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A B S T R A C T   

Capturing customers’ emotional changes in sequential service should be realized using physiological measure
ments to assess customer delight. Questionnaire-based customer surveys may miss significant and dissipating 
emotional responses. This study developed a micro‑meso analysis method of capturing emotional changes for 
sequential service using electroencephalograph (EEG) measurement, dealing with both service encounters 
(micro-level) and servicescape (meso‑level) over a couple of hours. Customers’ emotion states were defined 
based on emotional arousal and valence. Emotional responses caused by human interactions were evaluated, and 
periods of high positive affect throughout the customer journey were visualized. Experiments in actual flight 
services demonstrated successful emotion estimation across flight phases using a single-channel EEG measure
ment over two hours. Analysis results on the measurement data revealed emotional peaks outside service en
counters that are not captured in customers’ individual self-reports. The results also statistically revealed that 
two individual services (asking about a refill and conversations started by flight attendants) evoked high positive 
affect. Temporal dynamic analyses around high positive affect suggested patterns of interplay between joy and 
surprise, which are key components of customer delight. Compared with questionnaire-based evaluation, the 
proposed method contributes significantly to empirical studies on sequential services in marketing and design by 
enabling the extraction of “high positive affect,” which needs to be identified for customer delight. This study 
supplements existing research on the interactions among physiology (EEG), behavior (emotional changes), and 
customer service research.   

1. Introduction 

To be successful and stay ahead of competitors, delighting customers 
by providing outstanding customer experiences that elicit positive 
emotions is essential [1]. For more than two decades, marketing liter
ature has debated the definition of customer delight. The dominant view 
is that customer delight represents a distinct construct resulting from 
high satisfaction and is a deeply positive emotional state consisting of 
joy and surprise [2–4]. Therefore, appealing to customers’ emotions is 
vital to customer delight. Based on this understanding, the recent liter
ature on customer delight has investigated the necessary components of 
the construct. For example, whether surprise is a mandatory element of 
customer delight [4]. The present study adopted a definition of customer 

delight consisting of joy and surprise, with surprise being regarded as an 
amplifier. The antecedents of customer delight can be divided into three 
overarching areas—customer-related, employee-related, and contextual 
factors [4]. 

Customer delight positively influences repurchase intentions, word- 
of-mouth, and loyalty to the provider [1,4]. Additionally, it benefits 
employees interacting with delighted customers, enhancing their 
customer orientation, job skills, and work engagement. Prior survey 
studies on delight show the robustness of these effects and their con
sistency across service delivery modes, including face-to-face, self-
service, and online [4]. Surveys based on questionnaires in those studies 
remain effective, but they lack the capability to explore the dynamic 
nature of emotions during the customer experiences [5]. 
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The present study targeted sequential services over a couple of hours 
that involved multiple interactions between service providers and cus
tomers (i.e., service encounters as employee-related factors) in a 
changing service setting and physical environment (i.e., servicescape [6] 
as contextual factors). Flight service is a typical example of such 
sequential services where customer emotions fluctuate. Besides the 
average emotional evaluation, the peaks are also important [7]. How
ever, customer surveys examining emotional responses are generally 
conducted after the entire service via questionnaires. Such surveys often 
miss key emotional responses and feedback [8] since they only analyze 
predefined service contents and lack capturing immediate emotional 
responses (see the upper part of Fig. 1). Additionally, cognitive re
sponses can dissipate over time, and interaction details are likely to be 
forgotten. The longer the customer experience, the more pronounced 
this problem becomes. The same issue can also be addressed on serv
icescape. Questionnaires may not accurately distinguish the effect of the 
servicescape on emotions. 

Therefore, capturing customers’ emotional responses in sequential 
service through time-series physiological measurements is a big chal
lenge in service marketing and design (e.g., [5,9,10]). Customer journey 
mapping is a commonly used tool in these areas and often includes 
visualizing an emotional curve similar to that in the center of Fig. 1. 
However, in practice, most of these curves represent assumed and 
inferred emotions from planning or observation, not direct measure
ment. Both emotional changes caused by each service encounter and 
servicescape need to be considered. According to the viewpoint of 
aggregated levels of interactions and institutions in a service ecosystem 
[11], in the present study, service encounter is regarded as micro-level 
and servicescape as meso‑level. Therefore, a hybrid of micro-level 
analysis and meso‑level analysis for servicescape is required. 

This study explored capturing the emotions of passengers during an 
actual flight service, which fluctuates over flight phases, such as during 
takeoff and during the cruise, and interactions with the flight attendant. 
In-flight environments as servicescape may also change according to the 
flight phase. Previous studies on service quality, satisfaction, and loyalty 
in passengers’ flights [12–18] primarily analyzed post-flight question
naires and did not measure changes in emotions during the flight. A 
previous study on the transition of passenger comfort and emotions in 
each flight phase [19] also used questionnaires and interviews, and 

different passenger activities during the cruise phase were considered. 
Theories of emotion are mainly based on cognitive psychology, with 

contributions from physiological psychology and other disciplines [20]. 
Russell’s dimensional model [21] is a well-known model of emotion 
(Fig. A1). This model, named the circumflex model of affect, provides a 
two-dimensional map of coordinates by the degree of valence and 
arousal. Emotions are distributed on the map in terms of pleasure and 
arousal. This dimensional model is often used in consumer behavior 
studies as it has high explanatory power [22]. Especially, “high positive 
affect” (i.e., positive valance with high arousal) in the map is relevant to 
joy and crucial for customer delight. 

Measurement of emotional states that are not self-reported can be 
classified into four categories: autonomic nervous system measures, 
startle response measures, behavioral measures, and brain activity 
measures [23]. Among the brain activity measures, the number of 
research studies in neuromarketing using electroencephalograph (EEG) 
devices has increased due to their cost efficiency, high temporal reso
lution, and mobility advantages [24,25]. Non-invasive brain signal 
recording techniques are used in neuromarketing to directly measure 
the response of a customer’s brain to the marketing stimuli, replacing 
traditional survey methods [26]. 

Studies using EEG in neuromarketing to analyze consumers largely 
focus on their reactions to marketing approaches, decision-making [27], 
and device quality. TV commercial engagement or success analysis are 
representative applications [24]. The demand for acquiring and 
analyzing EEG signals in real-time is increasing as techniques on 
emotion analysis are being applied to various domains, such as auto
mobiles, robotics, healthcare, and customer-support services [28]. 
Additionally, several studies have examined the applications of EEG, 
such as mental workload [29,30], task concentration [31], psychiatric 
health [32], and prediction of functional outcomes after stroke [33,34]. 
EEG is also used in quantifying physiological biomarkers of microwave 
brain stimulation devices [35]. EEG is suitable for naturalistic studies as 
many EEG systems are portable and can be combined with other mea
surement tools [5,36,37]. Verhulst et al. [5] discussed the potential of 
neuroscientific methods in the service field, focusing on a single 
touchpoint. Mobile EEG measurements are practically expected to 
analyze long-duration customer experiences in actual services by being 
less burdensome for test subjects (i.e., customers). However, there is a 

Fig. 1. Micro‑meso analytic method of emotional changes during a customer journey.  
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paucity of studies using EEG in real-world experiences. Fewer studies 
cover experiences of long duration. 

