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1 Introduction

The digital transformation has been on everyone's lips for quite some time. It
shows itself as a technological and societally process of change and affects nearly
every aspect of everyday life. At the core of this transformation lies the transition
from analogue to digital, from offline channels to online channels and the change
of the real world to a virtual one. Broadband Internet and the prevalence of
mobile devices as well as new digital products and services are pushing the digital
transformation forward. This digital transformation is also linked to create new
values to improve the relationship with the user (Amit & Zott, 2001; Hagberg,
Sundstrom, & Egels-Zandén, 2016). Smartphones and newer wearables in
particular offer new service possibilities and trend to change the users' behaviour
as they are able to access the Internet anytime and anywhere (Blazquez, 2014).
Because intelligent mobile devices are equipped with many different sensors,
capable of measuring the uset's situation, they can provide better and more
personalized digital advice in the form of user-specific and situational
information (Hirtfelder & Winkelmann, 2016; Rohm & Sultan, 2000).

Especially inner states like emotions can provide good insights into the user’s
situation and thus into their needs (Brave & Nass, 2003). The technological
progress, the cost and size reduction of hardware and the further development
of sensors offer more and more possibilities for situation-oriented applications
(Yurur et al., 2016). By now, some devices are even able to measure biofeedback
and draw conclusions about the uset's emotional state (Bachmann et al., 2015;
Likamwa, Liu, Lane, & Zhong, 2013; Muaremi, Arnrich, & Troster, 2013).
Emotions are very important for human beings as they influence many aspects
of their everyday life (Brave & Nass, 2003; Picard & Klein, 2002). An emotion-
aware information system (IS) may therefore be capable of enhancing the
communication with the user while increasing the user experience (Hussain,
Peter, & Bieber, 2009; Peter & Urban, 2012).

As society and user expectations change, the adaptation of IS becomes more
crucial. For IS and its underlying services, it is essential not only to be able to
analyse and interpret user input, but also to react emphatically to the user's
emotions (Frijda, 1993; Peter & Urban, 2012). Gartner predicts that by 2022 10%

of personal devices will have emotional artificial intelligence capabilities, either
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on-device or via cloud services, compared to less than 1% in 2018 (Gartner,

2018a).
2 Research Goal

Since emotions are triggered by situations, smart mobile devices allow to support
the user in these situations (Cabanac, 2002; Geven, Tscheligi, & Noldus, 2009).
The research field of mobile emotion measurement is currently difficult to
oversee due to the lack of standards and the numerous possibilities of the
measurement (Geven et al., 2009). To create an overview and to present a state
of the art of the current research by finding suitable categories of emotion
measurement as well as applications is the subject of this systematic literature
research. The underlying research question of this paper is: “How can emotions

be measured in a mobile way?”.

Human emotions are reflected in the human body in many ways. Depending on
the current emotional state, facial expressions, gestures, speech or the heartbeat

change, mostly in combination with each other (Hussain et al., 2009).

These changes must first be objectively depicted with the help of technology and
thus made visible to the computer (Weerasinghe, Ranaweera, Amarakeerthi, &
Cohen, 2010). Since a conventional information system is not able to recognize
feelings through facial expressions, gestures or bio signals, additional hardware
in the form of smartphones, smartwatches or other sensor equipment as well as
associated software is indispensable (Ahmed, Kenkeremath, & Stankovic, 2015).
Accordingly, this literature review also aims to identify how and for which
purpose knowledge about human emotions can be analysed using mobile devices.
Particular attention should be paid to the fact that the measurement is possible
ubiquitously and situation-based.

Furthermore, this research should give an overview of the evolution and current
types of emotion detection (e.g. biofeedback, facial recognition) as well as of

previous research results.
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3 Theoretical Background

An emotion is a reaction of the human body to an occurring stimulus like an
event of a certain importance. At the same time, emotions lead to high mental
activity and can contain high degrees of pleasure or displeasure (Brave & Nass,
2003; Cabanac, 2002). Since emotions manifest in different ways, many
researchers try to pinpoint what kind of emotions exist and how they can be
categorized (Lovheim, 2012; Plutchik, 2001; Russell, 1980). Emotions ate typical
human characteristics and have an impact on many aspects of our life, as they
influence perception, rational thinking und decision making (Brave & Nass, 2003;
Cabanac, 2002; Hussain et al., 2009; Picard, 1995; Reeves & Nass, 1996).

Since humans tend to treat computers like other humans, emotions are also a
tield of interest in IS research, especially human-computer interactions (Brave &
Nass, 2003; Picard, Vyzas, & Healey, 2001). The emotional situation of the user
can also be responsible for whether and how he interacts with an IS or other
people. An emotion-aware IS therefore may be capable of enhancing the
communication and cooperation between human und IS (Hussain et al., 2009).
This in turn can lead to a better und more fitting adaptation to the user’s situation
and to an increased user experience (Peter & Urban, 2012). Thus, it seems
reasonable and necessary to enable an IS to perceive, correctly interpret and
adequately respond to human emotions (Reeves & Nass, 1996). Since the
introduction of the first mass-market smartphone in form of the iPhone by
Apple in 2007, the market developed rapidly and an increasing number of people
is carrying more and more sensors in their everyday life (Al-Nafjan, Hosny, Al-
Ohali, & Al-Wabil, 2017). For the first time it is also possible to derive emotions
in a mobile way without the usage of additional equipment. In recent years,
turther simplifications have been made through the invention of fitness bracelets
and smartwatches. Measurement of heart rate, skin conductance as well as voice
recording and their transmission to a smartphone are common functional
components (Yang, Chang, Chen, Chiang, & Hung, 2014). In a mobile
environment, smartphones and smartwatches with their various biometric
sensors offer an unobtrusive way of emotion measurement (Bachmann et al.,
2015; Likamwa et al., 2013; Muaremi et al., 2013).

The mobile measurement of emotions is captured by Gartner in their well-known

Hype Cycle as “Emotion Detection/Recognition”. This field of research has
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been part of the Gartner Hype Cycle for several years. Figure 1 shows the
development of this research field in the Gartner Hype Cycle from 2013 to 2018
(e.g. Gartner, 2018b).

