. Impor-
tantly, however, the intake of very high doses of caffeine is
likely to have the opposite effect: It not only corrupts the
positive effect on reaction time (Roache & Griffiths, 1987)
but can also lead to jittery movements (cf. Nehlig, 2010;
Rogers, Heatherley, Mullings, & Smith, 2013)—which
might severely increase process losses in tasks that depend
on optimal coordination of hand movements, such as preci-
sion engineering, handcraft, sports, or surgery. In this case,
grouping could hurt.

It is more difficult to infer from existing research how
coordination losses in verbal tasks might be affected. One
important source for coordination losses is insufficient
knowledge sharing—as thorough information exchange can
be crucial for high-quality group decisions (e.g., Stasser &
Titus, 1985). Some work tentatively suggests that group
members might at least be willing to share more information
when they have consumed caffeine: Caffeine induces its
well-known wakefulness effect by increasing physical
arousal (e.g., Huang et al., 2005). Arousal from different
sources has been demonstrated to increase people’s intention
to share information (Berger, 2011). However, this causal
chain is very speculative and lacks a sufficient empirical
foundation. Thus, we refrain from formulating a clear-cut
hypothesis regarding coordination-related process losses in
verbal tasks.

Summary and hypotheses. In sum, we conclude that caffeine,
partially depending on dose, can affect groups both more
positively and negatively than individuals. Via its mood-
improving effect, caffeine in low to medium doses can pro-
mote motivation gains and attenuate motivation losses,
thereby resulting in a particularly positive effect in groups.
High doses, on the contrary, might have the opposite effect by
evoking anxiety in individuals. By increasing attention and
the ability to systematically process verbal information, caf-
feine can increase gains in individual capability and at the
same time decrease losses by making individuals less vulner-
able to distractions. Hence, when it comes to individual capa-
bility, grouping might help: Groups benefit more from caffeine
than individuals do. The amount of caffeine ingested is of

great importance with respect to coordination losses. By
decreasing reaction time, low to medium doses of caffeine
might help to prevent coordination losses in some physical
tasks, whereas high doses should affect groups that depend on
physical precision even more adversely than individuals by
leading to jittery movements. No clear prediction can be
made as to whether caffeine influences coordination in verbal
tasks. As in the case of sleep deprivation, the effects of caf-
feine on the group-specific components of group performance
come in addition to its effects on the individual-specific com-
ponents. Again, we cannot simply transfer the findings from
individual performance to group performance.

We formulate the following conceptual hypotheses for
typical group tasks®:

Hypothesis 2a: Caffeine affects group members’ motiva-
tion, and this effect is moderated by caffeine dose and
mediated by mood. When the dose is low or medium, caf-
feine leads to positive mood and, as a result, increases
gains and decreases losses in motivation, with positive
implications for group performance. In contrast, when the
dose is high, caffeine leads to negative mood and, as a
result, decreases gains and increases losses in motivation,
with negative implications for group performance.
Hypothesis 2b: Caffeine affects the individual group
members’ capability. It increases process gains and
decreases process losses in individual capability, with
positive implications for group performance. (This effect
is far less likely to be moderated by caffeine dose.)
Hypothesis 2c: In physical tasks, caffeine affects group
members’ coordination, and this effect is moderated by
caffeine dose. When the dose is low or medium, caffeine
decreases losses in coordination, with positive implica-
tions for group performance. In contrast, when the dose is
high, caffeine increases losses in coordination, with nega-
tive implications for group performance. (For verbal
tasks, no hypothesis can yet be formulated.)

The GIE Framework for Analyzing
How Acting in a Group Can Change the
Effects of Performance Impairments
and Enhancements

In this article, we offer a conceptual analysis of how sleep
deprivation and caffeine can influence performance in
groups. However, our aim is not only to better understand
potential effects of these two factors at the group level but
also to suggest that the same framework could be useful for
studying how acting in a group changes the effects of other
individual-level impairments and enhancements. Below, we
address crucial issues upon which the utility of our GIE
framework hinges. First, we consider whether findings on one
impairment or enhancement can be generalized to another.
Second, by discussing task characteristics, group size and
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diversity in group composition, we explore how the effects
of various impairments and enhancements in groups are
likely to be moderated. Third, we give more practical guide-
lines by illustrating how to use the GIE framework in empiri-
cal research practice.

Generalizing Findings From One Impairment or
Enhancement to Another

Throughout our discussion of sleep deprivation and caffeine,
we have stressed that we cannot directly generalize findings
on how an impairment or enhancement affects individual per-
formance to performance in groups. But what about general-
izing from one impairment or enhancement to another?
Imagine, for example, that one (a) knew precisely which
effects a certain enhancement X has on the individual level
and also (b) had determined which process gains and losses
result at the group level. Suppose further that enhancement Y
is known to have very similar effects on the individual level
as enhancement X has. Can one, then, assume that Y should
produce the same pattern of process gains and losses on the
group level as X does? We argue that one cannot. This prin-
ciple of non-generalizability is central for understanding how
to think about individual-level impairments and enhance-
ments in groups and the GIE framework. To illustrate this,
below we (a) compare sleep deprivation to another prominent
individual-level impairment, namely, stress, and (b) compare
caffeine to another prominent individual-level enhancement,
namely, pharmacological cognitive enhancement.

