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Abstract. The electrophysiology technique now provides an alternative way to 
evaluate users’ emotional states in real time, but how to confirm the valence of 
emotions using these techniques is still a concern to researchers. Frontal alpha 
asymmetry (FAA) is often used as an index of pleasantness or liking in neuro-
marketing, but results in related fields are not consistent. In this study, we in-
vestigated the emotional states of users interacting with mobile phone applica-
tions (APPs) using FAA. Twenty participants participated in this experiment. 
They were asked to complete several tasks in a scene of everyday life using 
three APPs of the same type. EEG data and subjective evaluations were record-
ed during the experiment. The FAA results showed a positive trend when using 
an APP that provided an excellent user experience. The mechanism of emotion-
al change during interacting with mobile applications and the implications of 
this research are also discussed in this study. 
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1 Introduction 

According to ISO 9241-210 [1], user experience (UX) is defined as “a person’s per-
ceptions and responses that result from the use or anticipated use of a product, system, 
or service.” This concept represents the integrated feelings users get while using a 
product, including the way they understand a product (understanding experience) and 
their emotional response to it (emotional experience) along with the pleasure expe-
rienced from sensory perceptions (esthetic experience) [2]. The emotional experience 
is frequently measured by subjective evaluations in usability testing. The self-report 
method can be influenced by social desirability. This evaluation was often performed 
after participants completed the tasks, making it difficult to measure changes in  
emotional states in real time [3]. The electrophysiology technique provides an alterna-
tive solution for this problem. Skin conductivity, heart rate, blood pressure, etc. are 
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effective indices for measuring arousal levels during human–machine interactions [4-
6], but it is difficult to distinguish the valence of emotions during the interactions 
using these indices. 

The electroencephalography (EEG) has been used in UX fields to measure  
emotional experiences and cognitive workloads, with α and β as the main indicators 
[7-12]. Li, et al. recorded EEG data when users were visiting a distance learning si-
mulation website. The results showed a correlation between EEG-α rhythm (8-13 Hz) 
and emotional state. The amplitude, amplitude’s deviation, and power of α wave de-
creased when users were reading simple and interesting content rather than boring 
content [8]. Stickel, et al. also used EEG recording in usability testing and analyzed 
several specific frequency bands including β (12.5–28 Hz) and α (8–12.5 Hz). This 
research revealed that learnability can be estimated by brainwave patterns: the α 
waves were dominant when the software was easy to learn; the β waves were domi-
nant when the software was hard to learn [12]. EEG spectral analysis can also be used 
to assess the effects of pre-training on learning software. Masaki, et al. found that the 
β/α power decreased with the software use experience, in which they took β/α value 
as an index of mental workload. If the β/α value was greater than 1.0, it indicated a 
state of higher mental workload; otherwise, a value lower than 1.0 indicated a state of 
lower mental workload [9]. 

Although early studies found that the EEG could be a common indicator of cogni-
tive workloads and emotional states, how to identify the valence of emotions when 
users interacted with a product remains an open question. The correlation between the 
hemispheric asymmetries in pre-frontal activity and approach withdraw related moti-
vation is extensively used in basic research [13]. The frontal alpha asymmetry (FAA) 
is a potential and valuable index in this research field when used to index frontal brain 
activity when processing different states of emotion. In Davison’s model [14], the left 
pre-frontal cortex (PFC) is involved in the processing of positive affects, whereas the 
right PFC is involved in the processing of negative affects. This index has been wide-
ly used in neuromarketing [10, 11]. Ohme, et al. found that FAA can capture the dif-
ference between two slightly different versions of TV ads in a few seconds [11]. It has 
also been used to explore preferences in product design [15-17].The FAA provides a 
new solution to the measurement problem of human–machine interaction. 

The main purpose of this research is to investigate the feasibility of using neuro-
physiology index to evaluate emotional experiences in UX, with FAA as the main 
index of affects valence. Three different mobile applications were tested in the expe-
riment, and all the behavior, subjective, and physiological data were collected. We 
assume a consistency between self-report users of experiences and frontal asymmetric 
activities, which will make a distinction between positive and negative emotion. 

