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ABSTRACT: This study investigated whether people can decode emotion (happi-
ness, neutrality, and anger) communicated via hand movements in Finnish sign
language when these emotions are expressed in semantically neutral sentences.
Twenty volunteer participants without any knowledge of sign language took part in
the experiment. The results indicated that the subjects were able to reliably decode
anger and neutrality from the quality of hand movements. For happy hand expres-
sions, the responses of happiness and neutrality were confused. Thus, the study
showed that emotion-related information can be encoded in the quality of hand
movements during signing and that this information can be decoded without previ-
ous experience with this particular mode of communication.
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Nonverbal expression and perception of emotions is based on a multi-
channel mode of communication. The association between emotions and
facial expressions, as well as the connection between emotions and changes
in the quality of voice during speech (emotional voice prosody), has been
much investigated. Considerable agreement exists that facial expressions
and voice prosody convey information about one’s emotions (e.g., Ekman
et al., 1987; Izard, 1991; Leinonen, Hiltunen, Linnankoski, & Laakso, 1997;
Scherer, 1986. For critical views, however, see Fridlund, 1991; Russell,
1994). In addition to facial and vocal expressions of emotions, body move-
ments and gestures are yet another important, albeit less investigated, non-
verbal channel for emotional communication. A number of studies have
shown that, to some degree, emotions can be encoded in and decoded
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from dynamic body movements, gait, and manual gestures (e.g., Carmi-
chael, Roberts, & Wessell, 1937; de Meijer, 1989; Montepare, Goldstein, &
Clausen, 1987; Montepare, Koff, Zaitchik, & Albert, 1999; Sogon & Masu-
tani, 1989; Wallbott, 1998). In these studies, emotions have been shown
to be associated with different characteristic combinations of trunk, head,
arm, hand, and leg movements and postures.

In the present paper, we focus on the movements of hands and arms
in communicating about emotions. In an early study on this issue, Carmi-
chael et al. (1937), asked an actor to express 35 different attitudes with his
hands and arms. The list included expressions of what we today would call
basic emotions, such as anger, grief, surprise, and terror; complex emotions
like assurance, resignation, and humility; and expressions of other types of
attitudes not easily labeled as emotions, e.g., entreaty, quandary, and scold-
ing. The participants were shown still and motion pictures of these stimuli
and were asked to describe, if possible, with only a single word the emo-
tional or other attitude which was being expressed. No ready-made word-
list from which to choose was provided. The results showed that “certain
manual gestures can be judged by intelligent adults with a rather high amount
of agreement” (p. 139). From the dynamic pictures, the judged titles of
most consistently evaluated manual gestures were prayer, pleading, fear,
determination, anxiety, warning, and satisfaction. Attempts were also made
to analyze what features the consistently judged expressions had in com-
mon. For example, expressions judged as fear were characterized as fol-
lows: “The arms are raised with one or both palms toward the observer,
and either recession or jerky approach or alternation of both recession and
approach follows” (p. 130). However, as the authors themselves pointed
out, it was impossible to know to which degree the manual expressions
were really perceived as “emotional” as opposed to “conventional symbol-
izations.”

More recently, Wallbott (1985) referred to this same important distinc-
tion when reviewing literature on hand movement behavior in psychiatric
patients. He pointed out that the earlier studies had largely focused on
measuring the occurrence of certain classes of hand movements (like illus-
trators or manipulators) while neglecting the quality of these hand move-
ments. Wallbott (1985) used objective measures to study various temporal,
spatial, and spatio-temporal parameters of hand-movements from video dis-
plays and asked participants to judge these movements on 18 movement
quality describing adjectives (e.g., angular, jerky, or fast). The results
showed that the subjective evaluations of movement quality were consis-
tently related to the objective measures of hand movement quality. Thus,
even though the study by Wallbott (1985) was not related to the perception
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of emotion from hand movement quality, it nevertheless indicates that peo-
ple can decode qualitative aspects of the hand movements. In a later study,
Wallbott (1998) investigated the perception of emotion-specific body move-
ments and postures. These results showed that different types of hand and
arm postures and movements clearly differentiated between emotions. The
movement quality was not studied separately for hand movements and
other body movements, but these results showed that movement activity,
expansiveness (spatial extension), and movement dynamics (energy) signifi-
cantly differed between emotions. Similarly, in a study by Montepare et al.
(1999), emotions expressed by body movements and gestures were judged
to differ along six dimensions described verbally as smooth-jerky, stiff-loose,
slow-fast, soft-hard, expanded-contracted, and no action-lot of action.

