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Abstract 
 
Human-centered design (HCD) employs various empathetic techniques in order to 
enhance designers’ understanding of the user experience. Thus, enables them to 
create products and designs that truly meet users’ needs as well as are inclusive for 
all of them. However, the field currently lacks measures to quantify empathy’s role 
in the design process, nor is it well known how accurately designers understand the 
user experience. 

For this reason, this thesis evaluated the feasibility of measuring the autonomic 
nervous system (ANS) synchrony by comparing changes in heart rate (HR) between 
a designer and users in a semi-structured design interview. This is due to 
interpersonal synchrony which has been suggested to be an important mechanism 
supporting empathy. In addition, the thesis assesses the designer’s capability to 
correctly infer the users’ thoughts and feelings using the empathic accuracy (EA) 
method, as well as tests whether ANS synchrony can be used to predict the 
designer’s capability to understand the users. 

A statistically significant HR synchrony was found in 40% of all the designer-
user dyads. The designer on average correctly inferred 47% of the users’ reported 
thoughts and feelings. The results showed no relation between HR synchrony and 
the designer’s EA scores. 

In conclusion, the results suggest that it is possible to detect significant HR 
synchrony between a designer and a user during a design interview. However, the 
study demonstrated that designer can only partially understand the users’ 
experience, thus highlighting the importance of these results for the design field. 
Nevertheless, further research is needed to verify the findings and the role of 
empathy in HCD. 
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Tiivistelmä 
 
Ihmiskeskeinen suunnittelu (HCD) hyödyntää empaattisia tekniikoita 
parantaakseen suunnittelijoiden ymmärrystä käyttäjän kokemuksesta. Siten 
suunnittelijat voivat luoda tuotteita, jotka todella vastaavat käyttäjien tarpeita ja 
ovat yhdenvertaisia kaikille käyttäjille. Suunnittelun alalta puuttuu kuitenkin 
keinoja mitata empatian roolia suunnitteluprosessissa. Lisäksi ei tiedetä tarkasti, 
kuinka hyvin suunnittelijat ymmärtävät käyttäjiä. 

Tästä syystä työssä arvioidaan sydämen sykkeen muutosten soveltuvuutta 
mittaamaan autonomisen hermoston synkronointia suunnittelijan ja käyttäjän 
välillä, koska ihmisten välisen synkronoinnin on osoitettu tukevan empatiaa. 
Lisäksi empaattinen tarkkuus -metodia käyttämällä mitataan, kuinka hyvin 
suunnittelija ymmärtää käyttäjän ajatuksia ja tunteita sekä testataan, ennustaako 
autonomisen hermoston synkronointi suunnittelijan kyvykkyyttä ymmärtää 
käyttäjiä.  

Sykkeiden synkronointi oli tilastollisesti merkitsevää 40 prosentilla 
suunnittelija-käyttäjä-pareista. Suunnittelija ymmärsi keskimäärin 47 prosenttia 
käyttäjien ajatuksista ja tunteista. Sykkeiden synkronoinnin ja suunnittelijan 
empaattisen tarkkuuden välillä ei todettu yhteyttä. 

Tulokset osoittavat, että on mahdollista havaita tilastollisesti merkitsevää 
sykkeiden synkronoitumista suunnittelijan ja käyttäjän välillä 
haastattelutilanteessa. Kuitenkin suunnittelija ymmärsi vain osittain käyttäjän 
kokemusta, mikä osoittaa, kuinka tärkeitä tulokset ovat suunnittelukentälle. 
Tarvitaan kuitenkin lisää tutkimusta, jotta tulokset ja empatian rooli voidaan 
varmentaa ihmiskeskeisessä suunnittelussa. 
 
Avainsanat empatia, ihmiskeskeinen suunnittelu, fysiologinen synkronointi, syke, 
autonominen hermosto, empaattinen tarkkuus, käyttäjäkokemus 
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1 Introduction 
Empathy has been studied in many fields of science, ranging from existential 
philosophy to social neuroscience. Empathy has generated growing interest 
in business and technology related industries (e.g., Köppen & Meinel, 2015; 
Wachsmuth et al., 2008). In particular, its value has been recognized in 
human-centered design (HCD), which applies different empathetic 
approaches in order to improve the designers’ understanding of the users’ 
values, experiences and needs (IDEO, 2015). This allows for development of 
both products and designs that are truly tailored to meet the users’ 
requirements and inclusive for those with disabilities, thus providing equal 
well-being for all users (IDEO, 2015; Kullman, 2016).  

Human-centered design aims to achieve complete user understanding by 
sensitizing the designer to the user experience (IDEO, 2015; Köppen & 
Meinel, 2015; Kouprie & Visser, 2009). Traditionally, designers have focused 
on addressing problems without necessarily solving the actual problem faced 
by the users. To overcome this problem, designers have increasingly sought 
to design by interacting with the users (Köppen & Meinel, 2015). In order to 
accomplish deep user understanding, designers have used different 
empathetic approaches to understand users, including interviews (Wood, 
1997), story-telling (van der Lelie, 2006), role-playing (Burns et al., 1994) 
and simulations (Kullman, 2016).  

However, the field lacks a consistent definition of empathy. Although 
empathy is seen as an important property of the design process, it has been 
emphasized that many of the empathy conceptualizations in design are 
rather vague and loosely based on psychological definitions of empathy 
(Kouprie & Visser, 2009). For example, empathy has been described as 
immersing with the user experience (Battarbee et al., 2002), internalizing the 
requirements of the user (Battarbee, 2004), or imaginative projection into 
the user’s point of view (Koskinen, 2003). Others have also pointed out that 
some conceptualizations are even misleading (Köppen & Meinel, 2015). In 
psychology, empathy is considered as a multifaceted construct that is difficult 
to define and measure. For example, Cuff et al. (2016) recognized 43 different 
conceptualizations of empathy. However, researchers usually separate 
empathy into affective and cognitive components (Gonzalez-Liencres et al., 
2013). Affective empathy describes the capability to automatically recognize 
and possibly share others’ emotional states, while cognitive empathy refers 
to the ability to understand others’ thoughts and feelings. 

For studying the role of empathy in user understanding, most of the 
research has been qualitative. Only a small number of studies have attempted 
to quantitatively measure empathy using methods, such as self-report 
measures of empathy to assess designer’s trait empathy (Rasoal et al., 2012; 
Surma-Aho et al., 2018). Although these measures can provide important 
information about empathy, they are also vulnerable to subjective biases, 
including social desirability (Eisenberg & Fabes, 1990; Eisenberg & Lennon, 
1983). One possible approach for overcoming this problem is to employ 
physiological measures for quantifying bodily states. These measures have 
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become increasingly popular (Kleinbub, 2017; Mogan et al., 2017; Palumbo 
et al., 2017). For example, the listener’s movements tend to synchronize with 
the speaker’s speech and movements (e.g., Kendon, 1970) and even their 
invisible bodily responses, such as heart rate (e.g., Xygalatas et al., 2011). 
Furthermore, such synchrony can be even measured in a very naturalistic 
setting, such as during a discussion between friends in a pub (Slovák et al., 
2014). Therefore, the synchrony provides an ideal measure for evaluating 
automatic empathy-related responding between a designer and a user who 
are in a specific situation, such as during an interview. Several studies have 
linked physiological synchrony with various psychosocial constructs, 
including empathy (Marci & Orr, 2006), affiliation (Hove & Risen, 2009) and 
emotion regulation (Feldman & Greenbaum, 1997). Synchrony can also 
predict the efficacy of team work (Henning et al., 2001) and therapy 
outcomes (Messina et al., 2013).  

In addition to the above-mentioned limitations to understanding the role 
of empathy in design, it remains unclear how accurately designers are 
actually understanding the user’s thoughts and feelings. Indeed, studies 
based on empathic accuracy paradigm have shown that we understand others 
with a rather low accuracy, ranging from 10 to 40 percent (Ickes, 1997, 2010; 
Ickes & Hodges, 2013; Marangoni et al., 1995). This problem could be 
addressed by measuring real-time empathic accuracy in order to assess 
empathic responding in naturalistic situations (Ickes et al., 1990). 

Although numerous studies have shown a relationship between 
physiological synchronization and empathy as well as other psychosocial 
constructs, no previous study has used physiological synchrony to measure 
mutual understanding between a designer and a user. Therefore, the aim of 
this thesis is to determine the feasibility of using electrocardiography (ECG) 
for measuring autonomic nervous system (ANS) synchrony between a 
designer and a user, as well as to test whether physiological synchronization 
predicts empathic accuracy.  

In order to accomplish this aim, an experimental setup was used to 
measure heart rate synchrony between a designer and a user during a semi-
structured interview. The level of synchrony are measured using the 
concordance index that have been widely used in psychotherapy studies 
(Marci et al., 2007; Marci & Orr, 2006; Messina et al., 2013). The significance 
of synchrony is verified by comparing the synchrony values of the designer-
user pair to those of hypothetical pairs. The accuracy of understanding 
between the designer and the user is analyzed using the empathic accuracy 
paradigm (Ickes et al., 1990). 

The thesis is organized as follows; Chapter 2 briefly reviews the various 
concepts of empathy and the methods used for measuring it, as well as 
describes the empathetic approaches used in human-centered design. 
Chapter 3 defines physiological synchrony, presents the methods for 
measuring it and reviews the findings in earlier studies. Chapter 4 describes 
the empathic accuracy framework and discusses how accurately people 
understand others. Chapter 5 proposes an approach to measure empathy in 
human-centered design. Chapter 6 introduces the methods used in the 
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thesis. Chapter 7 presents the results for heart rate synchrony and empathic 
accuracy. Chapter 8 concludes by discussing the insights and limitations of 
the study, as well as suggesting directions for future work.  
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2 Empathy 
Since this thesis aims to quantify the role of empathy in human-centered 
design, this chapter first reviews the literature on empathy. Empathy has an 
important role in social understanding. However, it is a multifaceted 
construct that has proven to be difficult to define and empirically measure. 
Section 2.1 presents the multifaceted nature of empathy. Section 2.2 
describes empathic approaches used in human-centered design (HCD). 
Finally, Section 2.3 reviews the advantages and disadvantages of the most 
common methods used for assessing empathy. 

2.1 Definition of empathy 
The term empathy originates from the German word Einfühlung, which  was 
originally used by German philosophers to define an aesthetic experience, 
our capability to feel objects of art or nature  (Ganczarek et al., 2018). 
Eventually, its meaning widened to refer to how we can sense others as 
minded creatures (Stueber, 2019). Since then, empathy has many meanings 
for social psychologists. For example, Batson (2009) identified more than a 
half-dozen phenomena that can be referred to as empathy. In addition, Cuff 
et al. (2016) recently found forty-five discrete definitions for empathy. 
Therefore, it is important to present how empathy is defined in this thesis. 
The following sections will review key concepts of empathy. 