Impairments: Generalizing from sleep deprivation to stress.
Another common consequence of our 24/7 lifestyle and our
deadline-driven work environments is stress. Stress is an adap-
tive reaction to threats in the environment by a complex inter-
play of psychological, neurophysiological, behavioral, and also
social variables (Lazarus, 1974; Selye, 1936). Similar to sleep
deprivation, stress can be seen as an individual-level impair-
ment of performance. It has negative effects on diverse cogni-
tive functions, including memory (for a review, see Wolf,
2009) and decision making (for a review, see Starcke &
Brand, 2012). Stress is qualitatively comparable with sleep
deprivation regarding its effects on individuals’ performance.
Hence, we might be tempted to assume that—at least under the
conditions that are least optimal for sleep deprived groups—
grouping would also hurt in the case of stress. However, we
cannot simply generalize the group-level effects we might
find for sleep deprivation to those likely to occur for stress.
The reason for this non-generalizability is that working in a
group can have a major impact on stress at the individual level.
Considerable research has found that belonging to a group
when facing threat buffers stress (for an overview, see Haslam,
2004). Using a social identity approach (e.g., Haslam, Jetten,
Postmes, & Haslam, 2009), this has been attributed to the con-
sequences of knowing that other in-group members are acting
in one’s collective self-interest (Turner, Oakes, Haslam, &

McGarty, 1994). Hiausser, Kattenstroth, van Dick, and
Mojzisch (2012) found that the mere presence of others with
whom one shares a social identity has a strong stress-buffer-
ing effect in threatening situations. In this study, group mem-
bers were not allowed to interact with each other, so stress
was reduced solely by the feeling of “we are going through
this together.” In many work groups, due to a mutual history,
shared goals, and high importance of the group or the organi-
zation for group members’ self-esteem, a shared social iden-
tity is established, which acts as a stress buffer (Haslam,
Jetten, & Waghorn, 2009; Haslam, O’Brien, Jetten, Vormedal,
& Penna, 2005). In addition to the positive effects of the
mere presence of other in-group members, groups can pro-
vide more tangible support to help deal with stress. Social
support has been suggested as a very powerful resource for
coping with stress (Cohen & McKay, 1984), and numerous
empirical studies have found that it indeed attenuates psy-
chophysiological stress reactions (e.g., Ditzen et al., 2008;
Frisch, Hiusser, van Dick, & Mojzisch, 2014; Heinrichs,
Baumgartner, Kirschbaum, & Ehlert, 2003; Kirschbaum,
Klauer, Filipp, & Hellhammer, 1995). Thus, ceteris paribus,
groups are relatively less likely to experience stress as a
result of a particular task-related threat than individuals are.
Hence, when stress is expected to occur during a task, group-
ing should help to reduce individual stress responses. In
other words, the magnitude of this impairment is likely to be
attenuated by working in a group (provided group identifica-
tion and mutual social support are high). This example nicely
illustrates the non-generalizability of group-level effects
from one impairment (sleep deprivation) to another (stress).
Although it might be argued that grouping could also help to
cope with fatigue, no strong theoretical or empirical basis for
this suggestion exists. Whereas the question for sleep depri-
vation is whether grouping helps or hurts in coping with the
impairment, in the case of stress, grouping can influence the
magnitude of the individual-level impairment itself.

The notion that grouping helps when stress is to be
expected, however, has one important qualification to it:
Even though stress is less likely in groups, if it does manage
to occur at comparable levels in both individuals and groups
(e.g., because members do not identify with their group or
the group offers no social support), such stress is likely to be
more harmful in groups than among individuals, due to its
negative effects on performance-relevant social processes.
This argument is based on research showing that stress
impairs abilities required for effective communication and
cooperation (for a review, see Frisch, Hiusser, & Mojzisch,
2015). For example, stress impairs identifying others’ emo-
tions (Smeets, Dziobek, & Wolf, 2009; Tomova, von Dawans,
Heinrichs, Silani, & Lamm, 2014), anticipating decisions of
others and adjusting one’s own decisions accordingly (Leder,
Hausser, & Mojzisch, 2013, 2015), as well as remembering
social information (e.g., attributes of others; Merz, Wolf, &
Hennig, 2010; Takahashi et al., 2004). Such negative effects
of stress on social processes would impair group performance



14

Personality and Social Psychology Review 21(1)

over and above the individual performance deficits due to
reduced cognitive functioning.

In sum, we would expect that grouping helps to reduce
stress and avoid individual-level impairments in the first
place, but when group-based stress reduction is absent,
grouping hurts: Stress is more detrimental to group perfor-
mance than to individual performance. Importantly, the fac-
tors that govern when grouping helps versus hurts are most
likely different for stress (e.g., strength of identification with
the group; level of social support in the group) than for other
impairments like sleep deprivation.

Enhancements: Generadlizing from caffeine to pharmacological
cognitive enhancement. Also as a result of our 24/7 lifestyle
and increased performance demands, society has seen a rise
in the use of what has been termed pharmacological cogni-
tive enhancement (PCE), that is “pharmacological interven-
tions that are intended to improve certain mental functions
and that go beyond currently accepted medical indications”
(Schermer, Bolt, De Jongh, & Olivier, 2009, p. 77). Some
healthy people take psychostimulants (intended as treatment
for attention deficit hyperactivity disorder) like methylpheni-
date (e.g., Ritalin®) and mixed amphetamine salts (e.g.,
Adderall®) or wakefulness-promoting agents (intended as
treatment for narcolepsy) like modafinil (e.g., Provigil®)
with the aim of improving their cognitive performance. Prev-
alence studies and informal polls suggest that such PCEs are
used by students (e.g., Singh, Bard, & Jackson, 2014), by
scientists (Maher, 2008), and by professionals in high-
responsibility jobs such as physicians, airline pilots, and
military personnel (e.g., Franke et al., 2013; also cf. Greely
et al., 2008; Sahakian et al., 2015; Santoni de Sio, Faulmiil-
ler, & Vincent, 2014; M. E. Smith & Farah, 2011).

