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Abstract

The decoding of nonverbal behavior is thought to be influenced by both bottom-up automatic
perceptual and top-down higher order cognitive processes. In this study, we aimed to provide
initial evidence for the association between response time and accuracy, as a first step toward
understanding how such processes may operate. To that end, 145 individuals (66 female;
Mage = 32.18) were presented 80 videos of amateur tennis players’ nonverbal behavior di-
rectly after the rally. After each video, the participants were asked to estimate whether the
previous point was won or lost. The results showed that the response time was about a half
second faster for correct (M = 3,052.78 ms, SD = 840) than for incorrect (M = 3,567.77 ms,
SD = 1,048.15) responses. These findings provide first evidence that faster responses are
related to greater accuracy, suggesting that efficient, possibly more intuitive processes may

facilitate decoding in this context.
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The belief that athletes’ nonverbal behavior may
provide insights into their underlying internal
states has led to an increasing interest in studying
both their encoding and decoding processes
(Furley & Schweizer, 2020). Encoding processes
refer to the way individuals express internal
states through nonverbal means, while decoding
processes refer to how other individuals make
sense of these nonverbal cues (Furley, 2021).
Considering the effects athletes’ nonverbal be-
havior can have on those around them (Fritsch,
Redlich, et al., 2022), a better understanding of
the underlying psychological processes is war-
ranted from both a theoretical and an applied per-
spective (Furley, 2021).

In the present study, the focus is on tennis play-
ers’ nonverbal behavior immediately following
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the end of a rally, commonly referred to as post-
performance nonverbal behavior (Fritsch, 2024).
For this kind of behavior, it seems useful to draw
on appraisal approaches of emotions, which posit
that affective processes emerge from an individ-
ual’s interpretation of a per- sonally relevant sit-
uation (e.g., Scherer, 2013). This theoretical as-
sumption can account for both inter- and intrain-
dividual dif- ferences in affective responses to
similar situations (Scherer & Moors, 2019).
While appraisal approaches of emotions high-
light the idiosyncratic nature of appraisal pro-
cesses, meta-analytical evidence shows that situ-
ations appraised as inconducive to one’s goals
are typically linked to negative affective states,
whereas goal-conducive situations are typically
linked to positive affec- tive states (Yeo & Ong,
2024). Applied to the end of rally in tennis, a won
point can be appraised as goal conducive, thereby
eliciting positive affective responses, whereas a
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lost point is appraised as goal obstructive, elicit-
ing negative affective re- sponses (Jekauc et al.,
2021). Thus, while it is important to
acknowledge that postperformance nonverbal
behavior may also convey information about
other psychological states than affect (Fridlund,
1994), these appraisal processes suggest that
post- performance nonverbal is strongly associ-
ated with affective processes (Fritsch, 2024).
This association may, in turn, influence the de-
coding processes of postperformance nonverbal
behavior (Furley, 2021).

In the present study, we specifically focus on the
response time as a behavioral indicator of the un-
derlying decoding processes of postperformance
nonverbal behavior, as this is a commonly used
measure in cognitive psychology to distinguish
more automatic and controlled forms of infor-
mation processing (Logan, 1988; Schneider &
Shiffrin, 1977). While appraisal approaches of
emo- tions suggest an inherent link between ath-
letes’ postperformance nonverbal behavior and
affective processes (Jekauc et al., 2021), the bi-
ocultural framework of nonverbal behavior
(Furley, 2021) offers a suitable perspective for
understanding the decoding me- chanisms. This
framework posits that both bottom-up automatic
perceptual and higher order top-down cognitive
processes influence the decoding of nonverbal
behavior (Furley, 2021). This reasoning also
aligns with the dynamic interactive theory of per-
sonal construal, which emphasizes how the inter-
action between lower level sensory perception
and higher order social cognition processes dy-
namically shape the perception of other’s behav-
ior (Freeman & Ambady, 2011).

Given the fundamental role that nonverbal be-
havior plays in social interactions, enhancing the
understanding of its decoding processes is crucial
not only from a theoretical perspective but also
from an applied one. Considering the impact that
observing an opponent’s or teammate’s specific
behavior can have on an individual (for a review,
see Furley, 2021), athletes might adopt strategies
that specifically target either automatic percep-
tual or higher order cognitive processes. For in-
stance, if the rapid, relatively automatic decoding
of an opponent’s nonverbal behavior (e.g., a

dominant gesture) undermines an athlete’s self-
confidence, attentional control strategies—such
as deliberately redirecting focus toward task-rel-
evant cues (e.g., the ball or tactical position-
ing)—may help to reduce the influence of these
automatic percep- tual processes. Conversely, in
situations where the nonverbal behavior is more
ambiguous, athletes may benefit from strategies
that engage higher order cognitive processes,
such as reappraising the meaning of an oppo-
nent’s behavior in light of contextual infor-
mation.