2.1.1 Affective and cognitive empathy 

Several definitions of empathy differentiate between affective and cognitive 
empathy (Cuff et al., 2016). Affective empathy is a tendency to automatically 
experience the affective states of others while at the same time understanding 
the source of this state (Gonzalez-Liencres et al., 2013). Cognitive empathy is 
a capability to understand others’ affective states and thoughts (Cuff et al., 
2016; Gonzalez-Liencres et al., 2013). It is closely associated with perspective 
taking and the theory of mind (ToM) (Blair, 2005; Cuff et al., 2016). ToM is 
the general ability to comprehend other individuals’ mental states (Blair, 
2005; Walter, 2012). Perspective taking has been defined as adopting 
another’s viewpoint and is an important mechanism for ToM (Gery et al., 
2009). Although both can be important for cognitive empathy, they do not 
necessarily include affective processing, which is usually included in every 
definition of empathy (Cuff et al., 2016). Moreover, the affective and 
cognitive components of empathy are not completely independent 
phenomena, as they use the same neural networks (Nummenmaa et al., 
2008) and interact. For example, the cognitive component can modulate 
automatic affective responses (Lamm et al., 2007). 
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2.1.2 Supporting and related concepts 

Several concepts are closely associated with empathy and sometimes even 
categorized as empathy (Cuff et al., 2016; Gonzalez-Liencres et al., 2013). 
Primitive forms of empathy include mimicry and emotional contagion 
(Hatfield et al., 1992, 2009), which occur automatically and can be important 
mechanisms supporting empathy (Singer & Lamm, 2009). Mimicry refers to 
automatic synchronization of facial expressions, tone of voice, body postures 
and movements with others (Hatfield et al., 1993). An emotional contagion 
is a tendency to automatically feel and express other individuals’ emotions 
(Hatfield et al., 2009) and can occur unconsciously (Tamietto et al., 2009). 
However, these mechanisms are not necessary for empathy, nor are they the 
same as empathy, because for empathy to exist, we must understand the 
source of empathy (Decety & Jackson, 2004; Singer & Lamm, 2009). 
Mimicry and emotional contagion are capabilities that develop before 
affective and cognitive empathy. They are the first steps that we take to know 
others, when we as infants do not yet understand the meaning of the shared 
response. 

Although the concepts of sympathy and compassion are also related to 
empathy, they are not synonymous with each other (Goetz et al., 2010; Singer 
& Lamm, 2009). Sympathy is the capability to feel concern or sorrow for the 
other person, though it does not necessarily involve a shared emotion with 
the other (Hein & Singer, 2008; Singer & Lamm, 2009). For example, the 
sadness of other people can make us feel concerned, not necessarily sad 
(Singer & Lamm, 2009). Compassion is the desire to help or comfort the 
other when witnessing their suffering (Goetz et al., 2010). 

In addition, empathy comprises both bottom-up and top-down 
information processing (Decety & Lamm, 2006). Bottom-up or low road 
processing describes how empathy is automatically induced through 
emotional sharing of physical displays, such as facial expressions and 
postures (Decety & Lamm, 2006). Therefore, the bottom-up element is 
associated with affective empathy (Walter, 2012).  

Top-down or high road processing involves higher cognitive mechanisms 
or executive functions that control both cognition and emotion (Decety & 
Lamm, 2006). It is an intentional and reflexive state that uses selective 
attention and self-regulation. Because empathy is a state of mind, we can also 
turn our focus to something else if we want to (Hodges & Biswas-Diener, 
2007; Hodges & Wegner, 1997). Top-down processing is related to cognitive 
aspects of empathy (Walter, 2012). 

2.1.3 Trait and contextual empathy 

Empathy can be seen as a relatively stable personality trait or a state that is 
modulated by contextual and situational factors (Cuff et al., 2016). Many 
conceptualizations actually describe empathy as a stable trait using words, 
such as “ability” and “capacity” (Cuff et al., 2016). The capability to 
empathize varies between individuals. For example, autistic and 
psychopathic individuals display deficits in empathy  (Blair, 2008; Jones et 
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al., 2010). Some studies have also suggested that women exhibit higher self-
reported empathy than men (Derntl et al., 2010; Kobach & Weaver, 2012; 
Toussaint & Webb, 2005). 

However, empathy is also modulated by situational factors. For example, 
if people are in a hurry, they are less likely to help a person in need of help 
(Ross & Nisbett, 1991). The level of experienced empathy is also strongly 
affected by in-group and out-group bias. It has been shown that people tend 
to feel more empathy towards an in-group rather than an out-group (e.g., 
Cikara et al., 2011).  

2.1.4 Definition and role of empathy in design 

The term ‘empathy design’ was introduced to the field of design in the late 
1990’s (Battarbee & Koskinen, 2005). Although since then empathy has been 
increasingly considered as a key part of design, the concept of empathy in 
design is usually indefinite and loosely motivated by psychological 
definitions of empathy (Kouprie & Visser, 2009). Empathy descriptions 
include immersing with the environment and experiences of future users 
(Battarbee et al., 2002), internalizing the user needs (Battarbee, 2004) and 
imagining the point of view of the user (Koskinen, 2003). Empathy has also 
been defined using psychological definitions of empathy. For instance, 
Köppen and Meinel (2015) define empathic design as a perspective taking. 
However, their definition of perspective taking differs from how it is defined 
in psychology, as the definition is closer to the definition of cognitive 
empathy. In addition, Kouprie and Visser (2009) proposed a framework for 
empathy in design based on both cognitive and affective aspects of empathy. 
The framework consists of four phases: discovery, immersion, connection 
and detachment. In addition, Köppen and Meinel (2015) emphasized that 
some definitions are even misleading and could therefore be more harmful 
than beneficial. 

A few studies have attempted to quantify the role of empathy in design. 
For example, Surma-Aho et al. (2018) assessed designer’s empathy using 
self-report questionnaires and showed that designers can learn empathy 
during a design course. However, because empathy was assessed using a self-
report measure, the outcome of the study might more reflect the social 
expectations to learn empathy than the actual capability to empathize. 
Therefore, more objective measures would still be warranted. 

Nevertheless, despite the lack of a consistent definition for empathy and 
objective measures to quantify empathy in design, empathy is crucial for 
design as means to achieve a complete understanding of the user. In order to 
achieve this goal, designers have developed multiple empathetic approaches. 
The following sections will present empathetic approaches used in human-
centered design and how empathy has been quantified in the field of 
psychology. 
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2.2 Empathetic approaches in human-centered design 
Human-centered design (HCD) employs numerous empathetic approaches 
or techniques in order to gain a deeper understanding of the users’ 
experiences and lives (IDEO, 2015). This increases the probability that the 
product or design will match the users’ actual needs (Kouprie & Visser, 
2009). HCD is also important for promoting well-being and creating a more 
inclusive society for all users. For instance, it has had an important role in 
making disabled people’s everyday life easier (Kullman, 2016) and in 
attempts to solve problems, such as poverty, gender equality and clean water 
(IDEO, 2015). HCD is similar to design thinking (e.g., MacFadyen, 2014), 
user-centered design (e.g., Abras et al., 2004), and sometimes they are used 
as synonyms (Altman et al., 2018). In this thesis human-centered design is 
used to refer the use of techniques which can essentially improve user 
understanding. 

Some approaches rely on narratives and storytelling (van der Lelie, 2006). 
In these approaches, thoughts and feelings are gathered from an interview 
and then presented to other designers in a detailed and vivid manner 
involving emotional aspects, such as sorrow and pain. For example, 
designers can use storyboards similar to those used in the film industry to 
present the user point of view to other designers (van der Lelie, 2006). Others 
have tried to understand the users as personas (Adler, 2005). In this 
approach, designers are not only asking what the users want, but also asking 
what frustrates them or gives them pleasure. Therefore, designers can 
present the users more as personas to other designers. Role-playing 
approaches have also been used to assess user understanding. That is, 
designers act as actors and role-play as users in an interactive environment 
that uses example props (Burns et al., 1994). 

The most advanced approaches have been phenomenological in which 
designers try to enter directly into the user experience (Kullman, 2016). This 
approach is especially important in simulating the experiences of disabled 
people to promote inclusive design (Kullman, 2016). For example, designers 
have used various wearable simulations, including suits, goggles and gloves. 
The wearable simulations can provide the experience of becoming someone 
else. For example, the age simulation suit allows designers to experience age-
related impairments, such as narrow visual field and movement difficulties 
that affect older people’s everyday lives. In addition, one project designed a 
dementia simulator which used physical objects, virtual reality, interaction 
and sound effects in order to demonstrate to visitors the daily difficulties 
encountered by individuals suffering from dementia (Smeenk et al., 2018). 
Although simulations can offer very real experiences of another person’s 
daily difficulties, it can also lead to over identification or projection; that is, 
designers can also overestimate the difficulties (Bennett & Rosner, 2019; 
Kullman, 2016). This underlies how difficult it can be to understand the 
situation of others and that we often overestimate our capability to 
understand others.  

Although designers have developed multiple empathetic approaches for 
enhancing user understanding, it is not clear how accurately the designers 
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are at really understanding the users’ thoughts and feelings. This also shows 
the importance of introducing quantified empathy measures into the field of 
design. Therefore, the next section will review the most common measures 
of empathy used in psychology. 

2.3 Different measures of empathy 
Not only are there many definitions and aspects of empathy, but there are 
also various measures of empathy (Gerdes et al., 2010; Neumann et al., 2015; 
Stueber, 2019; Zhou et al., 2003). These measures can be divided into 
dispositional and situational measures (Stueber, 2019). Dispositional 
measures, such as self-report questionnaires, consider empathy as a 
relatively stable trait (Davis, 1994), whereas situational measures (e.g., 
physiological reactions) suggest that the level of empathy can change 
depending on the context (Shen, 2010; Zhou et al., 2003). Both of these 
measures can assess one aspect of empathy or several different aspects. 
Although measures have been used successfully to study empathy and its 
associated prosocial behavior, some of these measures lack internal 
reliability and consistency over different measures as well as can be biased 
by social desirability. Moreover, it is also difficult to compare measures, since 
they are often based on different definitions of empathy (Pithers, 1999). This 
section reviews the advantages and disadvantages of the most common 
approaches used for assessing empathy, including self-report, observational, 
psychophysiological and performance measures. 

2.3.1 Self-report measures 

Traditionally, empathy has been measured using self-report methods. This 
approach has most likely become popular, due to its ease of application 
(Gerdes et al., 2010; Zhou et al., 2003). Self-report measures are believed to 
assess dispositional empathy (Zhou et al., 2003). The most common self-
report instruments are questionnaires, which usually measure either 
affective or cognitive empathy, or both components. Although the most 
rigorous measures have been shown to correlate with empathic and prosocial 
behavior, studies have also suggested that self-report measures can lack 
reliability, internal consistency and are vulnerable to subjective biases. 

Examples of classic and widely used questionnaires include the Hogan 
Empathy Scale (HES) (Hogan, 1969) and Davis’s Interpersonal Reactivity 
Index (IRI) (Davis, 1980, 1983, 1994). The HES measures cognitive empathy 
using a single-factor model that comprises 64 items, which are derived from 
different personality trait tests. The IRI measures both cognitive and 
affective empathy. The questionnaire consists of 28 questions and includes 
four subscales: “Perspective Taking”, “Fantasy”, “Empathic Concern” and 
“Personal Distress”. The scores are calculated for each subscale, thus 
enabling the IRI to assess different aspects of empathy. These measures have 
been successfully used to measure different facets of empathy and have been 
associated with aspects, such as prosocial tendencies (e.g., Carlo et al., 2003), 
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social skills (e.g., Riggio et al., 1989) and improved therapist performance 
(e.g., Kendall & Wilcox, 1980). In addition, it has been shown that there is a 
link between the IRI scale and dimensions of personality (Song & Shi, 2017). 

However, studies have implicated a lack of internal reliability, re-test 
stability and semantic correspondence to definitions used to describe 
empathy. For example, studies have shown that the HES has low reliability 
in terms of stability and internal consistency. The scale lacks stability when 
measured repeatedly over time, thereby questioning its role as a good trait 
measure (Froman & Peloquin, 2001). The HES also shows a low internal 
consistency, as measured by Cronbach’s alpha (Cross & Sharpley, 1982; 
Froman & Peloquin, 2001). In addition, it has been shown that some 
questions only indirectly measure cognitive empathy (Bierhoff, 2005; J. A. 
Johnson et al., 1983). Although the IRI manages better than the HES in terms 
of semantic validity, some of its items or subscales do not semantically 
correspond to Davis’s definition of empathy (Cliffordson, 2001; Holz-Ebeling 
& Steinmetz, 1995). Furthermore, one study showed that IRI assesses wider 
psychological processes that are not directly linked with empathy (Baron-
Cohen & Wheelwright, 2004). 