Emotion Detection/Recognition

Expectations

:
2014 § '
2013 i i‘

! ! Plateau will be reached in:
| | | @ 5-10 years

i i |

E ! ! ) 2-5years

[ i 1 H

1 i ' |

Innovation Peak of Trough of Slope of Plateau

Trigger Inflated Disillisionment Enlightment of Productivity
Expectations
Time

Figure 1: Evolution of "Emotion Detection/Recognition" in the Gartner Hype Cycle
from 2013 to 2018

By the year 2018, it has just passed the peak of inflated expectations. According
to Gartner, the productivity plateau will be reached in about two to five years.
This evolution underlines the growing relevance of the topic, but it also reveals
that it is not being used on the mass market yet. (Jannat, Tynes, Lime, Adorno,
& Canavan, 2018). Currently, there are hardly any standards for emotion
detection, recognition and application, which leads to proprietary developments
in the form of in-house prototypes (Vinola & Vimaladevi, 2015). However,
emotion measurement is the basis for the future-oriented field of emotional

artificial intelligence or emotional Al.
4 Methodical Approach

The methodological approach of this structured literature review and analysis is
based on the PRISMA statement by Moher et al. (2010). The research process
for this paper is shown in Figure 3.
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4.1 Literature Review

First of all, suitable search terms were created to identify the literature were
created. The words emotion, measure and mobile form the root of the research
question: “How can emotions be measured in a mobile way?”. When developing
the search query, however, attention was paid to both languages (English and
German) and to synonyms of the words. Since the search via the German terms
did only lead to one result in the final selection, the analysis using German terms
will not be discussed further below. Finally, three categories with four search
terms each, were created and Boolean operators were used to link the search
terms. Thus, the three categories are linked by the AND operator. Within each
category, the synonyms are linked with the OR operator (see Figure 2, left side).
It should be noted that in category 2, verbs are mainly used, as they often include
the noun (e.g. detect — detection, measure — measurement). Subsequently, the
search query was applied to eleven different scientific databases (see Figure 2,

right side).

Category 1: Category 2: Category 3:
Emotion Measure Mobile

IEEE Xplore Digital

Library ScienceDirect

ACM Digital Library Scopus

Taylor & Francis

Online Springer

‘ Wiley Online Library ‘ | JSTOR |
‘ PubMed ‘ | |

PUbPsych

recognize

SAGE Publishing

Compilation of search terms 11 used scientific databases

Figure 2: Categorization of search terms and used scientific databases

Since the search is carried out exclusively in the named scientific databases, the
results are restricted to literature published in one of these databases. Due to the
increasing relevance of the topic since the introduction of the first smartphone
(iPhone) in 2007, the restriction begins with publication dates in 2007 and ends
in 2018. In addition, the topics were restricted to IS-relevant areas like Internet
of Things, Technology, Computer Science, Mobile Computing, Machine
Learning. Besides, care has been taken to ensure that the literature was accessible

at all time.
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At the end of the identification phase, 5,356 entries were found in the scientific
databases. However, 565 were deleted during the duplicate cleansing (see Figure
3).

Records identified through
database searching

S n = 5,356
©
g |
c .
ﬁ Records after duplicates Duplicates removed
removed == =M - 565
n = 4,791 n
Records excludedafter title
Records screened .
n=110 ===} and abstract review
= n= 4,681
;E: Full-text articles assessed Full-text articles excluded
2 for eligibility === with reasons
=]
= n=54 n =56
w
Articles incl. in quantitative Additional articles identified
& qualitative synthesis ———- through other sources
n=59 n=5

Figure 3: Process of literature selection for mobile measurement of emotions based on
the PRISMA statement by Moher et al. (2010)

The literature selection comprises of two further steps. First, all titles and
abstracts of the remaining literature were reviewed. Only the literature that dealt
directly with the mobile measurement of emotions remained. All literature that
did not contain at least two words from different keyword categories and despite
previous restrictions fell into subject areas that cannot be used for this research
was sorted out. The second step consisted of reading the full-text of the
remaining 110 entries. This step also removed all entries that were not accessible

as full text.

Finally, using a backward search, additional literature was found by reviewing the
literature references of the selected 54 results. Care was taken to ensure that the

additional literature also met the criteria mentioned above. Five additional entties
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were added during the backward search. Finally, 59 entries remained for the full-

text analysis.
4.2 Structure of the Literature

The literature used for this paper was roughly structured in order to ensure
clarity. For this purpose, the literature was divided into categories according to
the various possibilities of emotion recognition. During the evaluation four
essential categories were identified (see Figure 4). Optical emotion recognition
analyses the uset's facial expressions in order to derive his emotions from
changes in the mimics. The acoustic emotion recognition concentrates on the
voice and speech. In this way, tone, intensity, and tempo of voice are used for
evaluation. The vital-data-based emotion recognition uses biofeedback (such as
heart rate, skin temperature or skin conductance), which can be measured using
different methods. Behavior-based emotion recognition is the recording of
emotions using various behavior-related data (such as pedometer, location, light

sensor, but also gesture recognition).

1. Optical emotion recognition
(Face recognition)

Quantity: 12

2. Acoustic emotion recognition
(Speech recognition)

Quantity: 13

3. Vital-data-based emotion recognition
(Biofeedback recognition)

Quantity: 24

4, Behavior-based emotion recognition
(Gesture recognition)

Quantity: 10

Figure 4: Main categories of identified literature

With the help of these categories it is possible to present and interpret the current
state of research. This classification offers a further advantage with regard to the
various possible areas of application, since different possible applications arise or
disperse depending on the type of measurement. For example, optical
recognition can hardly take place when the person being observed is in motion.
In contrast, a measurement via biofeedback (vital-data-based) has no difficulties

with such a field of application.
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5 Evaluation

It is possible to measure emotions by evaluating optical, acoustic, vital-based or
behavior-based information of a human. Due to the use of numerous definitions
of the term emotion in the remaining literature, it was not possible to make

further subdivision.

The definitions range from a simple division into pleasant and unpleasant to the
use of complex emotion models like the Circumplex Model of Plutchik (Plutchik,
2001; Weerasinghe et al., 2010). For the purpose of the paper, emotion is defined
as follows: An emotion is a pleasant or displeased reaction of the human body
triggered by the conscious or unconscious perception of an event or situation
(Brave & Nass, 2003; Cabanac, 2002).

5.1 Optical Emotion Recognition

Optical emotion recognition is based on the evaluation of existing image material
(Al-Nafjan et al., 2017). For this, the facial expressions of the observed person
must be recorded and interpreted. The measurement is often carried out either
in a two- or three-dimensional way (Brand, Klompmaker, Schleining, & Weil3,
2012). Current research already tends towards a four-dimensional determination
in which time is regarded as the fourth dimension (Kwak & Kim, 2018). These
methods analyse facial features, such as eyes, nose and mouth as well as their
position, distance and positioning to each other. Subsequently, different
algorithms are used to derive emotions from these data.

For a better overview, the literature was further classified according to its
research methods (see Table 1). A distinction is made between research in which
an application is made available to a user, e.g. through a prototype, and studies

which are set up without direct reference to a specific device.
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Table 1: Optical Emotion Recognition / Research Method

Research .