In the present study, we aimed to develop a micro‑meso analysis 
method to measure emotional change in sequential services over a 
couple of hours. We conducted an experiment on actual flight service 
using mobile EEG measurement. This method analyzes emotional 
changes at service encounters (i.e., micro-level analysis) and through 
servicescape (i.e., meso‑level analysis) using the obtained EEG data. 
Fig. 1 illustrates the difference between these two analytic approaches 
on a customer journey. For comparison, the upper part of the figure 
shows self-reported and limited emotional responses by a customer 
through a questionnaire survey. The micro-level analysis verifies im
mediate emotional responses caused by interactions, resulting in (a) 
assuring self-reported positive emotions and (b) detecting unreported 
positive emotions. The meso‑level analysis visualizes the duration of a 
significant emotional state called “high positive affect” during a cus
tomer’s journey regardless of direct interactions and contributes to (c) 
detecting unreported positive emotions, including the effect of the 
servicescape. We assume that single-channel EEG measurements enable 
the integrated analysis of micro-level and meso‑level approaches for 
real-world services. 

The present study aimed to supplement existing literature on the 
interactions between physiology (EEG), behavior (emotional changes), 
and customer service research. The contributions of the present study 
include: 

• Succeeded in emotion estimation using single-channel EEG mea
surement over a couple of hours during the actual service where 
questionnaires are the mainstream methods.  

• Developed an integrated method that verifies immediate emotional 
responses by human interactions (i.e., service encounters) and vi
sualizes emotional peak periods throughout the customer journey 
using the same EEG measurement data. The visualization includes 
effects by servicescape and unreported positive emotions by 
customers.  

• The analytic method contributes to empirical studies on sequential 
services in marketing and the design field by enabling the extraction 
of “high positive affect,” which needs to be identified for customer 
delight. 

2. Materials and methods 

2.1. Estimation of emotion by single-channel EEG 

Customers’ emotional states in this study were defined based on 
Russell’s dimensional model. Customers wore a hairband-type EEG de
vice during a target customer journey, and the valence and arousal of 
emotional reactions were estimated based on the measured EEG. Among 
mobile EEG devices such as Emotiv Epoc and NeuroSky Mindwave, the 
present study employed a NeuroSky device with one front biosensor, not 
requiring any conductive medium to be applied on the test subject’s 
scalp. Given that our experiments were conducted for several hours in a 
real-world service environment with other customers present, the de
vice’s discreet appearance and impact on the wearer’s (i.e., test sub
ject’s) experience [38] were crucial considerations. 

The data-processing of signals and emotion estimation software 
using the single-channel EEG device was provided by Dentsu Science
Jam Inc. The authors of this paper did not develop the software. Using 
the EEG device, Dentsu ScienceJam Inc. and scholars at Keio University 
have been working extensively on measuring and data processing for 
particular elements of human emotions or states of mind. They have 
established a set of procedures to denoise and remove artifacts, 
including blinks, body movements, and electrical noise, in real-time 
with low computation costs [39,40]. Another research group has also 
independently verified that the device could reliably remove environ
mental noise and unintended frequencies [41]. 

The provided estimation software is based on the model developed 
by the machine learning algorithm [42], which tested the EEG device for 
emotion estimation in a mobile application. The methodology encom
passed filtering, feature extraction, and pattern recognition to infer 
emotional valence from EEG readings. Finite impulse response (FIR) and 
Butterworth infinite impulse response (IIR) filters were used for artifact 
reduction, while the data were transformed into power spectrums 
through the Fast Fourier Transform (FFT). Following the application of 
standardization and robust scaling techniques, a moving average of the 
scaled data was calculated to consider emotional changes over time, 
spanning from one to 30 s. Optimized Hz data were extracted from 
power spectrums by classifying frequencies and applying a genetic al
gorithm (GA). Regression (linear and support vector regression [SVR]) 
and classification (support vector machine [SVM]) and k-nearest 
neighbor [k-NN]) were incorporated for valence estimation. Different 
combinations of methods and parameters were rigorously tested using a 
grid search, and a 10-fold cross-validation ensured model robustness, 
preventing overfitting. The prediction accuracy of the valence score was 
over 70 % when classified as high or low despite having only one sensor. 
Similarly, another model for arousal was developed [42]. Their pre
diction accuracy has been improved through parameter tuning in 
practice as a commercial product [43]. 

Scores of valence and arousal were output and recorded at intervals 
of 1 s with a value from 0 to 100. These are normalized values based on 
the result of calibrations before the start of EEG measurement to account 
for individual differences in EEG. 

According to the two-dimensional space [44,45], the customer’s 
state at a particular time was identified using the degrees of valence (vt) 
and arousal (at). 

2.2. Micro‑meso analysis method to capture emotional change in 
sequential service 

The proposed micro‑meso analysis method consists of (A) detecting 
significant emotional responses caused by interactions and (B) visual
izing the duration of emotional peak periods as high positive affect 
throughout the customer journey.  

(A) Micro-level analysis: detecting significant emotional responses 
caused by interactions. 

Data of vt and at before and after interactions were used to deter
mine whether their interaction type affects customer emotion at a ser
vice encounter level, as shown in the middle layer of Fig. 1. The data 
used were the mean of valence and arousal for 10 s before and after the 
occurrence of each interaction event (ek). We have notated them as vbe

ek
, 

vaf
ek

, abe
ek 

and aaf
ek

. If an interaction event occurred at time t lasts and its 
duration is longer than or equal to 5 s (i.e., [t, t + (d − 1)], d ≥ 5), the 
10 s-interval for the after data is set as [t + d − 5, t + d + 4]. 

A paired t-test (p < 0.05) of two groups: a before and after data set (e. 
g., ({vbe

ek
}, {vaf

ek
}) for valence) was performed. A significant difference 

between the two groups indicated that valence or arousal fluctuated 
according to the type of service encounter.  

(B) Meso-level analysis: visualizing the duration of high positive 
affect throughout a customer journey 

In this study, we defined the following emotional state:  

• High positive affect (high valence and arousal levels, vt ≥ 75 and 
at ≥ 75) 

These thresholds were set based on an emotion rating map using the 
Self-Assessment Manikin (SAM; e.g., [45,46]). Psychological research 
employs SAM [47], a non-verbal visual rating technique, to separately 

T. Hara et al.                                                                                                                                                                                                                                    



Physiology & Behavior 272 (2023) 114359

4

measure pleasure and arousal. For example, in a 9-point SAM test, 
considering low emotional intensity, a score of 7 on the valence and 
arousal scale indicated the minimum intensity of pleasure and surprise, 
respectively. After converting the scale to (0, 100), the “high positive 
affect” range became (75, 100), which was narrower than the four 
quadrants of emotion in Russell’s dimensional model and corresponded 
to the emotion labels of “delighted” or “excited.” High positive affect is a 
significant emotional state with peaks of better customer experience. 

Intervals wherein high positive affect lasted for more than 5 s were 
extracted and visualized, as shown in the bottom layer of Fig. 1. The 
threshold of 5 s was set in consideration with noise detection. By sum
ming the extracted intervals, the occurrence and density of high positive 
affect in customer journey could be calculated, including the effects by 
servicescape. 

