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Abstract
Few studies have examined underlying mechanisms linking social behavior, motivated behavior, and
reward and punishment systems. The current study was designed to investigate these mechanisms by examining responses to both rewarding and punishing non-social stimuli in shy and non-shy adults. Ninety-three
participants, comprising three social behavior groups (Shy, Non-shy, Control) completed the Monetary
Incentive Delay task. Consistent with previous research, all participants were sensitive to incentive manipulations. There were also signiﬁcant individual diﬀerences in response. Non-shy participants demonstrated
sensitivity to both reward and punishment stimuli, and behavior indicative of high levels of arousal in
approach motivation. Shy individuals demonstrated a large discrepancy in sensitivity to reward compared
to punishment, with this discrepancy being driven by enhanced sensitivity to reward. Their behavior suggested conﬂict generated by increased arousal in both approach and withdrawal motivation systems. Current ﬁndings contribute to theoretical accounts of relations between social behavior and behavior
modulated by reward and punishment. These ﬁndings carry implications for the study of psychopathology
and neuroimaging research designed to examine relationships between social behavior, motivated behavior,
and underlying reward and punishment systems.
 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
Converging evidence from many disciplines suggests relations between social behavior and
behavior modulation by reward or punishment. While diﬀerent terminology is used across disciplines to describe individuals who exhibit individual diﬀerences in social behavior (i.e., extraversion or exuberance versus introversion, shyness, or social anxiety), these individuals generally
demonstrate diﬀerent patterns of sensitivity to potentially rewarding or punishing stimuli. Personality theories suggest that socially outgoing individuals (extraverts) and socially withdrawn individuals (introverts) diﬀer in conditionability and reward sensitivity, reﬂecting reward dependence
eﬀects on social behavior (Cloninger, 1987; Eysenck, 1967; Gray, 1970). Reward expectancy is
typically high in extraverts and low in introverts, while individuals scoring high in Neuroticism
manifest anxiety and sensitivity to punishment (Zuckerman, 1991; Zuckerman, Joireman, Kraft,
& Kuhlman, 1999).
Behavioral studies demonstrate that introverts and extraverts diﬀer in response to appetitive
compared to aversive stimuli (Corr, 2004). For example, extraverts and introverts demonstrate
diﬀerent patterns of responsivity in the contexts of reward compared to punishment (Nichols &
Newman, 1986; Patterson, Kosson, & Newman, 1987). Individuals with social anxiety show both
attention and memory biases for threatening, potentially punishing stimuli, particularly when
stimuli are social in nature (Monk & Pine, 2004). Similarly, extraverts show biased attention
toward rewarding stimuli, while introverts show biases toward punishing stimuli (Derryberry,
1987; Derryberry & Reed, 1994).
Cognitive neuroscience research implicates a number of neural structures that overlap in processing socially relevant, and potentially rewarding and/or punishing stimuli. Human neuroimaging, lesion, and animal studies recognize the amygdala (Baxter & Murray, 2002), ventromedial
cortex (Adolphs, 1999), orbitofrontal cortex (Kringelbach & Rolls, 2004), and ventral striatum
(Ernst et al., 2004; Knutson, Adams, Fong, & Hommer, 2001; Robbins & Everitt, 1996) as playing
roles in processing both reward and social stimuli, and generating behavior in response to these
stimuli.
Most neural structures implicated in processing both socially relevant and potentially rewarding or punishing stimuli are likewise implicated in models of neural systems regulating approach
or withdrawal motivated behavior in response to appetitive or aversive stimuli (Davidson,
Jackson, & Kalin, 2000). The presentation of salient appetitive or aversive stimuli modulate activation of these systems, which subsequently results in approach or withdrawal motivated behavior
(Lang, Bradley, & Cuthbert, 1998). Appetitive stimuli will activate approach motivation systems
and facilitate approach behavior, whereas aversive stimuli will activate withdrawal motivation
systems and facilitate withdrawal behavior. Anxiety and inhibited behavior occur when conﬂict
exists between motivational incentive (i.e., appetitive or aversive) of salient stimuli and behavioral
output (i.e., approach or withdrawal) required by the stimuli (McNaughton & Corr, 2004). For
example, a stimulus that is interpreted as potentially punishing/threatening (thus energizing the
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withdrawal system) but requiring an approach behavior, will result in anxiety and delayed
response.
Despite the wealth of evidence indicating relations among social behavior, motivated behavior,
and reward or punishment systems, few studies examine mechanisms underlying these relationships. Previous work has focused selectively on the role of reward in extraverted, outgoing, exuberant social behavior, or on the role of punishment in introverted, withdrawn, shy social
behavior. Most studies designed to examine neural correlates of reward in social behavior have
selectively utilized socially relevant stimuli, preventing ﬁndings from being interpreted in terms
of more general reward processes. The aim of the current study was to begin ﬁlling these gaps
by examining response to both rewarding and punishing non-social stimuli in socially shy, anxious
and non-shy, non-anxious individuals.
The present study utilizes the Monetary Incentive Delay (MID) task to probe reward processing systems. The task is modeled after similar work with non-human primates (Schultz, Apicella,
Scarnati, & Ljungberg, 1992; Schultz, Dayan, & Montague, 1997) and has been used in a number
of human neuroimaging studies (Knutson et al., 2001; Knutson, Fong, Bennett, Adams, & Hommer, 2003). These studies provide a distinct advantage for the present work, as inferences about
neural reward systems can be made from performance characteristics. Levels of activation in the
approach or withdrawal systems are indexed by reaction time. In this task, both potentially
rewarding and potentially punishing stimuli need to be rapidly approached by button press to
obtain a positive outcome.
Based on theoretical and empirical work demonstrating high reward sensitivity in socially outgoing, non-anxious individuals, and high punishment sensitivity in socially withdrawn, anxious
individuals, we hypothesized that: (1) As a result of high arousal in response to salient stimuli,
shy individuals will show short latencies to potential reward. Because the task paradigm creates
an approach–withdrawal conﬂict for shy individuals by requiring an approach behavior toward
a negatively laden stimulus, shy individuals will show a longer latency to potential punishment.
Thus, a substantial diﬀerence in latency between reward and punishment conditions will exist
for shy individuals; (2) As a result of high arousal in approach motivation systems, non-shy individuals will show short latencies (relative to no-incentive) to both potential reward and potential
punishment.