Literature Number
Method

(Brand et al., 2012) (Kwak & Kim, 2018) (Jannat | 6
Study et al., 2018) (Canavan, Andujar, Yin, Nijholt, &

Schotter, 2018) (W. Zhang et al., 2018) (Paleari,

Benmokhtat, & Huet, 2009)

(Hossain & Muhammad, 2017) (Masai et al., 6
Application | 2017) (Palaniswamy & Tripathi, 2018) (Gu et al.,

2018) (Vinola & Vimaladevi, 2015)

The high number of studies clearly shows that optical emotion recognition has

so far only been possible to a limited extent via mobile devices. Laboratory set-

ups are often preferred due to the controllable environment and the computing

power that is required. It is repeatedly pointed out that it is also possible to

perform these experiments using a smartphone, but a detailed description or

implementation is missing (Kwak & Kim, 2018). For a more in-depth analysis,

the literature was also classified according to the type of data collection (see Table

2).

Table 2: Optical Emotion Recognition / Data Collection

Data Collection Literature Number
) (Paleari et al., 2009) (Hossain &
Local Binary .
Muhammad, 2017) (L. Zhang, Mistry, 4
Patterns ) ]
Neoh, & Lim, 2016) (Masai et al., 2017)
Active sh
chive shape (Palaniswamy & Tripathi, 2018) 1
model
Convolutional (Jannat et al., 2018) (Kwak & Kim, 2018) A
Neural Network (W. Zhang et al., 2018) (Gu et al,, 2018)
Undlassifiable (Brand et al., 2012) (Vinola & Vimaladevi, 3
2015) (Canavan et al., 2018)

A large part of the research uses Local Binary Patterns (LBP) as a visual

descriptor for image processing. This is already accepted as a standard after its

introduction in 1994. Current research from 2018 additionally uses
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Convolutional Neural Networks (CNN), which are based on LBP, to achieve
better results (Gu et al., 2018). According to Kumar et al. (2017), LBP alone
currently has the greatest benefit in relation to effort, with very good results.

Over the years, an increasing improvement in the accuracy and speed of emotion
measurement is noticeable. While the accuracy of the research of Paleari et al.
(2009) was still below 50 percent in 2009, the accuracy of current research has
already risen to over 90 percent (Hossain & Muhammad, 2017; Masai, Itoh,
Sugiura, & Sugimoto, 2016). Some measurement is already carried out in real time
using smartphones. This supports the trend away from laboratory set-ups, as in
2009 (Paleari et al., 2009), towards the mobile measurement of emotions using

smartphones in a mobile environment (Vinola & Vimaladevi, 2015).
5.2 Acoustic Emotion Recognition

Acoustic emotion recognition does not examine speech and words in the true
sense, but rather parameters such as tone of the voice, intensity and tempo
(Brand et al., 2012). The description of the production of an acoustic signal and
the identification of emotions from these signals are not uniform, so that

different approaches can be pursued (Park & Jang, 2015).

The selected literature for acoustic emotion recognition is structured by the
research method (see Table 3). Many applications use microphones and
processors, which could also be integrated into today's smartphones (Yoon, Cho,
& Park, 2007).

Most of the studies use very short frames (length approx. 20ms), sometimes up
to one minute, to measure emotions (Salekin et al., 2017; Yoon et al., 2007). Due
to the high number of frames, high computing power is required. Instead, the
applications typically use a longer frame of 5-15 seconds. These frames are
further simulated linearly to reduce the computing power and thus make mobile
measurement possible using common smartphones. One reason for the high
number of existing applications is the increasing number and improving

performance of virtual respectively speech assistants (Hossain & Nazin, 2018).
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Table 3: Acoustic Emotion Recognition / Research Method

Research

Literature Number
Method

(Vinola & Vimaladevi, 2015) (Yoon et al., 2007)
Study (Salekin et al., 2017) (Ahmed, Chen, Fass, & 5
Stankovic, 2017) (Jannat et al., 2018)
(Weerasinghe et al., 2010) (W. Zhang et al., 2018)
(Park & Jang, 2015) (Hossain & Nazin, 2018)
(Rachuti et al., 2010) (Ahmed et al., 2015) (Gu et
al., 2018) (Ma et al., 2018)

Application

By classifying the literature according to the type of data collection, it is possible
to analyse a temporal progression (see Table 4). While at the beginning of the
observation period the characteristics of prosody (accent, intonation, frequency,
etc.) were used (2007-2010), the Mel Frequency Cepstrum Coefficients (MFCC)
have established themselves as the standard nowadays. In addition, research from
2018 also relies on neural networks (Canavan et al., 2018) or a novel method of
micro-prosody, whereby only the frequency of the voice is used for emotion
recognition. This should enable a reduction in the amount of data while
maintaining the same accuracy (Hossain & Nazin, 2018). Hossain et al. (2018)
give detailed descriptions of the functionalities and a comparison of the methods.
In comparison, micro-prosody achieves the highest accuracy. In addition to the
new features mentioned above, better filtering of background noise offers the
possibility to detect emotions over greater distances. The microphone no longer
has to be worn directly on the body. This also makes it possible to measure the
emotions of several people within a room if they cleatly differ in their vocal pitch
(Hossain & Nazin, 2018; Salekin et al., 2017). Over time, more and more research
is linking optical and acoustic emotion measurement to increase the accuracy of
measurement (Vinola & Vimaladevi, 2015; W. Zhang et al., 2018). This
measurement is most similar to human perception, in which many different
parameters are combined to an overall impression of the emotional state. In
addition, more emotions can be distinguished from each other as the

distinguishing features become sharper (Brand et al., 2012; Peter & Urban, 2012).
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Table 4: Acoustic Emotion Recognition / Data Collection
Data Collection | Literature Number
(Yoon et al., 2007) (Rachuri et al., 2010)
Prosody . 3
(Weerasinghe et al., 2010)
(Paleari et al., 2009) (Park & Jang, 2015)
MECC (Ahmed et al., 2015) (Salekin et al., 2017) -
(Ahmed et al., 2017) (W. Zhang et al., 2018)
(Gu et al., 2018)
Micro-prosody (Hossain & Nazin, 2018) 1
Convolutional
(Ma et al., 2018) (Canavan et al., 2018) 2
neural network
5.3 Vital-data-based Emotion Recognition

The category of vital-data-based emotion measurement differs from the two
preceding categories essentially as emotion recognition is not possible by simple
observation. Here, direct contact between the person and the device or sensor is
required (Brand et al., 2012). An advantage at this point is an inconspicuous
measurement of the data (e.g. by a smartwatch) which can increase the comfort
of the user (Di Lascio, Gashi, & Santini, 2018). Reseatch in this field has been
going on for a long time, as it is particularly relevant in the medical field (Geven
et al., 2009). Furthermore, there is a direct correlation between biofeedback and
a person's emotion (Haag, Goronzy, Schaich, & Williams, 2004). The subdivision
of the literature according to the research method shows, as it was already the
case with optical or acoustic emotion recognition, that laboratory set-ups are still
used frequently (see Table 5). This is particularly due to the increased use in the
medical field (Brand et al., 2012). Patients are not treated in their everyday
environment, but in rooms that have been prepared for this purpose (Geven et

al., 2009).
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Table 5: Vital-data-based Emotion Recognition / Research Method