2.3. Experiment targeting actual flight 

2.3.1. Experiment participants 
With the cooperation of the airline company ANA (All Nippon Air

ways), measurement experiments were conducted in October 2020 on 
actual domestic flights. The research sample set consisted of 10 partic
ipants (7 men, 3 women), with an age range from 20 to 40 years (8 were 
in their 20 s). Based on the questionnaire administered at the time of 
application, 10 participants were selected from 30 applicants such that 
there would be no bias in passengers’ familiarity with flights. This se
lection process was done using the questions exhibited in Table B1. 

This study was conducted with the approval of the Ethics Review 
Committee of the Graduate School of Engineering, the University of 
Tokyo (KE20-28). Participants were paid an honorarium for their 
participation in the experiment. The amount was based on the number of 
hours of experiment. There was no incentive based on behavior during 
the flight. 

2.3.2. Experimental procedure 
Fig. 2 shows the experimental procedure for each participant. EEG 

measurements were conducted 20 times. Each participant flew the 

outbound and inbound flights on different days. We explained partici
pants that the reason for wearing the mobile EEG device was to obtain 
EEG data on emotional fluctuations during the flight, in order to analyze 
the effects of the in-flight environment and customer service on these 
fluctuations. Participants were asked to board their return flights after 
their lunch break without going outside the airport. The team of flight 
attendants did not change between the outbound and inbound flights, 
but the flight attendants who served the participants were different in 
some cases. 

First, prior to the flight, the EEG measurement device was attached to 
the participant’s head and calibrated just before boarding. The cali
bration time was more than 75 s. During this calibration, individual 
differences among participants were considered. We asked the partici
pants to spend their time as usual during the flight. However, we asked 
the participants to refrain from eating and using the bathroom during 
the flight as much as possible and not to be too absorbed in any one task, 
such as working on the computer, to avoid any interference with the EEG 
measurement. 

The flight attendants involved in customer services were also asked 
in advance to “serve the participants as usual” during the flight. How
ever, since contact with passengers on domestic flights is limited to basic 
duties, we asked them to adopt more than one approach to the partici
pant during the flight. Here, approach includes not only actually serving 
the participant but also refraining from serving because of consider
ation. Videos around the participants were only recorded during the 
flight, including interactions with flight attendants. 

In a questionnaire after each flight, the participant was asked to draw 
the emotional curve (Fig. 1) of the flight experience from boarding to 
disembarkation and note reasons or events at peaks of the curve. At the 
end of the experiment, we interviewed the participants based on the 
emotional curves of inbound and outbound flights. 

2.3.3. Experimental flights and seats 
We selected the same round-trip flight between Haneda and Kuma

moto airports for this experiment based on three conditions: 

Fig. 2. Experimental procedure.  
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• The aircraft allowed for full-time Bluetooth communication for EEG 
measurement.  

• The flight duration was more than 1.5 h, facilitating the observation 
of customer services, such as drink service.  

• A round-trip flight employed the same flight attendants. 

Although there were some changes in the flight schedule, the flight 
time was about 2 h. Only one participant could not take the same flight 
and took the flight between Haneda and Naha airports. 

Participants were required to wear masks on board to prevent 
COVID-19 infection. Therefore, flight attendants had difficulties reading 
the needs of the passengers from their facial expressions; however, there 
was no obstacle to the measurement because the participants were being 
served. 

The participants were seated in the last row of the cabin, and one of 
the authors was seated directly next to the participants to avoid inter
ference with the general passengers and to cope with any measurement 
problems. There was no interaction between the participant and the 
author. The Hawthorne effect due to this [48] was not considered, as the 
participants were not asked for proactive actions and communication 
with flight attendants. 

The seat pairs in the last row of the cabin were not available on the 3 
out of 20 flights, as they had been reserved by the general passengers 
before the authors’ booked their flight. Thus, the seat pairs for the 
participant and the author were replicated in other rows in the cabin on 
these three flights while maintaining the designed functions. 

2.4. How the proposed method was applied to flight service 

This section describes how the generic method described in Section 
2.2 was applied to flight service. The elements of service encounter and 
servicescape in the flight service included:  

• Service encounters: direct services and in-flight announcements by 
flight attendants  

• Servicescape: in-flight environment and changing flight phases 

2.4.1. Micro-level analysis of direct services and in-flight announcements 
Direct services 
Direct services by flight attendants during the cruise were classified 

by coding [49], a qualitative data analysis method. We extracted direct 
service scenes in a service process from the videos and classified them by 
assigning a heading (code) to each service. The classification by coding 
comprised three steps:  

1 Extracting the scenes in which flight attendants served the 
participants,  

2 Coding each scene based on the verb associated with the action, and  
3 Grouping of the same type of service as a category. 

Using the coded service data, we obtained the mean of valence and 
arousal for 10 s before and after the start of each coded service. We 
assumed a single effect for each category, such as asking about a refill, 
evoking positive affect. 

In-flight announcements after the initial climb 
Flight attendants made in-flight announcements after the initial 

climb. The micro-analysis method was applied for the data before and 
after the start of these in-flight announcement events. The announce
ments, including greetings, estimated arrival, turbulence forecasts, and 
seatbelt sign instructions, helped passengers anticipate seatbelt sign 
changes and drink service. While frequent flyers appreciated the arrival 
time, turbulence information was aimed at relieving less experienced 
passengers. Thus, we assumed that in-flight announcements after the 
initial climb would evoke positive affect. 

2.4.2. Meso-level analysis across flight phases 
The flight phases were divided into the following: during parking, 

from pushback to engine start, during taxiing, from the start of takeoff 
roll to takeoff, during the initial climb, during the climb, during the 
cruise, during the descent, during the initial approach, during the final 
approach, during landing, and from taxiing to stopping. According to 
these flight phases, positive emotional transitions were visualized and 
summarized in each phase. 

Most previous studies on the comfort of the aircraft cabin environ
ment considered seat related-factors, such as seat space [50,51]. How
ever, when considering pleasure and discomfort related to emotions in 
servicescape, airsickness due to aircraft-specific turbulence cannot be 
ignored. The weightlessness caused by vertical aircraft motion may 
cause discomfort in the human body. As a prerequisite, before analyzing 
the effect of servicescape in detail, we confirmed whether vertical 
aircraft motion due to turbulence called quick drops in the air happens 
and affects passenger emotions or not (Appendix C). 

3. Results 

3.1. Measurement 

The average measurement period of 20 flights was 7715 s. The 
average value and standard deviation of noise detection periods by the 
measurement processing software were 648.4 s and 626.6 s, respec
tively. These periods had missing measurement values, and we per
formed linear interpolation for them. 

Fig. E1 summarizes the valence and arousal estimations that allow 
for the proposed meso‑micro analysis considering flight phases and 
customer services. The measurements and estimations over a long 
period of time and organized according to the two-dimensional model of 
emotion were confirmed. 

3.2. Duration of high positive affect in each flight phase (meso‑level 
analysis) 

The data of four flights, which had long unmeasured periods and 
could not be sufficiently correlated with the flight data, were excluded in 
the meso-level analysis. The bottom table in Fig. 3 shows the standard 
duration of each flight phase and the number of flights out of 16 in 
which high positive affect lasted at least once. For those applicable 
flights, the graph in Fig. 3 compares the average density of total duration 
of high positive affect for each flight phase. For example, during the 
initial climb, 8 out of 16 flights had high positive affect, which lasted 
more than 5 s at least once. Among the 8 flights, the average density of 
total durations was 0.25. If the duration of the phase is 60 s, as in 
standard, the average duration of high positive affect is 15 s in total. 