The perception of emotions from the hand movement quality would be
optimally investigated by presenting the participants with hand movements
where the movements themselves remain reasonably invariable from an
emotional condition to another and only the quality of the movements var-
ies. This would be somewhat an analogous situation to studies of vocal
expression of emotion where the verbal content of the words or sentences
is kept invariant (and usually neutral in their semantic content) while the
voice prosody varies between emotional conditions. One form of commu-
nication where these kind of emotion-related changes in the quality of hand
movements occur naturally is sign language. Similarly to emotional voice
prosody in spoken language, the quality of the sign movements has been
suggested to convey emotional information. The tempo, rhythm, and size
of the movements may constitute the emotional prosody of the manual
channel (Reilly, McIntire, & Seago, 1992). This interesting nonverbal chan-
nel for affective communication is still very little investigated.

In studying the affective prosody in American Sign Language, Reilly
and her colleagues (1992) adopted the same approach as in many studies
investigating emotional prosody in spoken language: the same set of seman-
tically neutral sentences was expressed in different emotional states. Reilly
and colleagues also analyzed the effects of different emotions on such char-
acteristics as duration, height and width, as well as the movement path of
the signs. For some emotions, discernible effects were found. For example,
the duration of sentences was shorter, the sign movements were more angu-
lar, and their movement paths shortened when expressing anger as com-
pared to a neutral condition. Recognition of emotions from the sign move-
ments by deaf participants was relatively accurate. Among five possible
emotion categories (happy, neutral, angry, sad, and surprised), the mean
recognition accuracy was 77%.

In the present study, we wanted to investigate the perception of emo-
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tion from hand movement quality during signing. Unlike in the Reilly et al.
(1992) study, the participants (detectors) in the present study had no knowl-
edge of sign language. Thus, we were able to study whether emotional
information is encoded in the hand movement quality in such a way that it
has signal value independent of previous experience with this particular
mode of communication. Based on the previous studies showing that emo-
tions result in changes in the dynamics of body movements, gait, and hand
gestures (e.g., Carmichael et al., 1937; de Meijer, 1989; Montepare et al.,
1987, 1999; Sogon & Masutani, 1989; Wallbott, 1998) it was expected that
emotions would be decoded by the experimental participants in the present
study also. The use of sign movements offered a convenient way to focus
only on the quality of the hand movements in emotion recognition. The
actual movements themselves remained relatively the same across different
emotion conditions, but the quality of the movements varied. Three differ-
ent emotions were employed; happiness, neutrality, and anger. Of these,
happiness and anger belong to the so-called basic emotions, whereas neu-
trality has not been traditionally regarded as an emotional category. How-
ever, in studies of recognizing facial expressions of emotions, it has been
shown that neutral faces are perceived as a distinct category like other
emotional expressions (Etcoff & Magee, 1992; Shah & Lewis, 2003; Young
et al., 1997). This suggests that neutrality should not be seen as a mere
absence of emotion. Instead, it may constitute an emotional category of its
own (Shah & Lewis, 2003). Here, we wanted to see whether emotional
neutrality is recognized in the hand movement quality also.

Method

Participants

Twenty volunteer undergraduate students participated in the experiment
(16 females, 4 males, age range 19–34 years, mean age 25.6 years). The
participants had normal or corrected-to-normal vision. All participants were
ignorant of the purpose of the experiment and did not have any knowledge
of Finnish Sign Language.

Materials

Three hearing female signers having Finnish as their mother tongue and
extensive knowledge of Finnish Sign Language (FSL) served as stimulus
models. All women worked as interpreters in a local organization of deaf
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people and, therefore, used their FSL on a daily basis. Originally, six sen-
tences with emotionally neutral content were prepared. The signers were
asked to sign each sentence with a happy, neutral, and angry emotion.
Before filming the stimuli, the signers were allowed to practice the sen-
tences and their emotional interpretation until they were satisfied with their
performance.