Research

Literature Number
Method

(Leng, Lin, & Zanzi, 2007) (Geven et al., 2009)
(Montgomery, 2010) (Perttula, Koivisto, Mikel,
Suominen, & Multisilta, 2011) (Brand et al., 2012)
(Guo et al., 2013) (Vinola & Vimaladevi, 2015)
Study (Exler, Schankin, Klebsattel, & Beigl, 2016) (J. 14
Zhang et al., 2016) (Subramanian et al., 2018)
(Mehrotra & Musolesi, 2017) (Al-Nafjan et al.,
2017) (Udovici¢, Derek, Russo, & Sikora, 2017)
(F. Li et al., 2018)

(Gluhak, Presser, Zhu, Esfandiyari, & Kupschick,
2007) (Hussain et al., 2009) (S. Li et al., 2014)
(Huynh, Balan, & Lee, 2015) (Carrillo, Meza-
Application | Kubo, Moran, Galindo, & Garcia-Canseco, 2015) 10
(Yoon, Sim, & Cho, 2016) (Yasufuku, Terada, &
Tsukamoto, 2016) (Zhao, Adib, & Katabi, 2016)
(Lam & Szypula, 2018) (Di Lascio et al., 2018)

A list of the most frequently used biofeedback (such as skin conductance and
heart rate) and their explanation can be found in Haag et al. (2004). A deeper
subdivision of the vital-data-based emotion recognition can be made on the basis
of the type of biofeedback that is used (see Table 6). In this way, a wide variety
of application areas can be distinguished with regard to the sensors or wearables
used. When using a smartwatch, the measurement is often limited to heart rate
or skin conductance, while specially developed gadgets, such as the glove of the
Fraunhofer Institute, record additional vital data like skin temperature (Hussain
et al., 2009). Less mobile, but still frequently used, are measurements of brain

waves.
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Table 6: Vital-data-based Emotion Recognition / Data Collection
Data .
. Literature Number
Collection
Skin
(Lam & Szypula, 2018) (Yasufuku et al.,
conductance .
/Ski 2016) (Huynh et al., 2015) (S. Li et al., 2014) 6
n
(Guo et al., 2013) (Udovici¢ et al., 2017)
temperature
(Exler et al., 2016) (Bachmann et al., 2015)
Heart rate ) 4
(Zhao et al., 2016) (F. Li et al., 2018)
(J. Zhang et al., 2016) (Al-Nafjan et al., 2017)
Brain Waves (Perttula et al., 2011) (Subramanian et al., 4
2018)
(Yoon et al., 2016) (Vinola & Vimaladevi,
2015) (Leng et al., 2007) (Brand et al., 2012)
Combination (Montgomery, 2010) (Geven et al., 2009) 10
(Hussain et al., 2009) (Carrillo et al., 2015)
(Gluhak et al., 2007) (Di Lascio et al., 2018)

In current research, the increasingly used smartwatches are rarely considered.
Only two researches (Bachmann et al., 2015; Exler et al., 2016) use smartwatches
for recording. In contrast, there are various in-house developments (Lam &
Szypula, 2018; Yasufuku et al., 2016; Yoon et al., 2016) which are connected to a
smartphone and are therefore not yet suitable for everyday use. Frequently, these
still refer to a medical context and are intended for the preventive identification
of dangers to mental and physical health (Yoon et al., 2016). It is assumed that
with further technical development of smartwatches a similar performance in
emotion recognition will be possible (Huynh et al., 2015; Lam & Szypula, 2018;
S. Li et al,, 2014). Zhao et al. (2016) show a unique selling point through the
contactless measurement of biofeedback. This is done by acoustic resonances
from the breathing sounds of humans, which are used to draw conclusions about
the heart rate (Zhao et al., 2016).
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54 Behavior-based Emotion Recognition

Behavioral emotion recognition is a less specific category for the identification
of emotions. Here, a combination of several different data sources, which can be
picked up by a mobile device, is used to determine emotions (Zhang, Li, Chen,
& Lu, 2018). Emotion recognition can be performed by the input behavior of
smartphone users (S. Ghosh, Ganguly, Mitra, & De, 2017; Likamwa et al., 2013),
the recognition of gestures (Lee, Bae, Lee, & Kim, 2017) as well as by the
combination of location, pedometer, smatrtphone usage and light sensor (Zhang
et al., 2018). In the area of behavior-based emotion recognition, no clear trend

can be identified with reference to the research method (see Table 7).

Table 7: Behavior-based Emotion Recognition / Research Method

Research

Literature Number
Method

(T'setserukou & Neviarouskaya, 2010) (Brand et
Study al., 2012) (Yang et al., 2014) (Lee et al., 2017) 5
(Kanjo, Younis, & Ang, 2019)

(Coutrix & Mandran, 2012) (Likamwa et al.,
2013) (Bachmann et al., 2015) (Surjya Ghosh,
Chauhan, Ganguly, Mitra, & De, 2015) (Zhang
et al., 2018)

Application

Research is still in its infancy and no standard has been established (Kanjo et al.,
2019). The studies mainly focus on the analysis of data, while the applications
also deal with the integration of analysis methods into everyday life (Zhang et al.,
2018).

The further structuring takes place under the mentioned possibilities of emotion
recognition, whereby the recognition of gestures and the input behavior are

summarized under the point of gesture recognition (see Table 8).
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Table 8: Behavior-based Emotion Recognition / Data Collection
Data Collection Literature Number
(Brand et al., 2012) (Lee et al., 2017)
(Likamwa et al., 2013) (Surjya Ghosh et al.,
Gesture )
. 2015) (Coutrix & Mandran, 2012) (Yang et 7
recognition .
al., 2014) (Tsetserukou & Neviarouskaya,
2010)
GPS, light sensors,
pedometets, (Kanjo et al., 2019) (Mehrotra & Musolesi, 3
smartphone use, 2017) (Zhang et al., 2018)
etc.

The development over time shows a trend towards the use of more and more
available data and the bundling of this data to measure emotions (big data
analysis). The research by Coutrix & Mandran (2012) and Likamwa et al. (2013)
use gesture recognition based on smartphone movement ot typing behavior.
Recent research tends to use data from as many available sensors as possible. For
example X. Zhang et al. (2018) use data from light sensors, GPS, pedometers,
smartphone use, as well as audio- and Wili-usage. The challenge now is to
develop a suitable algorithm that can unite the available data in order to identify
emotions (Lee et al., 2017).