In line with the biocultural framework of nonver-
bal behavior, it has been proposed that the rela-
tive influence of automatic perceptual and higher
order cognitive processes depends on the type of
nonverbal behavior (Furley, 2021). In this regard,
response time is considered a reliable behavioral
indicator to provide indirect insights into decod-
ing processes, with faster responses sometimes
interpreted as reflecting more automatic percep-
tual processing (e.g., Cardoso et al., 2021; Logan,
1988; Schneider & Shiffrin, 1977). This rationale
is consistent with findings that accuracy tends to
be high and response times fast in perceptual
judgment tasks with strong stimulus signals
(Palmer et al., 2005). Hence, the investigation of
response times in association with response accu-
racy offers potential to provide the first empirical
test of important tenets of biocultural theorizing
of nonverbal behavior in sports (Furley, 2021).

There is growing evidence on nonverbal behav-
ior in sports showing that athletes reveal infor-
mation through their nonverbal behavior, which
others can detect with a relatively high degree of
accuracy (for a review, see Furley, 2021). Focus-
ing on the post- performance nonverbal behavior,
one line of studies has shown short video ex-
cerpts of tennis players’ nonverbal behavior
imme- diately after the end of rally to participants
and asked them to estimate whether the player
just won or lost a point (Fritsch, Preine, Jekauc,
2022; Fritsch et al., 2023). The results have
shown, among other findings, that lost points are
easier to recognize than won points. This finding
aligns with the negativity bias, a well-estab-
lished psychological phenomenon that holds that
events harmful to one’s well-being and/or goals
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have a stronger impact on mental states than
events that are beneficial (Baumeister et al.,
2001; Rozin & Royzman, 2001).

The Present Research

Previous research has primarily focused on how
variations in the stimulus material (e.g., winning
vs. losing situations) influence recognition accu-
racy of postperformance nonverbal behavior
(e.g., Fritsch, Preine, Jekauc, 2022). Notably,
recognition accuracy depends not only on how
athletes encode nonverbal behavior but also on
how observers decode it (Furley, 2021). Theoret-
ical accounts suggest that decoding is shaped by
both bottom-up automatic perceptual processes
and higher order top-down cognitive processes
(Freeman & Ambady, 2011; Furley, 2021),
which, however, has not yet been systematically
examined yet. For this reason, the present study
focuses on response time as a behavioral indica-
tor that may provide insights into the decoding of
nonverbal behavior, based on the theoretical con-
siderations outlined above (Furley, 2021). Faster
response times may, under certain condi- tions,
reflect more automatic perceptual processes
(Cardoso et al., 2021; Logan, 1988; Schneider &
Shiffrin, 1977), consistent with theoretical as-
sumptions in the literature (e.g., Furley, 2021;
Zebrowitz & Collins, 1997). Based on this rea-
soning, we hypothesized that response times
would be shorter for correct than for incorrect re-
sponses when participants inferred whether a
point was won or lost after brief observations of
a player’s nonverbal behavior. In addition, we
exploratively examined whether the association
between response time and accuracy might vary
as a function of situation type (i.e., point won vs.
lost) or participant gender.

Methods
Participants

Apart from participants having to be at least 18
years of age, there were no inclusion criteria for
the study. The power analysis was conducted
with G*Power 3.1 for a paired-sample t test.
Conserva- tively assuming a small effect of d =
0.25, power of 0.80, and an alpha error of .05, the

calculation resulted in a sample of at least 101
participants. Individuals were directly ap-
proached through per- sonal contacts and invited
to participate in the study. In addition, they were
recruited following the snowball sampling prin-
ciple, meaning that initial participants were asked
to recommend further individuals from their per-
sonal networks who might also be willing to take
part. There was no reward for the participation in
the study. A total of 145 individuals (66 female)
with a mean age of 32.18 (standard deviation
[SD] = 13.94) years agreed to participate in the
study. Ethical approval was granted by the
ethic’s committee of Karlsruhe Institute of Tech-
nology. The video filming and editing as well as
the recruiting of the participants took place at the
Karlsruhe Institute of Technology, where the first
author of the article was employed at the time of
data collection.