Similar to caffeine, PCEs can indeed positively influence
individual cognitive functioning, even for those who don’t
suffer from any illness (for reviews, see Battleday & Brem,
2015; Ilieva, Hook, & Farah, 2015; Repantis, Schlattmann,
Laisney, & Heuser, 2010). However, the effects for currently
available substances are not large, they depend on a variety
of moderators, and improvements beyond a certain local
optimum seem not possible (cf. Husain & Mehta, 2011).
PCEs can also influence group-specific aspects of perfor-
mance. Unlike caffeine, though, there is evidence for a direct
influence of PCEs on individual motivation; one study found
that psychostimulants increased the willingness of healthy
individuals to exert effort in a decision-making task (Wardle,
Treadway, Mayo, Zald, & de Wit, 2011). This implies that in
groups, such PCEs could increase motivation gains like
social compensation and reduce motivation losses like social
loafing even in cases where identifiability of individual con-
tributions is low. Similarly—and in this case analogously to
our reasoning on caffeine—the effects PCEs have on indi-
vidual cognition suggest that grouping could also help via
process gains and losses in individual capability, and via pro-
cess losses in coordination. For example, modafinil can

improve reaction time, alertness, and some types of working
memory in (already well-rested) individuals (Miiller,
Steffenhagen, Regenthal, & Bublak, 2004; Turner et al.,
2003). Similarly, methylphenidate can enhance working
memory and planning (Elliott et al., 1997; Mehta et al.,
2000). These findings suggest increased gains in individual
capability, for example, because their increased memory
allows group members to better learn the other members’
input. On the contrary, process losses in individual capability
are less likely, for example, because the group members’
enhanced alertness should make them less sensitive to dis-
tractions. Similarly, coordination losses should be reduced,
for example, because the positive effects PCEs have on reac-
tion time improve fast coordination of movements (at least
for physical tasks). Hence, we might conclude that, for PCEs,
similar to caffeine, grouping helps with regard to motivation,
individual capability, and coordination.

However, there is a crucial difference between PCEs and
caffeine that becomes relevant at the group level. Despite
prevalent off-label use, investigations among the general
public have demonstrated strong negative views of PCEs
(for a review, see Schelle, Faulmiiller, Caviola, & Hewstone,
2014). Although many of the general public’s concerns mir-
ror those raised in the academic debate on such substances
(for overviews, see Bostrom & Sandberg, 2009; Maslen,
Faulmiiller, & Savulescu, 2014), lay judgments might be
tilted in different ways (Caviola, Mannino, Savulescu, &
Faulmiiller, 2014). PCEs are suspected to be more effective
than they actually are (Ilieva, Boland, & Farah, 2013), and
judged as a morally unacceptable way to easily succeed.
Concerns about unfairness loom particularly large in this
context (e.g., Faber, Savulescu, & Douglas, 2015; Santoni de
Sio, Faber, Savulescu, & Vincent, in press). In this “social”
sense, PCE is fundamentally different from caffeine—inde-
pendent of these substances’ actual pharmacological effects.
We suggest that in groups where not all members take PCE
(and where use is not concealed), the negative views on these
substances could lead to substantial process losses in motiva-
tion. Non-users in the group would be likely to overestimate
the efficiency of these “smart pills” and become more prone
to free riding and experience higher subjective dispensabil-
ity. Moreover, because the non-users might see their fellow
“drug taker” group members negatively and even want to
avoid them (cf. Faulmiiller et al., 2013), motivation gains
like social compensation are far less likely.’

In sum, the hypothesis that PCEs, similar to caffeine,
increase performance in groups over and above their effects
on individuals presupposes that none of the group members
hold the prevalent negative opinion on PCEs. Although views
on PCEs, as on other performance enhancements, are subject
to societal change (cf. Maslen, Santoni de Sio, & Faber,
2015), at present this is unlikely. If group members hold nega-
tive views, however, we could expect very different findings
than would arise for caffeine, due to motivational reasons.
Given the current strong negative view of PCEs in the
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general public, motivation losses should outweigh other pro-
cess gains, leading to an overall grouping-hurts effect.

The examples of stress and PCEs illustrate a key aspect of
the GIE framework: We cannot generalize findings from one
impairment or enhancement to another. One individual-level
impairment might not be strongly affected by working in a
group (sleep deprivation), whereas another might be attenu-
ated by social interaction (stress). One individual-level
enhancement might improve a group’s performance over and
above performance of individuals (caffeine), whereas another
under certain conditions might even act as an impairment for
group performance (PCEs). It would go beyond the scope of
this article to address all other individual-level performance
impairments and enhancements that are worth empirical
study in groups (e.g., diet, hunger, naps, physical exercise or
inactivity). However, it stands to reason that their net effects
in groups will vary considerably, and that comparisons—as,
for example, are often drawn between sleep deprivation and
alcohol intake—should be avoided on the group level. What
is needed is for each to be carefully and specifically analyzed
in light of what we know about their effects at the individual
level and likely impact on group-specific aspects of perfor-
mance (as we have attempted here with sleep deprivation and
caffeine), to be followed by programmatic empirical research.

Potential Moderators

The effects individual-level impairments and enhancements
have on performance are probably not uniform across all
groups but are likely to vary with other characteristics. To
illustrate such moderation effects, we focus on three particu-
larly important aspects, namely, task characteristics, group
size, and group diversity.