These results were obtained from the analysis:  

• High positive affect could be seen across all flight phases, not only in 
service encounters during the climb, cruise, and descent.  

• In the period from the start of takeoff roll to takeoff, high positive 
affect tended not to be present in large populations, but when it did, 
it could last for a long time.  

• During the climb, cruise, and descent, the duration of which was 
longer than other phases, high positive affect was present in most 
participants at least once. The average density of 10 % in those long 
flight phases implied that most participants had multiple and lasting 
delight or excited experiences on board. 

Fig. 4(A) shows the result for Participant 1 that visualizes service 
encounters and the duration of estimated high positive affect. The hor
izontal axis represents the elapsed time from starting EEG measurement. 
Since the flight recorder was turned on independently of the EEG mea
surement and boarding, the beginning of the elapsed time synchronized 
with recorded flight phases was 600 s in this case. The variety of direct 
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services performed during the service encounters is presented in Table 1 
and explained in Section 3.3. States of high positive affect were observed 
with and without the service encounters. Fig. 4(B) shows the self- 
reported emotion curve for Participant 1 after the experiment. The au
thors adjusted the time scale to contrast with Fig. 4(A) based on what 
was elicited from the interview with Participant 1 about the written 

emotion curve, including the events during the peak period. 
Participant 1 reported a lasting pleasant state during the flight since 

it was not a daily experience. Thus, the written emotion curve was on the 
upper side of the baseline, and a few peaks of emotion change were 
identified. Contrarily, the measurement data showed a greater number 
of high positive affect. In this case, much of the high positive affect 
occurred in the servicescape and self-activities, not in service encoun
ters. For example, many periods of high positive affect during the climb 
and cruise were found while Participant 1 was reading a book. These 
periods were not included in the self-reported emotion curve. Before 
disembarking, periods of high positive affect were observed several 
times through direct services of special goods provision and conversa
tions. This is consistent with the self-report of being left with a lasting 
impression. 

Other results in Appendix D show the following cases.  

• Participant 2, whose self-reported positive emotional peaks were 
matched well with a subset of the estimated high positive affect. 

Fig. 3. Number of flights in which high positive affect lasted and their duration density in each flight phase. Error bars represent standard deviation. The shade of the 
graph reflects the grade of the number of applicable flights. 

Fig. 4. Result of visualizing the duration of high positive affect in each flight phase (participant 1, inbound). (A) measurement and (B) self-reported emotional curve. 
(B) represents the adjusted timescale of each flight phase for alignment with (A). 

Table 1 
Direct service by flight attendant classified as a basic service.  

Symbol Type Description Frequency 

(a) Alcohol sheet 
provision 

Hand out an alcohol sheet to prevent 
COVID-19. 

7 

(b) Asking about a 
drink 

Ask passengers what they would like 
to drink. 

19 

(c) Serving a drink Pour the asked drink into a cup and 
serve the drink. 

25 

(d) Drink cup 
collection 

Collect the cup when passengers 
finish the drink provided. 

12  
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• Participant 3, whose self-reported positive emotional peaks in self- 
activities were not confirmed by the objective measurement result, 
although several emotional peaks in service encounters were detec
ted by the proposed method.  

• Participant 4 showed the highest proportion of positive affect. The 
prolonged dense sections revealed specific flight events and 
customer services noted in the self-report.  

• Participant 5, who was unfamiliar with flying, showed both large 
positive and negative emotional peaks. Positive emotions in the 
service encounters, which are fewer than the others, could be 
confirmed in the self-reports and measurements. 

3.3. Emotional responses due to service encounters (micro-level analysis) 

3.3.1. Differences among direct services 
Flight attendants performed 113 direct service sessions in the 

experiment, which were coded into 11 types: 4 basic services and 7 in
dividual services (Tables 1 and 2). Basic services were provided to all 
passengers on board, while individual services were offered only to 
passengers who needed them. 

After dividing the data by each direct service code, the micro-level 
analysis was applied. A graph summarizing the mean and variance of 
valence and arousal before and after the direct service is shown in Fig. 5. 

We examined whether there was a difference in valence and arousal 
before and after each type of direct service. As a result, there was a 
significant difference in arousal for (b) asking about a drink (p = 0.009) 
and (d) collecting the drink cup (p = 0.016). There was a significant 
difference in both valence and arousal for (f) asking about a refill (p =
0.030 and p = 0.005) and (i) conversations started by flight attendants 
(p = 0.037 and p = 0.002), indicating that the emotional effect tended to 
be higher. 

The following were the results in terms of emotional change:  

• When (b) asking about a drink, arousal tends to increase, but valence 
is not evoked. 

• (f) Asking about a refill and (i) conversation started by flight atten
dants tend to cause high positive affect.  

• There was no significant difference in the change in valence and 
arousal in other direct services, and no crucial effect on emotional 
change was found. 

In the case of (b) asking about a drink and (c) serving a drink, the 

mean of valence was lower, as shown in Fig. 5. When we checked both 
cases in the recorded videos, a huge decreasing valence (negative) was 
found when the participant was asked about a drink while reading a 
book, representing an interruption. This suggests that these two services 
may cause positive or negative affect. 

3.3.2. In-flight announcements after the initial climb 
A total of 20 in-flight announcements by flight attendants were made 

after the initial climb, one for each flight. As a result of applying the 
micro-level analysis, we found a significant difference in the change in 
valence by the in-flight announcements (p = 0.031). However, there was 
no significant difference in the change in arousal. Therefore, positive 
emotional change tends to be evoked. 

4. Discussion 

4.1. Theoretical implications 

4.1.1. Emotion estimation in real services and methodological contributions 
In the present study, we achieved emotion estimation using single- 

channel EEG measurement over a couple of hours in the actual ser
vice, where questionnaires are the mainstream method. The developed 
micro‑meso analysis method processed the time series of estimated 
emotions. Experiments in actual flight service showed how the method 
captures emotional changes for sequential services. The meso‑level 
analysis automatically quantified and visualized the “high positive 
affect” as significant emotional peak periods throughout the customer 
journey. This quantification and visualization included effects by serv
icescape and self-activities. Additionally, the micro-level analysis veri
fied emotional responses during service encounters according to 
classifications of interactions by coding. The verification results 
revealed which classifications of interactions bring significant change in 
emotion (e.g., (f) asking about a refill and (i) conversations started by 
flight attendants). 

Therefore, the analytic method contributes to existing empirical 
research and tools on sequential services in marketing by comprehen
sively evaluating emotional changes, reviewing existing touchpoints, 
and focusing on the critical touchpoints that leave a lasting impression 
on customers (i.e., “moment of the truth”). The present study supple
ments the literature on the interactions among physiology (EEG), 
behavior (emotional changes), and customer service research. 

4.1.2. Dynamics of customer delight: the interplay of joy and surprise 
Two individual services of (f) and (i) were found to cause high pos

itive affect, while basic services did not, indicating the effectiveness of 
individual service provisions suggested in the service excellence pyra
mid [1] even in dynamic and micro situations. For (k) special goods 
provision, another individual service, both self-reported and measured 
reactions during certain customer interactions were found during some 
individual customer journeys, although no significant differences were 
found in a paired t-test (Section 3.3.1). 