2. Methods
2.1. Participants
Participants were 93 (M = 22.3 years, SD = 4.8 years) students at the University of Maryland.
Sixty-ﬁve (69.9%) participants were female. The study was approved by the University of Maryland Institutional Review Board, and all participants enrolled on a voluntary basis. Prior to
participation, each subject met with a research assistant who provided a study description and
conducted informed consent. Compensation was provided as class research credit. To increase
motivation during the MID task, participants were informed that the top three money winners
would receive an additional $20 compensation.
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2.2. Procedures
Participants were asked to complete self-report questionnaires and perform the 15 min computer-based MID task. Participants took part in a training and practice session prior to data collection in a quiet lab room on a laptop computer. Participants then completed two 54 trial runs of
the MID task. Following the task, participants completed a series of self-report personality
assessments.
2.3. Measures
2.3.1. MID task
We used a non-parameterized version of the MID task developed by Knutson et al. (2003). The
MID task is a reaction time task, in which participants are required to make a button press during
the presentation of a speciﬁc target. Motivational contingency (potential reward, potential punishment, or no potential incentive) is manipulated by presenting a cue before target onset. Cues
signal the potential for reward ($1 gain), punishment ($1 loss), or no incentive. If the participant
succeeds in making a button press during the short time the target is presented, they either receive
reward (win money) or avoid punishment (lose money).
The MID task consists of two runs of 54 six-second trials. Each trial consists of one of three
possible cues (Cue; 250 ms duration). Cues are followed by a cross-hair ﬁxation point for a variable length of time (Anticipation Period; duration 2000–2500 ms). A solid white square is then
presented (Target; duration 160–260 ms). Participants respond to the Target by pressing the
spacebar on a computer keyboard. Trial feedback is then presented (Feedback; 1650 ms duration). Feedback informs participants: (1) if they win or lose money based on their preceding
response; (2) how much total money they have accumulated to that point in the task. A successful
trial (Hit) means the participant is fast enough to respond while the Target is on the computer
screen. An unsuccessful trial (Miss) means the participant is not fast enough to respond while
the Target is on the computer screen. All task symbols (Cue, Target, Feedback) are presented
in the center of the computer screen.
Cues signal three incentive conditions: circles signify potential reward (Reward condition);
squares signify potential punishment (Punishment condition); and triangles signify no potential
monetary outcome (No-Incentive condition). Each run includes 18 trials of each condition, and
trials are randomly ordered. Participants receive $1 for a Hit following a Reward cue, lose $1
for a Miss following a Punishment cue, and neither win nor lose money for a Hit or a Miss
following a No-Incentive cue.
Two behavioral dependent variables reﬂect performance. Accuracy rate (Accuracy) is the percent of trials for which a Hit is recorded. Response reaction time (RT) is the length of time between
onset of Target and participant button press. Because of the continuous nature of response reaction time (compared to the dichotomous nature of Hit/Miss accuracy score), RT scores are more
sensitive measures of motivation than accuracy rate.
2.3.2. Revised Cheek and Buss Shyness and Sociability Scales (RCBSS)
The CBSS (Cheek & Buss, 1981) is an 18 item self-report questionnaire assessing shy and social