5.5 Temporal Development of Emotion Measurement

Figure 5 shows the development of the four categories of emotion recognition
over time as well as the percentage distribution of all publications. The figure
presents the identified literature in the form of four time intervals. There has
been a significant increase in the number of scientific articles over the time period

considered.
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Figure 5: Development of publications over time in the four categories

The lack of literature in the area of behavior-based emotion recognition in the
period from 2007 to 2009 shows up as conspicuous. Since very much
information is required to analyse behavioral data (Zhang et al., 2018), one
possible reason for this lack of literature could lie in the limited technological
possibilities in gathering relevant data. With the increasing collection possibilities

of data in the last years, this area is growing, but not yet particularly strong.

The development of optical and acoustic emotion recognition, is derived from
the areas of speech recognition (e.g. speech assistants) and face recognition (e.g.
Face-1D), which are already integrated into a lot of products on the market (W.
Zhang et al., 2018). As mentioned before, attempts are being made to combine

optical and acoustic emotion recognition (see Chapter 5.2).

Vital-data-based emotion recognition represents the largest share of research
over the entire time period (41%). This increase can be explained by the growing
implementation of sensors in smartphones and smartwatches (Di Lascio et al.,
2018). Due to its suitability for everyday use, this type of emotion recording will
presumably be given the highest priority in the future.

6 Conclusions and Outlook

The increasing degree of digitization and the constantly growing technological
progress lead to changes in the society and everyday life. Especially smartphones
and recently smartwatches offer new possibilities and trend to change the user’s
behaviour. The user is now able to access the internet anytime and anywhere

(Blazquez, 2014). As the demands of every single person on IS are becoming
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more specific and individual, smart mobile devices offer capabilities for a better
and more personalized digital advisory. One way to understand the situation of
a human and to offer a situation-aware service is to measure and analyse his

emotions.

Consequently, the focus of this systematic literature review was to collect and
analyse current possibilities of mobile emotion measurement in IS research. The
selection and evaluation of the literature was based on the PRISMA statement by
Moher et al. (2010). Eleven databases served as sources for literature analysis to
ensure a systematic approach. In this search, the three search term categories

emotion, measure and mobile were used.

A total of 59 articles were identified (see Chapter 4), which can be divided into
the four main categories of optical, acoustic, vital-data-based and behavior-based
emotion recognition and further classified into subgroups (see Chapter 5). The
analysis provides a good overview of the areas already researched and suggests
future trends. It clearly shows that the relevance of this topic has grown
continuously over time. It is noticeable that the speed as well as the accuracy of
the emotion measurement has improved considerably. Current studies show an
accuracy of at least 90% in all categories and it rises continuously. 10 years ago,
the accuracy in some areas was still between 50% and 60%. Accordingly, many
researchers are working on mobile emotion measurement in order to facilitate it
in our everyday lives. At present, a large number of self-developed sensors are
not yet able to be integrated into our mobile daily drivers, like smartphones or
smartwatches. This will certainly change in the coming years with an even more
digitalised life. The measurement of biofeedback is already most frequently
represented at the beginning of the observation period. Due to the increased use
of sensors in mobile devices, this method has the greatest potential for the future,
since the unobtrusive measurement offers a comparatively large advantage. A
major challenge is to transmit the acquired data to useful software, which can
deliver a special value to the user. Since emotions can provide good insights into
the user’s specific situation and thus their needs (Brave & Nass, 2003), there are
numerous application areas for the mobile emotion’s measurement and usage.
With virtual assistants and emotional Al as big future trends, upcoming systems
and services should be emphatic (Gartner, 2018a). The big question is whether
the society is prepared to reveal this personal data and whether a machine or

system should be able to recognize every personal emotion.



32ND BLED ECONFERENCE

738 i .
HUMANIZING TECHNOLOGY FOR A SUSTAINABLE SOCIETY, CONFERENCE PROCEEDINGS

References

Ahmed, M. Y., Chen, Z., Fass, E., & Stankovic, J. (2017). Real Time Distant Speech
Emotion Recognition in Indoor Environments. Proceedings of the 14th EAI
International Conference on Mobile and Ubiquitous Systems: Computing,
Networking and Services, 215-224. https://doi.org/10.1145/3144457.3144503

Ahmed, M. Y., Kenkeremath, S., & Stankovic, J. (2015). SocialSense: A Collaborative
Mobile Platform for Speaker and Mood Identification. In T. Abdelzaher, N.
Pereira, & E. Tovar (Eds.), Wireless Sensor Networks (pp. 68—83). Springer
International Publishing.

Al-Nafjan, A., Hosny, M., Al-Ohali, Y., & Al-Wabil, A. (2017). Review and Classification
of Emotion Recognition Based on EEG Brain-Computer Interface System
Research: A Systematic  Review. Applied Sciences, 7(12), 1239.
https://doi.org/10.3390/app7121239

Amit, R., & Zott, C. (2001). Value creation in E-business. Strategic Management Journal,
22(6-7), 493-520. https:/ /doi.otg/10.1002/smj.187

Bachmann, A., Klebsattel, C., Schankin, A., Riedel, T., Beigl, M., Reichert, M., ... Ebner-
Priemer, U. (2015). Leveraging smartwatches for unobtrusive mobile ambulatory
mood assessment. Adjunct Proceedings of the 2015 ACM International Joint
Conference on Pervasive and Ubiquitous Computing and Proceedings of the
2015 ACM International Symposium on Wearable Computers, 1057-1062.
https://doi.org/10.1145/2800835.2800960

Blazquez, M. (2014). Fashion Shopping in Multichannel Retail: The Role of Technology
in Enhancing the Customer Experience. International Journal of Electronic
Commerce, 18(4), 97-116. https://doi.org/10.2753/JEC1086-4415180404

Blazquez, M. (2014). Fashion Shopping in Multichannel Retail: The Role of Technology
in Enhancing the Customer Experience. International Journal of Electronic
Commerce, 18, 97-116. https://doi.org/10.2753/JEC1086-4415180404

Brand, M., Klompmaker, F., Schleining, P., & Wei}, F. (2012). Automatische
Emotionserkennung — Technologien, Deutung und Anwendungen. Informatik-
Spektrum, 35(6), 424-432. https:/ /doi.otg/10.1007/s00287-012-0618-3

Brave, S., & Nass, C. (2003). Emotion in Human-Computer Interaction. In J. A. Jacko &
A. Sears (Eds.), The Human-computer Interaction Handbook (pp. 81-96).
Rettieved from http://dlacm.otg/ citation.cfm?id=772072.772081

Cabanac, M. (2002). What is emotion? Behavioural Processes, 60(2), 69-83.
https://doi.org/10.1016/S0376-6357(02)00078-5

Canavan, S., Andujar, M., Yin, L., Nijholt, A., & Schotter, E. (2018). Ubiquitous Emotion
Recognition with Multimodal Mobile Interfaces. Proceedings of the 2018 ACM
International Joint Conference and 2018 International Symposium on Pervasive
and  Ubiquitous Computing and Wearable Computers, 937-941.
https://doi.otg/10.1145/3267305.3274139

Carrillo, I., Meza-Kubo, V., Moran, A. L., Galindo, G., & Garcia-Canseco, E. (2015).
Emotions Identification to Measure User Experience Using Brain Biometric
Signals. In J. Zhou & G. Salvendy (Eds.), Human Aspects of IT for the Aged
Population. Design for Aging (pp. 15-25). Springer International Publishing.

