
 

Get up, move on! Using Electro-
myography to Explore the Relationship 
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Abstract 
Understanding the role and consequences of movement 
for emotional experiences is crucial for designing 
compelling interactions. In this paper we present initial 
results of an exploratory study targeting some of the 
open issues in this area. Questionnaires, interviews and 
electromyography were used to compare experiences 
and emotions evoked in conditions where participants 
were in motion respectively while being seated.  
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Introduction 
Common sense and results from UX research suggests 
that the interaction with products, tools, and artifacts 
can be enriched by allowing people to move naturally 
and unrestrictedly [1, 17]. If people can express 
themselves with their whole body, they immerse into 
another world more naturally and easily. Results show 
that even engagement and social interaction are 
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encouraged by controllers that afford movement [14]. 
Izard et al. describes neural, sensorimotor, 
motivational and cognitive processes that can influence 
emotions. Body posture and movement can activate 
emotions by afferent processes [12]. 

To be able to study these relationships between 
experience and motion in detail unobtrusive measures 
to assess the experience and emotional content of a 
moment are needed. 

Trying to “measure the experience” is a nontrivial task 
by definition as User Experience (UX) is embedded in a 
situational, temporal, individual and product context 
[11] and is characterized by sensual, emotional, 
compositional and spatio-temporal threads [16].  

Traditional approaches to assess experiences and 
emotions include self-report methods such as 
questionnaires, interviews, narrative techniques, 
contextual inquiries or sensual evaluations [11]. These 
methods provide the possibility to gather insight into 
the subject’s feelings and preferences, but also require 
the subject to take explicit actions to provide the data 
and therefore interrupt the ongoing interactive process. 
Approaches to automate the recognition of the 
expressive and emotional content of speech, faces or 
gestures [6] that avoid this disadvantage have been 
developed, and combinations of these automatic 
expression recognition methods result in a broader 
spectrum of emotions that now can be detected 
successfully [4, 7]. 

Using Electromyography to Assess 
Experience and Emotion 
Another promising approach to assess and research 
experiences in motion is Electromyography (EMG). EMG 
measures muscle activity by detecting surface voltages 
that occur when a muscle is contracted. Typically this is 
done by use of surface electrodes. EMG was used in a 
lot of studies to access the valence of emotions 
successfully [8, 15]. Especially the muscle activity of 
the zygomaticus major muscle (the “smile” muscle) and 
the currogator supercilii muscle (the “frown” muscle) in 
the face have been used frequently. Results show that 
emotions can be assessed by EMG, sometimes even 
more accurately than from face observations [2]. 
During negative events, the currogator EMG was found 
to be significantly higher, respectively zygomaticus 
EMG during positive events [8]. Partala et al. found a 
recognition rate of 60-80% to distinguish between 
positive and negative experiences [18]. 

Research Questions 
EMG seems to have great potential to assess emotions 
in UX research, but concerns remain whether and how 
it can be used in realistic contexts. Especially the 
practicability of the technology as well as the quality of 
the recorded data has been questioned. A second focus 
of our research is to analyze the relationship between 
the situational experience and the users movement 
patterns. 

In detail we want to answer the following two 
questions: (1) Can electromyography successfully be 
used to estimate a user’s emotional experience in 
motion contexts? And (2) is a more embodied way of 
controlling the interaction actually amplifying 
experience as expected? 



  

Method 
Six female and six male subjects participated in the 
study. Participants were between 20 and 36 years old 
and had extensive experience in computer game 
playing. Each participant brought a friend of the same 
sex along, against whom they were playing in the 
gaming session of the study. The study was divided 
into two major parts. 

The main stimulus of the first part consisted of different 
pictures taken from the International Affective Picture 
System (IAPS) [13]. Participants had to watch 10 
pictures per condition for 5 seconds and afterwards rate 
the experienced emotions using the Self Assessment 
Manikin (SAM) [2]. Pictures were shown in two different 
conditions: when participants were seated and while 
walking stationary. IAPS provides standard values for 
valance induced on average by the pictures. Care was 
given that valence values of the pictures where the 
same in both conditions. Ordering of tasks and used 
picture set was switched between participants and 
conditions to even out possible confounding factors. 

In the second part participants were playing two 
different tasks (food tracing and cow tossing) from the 
game “Rayman Raving Rabbids” on the Sony 
Playstation 2 (seated condition) and on the Nintendo 
Wii (motion condition). Play time to finish the tasks on 
either type of console typically was between 10 and 15 
minutes. Amount of Movements of the player was 
tracked by use of a second Wii Remote attached to the 
dominant arm. Participants played against the friend 
they brought with them. “Rayman Raving Rabbids” has 
very similar graphics on the two consoles and gaming 
sites give them the same rating. Half of the participants 
started with the Wii, and half with the Ps2. 

After each condition, participants were asked to rate 
their average experience during playing by use of 
Emocards [5]. Additionally, participants were asked to 
describe the emotionally most outstanding situation 
during play. They were also asked to fill out a 
questionnaire using Likert-scale items regarding 
perceived agitation and emotions. After completion of 
both condition participants were asked to explain which 
platform they preferred for playing and why.  

EMG data was collected during both parts of the study. 
The Flex Comp Infinity System from Thought 
Technologies was applied with two electrode-sets for 
currogator and zygomaticus EMG [20]. Data was 
recorded with 2048 Hz, but downsampled to 32 Hz for 
faster data processing. Data manipulation was carried 
out in Matlab filtering raw EMG data with a butterworth 
filter. Thresholds for zygomaticus and currogator 
activation were assigned manually based on a visual 
inspection of the recorded curve per participant.  
EMG-data was used to calculate an estimation of 
valence of the current emotional situation of the user. 
Zygomaticus was modeled as positive and currogator 
as negative when activated.  