2 Methods 

2.1 Participants 

Twenty participants were recruited from an open access, online part-time job platform 
in China (http://zhan.renren.com/jobcome).They aged from 21 to 29 years old (mean: 
23.8 ± 2.484), including ten females and ten males. Their experience of using this 
type of APP and emotional sensitivity were controlled. 
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2.2 Materials 

Mobile applications. Three APPs, designated DZD, YEW, and HMB, were chosen 
as experimental materials according to their usability testing results in pilot studies. 
These APPs have similar functions, but different usability ratings. They provided a lot 
of information about restaurants, hotels, and entertainment venues in a city. Users 
could search, order, or evaluate a restaurant using APPs like these. The latest versions 
of all APPs were installed on a smart phone using an Android operating system in 
advance of the experiment. 

Questionnaires. Three self-report questionnaires were used as subjective measure-
ment in this study. 

The Positive and Negative Affect Scale (PANAS). This scale was used to measure the 
current mood of participants. According to Watson and Tellegen’s two-factor model, 
positive affect (PA) and negative affect (NA) are two basic and mutually independent 
dimensions in the structure of emotion [18]. PA refers to people’s feelings of enthu-
siasm, activeness, and pleasure. A high PA value represents a state of powerfulness, 
concentration, and joviality. The opposite, NA relates to distress and unpleasantness, 
including anger, contempt, disgust, guiltiness, fear, and tension. A low NA value 
represents peace and calmness. The PANAS consists of 20 affective words, 10 for 
each dimension. The participants were to indicate to what extent their state matched 
each word on a scale from 1 (“very slightly or not at all”) to 5 (“very much”) [19]. 

User Experience Questionnaire (UEQ). UEQ is a widely used and most common tool 
for software quality and usability assessment. It can be used to assess the comprehen-
sive impression of user experience in a convenient and quick way. It consists of six 
relatively independent factors, including attractiveness, perspicuity, efficiency, de-
pendability, stimulation, and novelty [20]. This scale includes 26 items, each com-
posed of an adjective and its antonym. Users evaluated their preference between each 
pair of words using a 7-point scale. 

System Usability Scale (SUS). SUS is used for usability assessment of software sys-
tems, products, or websites, especially for competitive analysis [21]. SUS includes 10 
declarative sentences. The participants rated each sentence from 1 (not at all) to 5 
(very much) according to how much they agreed with those sentences. Note that the 
SUS score only represents the overall usability of a system, and different attributes of 
the system such as effectiveness and efficiency are not measured in the SUS. 

2.3 Procedures 

When the participants arrived at the laboratory room, the moderator introduced them 
to the procedures and tasks of the experiment in detail and then prepared them for 
EEG recording. Next, the participants were asked to complete the PANAS for the first 
time, which would be used as the baseline of affective state for the whole experiment. 
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In the formal study, the participants used three APPs respectively to perform a series 
of tasks. The order of using APPs was counterbalanced in a Latin square sequence. 
For each APP, the order of tasks was consistent. First, the participant sat quietly and 
statically for three minutes. The EEG data of this stage was recorded as a baseline. 
Then, a daily situation was setup as follows, “Suppose a friend of yours has recently 
come to visit this city. Please book a restaurant and a hotel room for this friend ac-
cording to the experimenter’s instructions.” The participant searched for related in-
formation and made choices using an APP. When the participant finished a task, 
she/he reported their choice orally and answered several questions asked by the expe-
rimenter, e.g., the reasons for making such choices and the difficulty of the task. If the 
participant felt the task was extremely difficult to complete after several minutes, 
she/he could give up. There were no strict time constraints for each task. When a task 
was executed for over ten minutes, the participant received a warning. The comple-
tion rate, completion time, and the difficulty of the task reported by the participants 
were collected as the behavioral data. After the tasks for one APP were finished, the 
participants were asked to complete two questionnaires, the PANAS and UEQ. The 
EEG data was collected for the entire session. The entire assessment for one APP 
lasted for about 30 min. After a brief break, participants continued on to the second 
APP. The situations and tasks for the three APPs were similar, except the meeting 
locations for each APP were different. When the tasks for all three APPs were com-
pleted, participants compared the usability of the APPs using the SUS. The entire 
experiment lasted approximately two hours. 

2.4 EEG Recording and Analysis 

The EEG data was continuously recorded from 32 scalp sites using tin electrodes 
mounted in an elastic cap arranged according to the 10–20 international placement 
system (Neuroscan Inc.). The online reference was right mastoid (A2). The electrode 
sites on the participant's mastoids and forehead were cleaned with alcohol cotton balls 
gently. The impedances of the EEG electrodes were below 5 kΩ. The EEG data were 
amplified with a bandpass filter of 0.05–100 Hz and digitized at 500 Hz. The record-
ings obtained from the prefrontal and frontal regions of the cortex (Fp1, Fp2, F3, F4, 
F7, and F8) were saved. 