Consequently, several newer questionnaires have been developed, such as 
the Empathy Quotient (EQ) (Baron-Cohen & Wheelwright, 2004) and the 
Toronto Empathy Questionnaire (TEQ) (Spreng et al., 2009). The EQ was 
specially designed to assess deficits of empathy among individuals with 
autistic traits. It measures both affective and cognitive empathy using a 60-
item questionnaire. The TEQ was created to measure empathy in the 
broadest sense, although it emphasizes the role of affective empathy. Its 16-
item questionnaire was developed based on several previous questionnaires 
in order to maximize the power of the scale. However, some aspects of these 
scales have also been criticized. The EQ might actually measure three factors 
of empathy instead of two factors (Lawrence et al., 2004; Muncer & Ling, 
2006), and some of its items may lack content validity (Stueber, 2019). In 
addition, Neuman et al. (2015) stressed that since the TEQ is not associated 
with the IRI’s personal distress subscale, its single scale model might not 
represent all aspects of empathy in the broadest sense as it promises. 

Moreover, all self-report measures are vulnerable to respondents’ 
subjective biases. It has been frequently emphasized that self-reports can be 
affected by social desirability, thus producing motivational and response bias 
(Barrett, 2006; Eisenberg & Fabes, 1990; Eisenberg & Lennon, 1983; 
Kleinbub et al., 2019; Lovett & Sheffield, 2007; Mauss & Robinson, 2009; 
Neumann et al., 2015). This is due to the nature of the method; the 
questionnaires cannot access the respondents’ real internal states. 
Respondents might answer how they want to see themselves because 
empathy is considered to be a very desirable attribute to have (Eisenberg & 
Fabes, 1990; Lovett & Sheffield, 2007). For example, gender norms have 
been shown to affect self-report measures (Eisenberg & Lennon, 1983). 
Nevertheless, researchers have also tried to reduce the influence of these 
effects (King & Bruner, 2000; Mannarini et al., 2016). For example, control 
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items have been added in order to take into account the effect of the response 
bias (Baron-Cohen & Wheelwright, 2004). 

2.3.2 Observational measures 

Empathy can also be quantified using observational measures that allow 
observers, such as parents, teachers or peers, to rate (Ganley, 1989; Moran & 
Diamond, 2008) or qualitatively evaluate (Long et al., 2006) the target 
person’s empathy-related behavior. These measures usually use items 
similar to those of self-report measures, some of which can be used for 
assessing both self-reports and observations (Ganley, 1989; Zhou et al., 
2003). Observational tools include the Carkhuff Empathy Scale (Carkhuff, 
1969) and the Barrett-Lennard Relationship Inventory / the Empathy 
Understanding Subscale (EUS) (Barrett-Lennard, 1962). These tools have 
been used to evaluate the therapist-client relationship (Ganley, 1989; 
Gurman & Gustafson, 1976), and the communication skills of social workers 
(Carkhuff, 1968; Nerdrum, 1997), and the communication in marital 
counselling (Wampler & Powell, 1982). A line of studies has also assessed the 
helping behavior linked with empathy using the pen-dropping experiment 
(Greitemeyer & Osswald, 2010; Macrae & Johnston, 1998). In the 
experiment, the experimenter accidentally drops pens. The number of pens 
picked up, and the amount of time for doing so is used to measure the helping 
behavior. 

Whilst self-report measures are inevitably subjective and vulnerable to 
biased responses, observational measures can provide a more objective 
perspective of subject empathy. For instance, observational measures have 
been useful for enabling therapists to notice that they might overestimate 
their capability to empathize (Kurtz & Grummon, 1972). Observational 
measures are also valuable with young children that are not yet able to report 
their empathy accurately (Zhou et al., 2003). Observational measures are 
moderately correlated with pro-sociality (Eisenberg & Miller, 1987). 
However, the downside of these measures is that they can also be biased by 
the rater’s beliefs. Therefore, collecting reliable data requires multiple 
observers (Zhou et al., 2003).  

2.3.3 Psychophysiological measure of empathy 

Psychophysiological measures have become an increasingly popular measure 
of empathy due to their ability to overcome the constraints of the self-report 
approaches  (Kleinbub, 2017; Kleinbub et al., 2019; Palumbo et al., 2017). 
Physiological measures are able to measure real internal states related to 
empathetic behavior. Studies have also pointed out the inconsistencies 
between physiological measures and the self-report measures (Anastassiou-
Hadjicharalambous & Warden, 2008; Anastassiou‐Hadjicharalambous & 
Warden, 2007). Psychophysiology investigates how the nervous system 
activity is related to the psychological construct of empathy (J. T. Cacioppo 
et al., 2007). The nervous system is composed of the central nervous system 
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(CNS) and the peripheral nervous system (PNS). The CNS includes the brain 
and spinal cord, while the PNS includes the rest of the nervous system. 
Although psychophysiology is closely associated with behavioral 
neuroscience, it is more interested in how both the CNS and the PNS are 
related to affective and cognitive aspects of empathy (Neumann & Westbury, 
2011).  

A neuroscientific study of the central nervous system has provided 
important information on the underlying mechanisms of empathy. One 
important finding was discovering the mirror neurons in monkeys (Di 
Pellegrino et al., 1992; Rizzolatti et al., 1996). The mirror neurons are 
activated when the monkey is watching another monkey performing certain 
motor tasks and when the monkey is doing the task itself. This has also been 
observed in humans (Iacoboni et al., 1999; Meyza & Knapska, 2018). The 
mirror neuron system has been suggested to underlie understanding of 
others’ intentions (Gallese & Goldman, 1998; Rizzolatti & Sinigaglia, 2010). 
It has been studied how people perceive others and their own pain. It has 
been observed that the pain of others and of oneself activates the same brain 
regions  (Jackson et al., 2005; Singer et al., 2004). Thus, we can literally feel 
others’ pain. Such vicarious pain perception is modified by in- and out-group 
bias (Xu et al., 2009). 

Empathy has also been studied by measuring activity in the peripheral 
nervous system and the motor system, which is composed of both CNS and 
PNS structures. For instance, facial mimicry has been linked with empathic 
behavior (e.g., Harrison et al., 2010). These measures are easier to apply and 
less expensive than neuroscientific measures. Furthermore, neuroimaging is 
difficult to perform when people are actually interacting, thus only a few 
studies have attempted to assess brain activation during interaction (e.g., 
Babiloni & Astolfi, 2014; Konvalinka & Roepstorff, 2012). In contrast, 
psychophysiological measures of PNS and motor system can be easily applied 
to study empathic real-time responses between interacting partners in 
naturalistic settings, such as psychotherapy sessions (Marci & Orr, 2006) or 
even local pubs (Slovák et al., 2014). 

Thus, interpersonal physiological synchrony has become an increasingly 
popular approach to study empathy and social interaction. It measures time 
varying responses between two or more people (Palumbo et al., 2017). There 
is an increasing consensus that physiological synchrony between two 
interacting people tend to facilitate cooperation and prosocial behavior 
(Palumbo et al., 2017). Recent reviews found that numerous studies have 
associated psychological synchrony with empathy (Kleinbub, 2017; Palumbo 
et al., 2017). Kleinbub et al. (2019) listed three beneficial factors in 
interpersonal measures: 1) an implicit assessment that is not affected by 
subjective biases, 2) a data-driven approach  that can provide 
complementary information, and 3) an ecological and automatic data 
collection. 
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2.3.4 Performance-based measures 

None of the previously described measures can assess the real accuracy of the 
understanding of the other person. For this reason, researchers have 
developed various empathic accuracy methods. Early measures of empathic 
accuracy assessed therapist’s empathic abilities. For instance, Dymond 
(1949) proposed a scale that would measure empathic ability as a 
correspondence of ratings on personality traits. The scale was heavily 
criticized, as were other early attempts (Davis, 1994; Ickes, 1993; Stueber, 
2019). 

Later, an empathic accuracy paradigm was introduced to assess people’s 
empathic accuracy in specific situations or interactions (Ickes, 1993; Ickes et 
al., 1990). The empathic accuracy paradigm measures the correspondence 
between inferred feelings and thoughts. Thus, it focuses on cognitive 
empathy. The empathic accuracy paradigm has successfully been used in 
many different settings for evaluating the accuracy of inferring the thoughts 
of a stranger, friend and spouse (Ickes, 1997). Studies revealed that generally 
empathic accuracy is at the level of 10-40% (Ickes, 1997, 2010; Ickes & 
Hodges, 2013; Marangoni et al., 1995). 

On the other hand, accurate understanding is not necessarily linked with 
physiological reactions to other’s suffering or self-reported empathy. For 
instance, it has been shown that the HES and IRI self-report questionnaires 
do not correlate with the accuracy scores (Davis & Kraus, 1997). Stueber 
(2019) points out that it is especially surprising in the case of the Hogan scale 
because it has been developed to measure cognitive empathy. However, the 
weak correlation between accuracy and self-report measures might be 
explained by the poor ability to determine one’s own accuracy (Ickes, 1993).  

This thesis will use the interpersonal physiological synchrony approach 
and the empathic accuracy paradigm to quantify the role of empathy in 
human-centered design, which will be discussed in more detail in Chapters 3 
and 4, respectively.  
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3 Interpersonal physiological synchrony and bodily 
aspect of empathy 

In order to determine the feasibility of using ECG for quantifying the ANS 
synchrony between a designer and a user in terms of their empathetic-related 
responses, this chapter presents the literature on interpersonal physiological 
synchrony and bodily aspects of empathy. We do not communicate with 
others only verbally through symbolic language, such as words and sentences 
(Wachsmuth et al., 2008). Communication also involves non-verbal aspects. 
We tend to automatically attune to others’ facial expressions, body postures 
and even their heart rate. This has been observed in many human 
interactions, ranging from collective rituals to psychotherapy sessions. 
Synchrony has been linked with emotional contagion, empathy and 
affiliation. This chapter describes the role of bodily aspects played by 
physiological synchrony in social interaction and empathy. Section 3.1 
defines the term physiological synchrony. Section 3.2 reviews the role of 
synchrony in social interaction. Section 3.3 describes the bodily systems that 
control autonomic synchrony and the methods for measuring it. Section 3.4 
presents the methods used for analyzing synchrony. Section 3.5 introduces 
autonomic physiological synchrony studies related to affiliation, trust and 
empathy.  

3.1 Physiological synchrony 
In this thesis, physiological synchrony (PS) is understood as a mutual 
adjustment of the temporal structure of physiological processes between 
people due to their interaction, as described by Pikovsky et al. (2001). In 
addition to physiological synchrony, the same phenomenon has been 
described using multiple terms, such as physiological concordance (Marci & 
Orr, 2006), compliance (Henning et al., 2001), embodied synchrony 
(Karvonen et al., 2016)  and entrainment (Watanabe et al., 1996). 

The different forms of synchronous behaviors that occur unconsciously 
are often referred to as automatic mimicry. Mimicry can be divided into two 
components depending on the physiological processes: the motor 
component and the autonomic component (Prochazkova & Kret, 2017). The 
motor component is regulated by the motor system, which is responsible for 
controlling muscles and body movement. It usually operates automatically 
but can be also controlled consciously. It is linked with visible aspects of 
synchrony, such as facial expressions, body postures and vocal 
characteristics. The autonomic component is unconsciously controlled via 
the autonomic nervous system (ANS), which regulates bodily functions. It is 
invisible to the naked eye and occurs without conscious control. The 
autonomic component includes synchronization of heart rate, skin 
conductance, breathing rhythm and pupil dilation. 