In the present study, customer delight was framed around moments 
of high positive affect—instances of positive valence paired with high 
arousal. Surprise was regarded as an amplifier of delight. However, 
considering the results regarding the occurrence of high positive affect, 
emotional shifts, and self-reported feedback that were linked to indi
vidual services, we cannot deny certain situations where customer 
delight could be predominantly driven by surprise. This is because we 
did not deal with the sole effect of high arousal without positive valence. 
Thus, within the current research scope, we preliminarily analyzed the 
temporal dynamics between valence and arousal tied to high positive 
affect by individual services.  

• For (f), responsive to timely drink refill needs, an immediate upswing 
in both valence and arousal tended to be observed post-service, as 
depicted in Fig. 6(A). 

Table 2 
Direct service by flight attendant classified as an individual service.  

Symbol Type Description Frequency 

(e) Hand towel provision Hand out a hand towel to 
passengers as they eat their 
meals. 

3 

(f) Asking about a refill Ask passengers who seem to want 
a refill for another drink. 

11 

(g) Individually- 
wrapped straws 
provision 

Provide individually-wrapped 
straws to passengers who are 
concerned about COVID-19 
infection. 

1 

(h) Guide to baggage 
storage 

Guide passengers to stow their 
baggage under the seat in front of 
them during takeoff and landing. 

1 

(i) Conversations started 
by flight attendant 

Conversation with passengers 
started by the flight attendant, 
going back and forth one or more 
times. 

22 

(j) Conversations started 
by passenger 

Conversation started by the 
passenger, going back and forth 
one or more times. 

3 

(k) Special goods 
provision 

Give special goods other than the 
primary offerings such as cards 
and in-flight magazines. 

9  
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• Longer interactions, notably (i) and (k), presented the patterns 
shown in Fig. 6(B) and (C)—an instant arousal increase followed by 
either partially delayed or subsequent valence amplification. These 
were observed, for example, when special goods were given, and 
then the customer appreciated it with an explanation received.  

• Fig. 6(D) showcases situations with prevalent high valence at service 
onset, with a subsequent arousal boost. This pattern, influenced by 
the passenger’s own comfort or prior interactions such as those 
initiated by flight attendants, was also discerned in (i) and (k). 

In short, surprise by unexpected moments was a driver of heightened 
arousal, particularly for (i) and (k) plays a role as antecedent, sustainer, 
or amplifier of positive valence. The present study contributes to 
research investigating the interplay of joy and surprise forms customer 
delight in sequential service dynamically. Note that in the subsequent 

valence pattern of Fig. 6(C), if the overlap between the two metrics was 
less than 5 s, the proposed method would not classify it as high positive 
affect. 

4.1.3. Advancements in mobile EEG devices 
With mobile EEG devices, the freedom of customer behaviors, 

interaction with service providers, and better wearing experience are 
maintained. The present study demonstrated the feasibility of measuring 
the emotional changes using mobile EEG devices in the context of actual 
services, including servicescape and human interaction. Another new 
approach of EEG measurement covering long-duration experiences can 
be stimulus presentation in immersive experiences in virtual reality(VR) 
[52,53], but research is lacking regarding how it differs from traditional 
stimulus presentation and for emotion classification using VR [52]. 

Fig. 5. Means of valence and arousal before and after direct services by flight attendant. (A) valence and (B) arousal. Direct services (g) and (h) were not included 
because n = 1. 

Fig. 6. Observed patterns of the interplay between valence and arousal due to a service event. (A) simultaneous (B) delayed valence, (C) subsequent valence and (D) 
additional arousal. 
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4.1.4. Physiological measurement and employee-related factors of flight 
service 

Meyer et al. [54] analyzed physiological effects of flight conditions 
on vulnerable passengers by measuring their heart rate in simulated 
conditions, resulting in suggesting sympathetic arousal or reductions in 
parasympathetic drive. But only examined the level of arousal of the 
passengers. Few studies have analyzed passengers’ valence changes 
during flights. EEG studies in-flight cases largely examine pilots’ fatigue, 
emotions, and hypoxia rather than those of passengers. For passengers, 
questionnaires were still used to depict the transition of comfort and 
emotions (e.g., [19]). The present study succeeded in estimating the 
occurrence and density of high positive affect for passengers during 
flight services using a single EEG measurement, which have not been 
investigated in previous studies. 

One category of antecedents for customer delight is employee- 
related factors described in Section 1. Sezgen et al. [55] used text 
mining to clarify that the friendliness and helpfulness of flight atten
dants affect passenger satisfaction. Fukushima et al. [56,57] described 
the cognitive competencies of flight attendants behind such individual 
customer services, distinguishing between skilled and new flight atten
dants. The proposed method may enhance these early studies of the 
front-line staff by measuring the impact of these competencies from a 
customer viewpoint in a sequential service. The concept of “service not 
to serve” presented by Fukushima et al. [57] can be further analyzed 
using a dynamic understanding of emotion estimation and consider
ation, similar to that discussed in this section and Fig. 6. 

4.1.5. Enhancement of customer behavior studies 
In Participant 1, we identified periods of high positive affect during 

the climb and cruise, which were not captured in the self-reported 
emotion curves. Our method contributes to customer behavior studies 
by detecting unreported positive emotions, encompassing servicescape 
effects. In contrast, self-reported emotions may only partially show up in 
measurement results due to the limited scope of state estimation 
analysis. 

The results explained in Section 3.3.2 demonstrated a significant 
valence increase during in-flight announcements among participants. 
Interestingly, they were not standout events in the self-reported emotion 
curve. Our study verified this unconscious shift toward positive emotion. 

The single axis-based method for emotional curves in customer 
journey maps (Fig. 1) struggles to distinguish between “positive affect“ 
and “high positive affect” in Russell’s dimensional model. It may result 
in overlooking outstanding customer experience and customer delight. 
Our study advances customer journey mapping and service design [58] 
by enabling long-term, real-time SAM-equivalent measurements, pro
moting customer delight. This contribution is supported by the results 
for Participant 2 in Fig. D1, whose continuous physiological measure
ment of emotion includes discrete self-reported responses. 

4.1.6. Extensions to other sequential services beyond flight service 
The present study primarily investigated flight services within do

mestic economy class, which served an undetailed majority of passen
gers simultaneously. The implications of our findings could be extended 
to a broad array of sequential services beyond flight service. Acquiring 
additional customer information beforehand allows service providers to 
tailor their offerings, especially during service encounters. The proposed 
method is more applicable to a variety of services than the previous 
study [5] since it allows multi touchpoints and long-term duration 
analysis. 

Chitturi et al. [59] highlighted that the primary nature of the service 
(hedonic or utilitarian) influences the role of surprise in evoking 
customer delight, with utilitarian services potentially benefiting more 
from surprise elements. This suggestion needs to be considered when we 
interpret the results and validate the mechanism of customer delight on 
different sequential services. 

4.1.7. Customer characteristics in emotion estimation 
While we should be careful about the characteristics of each person 

in emotion estimation through biometrics [60], it is essential as a first 
step to find common trends independent of customer characteristics 
quickly and within a reasonable cost. The present study succeeded in 
testing the empirically assumed emotional effects through interactions 
and confirmed that some of them hold regardless of customer charac
teristics. Based on this fundamental understanding, detailed analysis to 
identify meaningful customer characteristics associated with a good 
customer experience [61] is expected. 