Video Excerpts

Amateur tennis matches were filmed for the pur-
pose of the present study. The video excerpts
were based on 18 amateur tennis players (six fe-
males and 12 males) who were filmed during a
competitive tennis match (i.e., either of the ongo-
ing season or a competitive tournament). For the
filming, the camera was positioned on a tripod
close to the net, filming the players from the front
including the whole body. Subsequently, the
footage was cut in such a way that it included the
first 3 s after the end of a rally. Criteria for points
being used in the study were: (a) the trajectory of
the ball did not allow to make conclusions about
the point outcome and (b) players were to be seen
from the front on the video excerpts. This selec-
tion process resulted in a total of 80 points with
40 lost and 40 won points with each player being
shown on average on 4.44 videos.

Procedure

We used the free software OpenSesame to pre-
sent the video excerpts to the participants. To en-
sure good visibility of the players on the videos,
the study was conducted on a computer or laptop
in a quiet environment. The participants were
asked to have a distance of about 60 cm to the
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device showing the videos. At the beginning of
the study, standardized on-screen instructions
were presented to the participants. These instruc-
tions included the information that the participa-
tion is voluntary, that participants could with-
draw at any point without giving any justifica-
tion, and that their data would be analyzed anon-
ymously. The participants gave their consent by
confirming their participation in the software.
Two test video excerpts including a won and a
lost point were shown to the participants to illus-
trate the following procedure. Thereafter, the 80
video excerpts were shown to the participants in
a random order. Each video excerpt was shown
only once and without sound. After viewing the
players’ nonverbal behavior, the participants
were asked to estimate whether the shown player
just won or lost a point. The answer was given by
clicking with the cursor on response option “won
point” or “lost point” in the software. This proce-
dure follows previous studies in which partici-
pants were able to distinguish between won and
lost points at above-chance levels based on tennis
players’ nonverbal behavior (e.g., Fritsch, Pre-
ine, Jekauc, 2022; Fritsch et al., 2023). To assess
the response time, the software tracked how long
the participants needed to give a response after
the video was shown. Notably, participants were
asked to answer as accurately as possible, while
the speed of their response was not emphasized.

The reason for this was that we wanted to assess
their natural response time when they tried to
make meaning of the visible nonverbal behavior.
Moreover, the participants were not given any
feedback for their responses during the entire
procedure, but, if wanted, they could give the in-
formation about the amount of correct responses
at the end of the study.

Measurement

Several indicators were created for the three in-
dependent variables used in the present study.
First, regarding the importance of the situation,
as illustrated in Table 1, we created two indica-
tors for the proximity to the end of a match sec-
tion (i.e., remaining games, remaining points),
and two indicators for the closeness of the score
(i.e., game difference, point difference). Second,

regarding point outcome, a dichotomous variable
was used to distinguish whether the player shown
on the video excerpt had won or lost a point. A
situation with a lost point was coded “0” and a
situation with a won point was coded “1.” Third,
concerning tennis expertise, a dichotomous vari-
able was created to distinguish whether or not a
participant had been a member of a tennis club.
When the participant had not been a member of
a tennis club the situation was coded “0” and
when he/she had been a member of a tennis club
it was coded “1.” Finally, based on the answers
of the participants, the dependent variable was a
dichotomous variable with the two

outcomes “the estimate of point outcome was
correct” coded “1” or “the estimate of point out-
come was not correct” coded “0.”

Statistical Analyses

To assess the association between the response
time and the accuracy of their responses, in line
with the recommendations by Berger and Kiefer
(2021), we first excluded answers with a re-
sponse time above or below two SDs (2.7%).
Based on the remaining trials, we computed for
each participant (a) the average response time for
correctly estimated video excerpts and (b) the av-
erage response time for incorrectly estimated
video excerpts. These differences were assessed
with a paired-sample t test. In addition, we ex-
ploratorily examined whether the effect of re-
sponse accuracy on response time was moderated
by (a) the type of situation (i.e., won vs. lost ral-
lies) or (b) the gender of participants (i.e., male
vs. female). To this end, we conducted a mixed 2
x 2 x 2 analysis of variance with the two within-
subject factors response accuracy and type of sit-
uation, as well as the between-subject factor gen-
der. The significance level was set a priori at 5%
for all analyses.