Coutrix, C., & Mandran, N. (2012). Identifying emotions expressed by mobile users
through 2D surface and 3D motion gestures. Proceedings of the 2012 ACM
Conference on  Ubiquitous Computing -  UbiComp 12,  311.



M. Meyer, P. Helmholz, M. Rupprecht, ]. Seemann, T. Tinnishoff & S. Robra-Bissantz: From the

. . . . . ; .. 739
Inside Ont: A Literature Review on Possibilities of Mobile Emotion Measurement and Recognition

https://doi.otg/10.1145/2370216.2370265

Di Lascio, E., Gashi, S., & Santini, S. (2018). Unobtrusive Assessment of Students’
Emotional Engagement During Lectures Using Electrodermal Activity Sensors.
Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., 2(3), 103:1-103:21.
https://doi.org/10.1145/3264913

Exler, A., Schankin, A., Klebsattel, C., & Beigl, M. (2016). A Wearable System for Mood
Assessment Considering Smartphone Features and Data from Mobile ECGs.
Proceedings of the 2016 ACM International Joint Conference on Pervasive and
Ubiquitous Computing: Adjunct, 1153-1161.
https://doi.org/10.1145/2968219.2968302

Frijda, N. H. (1993). Moods, emotion episodes, and emotions. In Handbook of emotions
(pp- 381-403). New York, NY, US: Guilford Press.

Gartner. (2018a). 13 Surprising Uses For Emotion Al Technology. Retrieved March 3,
2019, from https://www.gartner.com/smarterwithgartner/13-surprising-uses-
for-emotion-ai-technology/

Gartner. (2018b). Hype Cycle for Human-Machine Interface, 2018. Retrieved March 11,
2019, from https:/ /www.gartner.com/doc/3882879 /hype-cycle-
humanmachine-interface-

Geven, A., Tscheligi, M., & Noldus, L. (2009). Measuring Mobile Emotions: Measuring
the Impossible? Proceedings of the 11th International Conference on Human-
Computer  Interaction  with  Mobile  Devices and  Services, 1.
https://doi.org/10.1145/1613858.1613983

Ghosh, S., Ganguly, N., Mitra, B., & De, P. (2017). Evaluating effectiveness of
smartphone typing as an indicator of user emotion. 2017 Seventh International
Conference on Affective Computing and Intelligent Interaction (ACII), 146-151.
https://doi.otg/10.1109/ACI1.2017.8273592

Ghosh, Sutjya, Chauhan, V., Ganguly, N., Mitra, B., & De, P. (2015). Impact of
Experience Sampling Methods on Tap Pattern Based Emotion Recognition.
Adjunct Proceedings of the 2015 ACM International Joint Conference on
Pervasive and Ubiquitous Computing and Proceedings of the 2015 ACM
International Symposium on Wearable Computers, 713-722.
https://doi.otg/10.1145/2800835.2804396

Gluhak, A., Presser, M., Zhu, L., Esfandiyari, S., & Kupschick, S. (2007). Towards Mood
Based Mobile Services and Applications. In G. Kortuem, J. Finney, R. Lea, & V.
Sundramoorthy (Eds.), Smart Sensing and Context (pp. 159—174). Springer Betlin
Heidelberg.

Gu, W., Zhang, Y., Ma, ., Mosalam, K., Zhang, L., & Nj, S. (2018). Real-Time Emotion
Detection via E-See. Proceedings of the 16th ACM Conference on Embedded
Networked Sensor Systems, 420-421.
https://doi.otg/10.1145/3274783.3275213

Guo, R, Li, S., He, L., Gao, W., Qi, H., & Owens, G. (2013). Pervasive and unobtrusive
emotion sensing for human mental health. 2013 7th International Conference on
Pervasive Computing Technologies for Healthcare and Workshops, 436—439.

Haag, A., Goronzy, S., Schaich, P., & Williams, J. (2004). Emotion Recognition Using
Bio-sensors: First Steps towards an Automatic System. In E. André, L. Dybkjer,
W. Minker, & P. Heisterkamp (Eds.), Affective Dialogue Systems (Vol. 3068, pp.
36-48). https://doi.org/10.1007/978-3-540-24842-2_4

Hagberg, J., Sundstrom, M., & Egels-Zandén, N. (2016). The digitalization of retailing:



32ND BLED ECONFERENCE

740 i .
HUMANIZING TECHNOLOGY FOR A SUSTAINABLE SOCIETY, CONFERENCE PROCEEDINGS

an exploratory framework. International Journal of Retail & Distribution
Management, 44(7), 694—712. https://doi.org/10.1108/IJRDM-09-2015-0140

Hirtfelder, J., & Winkelmann, A. (2016). Opportunities and Challenges for ILocal
Retailing in an Environment Dominated by Mobile Internet Devices — Literature
Review and Gap Analysis. Presented at the Multikonferenz Wirtschaftsinformatik
(MKWT), Ilmenau.

Hossain, M. S., & Muhammad, G. (2017). An Emotion Recognition System for Mobile
Applications. IEEE Access, 5, 2281-2287.
https://doi.otg/10.1109/ACCESS.2017.2672829

Hossain, & Nazin, M. (2018). EmoVoice: Finding My Mood from My Voice Signal.
Proceedings of the 2018 ACM International Joint Conference and 2018
International Symposium on Pervasive and Ubiquitous Computing and Wearable
Computers - UbiComp 18, 1826-1828.
https://doi.org/10.1145/3267305.3277832

Hussain, S. S., Peter, C., & Bieber, G. (2009). Emotion Recognition on the Go: Providing
Personalized Services Based on Emotional States. 6.