The stimuli were filmed in a semi-professional studio in bright ambient
lighting. The signers were asked to remove their rings and wristwatch and
to put on a dark sweater. During the filming, the signers were standing
behind a black panel covering them completely except the hands and arms,
which were put through two holes cut in the panel (Figure 1). The signers
were asked to start and finish the sentences with their hands in a similar
position (one on the other). A color video camera recorded the material
onto an S-VHS tape.

The film clips were digitized and converted to grayscale (256) for
array size of 320 × 240 pixels (Adobe PhotoShop software). The duration
of the sentences was measured with a timer (accuracy 0.1 s). The shortest
and the longest sentences were dropped. The shortest sentences might have
been too short for the emotional information to be encoded in the move-
ment quality, whereas the affective judgments evoked by the longest sen-
tences might not have been particularly spontaneous. The selected sen-
tences were: “you are painting a wall,” “I am walking on a winding road,”
“that cat belongs to him,” and “he will go to Tampere to meet his friend.”
The duration of the selected sentences (four sentences × three signers ×
three emotions) varied between 2.3 and 7.5 seconds. The order of the sen-
tences was randomized with the exception that the same emotion or the
same signer was not allowed to occur more than three times consecutively.
A single random order was used for all participants. Before each sentence,
a trial number appeared on the screen for 2 seconds. After this, a 1-second
blank screen pause and the stimulus (2–8 seconds) were presented. Follow-
ing this, a blank screen was presented for 5 seconds during which the par-
ticipant was required to make his/her response. Two practice trials were
run before the experimental trials.

Figure 1. Five frames (showing the starting and ending position of the hands) from
one of the dynamic film clips used in the experiment.
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Experimental Procedure

The participants were tested in a room where the stimuli were projected
onto a silver screen with a videoprojector. The size of the stimuli was 137
× 184 cm on the screen. The participants were tested in small groups (max.
10 participants) so that all had good visibility to the screen. The distance
between the screen and participants was 2.0–2.5 meters. The participants
were told that they would be seeing stimuli where the hands of a signing
person would be visible. Their task was to judge whether the person is
happy, emotionally neutral, or angry. The participants were given a re-
sponse sheet, which had three columns for happy, neutral, and angry re-
sponses, and running trial numbers in the beginning of each row. The par-
ticipants were instructed to mark immediately after seeing a stimulus a tick
in the column that they thought corresponded to the emotion expressed in
the stimulus. The whole experiment lasted approximately 15 minutes.

Results

Data were collapsed over all participants (tested in different groups). In
each stimulus category, the proportion of happy, neutral, and angry re-
sponses were analyzed for each participant. A confusion matrix of the mean
percentages of happy, neutral, and angry responses for different hand
movements is shown in Table 1. A close examination of the distribution of
responses to different response categories shows that there was a response

TABLE 1

A Confusion Matrix of the Mean Percentages (and standard
errors of mean) of Happy, Neutral, and Angry Responses

for Different Hand Movements

Response category

Happy Neutral Angry

Hand expression Mean (SE) Mean (SE) Mean (SE)

Happy 38.8 (2.7) 47.1 (2.4) 14.2 (1.8)
Neutral 32.5 (3.1) 60.0 (3.5) 7.5 (1.9)
Angry 2.9 (1.3) 11.3 (2.1) 85.8 (2.0)
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bias. The responses were not evenly distributed across the three response
categories. On average, the response category “happy” was used in 24.7%
of the choices, whereas the response categories “neutral” and “angry” were
selected in 39.5% and 35.8% of the cases, respectively. Wagner (1993) has
pointed out the problems inherent when using the raw hit rate as a measure
of recognition accuracy. One of the problems is that it fails to take into
account a possible bias in use of the response categories available. Wagner
described calculations for an unbiased hit rate (Hu) and chance proportion
(pc) for a given stimulus/judgment combination for an individual participant
(see Wagner, 1993, for the formulas for calculating these indices).

