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Abstract. Understanding how people interpret robot gestures will aid design of 
effective social robots. We examine the generation and interpretation of ges-
tures in a simple social robot capable of head and arm movement using two 
studies. In the first study, four participants created gestures with corresponding 
messages and emotions based on 12 different scenarios provided to them. The 
resulting gestures were then shown in the second study to 12 participants who 
judged which emotions and messages were being conveyed. Knowledge  
(present or absent) of the motivating scenario (context) for each gesture was 
manipulated as an experimental factor. Context was found to assist message 
understanding while providing only modest assistance to emotion recognition. 
While better than chance, both emotion (22%) and message understanding 
(40%) accuracies were relatively low. The results obtained are discussed in 
terms of implied guidelines for designing gestures for social robots. 
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1   Introduction 

Modern robots are used not only for performing physical tasks, but also as social 
partners—pets (e.g., Sony’s AIBO), domestic helpers (iRobot’s Roomba), healthcare 
assistants (RIKEN Japan’s Ri-Man) and emotional companions (PARO and MIT’s 
Kismet and Leo). Thus traditional human-robot interaction (HRI), such as mechanical 
manipulation for teleoperation, is being supplemented with social human-robot inter-
action. Many authors have subsequently called for better design of robots capable of 
engaging in meaningful social interactions with people (e.g., [1], [2]). This new breed 
of robots is called socially interactive robots [2] or social robots [1]. 

The use of gestures has been identified as crucial to the design of such robots [2]. Re-
search on robot gestures is required because: 1) few guidelines exist for the design of 
robotic gestures; 2) previous research in HRI that have investigated robotic gestures 
covered gesture creation but did not convincingly evaluate people’s understanding of 
those gestures; and 3) studying gesture understanding is key to improving human-robot 
interaction for many robots that have limited ability for speech and facial expression. 
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The goal of this research is to investigate two research questions: First, what types 
of information do robot gestures convey to people? Second, how do contextual char-
acteristics affect how well this information is conveyed? The studies reported below 
used a simple robot (Fig. 1) and focused on movements made with the head and arms 
only. This allowed the properties of gestures to be examined in the absence of the 
distracting effects of speech and facial expressions. 

 

Fig. 1. Participant manipulating robot bear used in this study 

2   Literature Review and Hypotheses 

2.1   Gesture in Interpersonal Communication 

Gestures are synchronized with speech and therefore closely linked to human cogni-
tion and communication [3]. Argyle [4] characterized social communication in terms 
of dialogues involving successive rounds of coding (gesture creation) and decoding 
(gesture interpretation). Many authors have identified and classified different roles for 
gestures during interpersonal communication (e.g., [4, 3]). The following sections 
review work on communication of emotions and messages, as well as the effect of 
contextual information on the coding-decoding process.  

2.2   Communication of Emotions 

Emotions play an important role in human communication and have a strong tendency 
to be affected by body motion. For example, people can be emotionally engaged when 
watching dance performances. Previous research suggests that emotions can be identi-
fied in videos of body gestures without speech or facial expressions using standard 
recognition tasks such as selection from a list of emotions [4]. Emotions are also iden-
tifiable with point-light animations of arm movement [5], body movement [6] and 
paired conversations [7], although recognition rates are sometimes low. However, 
DePaulo and Rosenthal [8] found that using facial expression to judge emotion re-
sulted in much higher accuracy than either body or tone of voice—suggesting that 
although body gestures in isolation may be used to judge emotion, people tend to rely 
on facial expression as the key indicator of emotion. It is therefore of interest to ask 
whether in the absence of an expressive face robots can still convey emotions using 
simple head and arm gestures. 
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Relevant research literature includes examples of robots using gestures to show 
emotions: Mizoguchi et al. [9] employed ballet-like poses of a mobile robot; Scheeff 
et al. [10] used smooth motions for a teleoperational robot (“Sparky”); and Marui et 
al. [11] used the same robot bear employed in this study to look at how participants 
used head and arm movements to convey emotion. However, these earlier studies 
investigated the creation of emotion-conveying gestures, whereas the research re-
ported here focused on whether people could in fact understand the emotions that 
robot gestures were supposed to convey. Based on social responses observable with 
interpersonal gesture communication, the authors hypothesized that subjects would 
also be sensitive to emotional gestures of robots. 
• H1: Gestures viewed in isolation will be able to communicate emotional content. 