Huynh, S., Balan, R. K., & Lee, Y. (2015). Demo: Towards Recognition of Rich Non-
Negative Emotions Using Daily Wearable Devices. Proceedings of the 13th ACM
Conference on Embedded Networked Sensor  Systems, 471-472.
https://doi.org/10.1145/2809695.2817859

Jannat, R., Tynes, L., Lime, L. L., Adorno, J., & Canavan, S. (2018). Ubiquitous Emotion
Recognition Using Audio and Video Data. Proceedings of the 2018 ACM
International Joint Conference and 2018 International Symposium on Pervasive
and  Ubiquitous Computing and Wearable Computers, 956-959.
https://doi.otg/10.1145/3267305.3267689

Kanjo, E., Younis, E. M. G., & Ang, C. S. (2019). Deep learning analysis of mobile
physiological, environmental and location sensor data for emotion detection.
Information Fusion, 49, 46-56. https://doi.org/10.1016/].inffus.2018.09.001

Kumar, M. D., Babaie, M., Zhu, S., Kalra, S., & Tizhoosh, H. R. (2017). A Comparative
Study of CNN, BoVW and LBP for Classification of Histopathological Images.
Proceedings of The IEEE Symposium Series on Computational Intelligence.
Presented at the IEEE Symposium Series on Computational Intelligence,
Honolulu, Hawaii, USA. Rettieved from http://arxiv.otg/abs/1710.01249

Kwak, T, & Kim, M. (2018). Mobile App Classification Method Using Machine Learning
Based User Emotion Recognition. Proceedings of the 8th International
Conference on Information Communication and Management, 22-26.
https://doi.org/10.1145/3268891.3268909

Lam, L. K., & Szypula, A. J. (2018). A Flexible, Low Power, Compact, Mobile Sensor for
Emotion Monitoring in Human Computer Interaction. In M. Kurosu (Ed.),
Human-Computer Interaction. Theories, Methods, and Human Issues (pp. 409—
418). Springer International Publishing.

Lee, S., Bae, M., Lee, W., & Kim, H. (2017). CEPP: Perceiving the Emotional State of
the User Based on Body Posture. Applied Sciences, 7(10), 978.
https://doi.org/10.3390/app7100978

Leng, H., Lin, Y., & Zanzi, L. A. (2007). An Experimental Study on Physiological
Parameters Toward Driver Emotion Recognition. In M. J. Dainoff (Ed.),
Ergonomics and Health Aspects of Work with Computers (pp. 237-240).
Springer Berlin Heidelberg.



M. Meyer, P. Helmholz, M. Rupprecht, ]. Seemann, T. Tinnishoff & S. Robra-Bissantz: From the

. . . . . ; .. 741
Inside Ont: A Literature Review on Possibilities of Mobile Emotion Measurement and Recognition

Li, F, Xu, P, Zheng, S., Chen, W. Yan, Y. Lu, S, & Liu, Z. (2018).
Photoplethysmography based psychological stress detection with pulse rate
variability feature differences and elastic net. International Journal of Distributed
Sensor Networks, 1409), 1550147718803298.
https://doi.org/10.1177/1550147718803298

Li, S., Guo, R, He, L., Gao, W., Qi, H., & Owens, G. (2014). MoodMagician: A Pervasive
and Unobtrusive Emotion Sensing System Using Mobile Phones for Improving
Human Mental Health. Proceedings of the 12th ACM Conference on Embedded
Netwotk Sensor Systems, 310-311. https://doi.otg/10.1145/2668332.2668371

Likamwa, R., Liu, Y., Lane, N. D., & Zhong, L. (2013). MoodScope: Building a mood
sensor from smartphone usage patterns. 465-466.
https://doi.org/10.1145/2462456.2483967

Lévheim, H. (2012). A new three-dimensional model for emotions and monoamine
neurotransmitters. Medical Hypotheses, 78(2), 341-348.
https://doi.org/10.1016/j.mehy.2011.11.016

Ma, F., Gu, W., Zhang, W., Ni, S., Huang, S.-L.., & Zhang, L. (2018). Speech Emotion
Recognition via Attention-based DNN from Multi-Task Learning. Proceedings
of the 16th ACM Conference on Embedded Networked Sensor Systems, 363—
364. https://doi.org/10.1145/3274783.3275184

Masai, K., Itoh, Y., Sugiura, Y., & Sugimoto, M. (2016). Analysis of Multiple Users’
Experience in Daily Life Using Wearable Device for Facial Expression
Recognition. Proceedings of the 13th International Conference on Advances in
Computer Entertainment Technology, 52:1-52:5.
https://doi.org/10.1145/3001773.3014351

Masai, K., Kunze, K., Sugiura, Y., Ogata, M., Inami, M., & Sugimoto, M. (2017).
Evaluation of Facial Expression Recognition by a Smart Eyewear for Facial
Direction Changes, Repeatability, and Positional Drift. ACM Transactions on
Interactive Intelligent Systems, 7(4), 15:1-15:23.
https://doi.otg/10.1145/3012941

Mehrotra, A., & Musolesi, M. (2017). Designing Effective Movement Digital Biomarkers
for Unobtrusive Emotional State Mobile Monitoring. Proceedings of the 1st
Workshop on Digital Biomarkers, 3-8.
https://doi.otg/10.1145/3089341.3089342

Moher, Liberati, A., Tetzlaff, ]., & Altman, D. G. (2010). Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. International
Journal of Surgety, 8(5), 336-341. https://doi.org/10.1016/}.ijsu.2010.02.007

Montgomery, S. M. (2010). Measuring Biological Signals: Concepts and Practice.
Proceedings of the Fourth International Conference on Tangible, Embedded, and
Embodied Interaction, 337-340. https://doi.otg/10.1145/1709886.1709969

Muaremi, A., Arnrich, B., & Troster, G. (2013). Towards Measuring Stress with
Smartphones and Wearable Devices During Workday and Sleep.
BioNanoScience, 3(2), 172-183. https://doi.org/10.1007 /s12668-013-0089-2

Palaniswamy, S., & Tripathi, S. (2018). Emotion Recognition from Facial Expressions
using Images with Pose, Illumination and Age Variation for Human-
Computer/Robot Interaction. Journal of ICT Research and Applications, 12(1),
14-34-34. https:/ /doi.otg/10.5614/itbj.ict.res.appl.2018.12.1.2

Paleari, M., Benmokhtar, R., & Huet, B. (2009). Evidence Theory-Based Multimodal
Emotion Recognition. In B. Huet, A. Smeaton, K. Mayer-Patel, & Y. Avrithis



32ND BLED ECONFERENCE

742 i .
HUMANIZING TECHNOLOGY FOR A SUSTAINABLE SOCIETY, CONFERENCE PROCEEDINGS

(Eds.), Advances in Multimedia Modeling (pp. 435-446). Springer Berlin
Heidelberg.

Park, J.-S., & Jang, G.-]. (2015). Implementation of Voice Emotion Recognition for
Interaction with Mobile Agent. Proceedings of the 3rd International Conference
on Human-Agent Interaction, 307-308.
https://doi.org/10.1145/2814940.2815004

Perttula, A., Koivisto, A., Mikeld, R., Suominen, M., & Multisilta, J. (2011). Social
Navigation with the Collective Mobile Mood Monitoring System. Proceedings of
the 15th International Academic MindTrek Conference: Envisioning Future
Media Environments, 117-124. https://doi.otg/10.1145/2181037.2181057

Peter, C., & Urban, B. (2012). Emotion in Human-Computer Interaction. In J. Dill, R.
Earnshaw, D. Kasik, J. Vince, & P. C. Wong (Eds.), Expanding the Frontiers of
Visual Analytics and Visualization (pp. 239-262). https://doi.org/10.1007/978-
1-4471-2804-5_14

Picard, R. W. (1995). Affective computing (M.IT Media Laboratory Petceptual
Computing Section Technical Report No. 321; p. 16). M.LT.