behavior. Shyness is measured using the 13-item Revised Cheek and Buss Shyness Scale (Cheek,
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1983). A sample item includes ‘‘I ﬁnd it hard to talk to strangers.’’ Sociability is assessed using the
5-item Cheek and Buss Sociability Scale (Cheek & Buss, 1981). A sample item includes ‘‘I like to
be with people.’’ Items are rated on a 5-point scale from 0 (not at all characteristic) to 4 (extremely
characteristic). Reliability and validity data for both scales have been previously reported (Leary,
1991).
2.3.3. Eysenck Personality Questionnaire—Revised Short Form (EPQ-RS)
The EPQ-RS (Eysenck & Eysenck, 1991) is a 48 item forced choice (true/false) personality questionnaire assessing three personality dimensions: Extraversion, Neuroticism, and Psychoticism.
A sample Extraversion dimension item includes ‘‘Do you usually take the initiative in making
new friends?’’ A sample Neuroticism dimension item includes ‘‘Do you worry too long after an
embarrassing experience?’’.
2.3.4. Adult Temperament Questionnaire—Short Form (ATQ)
The ATQ-short form (Rothbart, Ahadi, & Evans, 2000) consists of 77 items assessing a self-report based model of temperament. Five general factors are assessed, including: eﬀortful control,
negative aﬀect, extraversion/surgency, and orienting sensitivity. Items from all factors are rated
on a scale from 1 (extremely untrue) to 7 (extremely true). Validity data have been reported elsewhere (Rothbart et al., 2000).
2.4. Social behavior classiﬁcation
A social behavior composite score was constructed from the self-report personality assessments.
Because we were particularly interested in withdrawn social behavior that coincides with high anxiety and/or high perceived social threat (as opposed to the non-anxious desire to be in solitary,
non-social environments), social composite scores included factors reﬂecting worry and anxiety.
Social composite scores were not calculated for nine participants because of incomplete self-report
data. To construct the social composite scores, six factors were selected from the three original
self-report personality assessments. These included: Shyness and Sociability from the RCBSS;
Extraversion and Neuroticism from the EPQ-RS; and Sociability and Fear from the ATQ. These
factors were included because of theoretical and empirically based relationships with social behavior (Cheek & Buss, 1981; Rothbart et al., 2000; Turner, Johnson, Beidel, Heiser, & Lydiard, 2003),
and the ecologically valid nature of individual items constituting each factor. The Neuroticism
factor from the EPQ-RS and Fear factor from the ATQ were included because they relate to anxiety, worry, and mood and anxiety disorders (Clark & Watson, 1991; Heiser, Turner, & Beidel,
2003; Zuckerman, Kuhlman, Joireman, & Teta, 1993).
Raw scores from each factor contributing to the composite score were z-normalized. Resulting
factor z-scores were summed to form the ﬁnal social composite score (CBSS Sociability, EPQ-RS
Extraversion, and ATQ Sociability contributed negatively to total composite score). Composite
scores ranged from 6.88 to +12.45 (M = .141, SD = 3.39). Greater positive scores reﬂected
more self-reported shyness and anxiety, while greater negative scores reﬂected more self-reported
social exuberance and low anxiety. A relationship with shy, withdrawn social behavior was conﬁrmed by signiﬁcant correlations between the Shyness factor from the CBSS and the remaining
ﬁve factors comprising the social behavior composite score (Table 1).
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Table 1
Correlations between self-report personality factors comprising social behavior composite score
Measure
Extraversion
Neuroticism
ATQ fear
ATQ sociability
Sociability
*
**