It has been suggested that these physiological processes synchronize 
because the interaction activates shared neural representations (e.g., Gallese 



 

 23 

& Goldman, 1998). When we perceive interacting partners’ visible aspects of 
their state, this is likely to cause neural representations in us that are similar 
to those of the partner’s state. This is likely to activate the same motor and 
autonomic responses in us. 

3.2 Role of physiological synchrony in interaction 
 
The reciprocal adjustment where people modify each other’s responses is an 
important part of social interaction from early development to adulthood. 
This section describes the role of synchrony in mother-child interaction, 
conversation and emotional transfer. 

3.2.1 Attachment and self-regulation 

The role of both motor and autonomic synchrony in social interaction cannot 
be fully understood without a description of its importance to a child’s 
healthy social development (Feldman, 2012). Synchrony allows children to 
know how others feel as well as to regulate their emotions when they are not 
yet able to speak or self-control their own emotions. For instance, Feldman 
et al. (2011) showed that mother and infant synchronize their heart rhythms 
within lags of less than 1 second during facial, vocal and affect interaction. 
The autonomic synchrony was higher during emotion and vocal synchrony 
than non-synchrony events. In addition, another study found that when 
mothers calm their children they were also calming themselves in terms of 
synchrony (Ham & Tronick, 2009). A more recent study also demonstrated 
that synchrony can even occur without social interaction when mothers 
intentionally change their breathing rhythm and at the same time let the 
infant lay on their body (Van Puyvelde et al., 2015). Furthermore, 
physiological synchrony also predicts children’s self-control when they grow 
older (Feldman et al., 1999) as well as it is important to development of 
healthy and secure attachment style (Ainsworth, 1979; Siegel, 1999). 

3.2.2 Movement coordination in a conversation 

The capability to adjust behavior with others is also important part of our 
everyday interaction. In a conversation, the listener’s movements can 
synchronize with the speaker’s speech and movements (Kendon, 1970). 
Interacting partners tend to even synchronize their speech rhythms 
(Kawasaki et al., 2013). The speaker’s behavior is by no means isolated from 
listener’s behavior, as the different aspects of listeners’ behavior, such as 
smiling, nodding or signs of boredom, can shape the speaker’s performance. 
Since very slight changes in others’ behavior can have impact on our 
behavior, people are usually unaware what aspects of listener’s behavior 
affect their behavior or feelings. Similarly, when designers conduct semi-
structured interviews the designers’ reactions can have effect on users’ 
output and performance, even though the designer is only listening the users’ 
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experiences. Additionally, the ways how people synchronize tend to vary 
depending on the roles of the interacting partners. 

3.2.3 Emotional contagion and empathy 

The synchronized behavior during social interaction can lead to emotional 
transfer between the interacting people. People tend to like and understand 
individuals that they synchronize with. For instance, the line of studies 
suggest that when another person synchronizes their tapping rhythm with 
your rhythm you feel more affiliation towards that person compared to 
situation where tapping rhythm is unsynchronized (S. Cacioppo et al., 2014; 
Hove & Risen, 2009). 

Since, we recognize others’ emotions from their postures, facial and vocal 
expressions, and behaviors, the automatic mimicry can result in emotional 
contagion (Hatfield et al., 1993). The mimicry and emotional contagion are 
also key aspects of empathy, therefore synchronous behaviors can foster 
empathy. The next sections focus on measurement of autonomic synchrony 
as well as how it is linked with affiliation and especially empathy. 

3.3 Sources and measures of autonomic interpersonal 
synchrony 

Autonomic synchrony is unconsciously controlled by autonomic nervous 
system (ANS). It allows us to respond quickly to changes in the internal or 
external environment. This section reviews sources and the most common 
measures of autonomic synchrony. 

3.3.1 Autonomic nervous system (ANS) 

The autonomic mimicry is controlled by autonomic nervous system (ANS), 
which is part of the peripheral nervous system. The ANS operates largely 
unconsciously maintaining homeostasis and helps the body to adapt to 
changing environmental events (Ganong, 2013). It controls internal systems 
including the cardiac, respiratory and glandular systems (Jänig, 1989). Its 
activation is important in many theories of emotion (Kreibig, 2010). It has 
been also suggested that it has had an important role in the evolution of social 
behavior (Porges, 2001). It is linked with different social behaviors such as 
defensive behavior, sexual behavior and aggression (Porges, 2001). 

The two major components of the ANS are the parasympathetic nervous 
system (PSNS) and the sympathetic nervous system (SNS) (Ganong, 2013). 
The PSNS maintains the restorative processes by lowering heart rate, blood 
pressure and increases digestive processes. Therefore, it decreases arousal 
and is responsible for restoration and repair of the body. The SNS increases 
heart rate and blood pressure and cancels digestive processes. This increases 
arousal and prepares individual for flight or fight response. Both systems 
operate in close interaction in order to adapt the body to different situations. 
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Autonomic responding can be assessed by measuring cardiovascular or 
electrodermal activity (J. T. Cacioppo et al., 2007). 

3.3.2 Electrocardiogram (ECG) 

The cardiovascular activation reflects on both emotional and attentional 
states (Andreassi, 2013). It can be measured from an electrocardiogram 
(ECG) (J. T. Cacioppo et al., 2007). The ECG can measure the heart’s 
electrical activation through electrodes that are connected to the skin. It 
detects changes that are caused by depolarization and repolarization of 
cardiac muscle within the cardiac cycle. The cardiac cycle is the time from 
one heart beat to the next. Heart beats are shown as spikes in the ECG signal. 
The most common indicator of the autonomic nervous system activation is 
the pulse or heart rate (HR) (Kreibig, 2010). The HR is the number of beats 
within one minute. It reflects both the PSNS and the SNS activation (J. T. 
Cacioppo et al., 2007). In addition, the heart rate variability (HRV) is often 
calculated from the ECG data (J. T. Cacioppo et al., 2007). It reflects the 
temporal variation in the time windows measured between the heart beats. 
A high HRV is associated with the dominance of the parasympathetic 
nervous system. Therefore, it might provide a tool to differentiate between 
the PSNS and SNS activity. 

3.3.3 Skin conductance (SC) 

Another important indicator of the autonomic nervous system response is 
electrodermal activity, which changes the electrical activity of the skin 
(Boucsein, 2012). Skin conductance (SC) is the most popular measure for 
reflecting these changes (Kreibig, 2010). It measures how skin conductivity 
changes as measured by current that is applied to the skin through two 
electrodes. The skin conductance is reflecting activity of the eccrine sweat 
glands in the skin (Boucsein, 2012). The density of sweat glands is highest in 
the hands and feet (Payne et al., 2013, 2016). Therefore, skin conductance is 
usually measured from hands or, if not possible, from the feet. Sweat glands 
are part of the SNS, so they are reflecting the SNS activity. For example, when 
we get scared our hands are sweating, and skin conductance rises. 

Both the cardiovascular and the electrodermal measures are assessing 
arousal. These measures are not able to indicate the valence or context 
(Palumbo et al., 2017). Usually emotional reactions both positive or negative 
tend to increase arousal (Kreibig, 2010). On the other hand, negative 
emotions are usually leading to higher autonomic response (Taylor, 1991). 
Thus, negative emotions have been most studied. One study found that the 
most investigated emotions are fear, sadness, anger, happiness and disgust 
(Kreibig, 2010). Arousal can also change in the absence of emotions, for 
example, the movement of the hands can affect the arousal level. Therefore, 
autonomic measures must always be combined with behavioral measures. 
This thesis will use an electrocardiogram to measure designer’s and users’ 
HR in order to assess their ANS activation. 
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3.4 Analyzing synchrony 
Many studies or reviews have pointed out risks in drawing spurious 
conclusions when analyzing and interpreting physiological synchrony data 
(Beckes & Coan, 2013; Dean & Dunsmuir, 2016; Helm et al., 2018; Kleinbub, 
2017; Mogan et al., 2017; Palumbo et al., 2017). This section shortly 
introduces the most common methods and the considerations necessary in 
analyzing autonomic physiological synchrony data. 

3.4.1 Methods for assessing synchrony 

Several different methods have been utilized for assessing synchrony. The 
simplest and most used technique to assess synchrony is probably the 
Pearson correlation (Pearson & Galton, 1895). Another simple approach is 
the Spearman rank correlation, which instead of a linear relationship 
assesses a monotonic relationship between two variables (Spearman, 1907). 
However, the correlation analysis of continuous human data is vulnerable to 
spurious conclusions. For instance, when using the Pearson correlation, the 
data is expected to be independent and stationary; that is, the data has a 
constant mean and variance over time.  On the other hand, a study showed 
how a nonsense correlation can be measured between two time series that 
are totally independent and have no relation, but are both positively 
autocorrelated (Dean & Dunsmuir, 2016). This example highlights the 
importance of being cautious when interpreting correlation results. Time 
series data usually has at least some level of autocorrelation, which makes 
the data sequentially dependent (Dean & Dunsmuir, 2016). Human data can 
also include trends and drifts that make the data non-stationary over time 
(Kleinbub, 2017). For these reasons, human data is not usually completely 
independent and identically distributed, which is a prerequisite for using 
models based on a general linear model (GLM) (Kleinbub, 2017). 

Nevertheless, various approaches have been proposed to overcome these 
confounds. These approaches include time series analysis, moving window 
techniques and nonlinear modelling (for review, see Palumbo et al., 2017). A 
time series analysis can be used instead of the Pearson correlation. It can be 
used to analyze data either in the time or the frequency domain. Common 
approaches for time domain analysis of synchrony include autoregressive-
moving-average (ARMA) models. These models can be used to model 
sequential dependency in order to remove it, thus allowing use of GLM-based 
models. Another approach is to use frequency domain analysis, in this 
technique, data is typically broken down into cyclical components. This 
allows data to be inspected for similar frequency bands that are repeated in 
the data set. The downside of the times series models is that they assume data 
to be stationary. 

In addition, one of the most popular approaches has been sliding window 
method (Ham & Tronick, 2009; Marci et al., 2007; Marci & Orr, 2006; 
Messina et al., 2013). It can detect the changing dynamics of the 
interpersonal synchrony with windows that are moved through time step by 
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step. For each step the statistic is calculated in the current window. For this 
reason, this method is more resistant to the stationary and autocorrelation 
problems. Commonly moving windows have been used to calculate 
concordance index (Marci & Orr, 2006). This index is the ratio of 
positive/negative correlations among calculated sliding window correlations. 

Another approach has been non-linear modelling. It can detect more 
subtle changes, because it can detect several temporal patterns that cannot 
be detected with classic correlational approaches (Coco & Dale, 2014) and it 
is useful when linear models cannot detect the changes. For example, a cross 
recurrence analysis has been increasingly popular in cognitive sciences, 
because it can be used to study a range of behavioral phenomena (Coco & 
Dale, 2014). It can be used to quantify a larger number of different dynamic 
relationships between two time-series. It is based on phase spacing analysis 
(Palumbo et al., 2017). The data is plotted so that one person is presented on 
one axis and other is presented on another axis. Then the graph can be used 
for detecting similarities between the participants. This has been used to 
assess synchrony in the complex settings where it would be difficult in other 
ways to detect dynamic relations such as studying synchrony between 
firewalkers and spectators during fire walking ritual (Konvalinka et al., 2011). 

This thesis employs the Concordance Index Sliding Window Technique to 
assess the level of synchrony, because it is quite resistant to stationary and 
autocorrelation problems as well as has been previously used in similar 
studies. 