2.3   Communication of Messages 

Experimental evidence supporting the idea that gestures in isolation convey semantic, 
non-emotional information have shown that some gestures have conventionalized or 
emblematic meanings (“thumbs up” or “raised fist”, for example) [12] and that body 
movement assists communication through provision of redundant information [13]. 
When gestures are communicated with speech, people tend to judge meaning based 
on what they hear rather than what they see [14]—indicating that in both emotion and 
message communication with other humans, gestures may guide interpretation only in 
a supporting role. Nevertheless, when gestures are viewed in isolation, viewers are 
able to identify the correct interpretation but only slightly better than chance [15]. 

The use of movement of technological entities to convey semantic meaning has 
been investigated mostly through embodied conversational agents. Cassell [16] de-
scribed humanoid computer agents such as a virtual real estate agent capable of hu-
man-like movements to support conversational speech. However, many of today’s 
robots are not able to employ speech, so it is of interest to investigate whether in lieu 
of verbal communication, the gestures of such agents are able to convey meaning. 
• H2: Gestures viewed in isolation will be able to communicate semantic content. 

2.4   Situational Context 

Research in social psychology has shown that in human-to-human communication, 
the perceived meaning of a gesture depends on its social context [3, 4]. A raised hand, 
for example, has different meanings in a classroom environment versus in a setting of 
greeting friends. For emotional content, Clarke et al. [7] found that knowledge of 
social context aided perception of emotion in point-light body movement videos. 
Similarly, gestures convey semantic meaning more reliably when they are associated 
with semantic content [15]. Although this is typically done with accompanying 
speech, we predict that situational context in the form of a narrated scenario will also 
provide the semantic content needed to improve identification.  
• H3: Knowledge of situational context will improve understanding of both emo-

tional and semantic content in gestures. 
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3   Methodology 

The methodology employed was based on a pair of experiments: a first study in which 
participants created a corpus of robot gestures and a second in which a different set of 
participants viewed those gestures. 

3.1   Study 1 

3.1.1   Apparatus 
The robot used for this study had the form and size of a traditional teddy bear. It 
was developed at the University of Tokyo as an IP phone system called “Robot-
PHONE” [17]. The bear had six motors (two in the head and two in each of the 
arms) that allowed it to move its head and each of its arms both vertically and later-
ally. It could perform movements such as nodding its head and waving its arms, but 
it was unable to move its torso and did not have elbows. Its movements were re-
corded by a Sony Vaio laptop PC with Windows XP, connected via USB, for later 
playback. 

3.1.2   Participants 
Four participants (two female, two male) ranging in age from 21 to 35 (mean 25) 
were recruited from within the Keio University community. The study was con-
ducted at the Shonan Fujisawa Campus located near Tokyo. The participants did 
not have previous experience with robotic bears. Participants had relatively neutral 
attitudes toward the social influence of robots (M=15.4, SD=5.4, where 15 was the 
midpoint) and toward emotional interaction with robots (M=7.3, SD=4.5, where 9 
was the midpoint) according to the Negative Attitudes toward Robots Scale [18]. 

3.1.3   Procedure 
In the first study, four participants created a gesture for each of 12 scenarios presented 
as one or two sentences of text (Table 1). A translated excerpt of the Japanese instruc-
tions is as follows: “First, listen to the scenario. Pretend that you are in this scenario. 
Then, pretend that you see the bear robot. Create a gesture that the bear will make. 
The gesture must try to convey a message and/or emotion to you.”  

Participants were given time to practice the gesture before recording it, to re-
view the gesture created and to re-record if they were dissatisfied with their result. 
They were asked to write the message and/or emotion that they wanted to be  
conveyed. 

3.2   Study 2 

3.2.1   Apparatus 
This experiment was conducted on a Sony Vaio laptop PC with Windows XP. Par-
ticipants viewed robot gestures as animations on the RobotPHONE software interface 
and as Quicktime videos of the bear robot performing each gesture (Fig. 3). 
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Table 1. List of Scenarios 

 
 

 
 
 
 
 
 
 
 
 
 

 
                                           (a)                                              (b) 

Fig. 3.  Participants viewed each gesture either under as a software animation (a) or as a video 
of the bear robot (b) 

3.2.2   Participants 
Twelve participants (three female, nine male) ranging in age from 18 to 60 (mean 26) 
were recruited from the Keio University population, as in Study 1. All Study 1  
participants were excluded from participating in Study 2. Participant had moderate 
attitudes towards both social influence of robots (M=15.4, SD=5.2) and emotional 
interaction with robots (M=8.44, SD=2.39). 