Shyness
**

.43
+.45**
+.37**
.27*
.36**

Sociability
**

+.55
.03
.11
+.54**

ATQ Sociability
+.50
+.01
+.01

**

ATQ Fear
.15
+.56**

Neuroticism
.20

p < .05.
p < .001.

Table 2
Mean social behavior composite and self-report scores by social behavior group
Measure

Social grouping
Shy

Shyness composite
CBSS Shyness
CBSS Sociability
EPQ-RS Extraversion
EPQ-RS Neuroticism
ATQ Fear
ATQ Sociability
**

**

3.61
20.91**
12.55**
19.76**
19.94**
4.53**
5.19

Non-shy

Control

3.40
8.75
17.07
23.29
14.64
3.22
5.61

.61
14.25
15.44
22.22
16.89
3.92
5.78

p < .001.

Three groups were formed from the social composite scores. A high shy, anxious group (Shy)
was comprised of participants whose social composite scores fell in approximately the highest 33%
of all scores. A socially outgoing, low anxiety group (Non-shy) was comprised of participants
whose social composite scores fell in approximately the lowest 33% of all scores. The remaining
33% of participants formed a control group (Control), as they did not report extreme shy or
exuberant behavior (Table 2).

3. Results
3.1. Reaction time
A repeated-measures analysis of variance (ANOVA) on reaction time, with group (Shy, Nonshy, Control) as the between-subjects factor, and condition (Reward, Punishment, Neutral) as the
within-subjects factor, revealed a main eﬀect of condition, F(2, 162) = 16.7, p < .001 (Fig. 1). Subjects responded fastest during Reward condition trials (mean RT: Reward = 236.03 ms), slower
during Punishment condition trials (mean RT: Threat = 242.74 ms) and slowest during NoIncentive trials (mean RT: No-Incentive = 247.80) (Table 3).
In addition, the Condition · Group interaction was statistically signiﬁcant, F(4,162) = 2.52,
p < .05 (Fig. 1), reﬂecting a diﬀerent modulation of RT among groups as a function of condition.
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Fig. 1. Mean RT (ms) for social behavior group (shy, Non-shy, Control) by MID condition (Reward, Punishment,
No-incentive).

Table 3
MID task RT descriptive data by contingency condition
Group

Mean (SD) reaction time (ms) by contingency condition
Total

Overall (n = 84)
Non-shy (n = 28)
Control (n = 27)
Shy (n = 29)

242.46
235.04
245.33
245.75

(20.29)
(25.73)
(13.12)
(19.24)

Reward

Punishment

No incentive

236.86
232.28
240.91
234.90

242.80
233.62
244.90
249.69

249.10
239.23
250.19
253.99

(24.97)
(29.53)
(13.68)
(27.49)

(24.19)
(29.40)
(16.81)
(21.44)

(20.44)
(27.20)
(14.76)
(16.12)