3.4.2 Selection of parameters 

The selection of parameters, such as lag, time-window and step, can have a 
significant effect on the results (Kleinbub, 2017). The parameters can be 
combined in many different ways. However, in many studies, no clear 
reasoning is offered for how the parameters were chosen. Neither is there 
consistency in using the same parameters, thus making it difficult to reliably 
compare results between studies and choose the parameters for future 
studies. It has been suggested that there might not be parameters that could 
be regarded best or a gold standard for human interaction, and that 
parameters could be chosen to maximize the effect size of the synchrony 
when comparing it to randomized data (Kleinbub, 2017). 

3.4.3 Null hypothesis testing and interpreting results 

It is important to test statistical significance of physiological synchrony 
results since synchrony can also arise as a result of luck (Palumbo et al., 
2017). In other words, regardless of the used synchrony index it usually 
produces numerical values, which are difficult to interpret on their own. For 
this reason, statistical testing is needed in order to determine whether the 
results are significant or not. There are several methods for testing the 
significance, but often permutation testing is used. The original values are 
compared to the values that are calculated from the non-related data. 
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Preferably the data from the current setting should be used to construct a 
null hypothesis, as the likelihood to get spurious results depends heavily on 
the study setting and condition. For instance, randomly paired data from 
participants that did not do the task together can be compared to pairs that 
actually did the task together (Marci & Orr, 2006). 

Several studies have also compared the interaction to baseline data (Helm 
et al., 2012). Although this is not a sufficient implication that synchrony 
could not be caused by chance (Palumbo et al., 2017), it can be a good 
additional indicator that synchrony is produced by interactions and not by 
context or the situation. 

Though synchrony results were deemed to be significant, an 
oversimplified interoperation of the results should be avoided. When 
correlation is used to quantify synchrony between the time series data the 
resulting synchrony for a time-window can be positive, zero or negative. 
Positive values are usually interpreted to indicate physiological synchrony 
between subjects (Kleinbub, 2017). For instance, negative values decreases 
the synchrony index of physiological concordance whereas the positive 
values increases the index (Marci & Orr, 2006). However, the high negative 
synchrony values could also reflect inter-personal synchronization between 
individuals (e.g., Reed et al., 2013). 

Another question is how much synchrony is needed in order to predict 
behavioral outcomes and whether high synchrony is always ideal (Kleinbub, 
2017). Some studies indicate that high synchrony can also reflect non-ideal 
interaction between people (Levenson & Ruef, 1992) and low synchrony 
might also be as sufficient as high synchrony to predict behavioral outcome 
(Kleinbub, 2017). 

3.5 Studies on autonomic synchrony 
Autonomic mimicry can produce emotional contagion and induce empathy 
through the bottom up processes. This can facilitate both trust and 
understanding between interacting partners. This section will review the 
autonomic physiological synchrony linked with affiliation, trust and 
empathy. 

3.5.1 Affiliation, trust and coordinated behaviors 

People’s autonomic nervous systems tend to synchronize very easily (Golland 
et al., 2014). A recent study showed that the synchronic coordination of 
autonomic signals can occur even among co-present individuals (Golland et 
al., 2015). Participants seated side-by-side watched emotionally engaging 
movies while their electrodermal activity was measured. They showed that 
the participants’ autonomic activation synchronized, and it was related to 
their similarity in emotional responses. The same effect was not observed 
with control participants that did not watch the movie together. 

One reason for the importance of the spontaneous autonomic synchrony 
in social situations is its ability to foster affiliation. In a recent study, 
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sympathetic and parasympathetic synchrony was monitored when strangers 
interacting in pairs completed either cooperative or non-cooperative knot-
tying tasks (Danyluck & Page-Gould, 2019). They found that sympathetic 
synchrony predicted affiliation, but the relationship between affiliation and 
parasympathetic synchrony was modified by a social context and 
physiological reactivity. Another study showed similar results, participants 
conducted several joint action tasks while their heart rate activation was 
measured (Mitkidis et al., 2015). HR synchrony predicted trust among 
participants. In addition, the autonomic synchrony has been linked with 
team efficacy (Chanel et al., 2012). 

However, studies on teams have also implicated mixed results. Mønster et 
al. (2016) conducted a study where teams of three people task was to build 
origami boats, while at the same time their heart rate, skin conductance and 
facial muscle functioning were monitored. The results revealed synchrony of 
skin conductance and the zygomaticus major muscle. However, the heart 
rate or the corrugator supercilii muscle activation did not synchronize. They 
interpreted that heart rate was not as sensitive a measure of arousal as skin 
conductance. In addition, the results showed association with the 
zygomaticus major synchrony and team cohesion, whereas the autonomic 
synchrony measured using skin conductance was linked with group tension 
and negative affect. Thus, autonomic synchrony does not always implicate 
the positive aspects of interaction. 

Autonomic synchrony’s relation to emotional engagement has also been 
tested in a real-world interaction (Slovák et al., 2014). They asked pairs of 
friends to discuss on some topic that they could both relate to in a pub while 
their SC activity was monitored. Their results indicated that the perceived 
emotional engagement of the pair was linked with the SC synchrony.  

In addition, studies among couples have also indicated similar findings 
(Timmons et al., 2015). Synchrony can predict dating success (Prochazkova 
et al., 2019) and couples very easily attune towards each other’s physiological 
activity, as one study showed that romantic partners skin conductance 
synchronized when they were seated face to face (Liu et al., 2016). Similarly 
another study indicated that couples tend to synchronize their autonomic 
responses even if they are blindfolded and sitting next to each other (Ferrer 
& Helm, 2013). 

3.5.2 Empathy  

The synchrony has an important role in developing empathic abilities. 
Studies implicate that sensitive caregiving in terms of resonance between 
parent and child is important to a child to develop empathic abilities later in 
life (Feldman, 2007b, 2012; Levy et al., 2019). For instance, a longitudinal 
study from three months to 13 years indicated that childhood’s emotional 
synchrony predicts the empathy level in adolescence (Feldman, 2007a). 
Feldman et al. (2007b) suggest that synchrony sensitizes a child to emotional 
cues of others that will continue in all of our relationships throughout our 
life. 
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Additionally, a large body of evidence from therapy settings support the 
role of synchrony in empathy (Kleinbub, 2017; Palumbo et al., 2017). For 
instance, Marci and Orr (2006) used concordance index to measure 
interpersonal synchrony between patients and an interviewer. The patients 
participated in a semi-structured interview conducted by a psychiatrist while 
their skin conductance was recorded. They found that synchrony was linked 
with the patients’ ratings of interview empathy. Since then several studies 
have shown linkage between SC synchrony measured using concordance 
index and perceived empathy (Kleinbub et al., 2012; Marci et al., 2007; 
Messina et al., 2013). However, one study found no association between 
empathy rated by observer and SC concordance index (Messina et al., 2013). 

Another line of studies focusing on couple therapy measured synchrony 
among multiple participants instead of dyads using the same SC concordance 
index as the main measure of synchrony (Karvonen, 2017; Karvonen et al., 
2016; Seikkula et al., 2015, 2018). In these studies, the researchers 
understood the mind as relational and constantly shaped by interaction with 
others highlighting the non-verbal aspects of interaction. The role of 
synchrony was measured in a couple therapy sessions where a couple and 
two therapist physiological activity were measured. Their results supported 
earlier findings showing that physiological synchrony increased from the 
beginning of therapy to the end of therapy as well as the synchrony was 
associated with improved alliance and therapy outcome (Karvonen, 2017). 

However, most of studies are not clearly mentioning the empathy model 
or definition, such as which components of empathy are meditating the 
synchrony (Kleinbub, 2017). Commonly studies refer very generally to 
empathy. For instance, one of the above-mentioned studies only links 
empathy as perceived empathy (Marci et al., 2007). This is a problem in the 
interpersonal synchrony studies, since synchrony is not often linked to clear 
theoretical interpretations.  
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4 Empathic accuracy – a performance-based 
measure of empathy  

Since this thesis aims to determine whether physiological synchrony is 
associated with empathic accuracy, this chapter reviews the literature on 
empathic accuracy. Physiological synchrony sheds light on the mechanisms 
underlying mutual understanding. However, it does not clarify how 
accurately we really understand each other in everyday interaction. This 
chapter presents two empathic accuracy paradigms and discusses how 
accurately we understand the other. Section 4.1 describes the cognitive 
empathic accuracy paradigm. Section 4.2 introduces the shared physiology 
paradigm. Section 4.3 reviews various studies assessing the accuracy of our 
mutual understanding. Section 4.4 reviews the sources of accurate 
understanding. 

4.1 Cognitive empathic accuracy 
The empathic accuracy framework was developed to assess accuracy of 
empathic inference among psychotherapists. The first forms of empathic 
accuracy paradigm focused on cognitive empathy. It is a real-time 
measurement of how accurately people can infer others’ thoughts and 
feelings in a naturalistic setting. Two types of paradigms have been 
commonly employed: the unstructured dyadic interaction and standard 
stimulus paradigms. 

4.1.1 Dyadic interaction paradigm 

The empathic accuracy framework is based on the unstructured dyadic 
interaction paradigm (Ickes et al., 1990). In this paradigm, dyads of people 
are instructed to sit together in a room by the experimenter, who then leaves 
them alone, letting them to believe that it is a waiting room. In reality, the 
room is a laboratory setting where their interaction (e.g., conversations) is 
video recorded without their knowledge. In the next stage of the experiment, 
the experimenter returns and tells about the deception and asks consent 
from the participants. If they agree, they are instructed to watch the video-
recorded interaction from their own perspective. Their task is to pause the 
recording each time they have a specific thought or feeling. In the final stage 
of the experiment, the participants have to re-watch the video-recorded 
interaction, paused at the points where the other member of the dyad 
reported a specific thought or feeling, and have to write down what the other 
participant was thinking or feeling. Then, the similarity between the reported 
and the inferred thoughts and feelings are evaluated by a group of external 
participants. 



 

 32 

4.1.2 Standard stimulus paradigm 

The standard stimulus paradigm was invented by Marangoni et al. (1995). In 
the paradigm, participants that have not taken part in interaction are asked 
to watch one or multiple video recordings of interactions between two other 
individuals. For this reason, the interaction between two people is recorded 
and immediately after the interaction they are asked to report their thoughts 
and feelings similarly than in the dyadic interaction paradigm. Afterwards 
the video recording is used as a standard stimulus that can be presented to 
multiple individual participants. Their task is to infer thoughts and feelings 
of the original dyad. 

4.2 Shared physiology paradigm 
The shared physiology paradigm builds a bridge between physiological 
synchrony and empathic accuracy (Levenson & Ruef, 1992). It measures how 
accurately people can infer the feelings of other people and how its reflected 
in physiological synchrony between the perceiver and the target person.  

In the first stage of the paradigm, the interaction between two people is 
video recorded and their physiological activity, including heart rate, skin 
conductance and facial muscles are monitored. After the interaction 
participants are instructed to watch the video recording and rate how he or 
she was feeling at the time of the interaction using a 9-point scale from very 
negative to very positive. In the second stage, another group of participants 
are asked to watch interaction videos obtained in the first stage and rate how 
the target person was feeling in the interaction. Then accuracy between 
targets’ actual and perceived inferred ratings were assessed by calculating 
percentage of 10 second windows that both target and participant rated 
positive. The same is repeated for the negative ratings. The level of 
physiological synchrony is also measured.  

4.3 Accuracy of understanding 
The empathic accuracy framework aims to study naturally occurring 
behaviors whereas many studies have used staged settings (Ickes et al., 1990; 
Levenson & Ruef, 1992). Several studies have measured the accuracy of 
understanding among dyads, such as strangers, friends and couples (Ickes, 
1997, 2010; Ickes & Hodges, 2013). 