Task characteristics. In our above analysis, we have focused
on what we have called “typical group tasks,” as an
amorphous—although very large—set of tasks. However, we
want to (re-)emphasize that the specific demands of the task
surely is one of the most crucial moderators of the effects of
grouping (Hackman, 1968, 1969; Steiner, 1972). Skills,
experience, knowledge, individual motives, or interaction
patterns that might be beneficial for high performance in one
task might be irrelevant or even detrimental in another. For
example, whereas exchanging information in a decision-
making group critically depends on working memory, crush-
ing as many rocks as possible in an hour does not. Or whereas
an attempt to present oneself in the best possible light to
other group members can increase contributions in a task
where group members feel competent, it can decrease them
in a task where group members feel insecure (cf. Faber,
Savulescu, & Van Lange, in press).

Task characteristics might also moderate the effects of
performance impairments or enhancements in individuals
and groups. Ideally, future theory and research will be able to
specify these task characteristics. However, we do not

believe that any of the extant task taxonomies (e.g., Hackman
& Morris, 1975; Laughlin & Ellis, 1986; McGrath, 1984;
Shaw, 1963; Steiner, 1972), while very useful for other pur-
poses (cf. Kerr, 2009), yet provide a satisfactory basis for
such a specification.® Hence, rather than directly try to deter-
mine task characteristics as general moderators of the effects
of an impairment or enhancements in group performance, we
suggest it is at present more fruitful to specify how each par-
ticular impairment or enhancement influences performance-
relevant variables and then, as a second step, link these
variables to specific task characteristics. For example,
whether a task depends on face-to-face or virtual communi-
cation between group members is generally considered a
powerful influence factor in group performance (for a review,
see Martins, Gilson, & Maynard, 2004). However, how do
means of communication moderate the influence sleep depri-
vation exerts when working in a group? We have argued that
the effects of sleep deprivation depend on whether or not the
individual group members’ contributions to the joint task are
identifiable. This identifiability, in turn, can depend on the
group’s communication: Identifiability might be higher in a
face-to-face situation, where group members can directly
observe each other, suggesting greater motivation gains in
sleep deprived groups who interact face-to-face. It might just
as well be, however, that identifiability is higher in a virtual
situation where contributions are recorded (e.g., in an email
exchange), suggesting greater motivation gains in sleep
deprived groups who interact virtually. Hence, how the task
characteristic of virtuality moderates the influence of sleep
deprivation on group performance cannot be simply deter-
mined, but only via the performance-relevant variables that
are influenced by the impairment—in this case, identifiabil-
ity of individual contributions. In sum, while we are con-
vinced that task characteristics are a crucial moderator for
grouping in general and can be one for the effects of group-
ing on individual-level impairments and enhancements in
particular, an analysis of such moderation requires case-by-
case consideration of the underlying performance-relevant
variables.

It is worthwhile noting that the characteristics of the task
are also relevant from a methodological perspective. For
complex group tasks, it can be difficult to specify the nomi-
nal group potential as a performance baseline, for example,
for surgery performed by a health care team or for an interde-
pendent intellectual puzzle. Nevertheless, it is possible in
principle to specify such a baseline, and we want again to
caution against trying to draw strong conclusions without
one. Comparing individual performance with and without an
impairment or enhancement provides us with an estimate of
this impairment’s or enhancement’s effect on individual per-
formance. However, it would be misleading to directly com-
pare that effect to an effect we observe in groups with and
without the same impairment or enhancement. The reason is
that the simple act of accumulating group member resources
will have its own effect—above and beyond any distinctive
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effect of the impairment or enhancement on group processes.
Imagine 60% of well-rested individuals can solve some
intellectual, Eureka type puzzle (cf. Steiner, 1972), whereas
only 40% of sleep deprived individuals can—an effect of
20%. Now imagine that 97% of well-rested four-person
groups solve this same puzzle, and 82% of sleep deprived
four-person groups do—an effect of 15%. Does this mean
that sleep deprivation impairs groups less than individuals in
this task? It does not. We would need to first calculate the
probability for a well-rested and for a sleep deprived hypo-
thetical four-person group to solve this puzzle based on the
success rates for individuals, in other words, the nominal
group potential. In such a Eureka task, if at least one group
member knows the correct solution, the group can solve the
puzzle. Using this “truth wins” model (Lorge & Solomon,
1955), we would expect well-rested four-person groups to
solve in 97% of all cases, and sleep deprived groups in 87%.
Hence, while the well-rested groups perform at their poten-
tial (97% vs. 97%), the sleep deprived groups underperform
(82% vs. 87%). So sleep deprivation would actually have
additional detrimental effects in groups compared with indi-
viduals. This conclusion could not be reached unless we
employed nominal group performance as a meaningful base-
line. Indeed, some task characteristics might make it hard to
estimate the nominal group potential, but it is nevertheless
essential to do so.

Taken together, even though we need to be aware that task
characteristics potentially moderate the effects of grouping
on individual-level impairments and enhancements, we
believe that that it will be best to initially focus on tasks that
allow for both a clear isolation of the performance-relevant
variables and a clear determination of the nominal group
potential as a baseline—at least while research on this topic
is still in its infancy.

Group size. For both theoretical and pragmatic reasons, we
recommend first focusing on relatively small groups when
thinking about performance impairments and enhancements
in groups. However, group size is another potential modera-
tor to be aware of.