As illustrated in Fig. 2, the Shy group showed the strongest modulation by contingencies, particularly for reward trials, with the largest diﬀerences in RT between Reward and Punishment conditions. The Non-shy group showed the smallest modulation by contingencies (i.e., smallest RT
diﬀerence between the Reward and Punishment condition). This group diﬀerence in RT between
Reward and Punishment conditions was statistically signiﬁcant among the three groups,
F(2, 81) = 3.36, p < .05, and between Shy and Non-shy, F(1,55) = 2.20, p < .05. Further examination of these data, using the individual No-Incentive condition as a baseline, showed that, compared to the Control and Non-shy groups, the Shy group was particularly fast during the Reward
condition, F(2, 81) = 3.63, p < .05, and RT did not diﬀer signiﬁcantly among the three groups
during the Punishment condition, F(2, 81) = .05, p = ns (Fig. 2).
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Fig. 2. Mean RT diﬀerences (ms) for social behavior group (Shy, Non-shy, Control) by MID condition diﬀerences
(Reward–Punishment, Punishment–No-Incentive, Reward–No-Incentive).

3.2. Accuracy
Analyses of group diﬀerences in accuracy during the MID task revealed a main eﬀect of condition, F(2, 162) = 9.77, p < .001 (Fig. 3), indicating participants were most accurate during Punishment condition (mean accuracy 66.4%), less accurate during Reward condition (mean accuracy
64.6%), and least accurate during No-Incentive condition (mean accuracy 58.1%). There was no
interaction between Group and Condition.

4. Discussion
Overall, our data showed that the MID performance was sensitive to contingencies in all
three groups. A faster response to obtain a reward ($1) or to prevent a loss ($1) reﬂects
enhanced vigilance energized by higher levels of motivation. Accuracy of performance was
improved by contingencies, but the dichotomous nature of this variable, together with individual
variability, reduced the power to detect signiﬁcant group diﬀerences, and group by condition
interactions.
With respect to reaction time, ﬁndings were consistent with predictions. Non-shy individuals demonstrated sensitivity to potential incentive by adapting their behavior to eﬀectively both
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Fig. 3. Mean accuracy rate (%) for social groups (Shy, Non-shy, Control) by MID condition (Reward, Punishment,
No-Incentive).