4.2. Practical implications 

We provided practical suggestions to enhance in-flight service, 
including appropriate timing, by objectively verifying the emotional 
effects of individual direct service. For instance, offering customer ser
vices such as “a conversation started by flight attendants before the 
seatbelt sign is turned on during descent” can relieve negative feelings 
and positively affect passengers. In addition, identifying moments when 
passengers are experiencing positive emotions and offering them a 
slightly unexpected, yet personalized touch can be effective. Such an 
approach, including “special goods provision,” can foster customer 
delight by interweaving joy and surprise, as illustrated in Fig. 6(D). 
“Asking about a drink refill” works effectively with current service skills. 
Other individual direct services need to be further investigated by 
considering other customer characteristics, such as preferences related 
to direct service on-board. Basic direct service of asking about a drink is 
inevitable but should be carefully considered because it may deteriorate 
positive valence if passengers are absorbed in other things. In-flight 
announcements during the initial climb do not evoke customer delight 
directly but tend to bring unconscious positive change based on 
emotional valence regardless of flight familiarity. 

Service firms can enhance the competitiveness of their businesses by 
finding the moment of positive emotions for customer delight (i.e., high 
positive affect) using physiological measurement. The present study 
took the measured data home after experiments and analyzed it in the 
laboratory. In the future, a quick visualization of the results of the 
analysis on-site will help marketers (or service designers) perform 
complemental interviews with participating customers immediately 
focusing on periods and events about significant measured emotional 
changes. 

Flight events or customer service did not significantly differ between 
outbound and inbound flights. However, due to Haneda Airport 
congestion, outbound departures, and inbound arrivals have marginally 
longer waits and more self-reported negative feelings than their coun
terparts (Figs. 4, D1, D3). Participants inexperienced with flying often 
had negative emotional responses to turbulence and airsickness during 
their first outbound trip (Fig. D4). While the current method and visu
alization did not address “high negative affect” and thus did not show 
distinct differences, extending the method to consider negative affect 
might reveal how they overshadow positive experiences and delight. 

4.3. Limitations 

The study has several limitations to acknowledge. First, this study 
was limited by its relatively smaller sample size. Similar concerns are 
often raised about the use of neuroscience technologies in consumer 
behavior research. However, the basic biological composition of the 
brain is more consistent than other behavioral variables [25]. Given this 
study’s pioneering nature and the cost of analyzing long-duration EEG 
measurements in a real-world service environment compared to other 
studies [5,45,53], this sample size is reasonable for laying the ground
work for more extensive experiments in this area. 

During the experiment for one participant, the EEG measurements 
were occasionally interrupted due to the strong influence of noise 
caused by physical characteristics and movement habits of the 
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participant. Prior to the main experiment and participant selection, a 
preliminary assessment should be conducted to check the suitability of 
EEG measurement for each participant. Additionally, the results of 
measurements during the preliminary assessment in the daily conditions 
can be used as a baseline for the analysis in the experimental conditions 
for each participant. 

Regarding the 10 s interval of interaction events in the micro- 
analysis method explained in Section 2.2, its duration may need ad
justments in practice for different services. It may depend on how ser
vice events elicit emotional responses at a touchpoint level. Considering 
the interplay of valence and arousal described in Section 4.1.2 is also 
relevant to this issue. 

During the experiments, both participants and cabin attendants wore 
masks, which may have influenced and hindered the participants’ pos
itive emotions caused by emotional contagion. However, we suspect that 
this effect was limited in the present study. The ability of customers (i.e., 
participants) to interpret employee emotions plays a role in this process. 
Eggenschwiler et al. found that customers can decode employee smiles 
even behind masks [62]. Notably, smiles behind mask amplify perceived 
warmth, and mask wearing can covers negative emotions. The cabin 
department of the airline organization recognized that masks made 
communication harder but found that emphasizing emotions through 
voice tone and eye expression helped. This approach was shared 
throughout the organization, and its effectiveness is confirmed by the 
result presented in Fig. D4. 

5. Conclusion 

In this study, we successfully conducted emotion estimation using 
single-channel EEG measurement over a couple of hours in the actual 
service, where questionnaires are the mainstream method. The 
micro‑meso analysis method of emotional changes verifies immediate 
emotional responses by human interactions and visualizes emotional 
peak periods throughout a customer journey. The visualization includes 
effects by servicescape and unreported positive emotions. Compared 
with questionnaire-based evaluation, the developed method contributes 
to empirical studies on sequential services in marketing and design by 

enabling extracting “high positive affect,” which needs to be identified 
for customer delight. 
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Appendix A 

Fig. A1 shows Russell’s dimensional model of emotion, which provides a two-dimensional map of coordinates by the degree of valence and arousal. 
Emotions are distributed on the map in terms of pleasure and arousal.

Fig. A1. Russell’s dimensional model of emotions.  
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Appendix B 

We recruited individuals interested in participating by posting on social networking sites. Therefore, students from the author’s laboratory and 
people familiar with the research did not participate. 

Table B1 represents questions used for selecting 10 participants from 30 applicants. Of these, five participants were selected for being familiar with 
flights, who answered “yes” to 3 or more questions in the category “knowledge of air travel” and 4 or more in the category “knowledge of behaviors 
during flight.” Five participants whose scores were lower than those described were selected as being unfamiliar with flights. During this selection 
process, the reported frequency of flying and gender balance were also considered to try to avoid bias within each group. 

Three participants in the unfamiliar with flying group scored the lowest, with an overall score of 4. One participant had never flown before, and 
another (Participant 5 in Appendix D) had flown only once before in her early childhood.  

Table B1 
Questions to determine the familiarity with flights (developed with the airline company).  

Category Question Answer 

Knowledge of air travel I know that certain baggage is not allowed as carry-on baggage. Yes/No 
I know that the door used for passenger boarding and disembarking is on the left side of the aircraft in the direction of travel. Yes/No 
I can locate my assigned seat without asking the flight attendant for directions. Yes/No 
I know where the lavatories are located in the cabin. Yes/No 

Knowledge of behaviors during flight I know that I can use any of the storage compartments if they are available. Yes/No 
I know that baggage can be placed under the seat in front of me, and not just in the compartment above. Yes/No 
I know which side Mt. Fuji is visible from (the left or right window) on the flights I frequently ride. Yes/No 
I know that seat belts need to be fastened while seated. Yes/No 
I know that there is a signal that all doors are closed. Yes/No  

Appendix C 

Vertical aircraft motion by turbulence—Quick drops in the air 
ANA provided the flight data to identify the time of aircraft turbulence. This study focused on quick drops in the air that affect passenger emotions, 

and the vertical component of jerk (acceleration change with respect to time) was used as an indicator. It is widely known that the vertical acceleration 
change is unique to air travel compared to other means of transportation. The feeling of weightlessness caused by it tends to cause discomfort in the 
human body. The vertical component of the jerk was calculated from the flight data (measured at a period of 16 Hz) according to the following 
equation, in which Az(t) and Jz(t) represent the vertical acceleration component and the vertical jerk component at time t, respectively. 

Jz(t) =
{

Az

(

t+
1
16

)

− Az(t)
}

× 16
(

t= 0,
1
16

,
2
16

,
3
16

,⋯
)

(1) 

The threshold value of the Jz(t) for the occurrence of quick drops in the air was determined to be − 0.8 m/s3 by referring to a previous study on ride 
comfort [63]. The time when Jz(t) falls below the threshold value is defined as an event of a quick drop in the air. 