For sleep deprivation, we have argued that under many
conditions, it impairs group performance over and above
individual performance. Such grouping-hurts effects could
be even more pronounced in large groups. Supported by
research on comparatively small groups (four members; see
Baranski et al., 2007; Hoeksma-van Orden et al., 1998), we
have predicted that sleep deprivation decreases gains and
increases losses in motivation, provided the individual group
members’ contributions to the mutual task are not identifi-
able. Such non-identifiability is more likely in large, com-
pared with smaller, groups. In general, in larger groups,
beneficial control mechanisms get lost and more deindividu-
ation and selfish behavior can be observed (Latané, 1981,
Postmes & Spears, 1998). This implies that grouping should
hurt more in larger sleep deprived groups. Moreover, under

sleep deprivation, individuals have reduced cognitive capac-
ities, for example, to focus their attention (Alhola & Polo-
Kantola, 2007). Hence, they are more likely to get distracted
by the social interaction within the group. A large group
offers more possibilities for such distractions, leaving less
room for gains and increasing the likelihood of losses in indi-
vidual capability. With regard to coordination losses under
sleep deprivation, large groups are more likely to be adversely
affected than smaller groups. For example, in cognitive
tasks, the sleep deprived individuals’ decreased working
memory capacity (Ilkowska & Engle, 2010) makes it harder
for them to simultaneously pay attention to information pro-
vided by their fellow group members and to make their own
potential contributions. The more fellow group members
there are, the more likely such coordination losses happen. In
sum, sleep deprivation is likely to hit larger groups harder
than smaller ones.

For caffeine, the likely effect of varying group size is less
straightforward. For example, we have predicted that via
increased mood, the intake of low to moderate doses of caf-
feine reduces motivation losses. Such motivation losses tend
to be larger in larger groups (Kerr & Bruun, 1983;
Ringelmann, 1913), for various reasons (e.g., reduced identi-
fiability of member contributions in larger groups; more
opportunities to free ride for certain tasks). Hence, if the
attenuating effect of caffeine on motivation loss were large
enough (i.e., more than strong enough to eliminate a small
motivation loss in a small group), the net effect could benefit
larger groups more than smaller ones. With regard to indi-
vidual capability, we have predicted that due to their
enhanced mental capacities, group members who have taken
caffeine can benefit more from their fellow group members’
input to the task. Whenever such potential input is greater in
larger than in smaller groups, there should be greater possi-
bilities for capability gains. Similarly, when group members
have taken caffeine, they should be less negatively affected
by the interaction process itself. Such capability losses are
more likely in large groups, so here, caffeine could play a
larger enhancing role. Similarly, our hypothesized effect of
low to moderate doses of caffeine in reducing coordination
losses in physical tasks should gain more weight when there
is greater potential for such losses—that is, in larger groups.
In sum, although a variety of processes change in larger
groups, “generally for the worse” (Levine & Moreland,
1990, p. 593), for a reasonably wide range of group tasks, the
intake of (low to moderate doses of) caffeine seems likely to
enhance the performance of larger groups more than the per-
formance of smaller groups.

Diversity in group composition. There are two principal types
of diversity in group research (Larson, 2010): surface diver-
sity (e.g., demographic heterogeneity) and deep diversity
(e.g., heterogeneity in knowledge, perspective, or problem-
solving strategies). Generally, reviews of the literature in this
area (e.g., Hiilsheger, Anderson, & Salgado, 2009; Mannix &
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Neale, 2005; van Knippenberg & Schippers, 2007) have
found little consistent evidence for substantial effects of
either type of diversity on group performance. However,
there is another type of diversity that is likely to be very
important for our current focus—how diverse is the exposure
of group members to a particular individual-level impair-
ment or enhancement? In real-world groups, probably both
extremes of this kind of diversity are common: homogeneous
groups (with, for example, all group members arriving sleep
deprived at a very early morning meeting or all group mem-
bers drinking the coffee provided at the office) and diverse
groups (with, for example, levels of sleep deprivation and
caffeine consumption varying widely across group mem-
bers). In our prior discussions on sleep deprivation and caf-
feine, we deliberately restricted ourselves to groups that are
essentially homogeneous in their degree of sleep deprivation
or caffeine ingestion, because we believe that it is—both
theoretically and empirically—appropriate to begin with the
simpler case of homogeneous groups before tackling the
considerably more complex case of heterogeneous groups. It
is beyond the scope of this article to thoroughly explore those
complications, but we do want to acknowledge their impor-
tance and briefly touch on a couple of them.

For the case of impairments, consider a group whose
members are homogeneously sleep deprived. As described
above, we hypothesize that in this case, when the contribu-
tions of individual members are identifiable, motivation
gains occur because group members try to compensate for
the impairment of others. Now imagine a group where only
some members are sleep deprived, and individual contribu-
tions are identifiable. In that case, at least when the non-sleep
deprived members attribute the others’ impairments to an
intentional or avoidable cause (e.g., like staying up late par-
tying) it is possible that the well-rested members would not
be as willing to compensate for the sleep deprivation of oth-
ers. We tend to be reluctant to exert costly effort for others
who could, but are not, performing to their potential (Jackson
& LePine, 2003; Kerr, 1983). In extreme cases, the non-sleep
deprived group members might even want to alter the com-
position of the group by making the diminished capacity of
their fellows apparent. (For further discussion of attributions
in decision-making teams that are heterogeneous in sleep
deprivation, see Barnes & Hollenbeck, 2009.)