The means of Hu and pc are presented in Table 2 for the correct cate-
gorizations. The judges’ performance can be compared with chance by
analyzing whether the observed values of Hu differ significantly from the
corresponding values of pc (Wagner, 1993). Repeated-measures t-tests (per-
formed on the arcsin transformed data) showed that the recognition of all
stimulus categories was above the chance level. However, a further analysis
showed that, for happy hand expressions, the unbiased hit rate was also
significantly higher than the corresponding chance proportion for the stimu-
lus/judgment combination “happy hand expression judged as neutral”
[Hu = 19.3, pc = 13.2, t(19) = 4.3 p < .001]. Thus, happy hand expressions
were not reliably recognized as happiness. A one-way ANOVA (repeated
measures, for arcsine transformed data) showed that there was also a signifi-
cant difference in the recognition accuracy between different emotion cate-
gories, F(2, 38) = 108.8, p < .001. Pairwise comparisons (after Bonferroni
correction for three comparisons) showed that the recognition accuracy of
anger was significantly higher than that of emotional neutrality (adjusted

TABLE 2

The Mean Values of the Unbiased Hit Rates (Hu) and Chance Percentages
(pc) for Correct Categorizations of Different Hand Movements

Hand expression Hu pc t (19) p<

Happy 21.1 8.2 7.6 .001
Neutral 31.3 13.1 7.8 .001
Angry 69.4 11.9 19.8 .001

Note. Student’s t-tests indicate whether the unbiased hit rates differed significantly from
the chance level.
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level of significance, p < .001), which, in turn, was significantly higher than
the recognition accuracy for happiness (p < .02).

In order to see whether the three signers differed in their ability to
encode emotions in their hand movements, the data were also analyzed
separately for each signer. Table 3 shows the mean percentages and unbi-
ased hit rates of correct categorizations for each signer. The emotions en-
coded by the signer number 2 were recognized most accurately, and the
emotions encoded by the signer number 3 were recognized least accu-
rately. A two-way ANOVA (repeated measurements) with signer and emo-
tion as independent variables and unbiased hit rates (after arcsine transfor-
mation) as a dependent variable showed significant main effects of
emotion, F(2, 38) = 77.6, p < .001, and signer, F(2, 38) = 3.6, p < .04. The
interaction between the main effects was not significant (p > .9).

Discussion

The results of the present experiment indicated that emotion-related infor-
mation can be encoded in and decoded from the quality of hand move-
ments. Angry and neutral hand expressions were reliably recognized, but
for happy hand expressions, the responses of happiness and neutrality were
confused. There was also a significant difference in the recognition accu-
racy between different emotions. The expressions of anger were judged
more accurately than the expressions of neutrality which, in turn, were

TABLE 3

Mean Percentages (%) and Unbiased Hit Rates (Hu) for Correct
Categorizations of Different Hand Movements of Different Signers

Hand expression

Signer Happy Neutral Angry Average

1 % 40.0 51.3 90.0 60.4
Hu 24.2 29.9 69.5 41.2

2 % 45.0 61.3 96.3 67.5
Hu 29.5 41.9 77.2 49.5

3 % 28.8 67.5 70.0 55.4
Hu 18.3 31.5 63.5 37.8
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judged more accurately than the expressions of happiness. It is noteworthy,
that neutrality was reliably recognized. Studies of facial expression recogni-
tion have shown that neutral faces are perceived as a distinct category like
other emotional expressions (Etcoff & Magee, 1992; Shah & Lewis, 2003;
Young et al., 1997). The present study provides preliminary support for a
view that neutrality forms a perceptual category in the hand movement
quality along with anger. It should be emphasized, however, that, at this
point of research, we are not willing to interpret our results to show that
specific emotions can be encoded in and decoded from the quality of hand
movement (cf., discussion on this issue in de Meijer, 1989; Wallbott, 1998).
We interpret our results merely to indicate that, for example, such anger-
related information (e.g., activation level) is encoded into the quality of
hand movements that it is useful when decoding emotional information
from these hand movements.