Results 
To answer the question whether the 
electromyographical measures provide a viable 
indicator for different aspects of the users’ experience 
we correlated the recorded and processed data with 
self-reported measures of the users both in the IAPS 
setting and in the game play situation.  



  

Comparing IAPS Conditions 
In the IAPS condition self-reported data of the users 
using SAM as well as the average ratings of the 
typically induced levels of valence using IAPS pictures 
as provided by [13] were correlated.  

Our data indicate that there is only a weak correlation 
(r=0.175, p<0.01) between the valence value 
expressed by the participants and the EMG-derived 
valence using information from the currogator and 
zygomaticus. We think this rather low r-value is caused 
by the fact that IAPS pictures only have the ability to 
evoke weak emotions witch corresponds with a lower 
activation of the muscles. Very small values are likely 
to fall below the threshold values and therefore to be 
masked in the data. 

As expected SAM-based valence values strongly 
correlated with the IAPS-Standard-values (r=0.618, 
p<0.01). 

We also compared whether there was a difference in 
the amount of activation of the two muscles tracked by 
EMG. Using paired samples t-test comparing the 
activation did not show a significant effect of the 
movement condition on the amount of either the 
zygomaticus (t11=1.24, p=0.24) or the currogator 
(t11=-1.39, p=0.19).  

This result might sound like a contradiction to our 
expectation that movement actually amplifies the 
experienced emotions. However, regarding the 
movement condition for the IAPS task with stationary 
walking, the motion of the participants was not a 
natural extension of the interactive situation but an 
arbitrary addition. 

Comparing Gaming Conditions 
Users reported more positive experience when using 
the Wii compared to the Ps2. Two-way repeated 
measures ANOVA with sex and game condition as 
independent variables showed a significant main effect 
for self-reported experience.  

As described EmoCards were used as means for 
collecting self-report data on valence and arousal 
during the two gaming conditions. Again, two-way 
repeated measures ANOVA was used to analyze the 
data. We did not find any significant differences in the 
reported valence depending on game condition 
(F1,10=2.358, p=0.156), sex (F1,10=2.753, p=0.128) or 
an interaction of these two factors (F1,10=2.358, 
p=0.156).  

The analysis of self-reported arousal showed a 
significantly higher level for the Wii-condition 
(F1,10=4.957, p=0.05). No main effect for sex 
(F1,10=2.358, p=0.156) and the interaction of factors 
(F1,10=3.670, p=0.084) was found.  

EMG-based calculation of valence did not show any 
significant differences between the two gaming 
conditions. However, as a positive gaming experience 
also involves tricky situations and challenges, valence 
alone is not a good measure. Therefore also patterns 
for the individual muscles were analyzed. 

For the activation of zygomaticus no main effect can be 
found, however the interaction between sex and 
gaming condition is significant (F1,10=5.692, p=0.038). 
An increase in activation of muscles can be found for 
male gamers, females do not show this effect.  



  

When looking at the data for the currogator the means 
show a similar pattern, however here the interaction is 
only marginally significant (F1,10=3.358, p=0.097). 

Correlation of Motion and EMG 
Situational motion data (as provided by the Wii) and 
EMG data was correlated to further analyze the 
relationship of these two data sources. The motions of 
gamers show a highly significant correlation with both, 
the EMG-values of the zygomaticus (r=0.139, p<0.01) 
and the currogator (r=0.256, p<0.01). One might 
suspect that this correlation is caused by a slight 
activation of the tracked muscles related to an overall 
increased tension during movements. However, several 
arguments point against this interpretation. First, in 
this analysis only a binary representation of EMG data 
was used and threshold values were manually assigned 
to the data taking care they are set high enough to only 
detect meaningful activation. Second, several random 
samples of video data from different study participants 
were analyzed regarding the plausibility of the binary 
EMG-outputs. No indication for erroneous data was 
found. And third, in the IAPS condition no such 
differences between the moving and the stationary 
condition could be found in the EMG data. 

Qualitative Results 
We asked participants about their preferences 
regarding Ps2 or Wii. A majority of the participants (9) 
preferred playing with the Wii. Those participants (3) 
that preferred playing with the Ps2 mentioned that they 
know the platform better, i.e. their reasons are not 
related to the interaction style but familiarity. 

“Playing on the Wii is more fun, the whole body is in 
movement and not only fingers and thumbs.” 

“I liked the Ps2 better, I don’t know the Wii enough, 
and what I know seems suspicious to me.” 

“I preferred playing on the Wii better. You have to do 
more with the arm and move more. If you are allowed 
to do this, you can better feel the game play“ 

“This is strongly depending on the game […] Although I 
lost [against the partner] on the Wii today, I liked it 
better to play.” 

Discussion 
In overall our results indicate that EMG measures 
indeed are suitable for the usage in motion contexts 
and provide reliable data. Signals are not inferred 
substantially, although we recommend to apply 
sufficiently high thresholds in motion contexts. This 
also implies that EMG becomes less sensitive for the 
detection of weak signals. 

With regard to the differences between stationary and 
moving conditions, both EMG-based and self-report 
data from the gaming session support our expectation 
that involving natural body movements intensifies the 
users’ experience, and that arbitrary motions do not 
have such an effect. It seems to be very important that 
the body movement is in accordance with the activity 
and follows a natural pattern. 
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