For the case of enhancements, consider a group where
some individuals have not consumed caffeine. These indi-
viduals might expect that their fellow group members’ caf-
feine consumption has enhanced their performance and, as a
result, be more prone to try to free ride on these members’
performance. However, such free riding would depend on
the non-caffeine-consumers’ individual contributions not
being identifiable (cf. Harkins & Petty, 1982; Hoeksma-van
Orden et al., 1998), and also be more likely in group tasks
where the efforts of one or a few capable members can insure
successful group performance (e.g., in Eureka tasks, cf.
Steiner, 1972). For such tasks, we expect group members to

more willingly free ride on the efforts of those more capable
members (Kerr, 1983; Kerr & Bruun, 1983). Such diversity
effects, although possible for caffeine, can more confidently
be expected for other enhancements, for example, PCEs (as
we argued above). In the latter case, diversity could even turn
a factor that overall acts as an enhancer in a homogeneous
group to an overall-impairment in a diverse group. These
examples not only show that diversity can act as a crucial
moderator of how individual-level impairments or enhance-
ments affect group performance but also re-illustrate the
non-generalizability of findings from one impairment or
enhancement to another.

The GIE Framework in Empirical Research
Practice

We envision the GIE framework inspiring not only thinking
but also empirical research. To help facilitate this, in the fol-
lowing we offer a more concrete guide on how to conduct
such research. First, we describe how empirical data should
be interpreted to clearly answer the question of how the indi-
vidual-level impairment or enhancement of interest affects
performance when individuals act in groups. Then we present
some brief practical research strategies that can help make
such (admittedly rather laborious) research more feasible.

Interpreting interaction patterns: Does grouping hurt or help? In
what follows, we employ a statistical perspective and discuss
how to interpret the data that an empirical investigation of an
impairment or an enhancement in groups might yield. When
carrying out such research and employing the nominal group
potential as baseline, the hypotheses formulated will in
essence be interaction hypotheses between the two variables
“nominal versus actual group performance” and “impair-
ment/enhancement absent versus present” (cf. Notes 3 and 6
below for examples of such interaction hypotheses). As a
result of such a hypothesis, a variety of interaction patterns
are possible. How can such patterns be interpreted to dis-
cover whether grouping hurts or helps for the impairment or
enhancement of interest?

To answer this question, six means are relevant. Figure 1
shows illustrative examples of prototypical interaction pat-
terns of these means and whether they indicate a grouping-
helps or grouping-hurts pattern.” The first two means are the
level of individuals’ performance when the impairment or
enhancement is absent and the corresponding mean for indi-
vidual performance with the impairment or enhancement pres-
ent. Further needed are the corresponding performance levels
for nominal groups (i.e., the group potential) without the impair-
ment or enhancement and with the impairment or enhancement.
These can be estimated from the individual performance data
and should preserve the same ordering.'° The last two means are
the empirically observed performance of actual groups without
and with the impairment or enhancement. Figure 1 contains
examples where unimpaired or unenhanced groups perform
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Figure 1. Examples for interaction patterns between the variables “nominal versus actual group performance” and “impairment/

enhancement absent versus present.”

at their potential (Plots 1a, 2a, 2¢, 2e¢, 3a, 3c, 3¢, 4a), below
their potential (Plots 1b, 2b, 3b, 4b), and above their poten-
tial (Plots 2d, 2f, 3d, 3f).

Grouping hurts performance if working together in a
group exacerbates an individual-level impairment and, con-
sequently, a nominal group-level impairment (see first col-
umn of Figure 1), or if it attenuates an individual-level (and
nominal group level) enhancement (second column). Such
grouping-hurts interactions can take many forms, depending
on several factors, including the magnitude of the impair-
ment or enhancement, the magnitude of the process gains or
losses induced by the impairment or enhancement, and the
relative level of unimpaired or unenhanced actual group per-
formance and group potential. Importantly, when grouping
hurts in the case of an impairment, the magnitude of the
impairment in nominal groups can only be increased (see
Plots 1a and 1b for two examples of such effects). However,
when grouping hurts an enhancement effect, the magnitude
of the enhancement in nominal groups can remain but be
reduced (Plots 2a, 2b), can be completely eliminated (Plots
2¢, 2d), or can even be reversed (Plots 2e, 2f) in actual
groups. While the plots (i.e., 1a-4b) are not exhaustive, the
pattern categories (i.e., increase, reduction, eclimination,

reversal) are. (We give two plots as illustrative examples for
each category.) Hence, as Figure 1 illustrates, there are over-
all fewer possible categories and, hence, interaction patterns
when grouping hurts impairments than when grouping hurts
enhancements.

Grouping helps performance if working together in a
group attenuates an impairment the group members show on
the individual-level and, hence, the nominal group-level (see
third column of Figure 1), or if it augments an individual-
level (and nominal group-level) enhancement (fourth col-
umn). The examples illustrate that when grouping helps, the
effects of an impairment in nominal groups can be reduced
(see Plots 3a and 3b for two examples), eliminated (Plots 3c,
3d) or reversed (Plots 3e, 3f) in actual groups. When group-
ing helps, however, the effects on an enhancement can only
be increased (Plots 4a, 4b). A mathematical presentation of
the six relevant means and how to interpret their relation can
be found in Table 1.

A note on research strategies. It is evident that group research
is generally rather difficult and requires a lot of resources
(Kerr & Tindale, 2014). Combining this with another area of
research that is difficult and costly (such as experimentally
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Table I. Relevant Means for Analyzing Individual-Level Impairments or Enhancements in Groups and How to Interpret Their
Mathematical Relation.