Results

The average rates of correct responses in total
were 69.72% (SD=6.97; 95% CI [68.60%,
70.84%]), 65.64% (SD=11.97; 95% CI [63.68%,
67.60%]) for won points, and 73.81% (SD =
10.74; 95% CI1[72.06%, 75.56%]) for lost points.
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Table 1
Descriptive statistics for response times

M in milliseconds

CT(95%)

All responses
Correct responses

Incorrect responses

Female participants
Male participants

All participants

Female participants
Male participants

All participants

Female participants
Male participants

All participants

Female participants
Male participants

All participants

All points

3200.03 (SD = 877.80)
3052.78 (SD = 840.00)
3567.77 (SD = 1048.15)

Won points correct
responses

3302.15 (SD = 996.32)
2956.49 (SD = 774.08)
3113.82 (SD =895.81)

Lost points correct
responses

3103.18 (SD =924.49)
2901.57 (SD =1767.51)
2993.34 (SD = 845.59)
Won points incorrect
responses

3634.69 (D = 1291.25)
3445.73 (SD = 950.98)
3531.74 (D =1118.65)
Lost points incorrect
responses

3750.56 (SD = 1354.73)
3582.08 (8D =1081.89)

3658.77 (SD = 1212.24)

3056.66 —3343.40

2915.58 —3189.98

3396.57 -3738.97

3059.94 —3544.63

2784.70 —3128.28

2967.50 — 3260.14

2348.77 - 3857.59

2731.24 -3071.90

2855.23 -3131.45

3320.77 — 3948.60

3234.68 —3656.77

3349.03 —3714.45

3421.21 -4079.91

3341.98 —3822.18

3460.77 — 3856.77

The Association Between Response Time and
Recognition Accuracy

The average response time for all points is shown
in Table 1, separated also for won and lost points,
as well as male and female participants. The
comparison between correct (M = 3,052.78 ms,
SD = 840.00) and incorrect answers (M =

3,567.77 ms, SD = 1,048.15) showed that the re-
sponse time was significantly higher for incorrect
responses than for correct responses, t(144) =
11.66, p<.01, d=0.96.

Explorative Analyses

The full results of the mixed 2 x 2 x 2 analysis of
variance are shown in Table 2. With relevance
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for our research question, the analysis revealed a
significant interaction between type of situation
and response accuracy, F(1, 143) = 7.23, p =

.008, nzp =.05. As shown in Figure 1, response

times were faster for correct than for incorrect re-
sponses in both situations, with this difference
being more pronounced when points were lost. In
contrast, neither the interaction between response

Table 2
Results of 2 x 2 x 2 mixed ANOVA

accuracy and gender, F(1, 143) = 1.16, p = .284,

nzp = .01, nor the three-way interaction among

response accuracy, type of situation, and gender
was significant, F(1, 143) = 0.43,p = 513,1%p <
.01. These findings indicate that gender did not
moderate the effect of response accuracy on re-

sponse time or the interaction between type of
situation and response accuracy.

Independent variables df F p 2
Response accuracy 1, 143 148.26 <.001 Sl
Type of situation 1, 143 <.01 .992 <.01
Gender 1,143 221 .140 .02
Response accuracy * type of situation 1, 143 7.23 .008 .05
Response accuracy * gender 1, 143 1.16 284 .01
Gender * type of situation 1, 143 0.87 341 .01
Response accuracy * gender * type of situation 1, 143 0.43 513 <.01

Figure 1

Interaction of type of situation and response accuracy

Incorrect

not allow us to identify the precise mechanisms
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Discussion

In line with our hypothesis, the results showed
faster response times for correct than for incor-
rect responses. On average, participants re-
sponded about half a second more quickly when
they accurately recognized the nonverbal behav-
ior of a player after a rally. Although our data do

at work, these findings suggest that greater effi-
ciency in decoding may be linked to higher accu-
racy, which could be consistent with the involve-
ment of more automatic perceptual processes.

In line with relevant theoretical frameworks,
such as the biocultural framework of nonverbal
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behavior (Furley, 2021) and the dynamic interac-
tive theory of person construal (Freeman & Am-
bady, 2011), decoding processes likely involve a
complex interplay between more automatic bot-
tom-up and higher order top-down mechanisms,
with the relative contribution depending on the
type of nonverbal behavior being decoded. While
it is important to acknowledge that response time
alone cannot directly assess the relative influence
of these processes, the present findings provide
tentative evidence that postperformance nonver-
bal behavior may be primarily decoded through
intuitive, automatic processes. This interpreta-
tion is further supported by evolutionary perspec-
tives on affective processing, which propose that

humans have evolved to rapidly and efficiently
recognize affective expressions because such sig-
nals convey fitness-relevant information often
visible in postperformance nonverbal behavior
(e.g., Tracy & Robins, 2008). From an applied
perspective, given the potential effects of observ-
ing postperformance nonverbal behavior
(Fritsch, Redlich, et al., 2022), athletes may ben-
efit from developing strategies that either direct
attention toward or deliberately away from the
behavior of an opponent or teammate (Beatty &
Janelle, 2019). Notably, when situational con-
straints make it difficult to shift attention away,
athletes might instead be advised to employ ac-
ceptance-based strategies, which may not change
the perception of such behaviors but can shape
the way they are interpreted (Birrer et al., 2012).