As a result of the experiment analysis, quick drops in the air occurred 94 times in all 20 flights. They were concentrated in the climb and descending 
phases (46 times). We prepared and tested the mean of valence and arousal for 10 s before and after quick drops. As a result, p = 0.336 for valence and 
p = 0.205 for arousal were obtained. No significant difference was found in the change of each index due to a quick drop in the air (p < 0.05). 
Therefore, it could not be said that quick drops cause emotional change uniformaly. 

Appendix D 

Figs. D1–D4 show other results of visualizing the duration of high positive affect. The self-reported positive emotional peaks of Participant 2 
depicted in Fig. D1(B) were matched well with a subset of the estimated high positive affect in Fig. D1(A). Conversely, in Fig. D2(B), the self-reported 
emotional peaks of Participant 3 in non-service encounters were not confirmed by the objective measurement result shown in Fig. D2(A). Additionally, 
the measurement detected unreported emotional peaks in service encounters. 

Fig. D3(A) of Participant 4 showed the greatest percentage of high positive affect among participants. He mentioned in the interview that he 
enjoyed flights as ride attractions. By examining long and dense periods in Fig. D3(A), we could pinpoint flight events and customer services that 
elicited strong positive reactions found in the self-report. 

Fig. D4(B) displays the strong emotional highs and lows of Participant 5, who was unfamiliar with flying. Her negative feelings during flight events 
like acceleration and descent on the first outbound journey were self-reported. Positive reactions during fewer service encounters are evident in her 
reports and measurements. 
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Fig. D1. Results of visualizing the duration of high positive affect in each flight phase (Participant 2, outbound). (A) measurement and (B) self-reported emotional 
curve. (B) represents the adjusted timescale of each flight phase for alignment with (A). 

Fig. D2. Results of visualizing the duration of high positive affect in each flight phase (Participant 3, inbound). (A) measurement and (B) self-reported emotional 
curve. (B) represents the adjusted timescale of each flight phase for alignment with (A).  
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Fig. D3. Results of visualizing the duration of high positive affect in each flight phase (Participant 4, inbound). (A) measurement and (B) self-reported emotional 
curve. (B) represents the adjusted timescale of each flight phase for alignment with (A). 

Fig. D4. Results of visualizing the duration of high positive affect in each flight phase (Participant 5, outbound). (A) measurement and (B) self-reported emotional 
curve. (B) represents the adjusted timescale of each flight phase for alignment with (A). 

Appendix E 

Fig. E1 shows 16-quadrant emotion heatmaps of measurement data for all experiments. Fig. E1(A)–(J) represents the results of the outbound and 
inbound flights for each participant in a 16-quadrant emotional map. The state of high positive affect is mapped in the upper left quadrant. The scales 
of heatmaps are measured seconds of each emotional state, which vary by participants. Participants 1 – 5 match the participants shown in Fig. 4 and 
Figs. D1–D4. 
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Fig. E1. Emotion heatmap of all measurement data of valence and arousal. (A)-(J) represent the results of the outbound flight (left) and inbound flight (right) for 
each participant. The scales of heatmaps are measured seconds of emotional states. 
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[25] A. Costa-Feito, A.M. González-Fernández, C. Rodríguez-Santos, M. Cervantes- 
Blanco, Electroencephalography in consumer behaviour and marketing: a science 
mapping approach, Humanit. Soc. Sci. Commun. 10 (1) (2023) 1–13, https://doi. 
org/10.1057/s41599-023-01991-6, 2023 101. 

[26] G. Vecchiato, L. Astolfi, F. De Vico Fallani, J. Toppi, F. Aloise, F. Bez, D. Wei, 
W. Kong, J. Dai, F. Cincotti, D. Mattia, F. Babiloni, On the use of EEG or MEG brain 
imaging tools in neuromarketing research, Comput. Intell. Neurosci. 12 (2011) 
2011, https://doi.org/10.1155/2011/643489. 

[27] P. Golnar-Nik, S. Farashi, M.S. Safari, The application of EEG power for the 
prediction and interpretation of consumer decision-making: a neuromarketing 
study, Physiol. Behav. 207 (2019) 90–98, https://doi.org/10.1016/J. 
PHYSBEH.2019.04.025. 

[28] S.H. Kim, H.J. Yang, N.A.T. Nguyen, S.K. Prabhakar, S.W. Lee, WeDea: a new EEG- 
based framework for emotion recognition, IEEE J. Biomed. Heal. Inform. 26 (1) 
(2022) 264–275, https://doi.org/10.1109/JBHI.2021.3091187. 

[29] E. Kutafina, A. Heiligers, R. Popovic, A. Brenner, B. Hankammer, S.M. Jonas, 
K. Mathiak, J. Zweerings, Tracking of mental workload with a mobile EEG sensor, 
Sensors 21 (15) (2021) 5205, https://doi.org/10.3390/s21155205. 

[30] W.K.Y. So, S.W.H. Wong, J.N. Mak, R.H.M Chan, An evaluation of mental workload 
with frontal eEG, PLoS ONE 12 (4) (2017), e0174949, https://doi.org/10.1371/ 
journal.pone.0174949. 

[31] S. Park, S.J. Choi, S. Mun, M. Whang, Measurement of emotional contagion using 
synchronization of heart rhythm pattern between two persons: application to sales 
managers and sales force synchronization, Physiol. Behav. 200 (2019) 148–158, 
https://doi.org/10.1016/J.PHYSBEH.2018.04.022. 

[32] A. Khanna, A. Pascual-Leone, C.M. Michel, F. Farzan, Microstates in resting-state 
EEG: current status and future directions, Neurosci. Biobehav. Rev. 49 (2015) 
105–113, https://doi.org/10.1016/J.NEUBIOREV.2014.12.010. 

[33] J.I. Doerrfuss, T. Kilic, M. Ahmadi, M. Holtkamp, J.E. Weber, Quantitative and 
qualitative EEG as a prediction tool for outcome and complications in acute stroke 
patients, Clin. EEG Neurosci. 51 (2) (2020) 121–129, https://doi.org/10.1177/ 
1550059419875916. 

[34] J. Rogers, S. Middleton, P.H. Wilson, S.J. Johnstone, Predicting functional 
outcomes after stroke: an observational study of acute single-channel EEG, Top. 

Stroke Rehabil 27 (3) (2020) 161–172, https://doi.org/10.1080/ 
10749357.2019.1673576. 

[35] D. Sand, D. Arkadir, M. Abu Snineh, O. Marmor, Z. Israel, H. Bergman, S. Hassin- 
Baer, S. Israeli-Korn, Z. Peremen, A.B. Geva, R. Eitan, Deep brain stimulation can 
differentiate subregions of the human subthalamic nucleus area by EEG 
biomarkers, Front. Syst. Neurosci. 15 (2021) 107, https://doi.org/10.3389/ 
fnsys.2021.747681. 

[36] M.H. Lin (Jenny), S.N.N. Cross, W.J. Jones, T.L. Childers, Applying EEG in 
consumer neuroscience, Eur. J. Mark. 52 (1–2) (2018) 66–91, https://doi.org/ 
10.1108/EJM-12-2016-0805. 