The EEG data was processed using Neuroscan 4.5 software. All the EEG data were 
DC corrected and re-referenced to linked mastoids offline. The filter was set to 30 Hz 
low pass and 0.1 Hz high pass. Then, the EEG data were epoched into periods of 512 
points (i.e., 1024 ms). The power of alpha band (8–12 Hz) and beta band (12–29.3 
Hz) in each of the recorded electrodes was calculated for further analysis. 

The frontal alpha asymmetry (FAA) index was calculated as the difference be-
tween right-hemispheric data minus left-hemispheric data (ln (right alpha power) - ln 
(left alpha power)) according to previous studies [22, 23]. Due to the negative correla-
tion between alpha power and brain activation, the positive score of the FAA index 
implies the dominance of left PFC and the negative score of the FAA index implies 
the dominance of right PFC. 
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3 Results 

All the data were processed by SPSS 16.0. The EEG data exceeding three standard 
deviations were considered as extreme values and removed from further analyses. 

3.1 Behavioral Results 

The behavioral data included the task completion rate, the task completion time, and 
the task difficulty, which were recorded by the experiment assistant during the expe-
riment. A single-factor repeated measure of variance analysis was taken to analyze the 
difference among the three APPs. There are significant differences among the three 
APPs in the completion rate (F = 44.333, p < 0.01), completion time (F = 12.314, p < 
0.01), and task difficulty (F = 112.405, p < 0.01). Further analysis showed that the 
completion rate of HMB was significantly lower than that of YEW (p < 0.01) and 
DZD (p < 0.01); the completion time of HMB was significantly longer than that of 
YEW (p < 0.01) and DZD (p < 0.01), and the self-report difficulty of HMB was sig-
nificantly higher than that of YEW (p < 0.01) and DZD (p < 0.01). No significant 
difference was found between YEW and DZD in completion time (p = 0.152) or 
completion rate (p = 0.163). But YEW is significantly more difficult than DZD (p < 
0.01). The descriptive statistics of the behavioral data are given in Table 1. 

Table 1. Descriptive statistics of the behavioral data 

 

YEW (M ± SD) DZD (M ± SD) HMB (M ± SD) 

 

F 

Completion rate 0.950 ± 0.215 1.000 ± 0.000 0.500 ± 0.498 44.333** 

Completion time (100s) 1.722 ± 1.038 1.437 ± 1.019 2.764 ± 1.612 12.314** 

Task difficulty 2.025 ± 0.898 1.575 ± 0.794 3.775 ± 1.078 112.405** 

* p < 0.05, ** p < 0.01 

3.2 Subjective Evaluation 

UEQ and SUS. Results from repeated measures of variance analysis showed a signif-
icant main effect for the three APPs (F = 94.162, p < 0.01) in UEQ. Results also re-
vealed a significant main effect for the three APPs (F = 113.274, p < 0.01) in SUS. 
Pairwise comparisons showed that the SUS score of HMB was lower than that of 
YEW (p < 0.01) or DZD (p < 0.01). No significance was found between YEW and 
DZD in the SUS score (p = 0.07). 
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Table 2. Descriptive statistics of UEQ and SUS 

 

YEW (M ± SD) DZD (M ± SD) HMB (M ± SD) 

 

F 

UEQ 1.141 ± 1.064 1.465 ± 0.737 −1.072 ± 0.946 94.162** 

SUS 82.375 ± 16.130 76.375 ± 15.780 20.125 ± 11.711 113.274** 

* p < 0.05, ** p < 0.01 

PANAS. The positive affect (PA) and the negative affect (NA) were analyzed respec-
tively by repeated measures of variance analysis. Results showed significant differ-
ences among the three APPs in both PA (F = 44.457, p < 0.01) and NA (F = 17.341, p 
< 0.01). Pairwise comparisons showed that the PA value when using HMB was lower 
than when using YEW (p < 0.01) or DZD (p < 0.01), the NA value when using HMB 
was significantly higher than when using YEW (p < 0.01) or DZD (p < 0.01). No 
significance was found between YEW and DZD neither in PA value (p = 0.702) nor 
NA value (p = 0.07). The descriptive statistics of PANAS are given in Figure 1. 