Generally, studies on empathic accuracy have found that the accuracy 
varies from 10 to 40 percent (Ickes, 1997, 2010; Ickes & Hodges, 2013; 
Marangoni et al., 1995). Several factors can influence accuracy. In the 
prototype standard paradigm study participants inferred thoughts and 
feelings of a target person during a simulated psychotherapy session 
(Marangoni et al., 1995). The study revealed that the accuracy of ratings is 
dependent on which target person they were rating. In addition, the results 
indicated that the performance improved when the participants were 
exposed more to the target. Another study investigated how well autistic 
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individuals can read thoughts and feelings of the target person (Demurie et 
al., 2011). They found that the autistic showed deficits in understanding the 
target. Differences have been studied also between strangers and close 
friends (Stinson & Ickes, 1992). Their results showed that the accuracy of 
understanding between strangers is 20% whereas the accuracy between 
friends that share at least one year of history was 30%.  Differences have also 
been studied between men and women. Although some studies indicated that 
gender-role identity can motivate women to be more accurate in mind-
reading (e.g., Thomas & Maio, 2008), studies have not indicated a clear 
difference (Hodges et al., 2011). Moreover, studies have not usually found a 
link between personality traits and empathic accuracy (Ickes & Hodges, 
2013). 

Another set of studies have used the shared accuracy paradigm. In one 
study, participants watched 15-minute pre-recorded marital interaction and 
at the same time rated how the spouse was feeling during the interaction 
(Levenson & Ruef, 1992). They showed that the participants inferred 
spouse’s emotions in a 28-42% accuracy. In addition, the study indicated that 
the accuracy of rating negative emotions was linked with the high levels of 
physiological synchrony between the participant and the target. 

4.4 Sources of accurate understanding 
Studies have also assessed the sources affecting the accuracy of 
understanding. One study examined the possible sources of accuracy in the 
empathic accuracy paradigm (Hall & Schmid Mast, 2007). They presented 
the stimulus video in multiple formats including full video, audio, transcript 
and silent video. The results showed that verbal information was the most 
significant source of accuracy, but also vocal nonverbal cues had a role in 
accurate understanding. The contribution of the visual nonverbal cues was 
lowest. Similarly, in the shared accuracy paradigm auditory and especially 
verbal information seems to be important for accurate rating of the online 
emotion of the target person (Zaki et al., 2009). Also, the target’s expressivity 
was related to accuracy.  
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5 Measuring physiological synchrony and empathic 
accuracy in human-centered design 

Designers have increasingly used a variety of empathetic methods in order to 
improve the user understanding. Although the designers have recognized the 
importance of empathetic approaches, it is not well known how and to what 
extent empathy contributes to human-centered design. There is a shortage of 
methods for quantifying empathy, nor is it understood how accurately 
designers understand users’ thoughts and feelings. Therefore, this thesis 
aims at evaluating the feasibility of using an electrocardiogram (ECG) to 
measure autonomic nervous system (ANS) synchrony between a designer 
and a user, as well as assess the designer’s empathic accuracy (EA) and test 
whether synchronization is associated with the designer’s EA. 

The HR synchrony between a designer and a user, as well as the designer’s 
EA are assessed during a semi-structured design interview, a typical 
empathetic approach used in human-centered design. There are several 
measures of empathy, with each measure having its own weaknesses and 
strengths. In this thesis, the dispositional empathy is assessed instead of trait 
empathy because the thesis focuses on assessing empathic responses in a 
specific design situation. Furthermore, the thesis examines the empathic 
responses linked with both affective and cognitive empathy. No self-report 
measures are included in this thesis, as they are known to be influenced by 
factors, such as social desirability. Nevertheless, studies have increasingly 
recognized autonomic physiological synchrony as a potential measure of 
empathic responses. For example, several studies have associated skin 
conductance synchrony with perceived empathy. To the best of the author’s 
knowledge, no study has yet attempted to measure ANS synchrony between 
a designer and a user. Here, the autonomic synchrony is assessed using heart 
rate (HR), which is a common measure of ANS activity. The level of 
synchrony is acquired using the concordance index method. The thesis 
hypothesizes that HR synchrony facilitates empathy and mutual 
understanding. 

In this thesis, the real accuracy of mutual understanding is also assessed, 
although many studies have measured empathic responses without 
quantifying the actual understanding. The EA has been used to assess 
accuracy among different dyads (e.g., friends and couples), no previous 
research project has assessed the accuracy between a designer and a user 
during a design interview, where the accuracy of mutual understanding plays 
a crucial role. The EA is more related to cognitive empathy than to affective 
empathy. The thesis hypothesizes that the real accuracy is actually rather low.  



 

 35 

6 Methods 
This chapter describes the methods used for assessing physiological 
synchrony and empathic accuracy, as well as their interrelation. Sections 6.1, 
6.2 and 6.3 present the study participants, measurement methods and the 
procedures used in the experimental paradigm, respectively. Section 6.4 
describes preprocessing of the ECG data. Section 6.5 introduces statistical 
analysis of the heart rate (HR) and the empathic accuracy (EA) data. 

This thesis is a product of the research project (Empathic engineers) 
conducted in a collaboration between the Brain and Mind Laboratory and the 
Design Factory of Aalto University. The thesis uses partly the same data as 
published in a study by Chang et al. (2020). 

6.1 Study participants 
Five professional musicians, three females and two males aged between 22 
and 25 (with a mean (SD) age of 23.60±1.52), were recruited from Sibelius 
Academy as study participants. In addition, one male professional designer 
was recruited from Aalto University as the designer participating in all dyads. 
He also had previous experience in music because of his taking piano lessons 
for 12 years during adolescence. Moreover, the inclusion criteria for the 
subjects was that they had an English level of B1 as described in the Common 
European Framework of Reference (CEFR). The musicians represented four 
different nationalities, with one of the musicians being a native English 
speaker. All participants provided informed consent.  

6.2 Measurement methods 

6.2.1 Electrocardiogram (ECG) 

The 16-channel Biomonitor ME6000 data logger (Bittium, Oulu, Finland) 
was used to assess electrocardiogram (ECG) data. In addition, facial 
electromyography (fEMG) data were recorded with the data logger but were 
not reported in this thesis. The ECG data was recorded using three leads with 
sticky skin electrodes. The skin was prepared with alcohol cleaning wipes 
prior to placing electrodes on a subject in order to reduce both skin 
impedance as well as vulnerability to artifacts. Electrodes were attached to 
the right upper chest below the right clavicle, the left upper chest below the 
left clavicle and the lower chest on the left of the umbilicus. The lead wires 
were taped down to avoid pulling off the electrodes. The data were collected 
at 1000 samples per second for each subject. 

6.2.2 Positive and Negative Affect Schedule (PANAS) 

The Positive and Negative Affect Schedule (PANAS) is a self-report scale that 
measures mood using a list of words that describe different feelings and 



 

 36 

emotions (Watson et al., 1988). The words are divided into two 10-item 
scales, one measuring the positive affect and the other measuring the 
negative affect. The musicians filled in the PANAS questionnaire before, 
during and after the tasks in order to control possible mood factors 
influencing the measurements, since the measurement session for the 
musicians was quite lengthy, lasting approximately four hours. 

6.3 Procedures 

6.3.1 Semi-structured interview 

The interview started after attaching the electrodes and by the participants 
filling in the PANAS questionnaires. Before the beginning of the interview, 
the designer and user were asked to remain silent for three minutes to 
stabilize their physiological responses and in order to collect baseline data. 
The interview was based on a semi-structured interview designed to identify 
the users’ needs related to everyday usage of their instruments and other 
equipment, such as cleaning wipes and instrument cases. The interview was 
planned to last 20 to 30 minutes, and the situation was designed to be as 
natural as possible, despite being conducted in a laboratory. Figure 1 shows 
the experimental setup in the laboratory. As can be seen from the figure, 
participants were able to move their hands freely and to demonstrate how 
they assemble or clean their instruments. 

 

Figure 1: The experimental setup for the semi-structured interview. 
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The interview was video-recorded using Android phones and Black Eye 
tele lenses attached on the phones. One video camera was positioned to 
record the user’s frontal view from the level of eyesight and another camera 
to record the designer’s frontal view. Stereo sound was recorded with a Zoom 
H6 audio recorder connected to the phones. The synchronized recording was 
conducted using FSenSync software (Förger Analytics, Tampere, Finland), 
designed to synchronically record sensory data and present experimental 
stimuli using Android devices, such as mobile phones, smart watches and 
tablets. FSenSync makes it possible to establish experiments based on several 
participants at the same time in naturalistic environments. The FSenSync 
video recording app for Android phones was used to collect the video data. A 
FSenSync server running on a MacBook laptop was used to start and stop 
recording and to download recordings from Android phones. The server was 
wirelessly connected to the cell phones with a WLAN router. Additionally, in 
order to synchronize the FSenSync recordings with the data logger 
recordings, Presentation software (version 20.0; Neurobehavioral Systems, 
Albany, CA, USA) was used to send triggers to both FSenSync and the data 
logger. 

Four of the five interviews lasted approximately thirty minutes, as 
planned. The third interview was re-started by the experimenter because of 
a technical problem. For this reason, the length of the third interview lasted 
for only about fifteen minutes. 

6.3.2 Empathic accuracy task 

In the next phase of the experiment, the designer’s empathic accuracy 
towards the user was assessed using the dyadic interaction paradigm (Ickes, 
2001; Ickes et al., 1990). The first phase of the procedure started after the 
interview had ended. The musicians were then asked to watch the video 
recording of the interview that showed themselves from the designer’s 
perspective and to pause the video at time points when they had had a 
specific, clearly remembered thought or feeling. The stimulus video was 
presented using the VLC media player (version 2.2.2; VideoLAN 
Organization). 

The procedure was explained to the musician in a practice session, as 
shown in Figure 2. The musician was told how to use the thought/feeling 
reporting form (Appendix A), which was filled in using a laptop computer. 
The musicians were instructed to write down the content of every specific 
thought and feeling that they had experienced during the interview and to log 
in the time from the video when these took place. They were also asked to 
mark down whether the valence of the thought or the feeling had been 
negative, neutral or positive. The musicians were told that they could pause 
the video as many times as they had a thought or a feeling. The instructions 
were also given in written form (Appendix B). After giving the instructions, 
the experimenter left the room and the musician started the experiment. The 
length of the task varied depending on how many thoughts or feelings 
remembered by the musician. 
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Figure 2: Procedure used in the empathic accuracy task. 

The second phase of the protocol was conducted about four weeks after 
the first interview, during which all five musicians had reported their 
thoughts and feelings as they occurred in the interview session. The designer 
was asked to return to the laboratory and to watch the videos presenting the 
musicians in the interview. Next, the video was paused at each point where 
the musician had had a thought or a feeling. The designer’s task was to infer 
what the musician had actually thought or felt when the interview occurred. 
He was also asked to infer the valence of the specific thought or feeling. The 
designer logged the responses into an electronic thought/feeling inference 
form (see the written instructions in Appendix C). 

The similarity between the inferred and actual thoughts and feelings were 
assessed in the final phase of the procedure. Here, eight native English-
speaking external raters compared the contents of thoughts or feelings that 
had been inferred by the designer against the actual thought or feeling 
reported by the musician. The external raters were explained how to rate the 
similarity in the contents using a 3-point scale. If the musician and the 
designer’s entries had “essentially different content”, the content was rated 
0; if the entries had “somewhat similar but not the same content”, it was 
rated 1, and a rating of 2 was used in the case of “essentially the same 
content”. The more points the designer received, the more accurate he was 
deemed to be. 
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6.4 Data pre-processing 

6.4.1 QRS complex 

The heart rate was measured from the raw ECG signal. The ECG raw data 
consisted of QRS complexes, which present the electrical impulses of heart 
activity measured in a microvolt to millivolt range. The complex includes 
negative Q wave, positive R wave and negative S wave, as shown in Figure 3. 
One heart beat occurs between two successive R waves. 