The six relevant means

Abbreviation Meaning How to determine
Per[l]absent Individual performance with impairment/enhancement absent Observe empirically

Per(l] resent Individual performance with impairment/enhancement present Observe empirically
Per[l\rG]absent Nominal group performance with impairment/enhancement absent Estimate from Per[l]absem
Per[NG]Presem Nominal group performance with impairment/enhancement present Estimate from Per[I]Presem
Per[AG]absent Actual group performance with impairment/enhancement absent Observe empirically

Per[AG] Actual group performance with impairment/enhancement present Observe empirically

present

Observable mathematical relations of these means

Relation Interpretation

Per[I]absent > Per[l]present Impairment. Per[NG]absent > Per[NG] oot
Per[l]absent Per[l]present Enhancement. Per[NG]absent < Per[Né]present
Per[NG]absent — Per[NG] et Per[AG]absent - Per[AG]present Grouping hurts in case of an impairment
Per[NG]absent — Per[NG] resent Per[AG]absent - Per[AG] resent Grouping helps in case of an impairment
Per[NG]Presem - Per[NGfabsent >Per[AG] - Per[AGf])absent Grouping hurts in case of an enhancement
Per[NG]Pre e Per'[NG]absent < Per[AG]Present - Per‘[AG]absent Grouping helps in case of an enhancement

manipulated sleep deprivation or a pharmacological inter-
vention) may be out of sync with the zeitgeist of conducting
and publishing studies at high frequencies. We understand
that (particularly young) researchers might be afraid to fall
behind in the “publication game” when entering into such an
effortful endeavor. However, we wish to encourage such
research—not just as an attempt to reduce cognitive disso-
nance arising from our own career-damaging behavior but
rather because of its high theoretical relevance and public
interest.

It goes beyond the scope of this article to comprehen-
sively discuss research strategies that can help reduce the
effort of adding a grouping manipulation to research on indi-
vidual-level impairments and enhancements. However, we
would like to note that there are some sensible measures one
can take. First, we would recommend that any research pro-
gram should begin with simpler cases, moving onto more
complex questions only after robust and reliable findings can
be demonstrated for those simple cases. This reasoning
underlay our focus when formulating our hypotheses on
sleep deprivation and caffeine—a focus on groups that are
homogeneous in level of sleep deprivation or caffeine intake,
on what we termed typical group tasks, and on relatively
smaller groups. Second, to reduce effort in data collection, it
is possible to employ not only well-controlled experiments
but study designs that make use of natural variations in expo-
sure to the impairment or enhancement of interest (i.e.,
quasi-experiments or correlational field studies; for an exam-
ple with caffeine, see Streufert et al., 1997). In some cases,
within-participants manipulations are also possible (cf.
Baranski et al., 2007; Hoeksma-van Orden et al., 1998).
Third, depending on which form of data collection is chosen
as the most suitable, at the stage of data analysis techniques

could be considered that have recently gained popularity for
studying groups, for example multilevel modeling (Kenny,
Mannetti, Pierro, Livi, & Kashy, 2002; Nezlek, 2008) or
social network analyses (Wolfer, Faber, & Hewstone, 2015).
Using such techniques, a lot of information can be gained
from relatively few data points, especially when naturally
existing group structures are investigated.

The GIE Framework at a Glance

Throughout this article, we have illustrated the GIE frame-
work for analyzing how acting in a group can change the
effects of individual-level performance impairments and
enhancements. To make its key propositions very explicit,
here they are summed up:

e We cannot assume that the effects of a particular
impairment or enhancement at the group level will be
identical to its effects on individual performance. For
example, a factor that consistently impairs perfor-
mance in individuals can be unproblematic when
these individuals act in groups. And a factor that
clearly enhances performance in individuals can even
impair performance in groups. The reason is that such
impairments and enhancements can affect the group-
specific components of performance (i.e., lead to pro-
cess gains or process losses).

e We cannot directly generalize findings on one impair-
ment or enhancement to another, even if they have
comparable effects on the individual level. The reason
is that interpersonal psychological processes that are
specific to a particular impairment or enhancement
can come into play. For example, while one impairment
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(such as fatigue) might not be altered in itself by work-
ing in a group, another (such as stress) might be attenu-
ated by social interaction. And while one enhancement
(such as a cup of coffee) might improve a group’s per-
formance over and above performance in individuals,
another (such as a “smart pill”’) might potentially even
act as an impairment for group performance.

e Methodologically, we recommend systematically ana-
lyzing the effects of the impairment or enhancement
of interest with respect to three group-specific sources
of process gains and losses: motivation, individual
capability, and coordination. We further recommend
using nominal group performance as the baseline with
which to compare the actual groups’ performance, and
caution against trying to draw strong conclusions
without such a baseline. When employing nominal
group performance as baseline, statistical interaction
patterns between the variables “nominal versus actual
group performance” and “impairment/enhancement
absent versus present” will result that can be inter-
preted to answer the question whether grouping hurts
or helps for the impairment or enhancement of interest
(cf. Figure 1 and Table 1).

e Investigating how individual-level impairments and
enhancements affect performance when people act in
groups, we need to be mindful about potential mod-
erator variables (such as the strength of an impair-
ment or enhancement, task characteristics, group
size, and diversity in being impaired or enhanced).
These can alter either the direct effects (i.e., on indi-
vidual-specific components) or indirect effects (i.e.,
on group-specific components) of performance
impairments and enhancements. In empirical research
practice, we recommend first focusing on simple
“default settings” for the group (such as small size),
the performance task (such as a typical task), and the
impairment or enhancement (such as a common dose
of an enhancer).