Picard, R. W., & Klein, J. (2002). Computers that recognise and respond to user emotion:
theoretical and practical implications. Interacting with Computers, 14(2), 141—
169. https://doi.org/10.1016/S0953-5438(01)00055-8

Picard, R. W., Vyzas, E., & Healey, J. (2001). Toward Machine Emotional Intelligence:
Analysis of Affective Physiological State. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 23(10), 1175-1191.
https://doi.otg/10.1109/34.954607

Plutchik, R. (2001). The Nature of Emotions: Human emotions have deep evolutionary
roots, a fact that may explain their complexity and provide tools for clinical
practice. American Scientist, 89(4), 344—350. Retrieved from JSTOR.

Rachuri, K. K., Musolesi, M., Mascolo, C., Rentfrow, P. J., Longworth, C., & Aucinas, A.
(2010). EmotionSense: a mobile phones based adaptive platform for experimental
social psychology research. Proceedings of the 12th ACM International
Conference on Ubiquitous Computing, 281.
https://doi.otg/10.1145/1864349.1864393

Reeves, B., & Nass, C. (1996). The Media Equation: How People Treat Computers,
Television, and New Media Like Real People and Places. New York, NY, USA:
Cambridge University Press.

Rohm, A., & Sultan, F. (2000). An exploratory cross-market study of mobile marketing
acceptance. International Journal of Mobile Marketing, 1, 4-12.

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social
Psychology, 39(6), 1161-1178. https://doi.org/10.1037/h0077714

Salekin, A., Chen, Z., Ahmed, M. Y., Lach, J., Metz, D., De La Haye, K., ... Stankovic,
J. A. (2017). Distant Emotion Recognition. Proceedings of the ACM on
Interactive, Mobile, Wearable and Ubiquitous Technologies, 1(3), 1-25.
https://doi.org/10.1145/3130961

Subramanian, R., Wache, J., Abadi, M. K., Vieriu, R. L., Winkler, S., & Sebe, N. (2018).
ASCERTAIN: Emotion and Personality Recognition Using Commercial Sensors.
IEEE  Transactions on  Affective = Computing, 9(2), 147-160.
https://doi.otg/10.1109/TAFFC.2016.2625250

Tsetserukou, D., & Neviarouskaya, A. (2010). World’s First Wearable Humanoid Robot
That Augments Our Emotions. Proceedings of the 1st Augmented Human



M. Meyer, P. Helmholz, M. Rupprecht, ]. Seemann, T. Tinnishoff & S. Robra-Bissantz: From the

. . . . . ; .. 743
Inside Ont: A Literature Review on Possibilities of Mobile Emotion Measurement and Recognition

International Conference, 8:1-8:10. https://doi.org/10.1145/1785455.1785463

Udovici¢, G., Derek, J., Russo, M., & Sikora, M. (2017). Wearable Emotion Recognition
System Based on GSR and PPG Signals. Proceedings of the 2Nd International
Workshop on Multimedia for Personal Health and Health Care, 53-59.
https://doi.otg/10.1145/3132635.3132641

Vinola, C., & Vimaladevi, K. (2015). A Survey on Human Emotion Recognition
Approaches, Databases and Applications. ELCVIA Electronic Letters on
Computer Vision and Image Analysis, 14(2), 2444,
https://doi.otg/10.5565/tev/elcvia. 795

Weerasinghe, P., Ranaweera, R., Amarakeerthi, S., & Cohen, M. (2010). “Emo Sim”:
Expressing Voice-based Emotions in Mobile Interfaces. Proceedings of the 13th
International Conference on Humans and Computers, 28-31. Retrieved from
http://dl.acm.org/ citation.cfm?rid=1994486.1994496

Yang, P.-C., Chang, C.-C., Chen, Y.-L., Chiang, J.-H., & Hung, G. C.-L. (2014). Portable
Assessment of Emotional Status and Support System. In Y. Zhang, G. Yao, J.
He, L. Wang, N. R. Smalheiser, & X. Yin (Eds.), Health Information Science (pp.
175-183). Springer International Publishing.

Yasufuku, H., Terada, T., & Tsukamoto, M. (2016). A Lifelog System for Detecting
Psychological Stress with Glass-equipped Temperature Sensors. Proceedings of
the 7th Augmented Human International Conference 2016, 8:1-8:8.
https://doi.otg/10.1145/2875194.2875213

Yoon, Sim, J. K, & Cho, Y.-H. (2016). A Flexible and Wearable Human Stress
Monitoring Patch. Scientific Reports, 6, 23468.
https://doi.org/10.1038/step23468

Yoon, W.-]., Cho, Y.-H., & Park, K.-S. (2007). A study of speech emotion recognition
and its application to mobile services. Lecture Notes in Computer Science
(Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 4611 LNCS, 758-766.

Yurur, O, Liu, C. H.,, Sheng, Z., Leung, V. C. M., Moreno, W., & Leung, K. K. (2010).
Context-Awareness for Mobile Sensing: A Survey and Future Directions. IEEE
Communications Surveys & Tutotials, 18(1), 68-93.
https://doi.otg/10.1109/COMST.2014.2381246

Zhang, J., Chen, M., Zhao, S., Hu, S., Shi, Z., & Cao, Y. (2016). ReliefF-Based EEG
Sensor Selection Methods for Emotion Recognition. Sensors, 16(10), 1558.
https://doi.otg/10.3390/516101558

Zhang, L., Mistry, K., Neoh, S. C., & Lim, C. P. (2016). Intelligent facial emotion
recognition using moth-firefly optimization. Knowledge-Based Systems, 111,
248-267. https://doi.org/10.1016/j.knosys.2016.08.018

Zhang, Li, W., Chen, X., & Lu, S. (2018). MoodExplorer: Towards Compound Emotion
Detection via Smartphone Sensing. Proc. ACM Interact. Mob. Wearable
Ubiquitous Technol., 1(4), 176:1-176:30. https://doi.org/10.1145/3161414

Zhang, W., Gu, W., Ma, F., Ni, S., Zhang, .., & Huang, S.-L.. (2018). Multimodal
Emotion Recognition by Extracting Common and Modality-specific Information.
Proceedings of the 16th ACM Conference on Embedded Networked Sensor
Systems, 396-397. https://doi.org/10.1145/3274783.3275200

Zhao, M., Adib, F., & Katabi, D. (2016). Emotion Recognition Using Wireless Signals.
Proceedings of the 22Nd Annual International Conference on Mobile Computing
and Networking, 95-108. https://doi.otg/10.1145/2973750.2973762



	From the Inside Out: A Literature Review on Possibilities of Mobile Emotion Measurement and Recognition
	Authors

	tmp.1574072109.pdf.kIcFR