Exploratory analyses revealed that the difference
in response times between correct and incorrect
responses was more pro- nounced for videos
showing players’ nonverbal behavior after lost
points. One explanation for this finding is the
negativity bias stating that negative events have
a stronger influence on individual’s psychologi-
cal state than positive ones (Baumeister et al.,
2001). This bias may imply that particularly in-
tense negative behaviors are more likely to be de-
coded efficiently. This interpretation is indi-
rectly supported by a meta-analysis indicating
that negative stimuli with higher arousal tend to
elicit more intense processing than equally arous-
ing positive stimuli, whereas no difference is ob-
served between positive and negative stimuli

when arousal is low (Yuan et al., 2019). While
previous meta-analytic evidence suggests that fe-
males are slightly more accurate than males in
decoding affective cues (Hall et al., 2025), the
present study did not reveal any gender effects on
the association between response time and re-
sponse accuracy. One possibility is that the spe-
cific stimulus material—postperformance non-
verbal behavior in a competitive sports context—
represents signals that are generally important to
decode efficiently, thereby reducing the likeli-
hood of gender- related differences emerging.

The negativity bias may further explain why lost
points were easier to recognize than won points,
which is consistent with findings from previous
studies (Fritsch, Preine, Jekauc, 2022; Fritsch et
al., 2023). The relevance of the negativity bias in
relation to affective processes has been supported
in a meta-analysis including 874 samples show-
ing that procedures to induce negative affective
states had effects nearly twice as large than those
aiming to induce positive affect states (Joseph et
al., 2020). Grounded in evolutionary accounts, it
is assumed that the negativity bias is adaptive,
enabling humans to show heightened awareness
to negative information since it may signal a need
to change one’s behavior (Baumeister et al.,
2001).

Limitations and Future Research

There are several limitations that should be ad-
dressed. First, although a study in tennis showed
that tennis players’ visible behavior is closely re-
lated to their emotional experience (Fritsch et al.,
2024), it should be considered that the players’
nonverbal behavior is not only associated with
the players’ underlying affective state but may
also convey other cognitive states (Fridlund,
1994). Second, while a faster response time can
be considered as an indicator of processing effi-
ciency (Cardoso et al., 2021; Logan, 1988;
Schneider & Shiffrin, 1977), there are also other
factors that may influence response time, such as
a higher certainty or more unambiguous footage
(Elfenbein & Ambady, 2003). Nevertheless, in
line with theoretical considerations (Furley,
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2021), we interpret the results as supporting evi-
dence that relying on one’s intuitive impression
when decoding nonverbal behavior is beneficial
for accuracy. Third, we did not assess partici-
pants’ previous experience with watching tennis,
which might affect decoding accuracy, although
previous research showed mixed effects in this
regard (e.g., Fritsch, Preine, Jekauc, 2022; Furley
& Schweizer, 2014).

Various methods may be used in future research
to shed more light on the psychological processes
behind the decoding of nonverbal behavior. For
example, while we did not explicitly ask partici-
pants to respond as fast as possible to allow for
natural response behavior, future studies could
test this approach to examine the assumption that
following one’s automatic impression is benefi-
cial for the accuracy of decoding nonverbal be-
havior. In addition, the use of eye tracking, com-
bined with the consideration of domain-specific
knowledge, could help decipher which body cues
individuals focus on in the decoding process de-
pending on their expertise. In the same vein, con-
sidering that the present study focused on post-
performance nonverbal behavior, the comparison
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of different types of nonverbal behavior (e.g.,
nonverbal behavior that does not directly follow
a performance-relevant event) could provide fur-
ther insights into the interplay between automatic
perceptual and higher order cognitive processes
in the decoding processes of nonverbal behavior
(Furley, 2021).

Conclusions

The decoding of nonverbal behavior is a complex
process that likely involves both higher order
cognitive and more automatic perceptual compo-
nents (Furley, 2021). The central finding of
shorter response times for correct compared to
incorrect responses provides first evidence that
faster, possibly more intuitive impressions may
be associated with greater accuracy in decoding
post- performance nonverbal behavior. While the
present design does not allow firm conclusions
about the underlying mechanisms, these results
highlight a promising direction for future re-
search aimed at disentangling the relative contri-
butions of more automatic and higher order cog-
nitive decoding processes.
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