3.2.3   Procedure 
In the second study, participants were shown each of the 48 gestures created in Study 
1 and attempted to identify the message and emotion being conveyed by each gesture 
from lists of possible messages and emotions. These lists were coded by two investi-
gators and one translator from the written descriptions given by the gesture authors 
(i.e. Study 1 participants). It is important to note that while the scenarios provided 
influenced message creation, they did not necessarily define those messages: for ex-
ample, given the scenario “You start drinking a beer”, different participants generated 
a diverse set of messages such as: “Don’t do that!”, “Good job” and “That looks deli-
cious.” Participants were asked to rate lifelikeness of the gesture, how much they 
liked the gesture and their degree of confidence in the correctness of the emotion and 

1. You have just returned home. 
2. You are in the living room watching TV. You laugh at a funny 

show. 
3. You reach your hand to the bear to pick it up. 
4. You pat the bear's head. 
5. You have been working at your desk for a long time. You yawn. 
6. You take your clothes off. 
7. You start eating dinner. 
8. You say "goodnight" to the bear. 
9. You start crying.  
10. You start playing music on your computer. 
11. You are sitting at your computer and working. 
12. You start drinking a beer. 
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message that they had assigned to the gesture. While making judgments they were 
allowed to replay gestures as often as desired. 

The study was structured as a fully within-subjects experiment with two factors: 
medium and context. Both factors were balanced in a within-subjects design across 
the study with the ordering of experimental conditions being randomized for each 
participant. For medium, two conditions were used: in one condition an animated 
version of the gesture was shown as a software avatar (“animation”) and in the other a 
video of the bear robot was shown (“robot”) (shown in Fig. 3). This factor was in-
cluded to test whether results would be mediated by the medium in which the gesture 
was displayed—i.e. would results differ between a 3D animation (similar to an em-
bodied conversational agent) versus a 3D video of an actual robot. We used video 
recordings instead of a co-present robot because earlier studies of human gestures 
typically showed viewers videos of gestures rather than co-present actors, and to en-
sure that all participants saw exactly the same gestures. Context had two conditions: 
either the appropriate scenario was read to the participant immediately preceding the 
gesture (“context”), or else information about the scenario was not provided (“no 
context”). At the end of the session, participants discussed how they judged the ges-
tures in a semi-structured interview. 

Two measures of successful transmission of gesture message and emotion were 
used. The first represented the amount of agreement between author and viewer and 
was calculated by comparing the author’s written meaning with each viewer’s se-
lected codes. The second represented consensus agreement among viewers (referred 
to as “inter-viewer” agreement). For emotions, inter-viewer agreement was based on 
the frequency of the most selected code among viewers without regard to the author’s 
intended emotion; for messages, the two highest frequencies of codes were used be-
cause two selections were made. 

Table 2. List of Messages and Emotions 

Messages Emotions 

I want to ask a question 
Good job 

Welcome home 
Take care of me 
What happened? 

I'm bored  
It’s stupid 

I don't understand 
I want to shake hands 
I want to be hugged 

Thank you 

I want more 
Please touch me 

Let’s play 
You seem tired 

No 
Don’t do that 

That looks delicious 
It’s okay 

Good night 
I’m hungry 

I am happy 
I am interested 

I love you 
I am confused 

I am embarrassed 
I am sad 

I am feeling awkward 
I am angry 

I am surprised 
 

4   Results 

Hypotheses 1 and 2 were supported. Gestures viewed in isolation carried both emo-
tional and semantic information. The ability of people to detect intended emotions 
was assessed in the following way. First the 432 emotion judgments were scored as 
either correct or incorrect based on whether or not the selected emotion agreed with 
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the emotion that had been attached to the gesture by its author (trials without a desig-
nated emotion were excluded). Next a binomial test was used to see if the observed 
proportion of correct responses (22%) was greater than the one in ten (10%) correct 
responses that would have been expected by chance alone. Using the Z approximation 
to the binomial test as implemented in SPSS, the proportion of correct emotion re-
sponses was found to be significantly greater than chance (p<.001) although fully 
78% of the emotions were not judged correctly. Thus our expectation that the emo-
tions associated with gestures would be judged relatively poorly, but still better than 
chance, was confirmed. 

Of the 432 message judgments 176 (40%) were correct (i.e., agreed with the au-
thor's intended message).  As assessed by a binomial test, this proportion was signifi-
cantly greater (p<.001) than the two out of 21 (9.5%) correct responses that would 
have been expected by chance alone (since there were 21 message options in total and 
participants were asked to choose two of them per gesture). 
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Fig. 4. Emotion and message agreement accuracy versus experimental condition. Contextual 
information improves accuracy. Error bars show 95% confidence intervals. 