 

Figure 3: Illustration of the QRS complex. 

6.4.2 ECG preprocessing 

The ECG data was preprocessed using Matlab software (version 
9.6.0.1072779; The MathWorks Inc., Natick, MA, USA). Initially, the raw 
ECG data was visually inspected for artifacts (Figure 4). All data containing 
noise peaks were processed with an algorithm that removes artifacts above a 
certain threshold. Next, R-peaks were assessed using the “jqrs” algorithm 
provided in the PhysioNet Cardiovascular Signal Toolbox (Goldberger et al., 
2000; Vest et al., 2018). The algorithm includes a Mexican hat band-pass 
filter designed for QSR complexes and a peak energy detector based on Pan 
and Tompkins algorithm (Behar et al., 2014; Goldberger et al., 2000; A. E. 
Johnson et al., 2014; Pan & Tompkins, 1985; Vest et al., 2018). Figure 5 
shows an example of the detected R-peaks. Finally, a sliding window 
approach with a 8-s window and 0.5-s overlap was used to calculate the 
average heart rate from RR intervals. The 8-s window was considered to be 
appropriate, as it would include enough peaks to smooth the data but does 
not so easily remove any subtle changes occurring in the data. 
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Figure 4: ECG artefact peaks. 

 

Figure 5: Detected R-peaks from an artifact free ECG signal. 

6.5 Statistical analysis 

6.5.1 Testing for change in users’ affective states 

A Wilcoxon signed-rank test was used to test whether users’ affective states 
changed between the beginning and end of the experiment in order to 
evaluate the effect of lengthy experiments on the users’ mood. The statistical 
analysis was implemented in Python (version 3.0; Python Software 
Foundation). 

6.5.2 HR concordance index 

The analysis aimed to detect changes in the musicians’ and the designer’s 
heart rates during the interview, as well as to test whether their heart rates 
change in a similar direction. The analysis was conducted in Matlab. The 
synchrony was measured using the concordance index technique originally 
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described by Marci and Orr (2006), since it has been used in several studies 
to assess skin conductance (SC) synchrony (Karvonen et al., 2016; Marci et 
al., 2007; Messina et al., 2013). To the best of the author’s knowledge, this is 
the first study that uses the concordance index technique to assess the level 
of HR synchrony. Figure 6 presents the steps for calculating the 
concordances. As can be seen from Figure 6A, the first step included data 
smoothing and calculation of average HR using the moving window 
technique, as described in Section 6.4. In the next step, the average slope of 
the HR signal was calculated within the moving windows. The slope was 
calculated within 5-s windows, the window was then moved 1 s ahead, and 
the slope value was calculated again, as shown in Figure 6B.  

 

Figure 6: The steps in the concordance analysis. Fig. 6A normalized ECG 
signal; Fig. 6B average slope of the signal; Fig. 6C the Pearson correlations 
for 15-s windows. 

Next, the users’ and designer’s data were divided into successive 15-s 
windows, as well as Pearson correlations at zero lag were calculated between 
the user and the designer HR within the windows, as can be seen from Figure 
6C. A single session index was calculated from the ratio of the number of the 
positive correlations during the whole semi-structured interview, divided by 
the number of the negative correlations within the interview. Then, the 
natural logarithm transformation of this index was calculated in order to 
produce the final index. An index value larger than zero was interpreted as 
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indicating that correlations are mostly positive during the interview sessions, 
whereas an index value lower than zero reflects predominantly negative 
correlations within the session. A value of zero was considered to indicate 
that the number of positive and negative correlations are equal between the 
user and the designer. 

6.5.3 HR concordance indices for time lags 

Since the change in HR might not necessarily appear at the same time 
between the designer and the user, HR concordances were calculated within 
time lags of -5 to +5 s. If the highest concordance index results in a positive 
lag, it was considered to indicate that the designer’s HR had followed the 
user’s HR. Conversely, when the highest index occurs in a negative lag, this 
was interpreted as showing that the user’s HR had followed the designer’s 
HR. 

6.5.4 Monte Carlo shuffling analysis of statistical significance 

Monte Carlo shuffling was used to determine the statistical significance of 
the results as described by Karvonen et al. (2016). The original data was 
compared to the randomized data in order to evaluate the statistical 
significance. For creating randomized data, the shuffling method was used to 
destroy synchronous quality and time dependence between the time series; 
that is, the original successive 15-s windows were used for the user, whereas 
successive windows were randomly selected from the both user’s and 
designer’s 15-s windows for the designer. The Pearson correlations were 
calculated between the real and the randomly selected windows. This 
procedure was repeated a thousand times. Finally, all of the resulting 
concordance indices were sorted in ascending order and the 95% point of the 
sequence was selected. The value of highest actual concordance index was 
compared to the highest shuffled concordance at the level of p < .05. 

6.5.5 Hypothetical dyads 

The reliability of HR concordance indices were also tested using hypothetical 
dyads from actual interview sessions (Karvonen et al., 2016; Marci et al., 
2007), since the Monte Carlo shuffling approach cannot detect whether some 
specific pattern related to the flow of the interview sessions might produce 
the synchrony. For instance, the arousal levels could be systematically higher 
in the beginning of the session and steadily decline towards the end of the 
session. Thus, six new dyads were formed from the four musicians that had 
independently participated in the interviews. The user from the third 
interview was not included, as the interview was considerably shorter than 
the other interviews. The data for each user were shortened to match the 
length of the shortest interview of the four selected interviews in order to 
calculate correlations between the sequences. The designer’s data could not 
be used to form the random pairs, as the designer was the same person in all 
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four interview sessions. For this reason, it was not possible to produce more 
than six dyads. Nevertheless, one study also included a comparable number 
of hypothetical dyads, producing ten dyads (e.g., Karvonen et al., 2016). 

6.5.6 Comparison of concordance indices of the first and second half 
of the interview 

In order to test whether synchrony increased towards the end of the 
interview, the concordance indices were also calculated for the first half and 
second half of the interview, as the designer and the user become more 
familiar with each other. The difference between the concordance indices of 
the first and second part of the interview were tested using a Wilcoxon 
signed-rank test. The third interview was excluded from the analysis due to 
its short length (approximately 15 minutes). The statistical analysis was 
conducted by Python. 

6.5.7 Aggregated index of empathic accuracy 

The designer’s empathic accuracy was calculated from ratings of the content 
similarity (Ickes, 2001). First, the average number of accuracy points that the 
external raters had given were calculated. Next, the percentage of correctly 
inferred thoughts and feelings were calculated by dividing the average value 
of accuracy points by the maximum number of accuracy points that could 
have been obtained by the designer. 

In addition, in order to evaluate reliability of the ratings of empathic 
accuracy given by the external raters the Cronbach alpha scores were 
calculated for empathic accuracy results using the formula for the 
standardized alpha (Cronbach, 1951; Nunnally, 1978): 

 
 

𝛼𝛼 =  
𝑘𝑘 ⋅ 𝑟𝑟𝑖𝑖𝑖𝑖

1 + (𝑘𝑘 − 1)𝑟𝑟𝑖𝑖𝑖𝑖
, (1) 

 
where 𝑘𝑘 denotes the number of raters and 𝑟𝑟𝑖𝑖𝑖𝑖 represents the average inter-
rater correlation. 

6.5.8 Accuracy score of inferring emotional valence 

The designer’s accuracy in inferring the users’ reported emotional valence 
was also calculated in order to evaluate the designer’s ability to recognize the 
users’ emotional valence associated with their thoughts or feelings. The users 
reported whether the emotional valence of their reported thought or feeling 
was negative, neutral or positive. If the designer correctly identified the 
valence, he obtained one point, whereas incorrectly recognized valence 
resulted in zero points. The overall accuracy score was calculated as a 
percentage of the correctly inferred emotional valences. 
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6.5.9 Correlation of HR concordance indices and empathic accuracy 

The empathic accuracy scores and HR indices (N = 5) were compared to test 
whether synchrony had facilitated accurate understanding. The accuracy 
scores and the concordance indices were plotted in order to evaluate possible 
relations. The Spearman's rank correlation test was also used to determine 
potential relationships between the variables. 

6.5.10 Evaluation of effect sizes 

The effect sizes were evaluated using Cohen’s effect size benchmarks (e.g., 
Ellis, 2010). Three effect size classes were used for correlation coefficients 
(r): small (.1), medium (.3), and large (.5) effect.  
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7 Results 
This chapter presents the results for the HR concordance and empathic 
accuracy (EA), as well as examines the relation between the concordance 
indices and accuracy scores. 

7.1 Monitoring users’ affective states 
The users’ emotional states during the experiment were registered using the 
Positive and Negative Affect Schedule (PANAS). A Wilcoxon signed-rank test 
was used to test whether there is a difference between the users’ affect states 
at the start of the experiment and the start of the empathic accuracy task. The 
results indicated no significant change in the users’ positive (p = .07, r = –
.58) or negative affective states (p = .72, r = –.12). Therefore, the length of 
the four-hour experiment did not probably influence significantly users’ 
emotional states, which might have affected their capability to concentrate 
on the empathic accuracy task. In addition, most of the users answered that 
their mood was rather positive, and one user reported that his/her mood was 
only slightly positive. Furthermore, none of the users reported an especially 
negative affective state. The designer’s affective state was not assessed 
because the experiment was considerably shorter for him than for the users. 

7.2 Heart rate synchrony between the designer and the 
users in a semi-structured design interview 

The physiological synchrony was measured using the concordance index 
approach. Figure 7 shows examples of two-minute segments of high and low 
synchrony from two different semi-structured interviews. Figure 7A shows 
the average HR for the high synchrony segment, and Figure 7B shows the 
average HR for the low synchrony segment. The user’s average HR levels are 
indicated by a red line, and the designer’s average HR levels are represented 
by a blue line. Figures 7C and 7D present the Pearson correlations of 
successive 15-s segments for the high concordance and the low concordance 
examples, respectively. 
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Figure 7: Example results from the semi-structured interviews showing the 
high and low physiological synchrony during selected two-minute periods. 
Fig. 7A high concordance HR data; Fig. 7B low concordance HR data; Fig. 
7C high concordance correlation; Fig. 7D low concordance correlations. 

Figure 8 presents the HR concordance indices within time lags of -5 to +5 
s for the five user-designer dyads.  The thick lines represent the actual 
concordance indices, and the thinner lines show the shuffled concordances 
of p < .05. Because the time series data usually has some levels of 
autocorrelation, synchrony should exceed the chance level. As can be seen in 
the figure, the HR concordances are statistically significant only between the 
user and designer in the first and the second interview session. The 
significant concordance indices peaked within time lags of 0 to +2 s, 
indicating a fast-synchronization between the participants. The user-
designer dyad of the first interview had the highest maximum concordance 
index, and the dyad of the third interview had the lowest maximum 
concordance index. 

As shown in Figure 8A, the user-designer dyad of the first interview 
presented the highest concordance indices. The dyad concordance indices 
were significantly higher than the chance level within time lags of -2 to +2 s. 
The highest concordance was 0.61 at a time lag of 0 s. These results indicate 
that the user and designer shared notably similar arousal states and were 
reacting nearly at the same time during the interview session. In other words, 
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they relaxed or were aroused by the actions of the other at the same time (e.g., 
they laughed together). The video recording of the interview session also 
shows that the user was emotionally expressive and that the interaction 
between the user and designer appeared to be very engaging. 