[37] A. Bazzani, S. Ravaioli, L. Trieste, U. Faraguna, G. Turchetti, Is EEG suitable for 
marketing research? A systematic review, Front. Neurosci. 14 (2020) 1343, 
https://doi.org/10.3389/fnins.2020.594566. 

[38] T. Radüntz, B. Meffert, User experience of 7 mobile electroencephalography 
devices: comparative study, JMIR mHealth uHealth 7 (9) (2019) e14474, https:// 
doi.org/10.2196/14474. 

[39] Y. Mitsukura, Y. Tazawa, R. Nakamura, B. Sumali, T. Nakagawa, S. Hori, 
M. Mimura, T. Kishimoto, Characteristics of single-channel electroencephalogram 
in depression during conversation with noise reduction technology, PLoS ONE 17 
(4) (2022), e0266518, https://doi.org/10.1371/journal.pone.0266518. 

[40] M. Ogino, Y. Mitsukura, Portable drowsiness detection through use of a prefrontal 
single-channel electroencephalogram, Sensors 18 (12) (2018) 4477, https://doi. 
org/10.3390/S18124477. 

[41] E. Ratti, S. Waninger, C. Berka, G. Ruffini, A. Verma, Comparison of medical and 
consumer wireless EEG systems for use in clinical trials, Front. Hum. Neurosci. 11 
(2017) 398, https://doi.org/10.3389/fnhum.2017.00398. 

[42] M. Ogino, Y. Mitsukura, A mobile application for estimating emotional valence 
using a single-channel EEG device, in: Proceedings of the 57th SICE Annual 
Conference, 2018, pp. 1043–1048, https://doi.org/10.23919/SICE.2018.8492583. 

[43] Valence-Arousal Analyzer, 2020. Available online: https://www.dentsusciencejam. 
com/VAA/, (accessed on 28/01/2021). 

[44] C. Peter, A. Herbon, Emotion representation and physiology assignments in digital 
systems, Interact. Comput. 18 (2) (2006) 139–170, https://doi.org/10.1016/j. 
intcom.2005.10.006. 

[45] H. Cai, Y. Lin, Modeling of operators’ emotion and task performance in a virtual 
driving environment, Int. J. Hum. Comput. Stud. 69 (9) (2011) 571–586, https:// 
doi.org/10.1016/j.ijhcs.2011.05.003. 

[46] D. Tsonos, G. Kouroupetroglou, A methodology for the extraction of reader’s 
emotional state triggered from text typography. Tools in Artificial Intelligence, 
InTech, 2008, https://doi.org/10.5772/6071. 

[47] M.M. Bradley, P.J. Lang, Measuring emotion: the self-assessment manikin and the 
semantic differential, J. Behav. Ther. Exp. Psychiatry 25 (1) (1994) 49–59, https:// 
doi.org/10.1016/0005-7916(94)90063-9. 

[48] J. McCambridge, J. Witton, D.R. Elbourne, Systematic review of the Hawthorne 
effect: new concepts are needed to study research participation effects, J. Clin. 
Epidemiol. 67 (3) (2014) 267, https://doi.org/10.1016/j.jclinepi.2013.08.015. 

[49] J. Saldana, The Coding Manual For Qualitative Researcher, Sage Publications Ltd, 
Thousand Oaks, CA, USA, 2015, 3rd ed. 

[50] J.W. Park, Passenger perceptions of service quality: Korean and Australian case 
studies, J. Air Transp. Manag. 13 (4) (2007) 238–242, https://doi.org/10.1016/j. 
jairtraman.2007.04.002. 

[51] F. Ali, W.G. Kim, K. Ryu, The effect of physical environment on passenger delight 
and satisfaction: moderating effect of national identity, Tour. Manag. 57 (2016) 
213–224, https://doi.org/10.1016/j.tourman.2016.06.004. 

[52] N.S. Suhaimi, J. Mountstephens, J. Teo, EEG-based emotion recognition: a state-of- 
the-art review of current trends and opportunities, Comput. Intell. Neurosci. 
(2020), 8875426, https://doi.org/10.1155/2020/8875426. 

[53] S.M. Hofmann, F. Klotzsche, A. Mariola, V.V. Nikulin, A. Villringer, M. Gaebler, 
Decoding subjective emotional arousal from EEG during an immersive virtual 
reality experience, Elife 10 (2021) 64812, https://doi.org/10.7554/eLife.64812. 

[54] M.J. Meyer, I. Mordukhovich, G.A. Wellenius, M.A. Mittleman, J.P. McCracken, B. 
A. Coull, E. McNeely, Changes in heart rate and rhythm during a crossover study of 
simulated commercial flight in older and vulnerable participants, Front. Physiol. 
10 (2019) 1339, https://doi.org/10.3389/fphys.2019.01339. 

[55] E. Sezgen, K.J. Mason, R. Mayer, Voice of airline passenger: a text mining approach 
to understand customer satisfaction, J. Air Transp. Manag. 77 (2019) 65–74, 
https://doi.org/10.1016/j.jairtraman.2019.04.001. 

[56] R. Fukushima, K. Tachioka, T. Hara, J. Ota, Y. Tsuzaka, N Arimitsu, An analysis of 
the cognitive processes related to “service awareness” of cabin attendants, Lect. 
Notes Comput. Sci. 10371 (2017) 91–100, https://doi.org/10.1007/978-3-319- 
61240-9_9. 

[57] R. Fukushima, B.Q. Ho, T. Hara, J. Ota, R. Kawada, N. Arimitsu, Cognitive 
competencies of front-line employees in the hospitality industry: the concept of 
“serving not to serve, Commun. Comput. Inf. Sci. 1189 (2020) 3–19, https://doi. 
org/10.1007/978-981-15-3118-7_1. 

[58] ISO/TS 24082. Service Excellence -Designing Excellent Service to Achieve 
Outstanding Customer Experiences, ISO, Geneva Switzerland, 2021. 

[59] R. Chitturi, R. Raghunathan, V. Mahajan, Delight by design: the role of hedonic 
versus utilitarian benefits, J. Mark. 72 (3) (2008) 48–63, https://doi.org/10.1509/ 
JMKG.72.3.048. 

[60] C. Boshoff, A neurophysiological assessment of consumers’ emotional responses to 
service recovery behaviors: the impact of ethnic group and gender similarity, 
J. Serv. Res. 15 (4) (2012) 401–413, https://doi.org/10.1177/ 
1094670512453879. 

T. Hara et al.                                                                                                                                                                                                                                    



Physiology & Behavior 272 (2023) 114359

16

[61] A.L. Ostrom, A. Parasuraman, D.E. Bowen, L. Patrício, C.A. Voss, Service research 
priorities in a rapidly changing context, J. Serv. Res. 18 (2) (2015) 127–159, 
https://doi.org/10.1177/1094670515576315. 

[62] M. Eggenschwiler, M. Linzmajer, T. Rudolph, Service with a smile: the effects of 
face masks in service encounters, in: Proceedings of Society for Consumer 
Psychology (SCP) Annual Conference 2022, 2022. 

[63] M. Enomoto, K. Sasaki, H. Shiroto, Toward improving ride comfort, (RRR) Railway 
Res. Rev. 67 (3) (2010) 4–7 (in Japanese). 

T. Hara et al.                                                                                                                                                                                                                                    