obtain reward and avoid punishment. Speciﬁcally, Reward and Punishment conditions in the
Non-shy group elicited similarly enhanced performance relative to No-Incentive condition. The
Non-shy group was also faster in the No-Incentive condition compared to the Shy and Control
groups. Given the approach oriented nature of the MID task, and previous ﬁndings demonstrating activity in neural substrates of the reward system during the task, these ﬁndings suggest an
overactive approach motivation system in this population that is either poorly modulated by contingencies, or functioning at a ceiling level. Non-shy individuals diﬀered signiﬁcantly from the shy
individuals in their response to Punishment cues rather than Reward cues. This is consistent with
previous work demonstrating shorter latencies following punishment in extraverted compared to
introverted (shy-like) subjects, when the potential for both reward and punishment are present
(Nichols & Newman, 1986; Patterson et al., 1987).
Shy individuals showed a large discrepancy between response to reward and response to punishment, as indexed by a signiﬁcant reaction time diﬀerence between the two conditions. This discrepancy resulted from enhanced sensitivity to potential reward (shortest reaction time during
Reward condition) rather than sensitivity to potential punishment (only slight reduction of reaction time during Punishment than during No-Incentive condition). Given prior data linking shyness to responses to socially rewarding stimuli (Davidson, Marshall, Tomarken, & Henriques,
2000), the current and previous data suggest that various forms of rewards may be particularly
powerful modiﬁers of behavior in shy individuals.
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In the Punishment condition for our paradigm, subjects needed to approach stimuli signaling
potential punishment in order to avoid the negative outcome. We hypothesized that shy individuals experience conﬂict from their predisposition to withdraw from negatively valenced stimuli,
coupled with task demands requiring approach behavior (press button) to avoid negative consequences. Accordingly, we expected reaction time for the Shy group, but not other groups, to be
slower during the Punishment compared to the Reward condition. Whereas performance scores
are consistent with this idea, this interpretation remains speculative and cannot be clearly tested
in the present paradigm. However, given that imaging data are available for the current task, we
chose to begin our studies with the established MID task. Overall, the shy group showed a unique
pattern of response to contingencies, characterized by a substantial discrepancy in strength of approach behavior in response to positive cues vs. negative cues, and a strong modulation of behavior by positive reinforcers.
This pattern of responses in shy individuals is consistent with proposals of an approach–withdrawal conﬂict in the social domain. It has been suggested that shy individuals exhibit normal
motivation to approach and engage socially with others, while simultaneously ﬁnding themselves
too fearful and withdrawal motivated to actually do so (Asendorpf, 1990; Cheek & Buss, 1981;
Neal & Edelmann, 2003). In a consistent line of study, Schmidt and Fox (1994) reported patterns
of electrophysiological and autonomic arousal in shy and sociable individuals just prior to a social
encounter that support the idea of an approach–withdrawal conﬂict. While our current ﬁndings
are consistent with these previous reports, they suggest that this conﬂict for shy individuals
may not be speciﬁc to social contexts, and may generalize to less context speciﬁc types of rewarding or punishing stimuli.
These data may also carry implications for research on psychopathology. Considerable data
document an association between perturbed reward-system function in the form of major depression, and perturbed regulation of anxiety in the form of extreme shyness. This includes data from
both longitudinal and family-genetic studies documenting associations between social phobia and
major depression (Lieb, Isensee, Hoﬂer, Pﬁster, & Wittchen, 2002; Stein et al., 2001), as well as
data from brain imaging studies implicating perturbed dopamine function speciﬁcally in both
social phobia and major depression (Drevets, 2001; Drevets et al., 2001; Schneier et al., 2000).
The current data provide some of the ﬁrst evidence to suggest that extreme shyness is associated
with perturbed reward system function, as assessed using a task previously shown to engage relevant underlying neural circuitry.
Our ﬁndings extend theoretical accounts of personality that discuss outgoing social behavior
only in terms of reward reactivity, and shy, anxious social behavior only in terms of punishment
reactivity. Our ﬁndings suggest diﬀerences in the function or modulation of reward systems in shy
and non-shy individuals, which can be tested using functional neuroimaging tools. Because of an
increased sensitivity to potential reward in the shy and non-shy groups, a disproportionate
involvement of the ventral striatum might be anticipated. The ventral striatum has been associated
with reward processing (Di Chiara, 2002) and therefore may be an area where both non-shy and
shy individuals demonstrate diﬀerences during the processing of potential reward. Additionally,
the amygdala has been particularly implicated in the processing of both potentially aversive stimuli and socially relevant stimuli (Adolphs, 1999), and in stimulus-value associative learning
(Baxter & Murray, 2002). These roles suggest that the amygdala may be an area of functional
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divergence between non-shy and shy individuals during the processing of potential punishment, as
well as, the processing of potential reward.
Results of the current study should be considered in light of some limitations. The sample for
this study consisted of undergraduate university students that were not screened for psychiatric
disorders. Given the nature of our social composite score, it is possible that cases of social anxiety
or other anxiety disorders were included in the shy group. Additionally, this study did not have an
objective measure of social behavior, such as those reported in previous studies (for example,
Davidson, Marshall, et al., 2000). Future studies exploring the relationship between social behavior and motivation processes would beneﬁt from inclusion of psychiatric assessment by psychiatric interview, and objective measures conﬁrming participant social behavior.
The current study serves as a valuable starting point for future research on the relationship between general motivation systems, and social behavior. Because the behavioral task employed in
this study was initially developed for use in neuroimaging environments, the current ﬁndings can
provide very useful guidance for future neuroimaging studies designed to explore neurophysiology
involved in processing socially relevant stimuli and production of social behavior, and interaction
with reward systems.
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