 

 

Fig. 1. Descriptive statistics of PANAS. Standard error bars are included 

3.3 FAA Analyses 

We only analyzed the data of the first two tasks for each APP. The results of FAA are 
shown in Figure 2. Unfortunately, results from repeated measures of variance analysis 
showed no significance in FAA index among the three APPs (F = 1.417, p = 0.261). 
But we could see a positive trend in DZD in comparison to the other two APPS. 
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Fig. 2. Descriptive statistics of FAA index. Standard error bars are included. 

3.4 Correlations 

The correlations between EEG data and subjective data were also analyzed. Results of 
Pearson correlation coefficients revealed that the PA value is negatively correlated 
with both alpha power (r = −0.310, p < 0.05) and alpha power’s change from baseline 
(i.e., task–baseline, r = −0.309, p = 0.026), and the NA change from baseline (task–
baseline) is negatively correlated with both beta power (r = −0.298, p < 0.05) and beta 
power’s change from baseline (r = −0.318, p < 0.05). The correlation between the 
FAA change (task–baseline) and the task’s difficulty are marginally significant (r = 
−0.264, p = 0.053). Also in task 1, the results revealed an inverse correlation between 
the FAA index and the task completion time (r = −0.315, p < 0.05). 

4 Discussion and Conclusions 

This experiment investigated the feasibility of using EEG to distinguish positive and 
negative emotional states in user experiences. The user experience was significantly 
different for these three APPS. First, the results of the behavioral data showed YEW 
and DZD were better than HMB in task completion rate, completion time, and self-
report task difficulty. Second, YEW and DZD were better than HMB in usability; 
their scores on UEQ and SUS were higher than the scores for HMB. Finally, the emo-
tional state after using each APP was also different. The PA after using HMB was 
lower than for the other two APPS, and the trend of NA was reversed. These results 
revealed that participants felt more positive emotions and less negative emotions 
when using DZD and YEW than when using HMB. 

No significant difference was found in FAA among the three APPs, but there were 
some trends that we can discuss. The FAA was positive when using DZD, revealing 
an approach trend with this APP. This result was consistent with behavioral and  
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subjective evaluation results. The FAAs were around zero when using YEW and 
HMB and revealed no preference in using these two APPs, even the results of beha-
vior and subjective evaluation showed YEW was better than HMB. It is worth noting 
that the task difficulty of YEW was greater than for DZD based on the self-report 
results. The participants felt different moods when using these two APPs, but they 
could not consciously report this difference. So, one possible explanation is that the 
EEG results were probably to distinguish the tiny differences in emotional states. The 
marginally significant correlation between FAA change and task difficulty supported 
this explanation. 

The results from the correlation analysis also indicated a significant relationship 
between EEG data and subjective evaluation. Previous studies have proven that 
brainwave activity relates to changes in mental or physical states, that is, the domin-
ance of fast rhythmic activity (beta/gamma) indicates states of high arousal (e.g.,  
reasoning, problem solving) and the dominance of slow rhythmic activity (alpha) 
indicates a relaxed state [12]. On one hand, a high PA value represents a state of po-
werfulness, concentration, and joviality [19]. The PA score was negatively correlated 
with alpha power and the change of alpha power in this experiment. It implies that 
less concentration accompanies high alpha power. On the other hand, low NA 
represents a state of peace and calmness [19]. A negative correlation between the 
change of NA and beta power was found, but the internal mechanism still needs more 
discussion. 

There are some limitations in this research. The emotional arousal levels for the 
three apps are not high enough. This could be a reason that no significant difference 
was found in FAA among three APPs. The materials used in marketing and design 
were complicated, which often arouses people’s emotional response in physical or 
visual ways [10, 11, 16]. However, the interfaces of the three APPs used here were 
much simple than those in commercial ads. The tasks, such as finding a restaurant or 
planning a route to a specific location, were too easy to cause a change in emotions. 
The differences in usability were easy for users to perceive and self-report, but the 
change of affect caused by the usability levels of the APPs was extremely slight to be 
captured by the FAA. Other software, which could arouse strong fluctuations, such as 
game APPs, can be explored in future research. 

In sum, using EEG indicators to evaluate the emotional state of users is a feasible 
tool in human computer interaction. FAA could be used as an index of approach, 
although we did not reach significant results in this study. The stability of FAA and 
its scope of application need to be explored in future research. 
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