Hypothesis 3 was supported. Two-way repeated measures analysis of variance 
(ANOVA) was conducted with medium and context as within-subjects factors. Situ-
ational context improved both message and emotion identification accuracy. Context 
had a significant main effect on author-viewer message agreement, F(1,11) = 93.849, 
p < .001, and a borderline significant main effect on author-viewer emotion agree-
ment, F(1,11) = 4.46, p = .058. Fig. 4 shows how the experimental conditions affected 
the accuracy of identifying the correct message and emotion. For messages (dark 
bars), participants were able to identify the gesture author’s intended message more 
accurately when situational context was provided (M = 56.5%, SD = 3.85%) versus 
when it was excluded (M = 20.1%, SD = 1.31%) in both media. Similarly for emo-
tions (light bars), context improved emotion recognition (M = 26.7%, SD = 3.61%) 
compared with no context (M = 15.2%, SD = 3.48%). There was no main or interac-
tion effect of medium. No effect of context was found on participant ratings of identi-
fication confidence, although in post-study interviews subjects reported judging ges-
tures to be easier when the scenario was provided. 
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5   Discussion and Design Guidelines 

While this research is a first step in the systematic study of the interpretation of sim-
ple robot gestures and should be seen as exploratory, three tentative design guidelines 
can be inferred (Table 4). First, there is a need to boost emotion understanding when 
interacting with social robots. This can be done by adding facial expressiveness, limit-
ing the number of possible emotions to be considered or including statements of emo-
tion either in words or non-speech sounds (e.g., chuckling for happiness). Second, 
social robots should employ contextual information when deciding which gestures to 
express to users, since users will be using similar information in decoding a robot’s 
actions. As an example, a robotic pet may consider the time of day, lighting condi-
tions, movement in its environment and the number of people around it to decide 
whether it should employ gestures indicative of excitement or boredom. A third de-
sign guideline is that the context in which gestures of social robots occur should be 
made clear to users, since people are aided by this situational knowledge. A robotic 
companion, for instance, may make a verbal remark about a door being opened and 
then execute a gesture that conveys the message “Welcome home.” Alternatively, a 
robot can gesture to show locus of attention (e.g., turning the head or pointing at the 
agent it is reacting to) before executing the response gesture. 

Table 4. Design Guidelines for Robotic Gestures 

Experimental result (decoding) Design guideline (encoding/decoding) 

Gestures in isolation do not 
convey emotion well 

Boost emotion understanding (e.g. by including  vocal 
expression) 

Context improves gesture 
understanding 

Use contextual information to help decide what gestures 
robot will make 
Ensure context in which robot is gesturing is made 
known to user 

6   Scope and Limitations 

One of the challenges in carrying out research on human-robot interaction is that 
many possible types of robots can be studied. This research uses a relatively simple 
robot to establish a baseline or lower bound for the types of gestural interpretation 
that are possible and to facilitate easy manipulation that would allow untrained indi-
viduals to create gestures, thus avoiding the need to program robotic movement. 
While our results are directly applicable only to social robots that are limited to arm 
and head movements such as the one used in our studies, we expect that the gesture 
design guidelines proposed above may be generalizable to more sophisticated robots. 
However, this expectation will need to be tested through future inquiry into how ges-
tures of more complex robots are interpreted. 

A further limitation of this study is that we used only four authors who had no spe-
cial training in developing gestures for robots. Thus our results are likely to provide a 
low estimate of the type of interpretability achievable with a simple social robot. It is 
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possible that the people we asked to create gestures were not very skilful and that 
“experts” could in fact create much more interpretable and lifelike gestures. However, 
trained individuals were not used to create gestures in this study because it was un-
clear what expertise was needed (e.g., psychology, puppetry, drama). Further, using 
amateurs reflects current practice whereby robot gestures are created by engineers 
without formal experience in gesture creation and reflects the intended use of the 
RobotPHONE (where lay users gesture to each other via the robot). 

7   Conclusion 

This paper explored the novel area of gesture understanding in human-robot interac-
tion. The results from this study demonstrate that even gestures of a simple social 
robot capable of arm and head movement only can convey emotional and semantic 
meaning. How well viewers are able to decode a gesture’s intended meaning is found 
to be improved with knowledge of the gesture’s situational context. 

The issue of how to create gestures—and who should create them—is particularly 
important for designers of social robots. Since puppeteers have extensive experience 
in creating expressive gestures with movements of dolls that typically have little if 
any variability in facial expression, it is recommended that future research examine 
whether or not puppetry experience is beneficial in creating effective robot gestures. 

While Hollywood visions of human-like androids may come to pass at some point 
in the future, it seems likely that social robots will continue to have limited capabili-
ties for the foreseeable future, making it important that simple gestures be expressive 
and meaningful. The results of this research provide reason to believe that, in the 
absence of full artificial intelligence, it should still be possible for designers to use 
gestures as interface elements to support interacting naturally with robots. 
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