We hope that our GIE framework can serve as a helpful
model for tackling the question of how individual-level per-
formance impairments and enhancements influence perfor-
mance in groups. Such research would contribute to
knowledge about how impairments and enhancements affect
us in our social, collective activities, not only as isolated
beings. And it could provide empirically grounded advice for
practice on how to promote better group performance in an
era of sleep deprivation and stress, use of caffeine and PCEs,
and other consequences of our 24/7 lifestyle.
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Notes

1. This approach does not avoid all the confusions implicit in
Steiner’s model, though. For example, in a quantitative group
judgment at a purely intellective task (e.g., estimating a room’s
temperature), as long as the correct solution is within the range
of the group members’ individual judgments, there may be
several ways of aggregating these judgments that would arrive
at an errorless solution. But it is not terribly useful to assert
that the potential of all groups facing such tasks is an error-
less performance. Rather, in such cases, one might want to set
up and competitively test several alternative and psychologi-
cally plausible combination schemes (e.g., simple averaging,
median model, using member experience or confidence or
centrality to weigh estimates; cf. Davis, 1996).

2. Following the conceptualization of group performance we
employ (cf. Schulz-Hardt & Brodbeck, 2015), when the nomi-
nal group potential is taken as the baseline, groups cannot show
coordination gains, as the nominal group potential is based on
an optimal combination of individual contributions. Note that
in Steiner’s (1972) conceptualization, group potential is based
on the interacting, rather than the nominal, group and consti-
tutes the upper limit for a group’s performance, not allow-
ing for process gains, as discussed here. In Steiner’s model,
Process Losses = Actual Productivity — Potential Productivity
(for a more in-depth discussion, cf. Baron & Kerr, 2003).

3. Our conceptual hypotheses on sleep deprivation translate to
the following statistical hypotheses, when taking the nominal
group potential as the baseline for performance comparison.
Hypothesis la: a three-way interaction of Sleep Deprivation
(present/absent) x Group (nominal/actual) x Identifiability of
Contributions (low/high). Hypothesis 1b: a two-way interac-
tion of Sleep Deprivation (present/absent) X Group (nomi-
nal/actual), and a three-way interaction of Sleep Deprivation
(present/absent) x Group (nominal/actual) x Awareness of
Impairment (low/high), respectively. Hypothesis 1c: a three-
way interaction of Sleep Deprivation (present/absent) x Group
(nominal/actual) x Potential for Group Monitoring (low/high).

4. Note, however, that mistrust has also been found to lead to
social compensation under certain conditions (Williams &
Karau, 1991).

5. As mentioned in relation to motivation gains, caffeine can
improve mood. Positive mood, in turn, has been suggested to
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promote heuristic information processing (e.g., Park & Banaji,
2000). Even though this might suggest that caffeine could
indirectly reduce gains in individual capability, we think that
the direct effects caffeine has on memory and verbal process-
ing are likely to outweigh such indirect effects on individual
capability.

6. Ourconceptual hypotheses on caffeine translate to the following
statistical hypotheses, when taking the nominal group poten-
tial as the baseline for performance comparison. Hypothesis
2a: a two-way interaction of Dose of Caffeine (none/low or
medium/high) x Group (nominal/actual), mediated by mood.
Hypothesis 2b: a two-way interaction of Caffeine (yes/no) x
Group (nominal/actual). Hypothesis 2c: a two-way interac-
tion of Dose of Caffeine (none/low or medium/high) x Group
(nominal/actual).

7. These motivation losses might be somewhat attenuated if
the non-using group members perceive other members’ use
of pharmacological cognitive enhancements (PCEs) less as
an illegitimate attempt to “boost smartness,” and more as an
acceptable attempt to compensate for an impairment of nor-
mal functioning (Cabrera, Fitz, & Reiner, 2014) or to increase
work motivation (Faber, Douglas, Heise, & Hewstone, 2015).

8. Barnes and Hollenbeck (2009) suggested a taxonomy that
combines McGrath’s (1984) distinction between problem-
solving and choice tasks with Laughlin and Ellis’s (1986) task
demonstrability. We agree with Barnes and Hollenbeck’s sug-
gestion that the reliance on divergent/prefrontal reasoning may
be crucial for the effects of sleep deprivation, but we do not
see a strong association between this factor and Barnes and
Hollenbeck’s taxonomy (e.g., one can easily think of tasks in
each category that do and do not depend heavily on prefron-
tal cortex functioning). Moreover, there are several variables
that act as individual-level impairments and enhancements,
which affect neuro-cognitive functions differently from sleep
deprivation—variables we are interested in in our general
framework.

9. Note that with using the grouping helps versus grouping hurts
terminology throughout this article, we laid our conceptual
focus on group as the moderator, that is, on the question how
acting in a group versus acting as an individual moderates
the effect an impairment or an enhancement has on perfor-
mance. From a statistical viewpoint, we propose interaction
effects between impairment/enhancement (absent vs. pres-
ent) and group (nominal vs. actual). Such an interaction could
also be decomposed with a conceptual focus on impairment/
enhancement as the moderator, that is, on the question how the
presence versus absence of this impairment or enhancement
moderates affects process gains and process losses. It is up to
the researcher which focus to choose and the interaction pat-
terns presented in Figure 1 can be read both ways.

10. This consistency between individual performance and nomi-
nal group performance is assumed in the following analyses of
interaction patterns and in Table 1. Exceptions to this assump-
tion are conceivable, but probably uncommon.
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