Across the three emotion categories, the emotions were recognized
according to the intended categories in 61.5% of the cases. This was below
the recognition accuracy achieved in the study by Reilly and colleagues
(1992). In that study, the average recognition accuracy of emotion from
hand movements during signing was 77% and there were five emotion
categories from which to choose. However, direct comparison between the
present results and those by Reilly et al. is difficult because Reilly et al. did
not analyze a possible effect of response bias on their results. Furthermore,
two obvious reasons for these somewhat large differences can be found.
First, the participants in Reilly et al. study were deaf people with sign lan-
guage as their native tongue. It is possible that differences in the experience
with sign language might lead to differences in the ability to decode emo-
tional signals from signing movements. Interestingly and providing some
support for this possibility, it has been shown that hearing people with
knowledge of sign language are better at recognizing emotions from facial
expressions than hearing people without experience in sign language
(Goldstein & Feldman, 1996). Apparently, because facial expressions con-
stitute an important part of communication in sign language, people with
practice in sign language had also developed better skills in decoding facial
expressions. Second, it is possible that the higher performance in Reilly et
al. study reflects differences in the stimulus material between that and the
present study. In their study, only one encoder was used and she was also
a native signer, whereas in this study three different hearing signers were
used. The studies of nonverbal expression of emotion provide plenty of
evidence showing that there are considerable differences in the people’s
ability to encode nonverbal expressions of emotions and, therefore, more
than just one encoder should be used in recognition studies in order not to



62

JOURNAL OF NONVERBAL BEHAVIOR

confuse possible differences in the encoding ability of stimulus models with
differences in recognition of different emotion categories (cf., Wallbott &
Scherer, 1986). When the data of the present study were analyzed separately
for each encoder, overall differences between encoders emerged, whereas
they did not differ in their relative ability to encode individual emotions.

As noted earlier, we do not interpret the present results to indicate that
discrete emotions can be decoded from the quality of hand movements
alone. Wallbott (1998) reviewed the literature regarding the relation be-
tween specific emotions and bodily posture and bodily movement in addi-
tion to presenting his own results. He concluded that movement and pos-
tural behavior is clearly indicative of the intensity of emotions and that
there are some distinctive features in movement and postural behavior that
are related to specific emotions. For example, the movement quality related
to anger (as well as to elated joy) was characterized by high movement
activity, expansive movements, and high movement dynamics, whereas
happiness (as well as disgust and boredom) was characterized by low
movement dynamics and inexpansive movements. Thus, the present types
of forced-choice recognition experiments with only a few emotion catego-
ries included might show reasonably accurate judgments of stimuli to dis-
crete emotion categories. However, this feature of the present and other
similar studies does not undermine the importance of the results. The pres-
ent study is indicative that emotion-related information is encoded into the
quality of hand movements and that people use this information when de-
coding other people’s emotional states.

The present results provide further evidence that emotional signals can
be decoded from a variety of nonverbal cues and that previous experience
with the particular mode of expressive behavior is not necessary. For exam-
ple, it has been shown that American and Indian participants comparably
recognized emotions as expressed in Hindu Indian classical dance (Hej-
madi, Davidson, & Rozin, 2000). These expressions include both facial
expressions as well as body movements, especially movements of hands.
Children as young as four- to five-year-olds start to decode emotional
meaning from expressive body movements in dance (Boone & Cunning-
ham, 1998). Adult participants can also recognize emotions in dynamic
point light displays of body movements (Brownlow, Dixon, Egbert, & Rad-
cliffe, 1997; Dittrich, Troscianko, Lea, & Morgan, 1996; Walk & Homan,
1984). Interestingly, it has been suggested that the recognition of happiness
and anger in a variety of displays (including even simple geometrical fea-
tures) may be based on the existence of corresponding visual configurations
on the human face during emotional expressions of happiness (e.g., in-
creased roundedness) and anger (increased linearity and diagonality) (Aro-
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noff, Waike, & Hyman, 1992). This recognition may rest on biological
mechanisms that underlie the recognition of stimuli signaling environmen-
tal opportunities (approach) and danger (withdrawal).
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