Figure 8B shows that the user and designer in the second interview had 
slightly significant concordance indices within time lags of +1 to +3 s. 
However, the indices were negative within time lags of -2 to -5 s. The 
concordance index peaks at a time lag of +2 s. This indicates that the 
designer’s HR follows the musician’s HR. The results suggest that the arousal 
states of the user and designer were somewhat synchronized within positive 
lags. The video recording of the session also supports the synchrony levels, 
since the user was emotionally expressive and used body language 
throughout the session. In other words, they seemed to respond to each 
other’s reactions quite well.  

As can be seen from Figure 8C, the user and the designer in the third 
interview had exceedingly negative concordance indices. This illustrates that 
the number of the negative correlations was substantially higher than those 
for positive correlations. These results demonstrate that their arousal rates 
were not synchronized most of the time during the interview session. The 
level of synchrony is consistent with that observed from the video recording, 
as the musician did not show much emotional expression. She was turned 
away from the interviewer for a considerable amount of the time, especially 
when presenting her instrument to the designer. 

Figure 8D illustrates that the concordance indices of the user-designer 
dyad of the fourth interview are below the chance level, although it is close to 
exceeding the chance level at a time lag of -4 s. The indices are positive 
throughout the time lags. This result suggests that there might have been 
very low synchrony between the user and designer. The video recording of 
the session shows the presence of some emotional reactions, but the overall 
tone remained quite neutral. 

As can be observed from Figure 8E, the user and the designer of the fifth 
interview have low concordance indices, which are close to zero or slightly 
negative depending on the lag. All of the indices are below the chance level. 
This indicates that they had almost the same amount of similar and 
dissimilar arousal states. The video recording also implies that the interview 
session was emotionally rather neutral and therefore might have not 
produced a similarity in the arousal states. 
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Figure 8: The HR concordance indices within time lags of -5 to +5 s for all 
user-designer dyads. The colors represent different dyads. The thicker 
colored lines show the actual concordance indices, and the respective 
narrow colored lines show the chance level indices for each pair (p <.05). 

7.3 Comparison of actual and hypothetical dyads 
The average highest concordance index for all user-designer dyads was also 
calculated in order to evaluate the level of synchrony among all dyads. In 
addition, to test the reliability of the physiological concordance results, the 
highest concordance indices of actual pairs were compared to the highest 
indices of the permuted and the hypothetical cases. Figure 9 presents the 
mean concordance indices with standard deviation. As can be seen in the 
figure, the average highest concordance index for actual pairs was 0.29 (SD 
= 0.22), for shuffled dyads 0.34 (SD = 0.06) and for hypothetical pairs 0.31 
(SD = 0.17). Furthermore, a one-way ANOVA was used to test differences 
between the highest concordance indices of the actual dyads, Monte Carlo 
shuffling and the hypothetical dyads. The average indices did not differ 
significantly (p = .88). 
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Figure 9: Mean concordance index of the highest indices with standard 
deviation for actual, shuffled and hypothetical dyads. 

In addition, the average values at zero lag were calculated for actual and 
hypothetical dyads according to the method of Marci et al. (2007). As can be 
seen from Figure 10, the actual and the hypothetical dyads had average 
concordance indices of 0.14 (SD = 0.29) and 0.04 HR (SD = 0.08), 
respectively. No significant difference was found between the average values 
of the actual and hypothetical dyads (p = .41). 
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Figure 10: Mean HR concordance index at lag zero for the actual and 
hypothetical dyads. 

7.4 Effect of familiarization on synchrony levels 
In order to examine whether synchrony changed, as the designer and the user 
familiarized themselves with each other during the interview, the levels of 
synchrony between the first and second half of the interview were compared 
using a Wilcoxon signed-rank test. Neither the average highest concordance 
indices (p = .59, r = -.19) nor the average zero-lag concordance indices (p = 
.70, r = -.13) significantly differed between the first and second half of the 
interview. 

7.5 Designer’s empathic accuracy 
The designer’s empathic accuracy (EA) was measured using the dyadic 
interaction paradigm (Ickes et al., 1990). Table 1 shows examples of high, 
medium and low empathic accuracy. The similarity between the users’ 
reported thoughts and feelings were evaluated by external raters. They gave 
points from 0 (completely different content) to 2 (virtually the same content). 
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Table 1: Examples of high and low empathic accuracy scores 

EA level Musician's reported thought 
or feeling 

Designer's inferred thought 
or feeling 

Average 
EA 

score 

High 

I was comfortable while 
thinking how lucky I am by 
having this saxophone double 
case which fits in aircrafts. 

He/she was thinking about the 
practical benefits of the case 
when traveling. 

2 

Medium 

I was thinking that the neck 
strap prevents me to bow 
towards the audience in an 
elegant way. It could fall while 
bending forward. 

He/she was feeling relieved 
thinking about moments after 
playing when he was happy to 
take the shoulder piece off. 

1.13 

Low I was full of nice memories. 

He/she was feeling slightly sad 
that there is not enough time to 
learn how to play every 
instrument. 

0 

 
In order to evaluate the designer’s EA, the percentage accuracy was 

calculated. Table 2 presents the EA scores and the recognition accuracy of 
affective valence. As can be seen from the table, the accuracy was very 
consistent. The lowest accuracy for correctly inferred thoughts and feelings 
was 44.49% and the highest 50.35%. The average accuracy score was 46.84% 
(SD = 2.56). In addition, the designer’s average accuracy of correctly 
identifying the negative, neutral or positive affective valence of the users’ 
thoughts or feelings was 45.79% (SD = 6.72). 

Table 2: The empathic accuracy results 

 
Total number of 

reported thoughts 
and feelings 

Aggregated index of 
empathic accuracy 

score 

The recognition 
accuracy of 

affective valence 

User 1 45 45.42% 42.22% 
User 2 18 50.35% 55.56% 
User 3 15 48.75% 40.00% 
User 4 17 44.49% 41.18% 
User 5 22 45.17% 50.00% 
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7.6 Inter-reliability of empathic accuracy scores 
The reliability of accuracy scores rated by external users were assessed with 
Cronbach’s alpha. Table 3 shows the inter-reliability results. It can be seen 
from the table that the alpha values are above 0.8. This level is consistent 
with the required reliability level (Tighe et al., 2010). Some researchers have 
also used 0.7 alpha level, which has been originally suggested as a rule of 
thumb. However, the current evidence implicates that 0.7 level might not 
indicate reliable results. Thus, this study used the 0.8 alpha level. 

Table 3: Inter-reliability of empathic accuracy scores given by external raters 

EA score Cronbach’s α 
Total Number of 

Reported Thoughts 
and Feelings 

User 1 .90 45 
User 2 .90 18 
User 3 .88 15 
User 4 .86 17 
User 5 .90 22 

 

7.7 Heart rate synchrony’s relationship with the designer’s 
empathic accuracy 

In order to test whether the physiological synchrony predicts empathic 
accuracy, the scatter plots of concordance indices and empathic accuracy 
were produced, and the significance was obtained using Spearman’s rank 
correlation. Figure 11A presents the highest concordance indices of the five 
user-designer dyads and the designer’s empathic accuracy scores, 
respectively. Figure 11B includes the highest concordance indices and the 
recognition accuracy of affective valence. There was no significant 
association neither between the concordance indices and the accuracy scores 
(p = .95) nor the concordance indices and the correctly inferred affective 
valences of the users’ thoughts and feelings (p = .45). 
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Figure 11: Scatter plots of the empathic accuracy and the HR concordances. 
Fig. 11A the empathic accuracy scores and the concordance index; Fig. 11B 
the accuracy of affective valence and the concordance index. 
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8 Discussion 
This thesis assessed the feasibility of using an electrocardiogram (ECG) to 
quantify autonomic nervous system synchrony (ANS) synchrony between a 
designer and users. In addition, the thesis measured how accurately the 
designer can understand the users using empathic accuracy (EA) method, as 
well as tested whether ANS synchrony facilitates EA. The data were collected 
in a semi-structured design interview. Forty percent of the designer-user 
dyads showed statistically significant HR synchrony. The designer’s average 
EA was at level of 47%. There was no correlation between HR synchrony and 
the designer’s EA. This chapter presents implications of the results, 
conclusions and limitations of the study, as well as makes recommendations 
for future research. 

8.1 HR synchrony between the designer and the users 
HR synchrony among the designer-user dyads was assessed using 
concordance index method. As shown in Figure 8, the level of synchrony in 
terms of HR concordances varies highly depending on the interacting dyad. 
This finding might be explained by the naturalistic experimental set-up, 
where the users could quite freely interact in different ways, with some being 
more engaged than others. For instance, the musician in third interview was 
turned away from the interviewer for a significant amount of the time. This 
might have limited possibilities for the designer to synchronize with the 
musician. Similarly, Karvonen et al. (2016) showed that the level of 
synchrony can vary greatly between dyads. However, the results show that 
only 40% of all dyads presented a statistically significant HR concordance 
index compared to chance level results.  This value contrast with that 
presented earlier for example dyads of a couple therapy (85%) by Karvonen 
et al. (2016). 

Furthermore, the average highest and the zero-lag concordance indices 
were calculated, as well as compared to the results of hypothetical dyads, as 
some commonality between the interview sessions could have caused 
spurious results. For instance, the participants could have been more 
aroused at the start of the interview and more relaxed when the interview 
was approaching the end. As can be seen from Figures 9 and 10, the actual 
dyads had average highest and zero-lag concordance index of 0.29 and 0.14, 
respectively. In addition, as expected, the zero-lag average value of the 
hypothetical dyads combined from participants that have never met 
previously were close to zero. A similar result has been reported by Marci et 
al. (2007), showing an average concordance index of 0.06 (SD = 0.16) for 90 
hypothetical dyads. However, neither the average results of the highest 
concordance indices nor the concordance indices at zero lag significantly 
differed from the hypothetical results. This indicates that the synchrony on 
average was not high enough to exceed the chance level. 

It is not possible to compare the results to previously measured HR 
concordances, as no study has, to the best of author’s knowledge, measured 
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HR concordance before. Nevertheless, these results contrast with previous 
studies that have presented significant and higher average concordance 
indices measured in terms of skin conductance. For instance, Marci et al. 
(2006) found a statistically significant mean SC concordance index of 0.44 
(SD = 0.27) between a patient and a therapist in an emotionally neutral 
condition. In addition, Karvonen et al. (2016) showed that the mean SC 
concordance index for the client-therapist dyads in couple therapy was 0.41. 
They calculated the average from the highest concordance indices within 
time lags of -7 to +7 s. 

This difference might be explained by the semi-structured user interview 
being less emotionally engaging than that used in other studies for dyads, 
such as psychotherapy or couple therapy sessions where concordances have 
been previously collected. Another reason for this finding could be that the 
SC concordance is a more sensitive measure than the HR concordance. The 
body of evidence suggests that HR may be less sensitive towards arousal 
peaks and more vulnerable to noise, such as that caused by movement (e.g., 
Karvonen, 2017). In addition, the sample size was low, and the results can 
therefore only be illustrative. 

Although that the average indices remained below the level of significance, 
the user-designer dyad of the first and second interview showed significant 
synchrony, as demonstrated by the very similar states of arousal shared 
between the user and designer throughout the first interview session. This 
indicates that it is possible to detect HR concordance synchrony during a 
semi-structured need-finding interview, though the results vary depending 
on the dyad. 

Additionally, it was tested whether the synchronization increased as the 
designer and user got to know each other during interview. Neither the 
average highest concordance indices nor the average zero-lag concordance 
indices significantly changed between the first and second half of the 
interview. Therefore, familiarization had no effect on synchrony levels. 

8.2 Designer’s empathic accuracy 
The designer correctly inferred approximately 47% of the users’ thoughts and 
feelings, as shown in Table 2. This result is greater than have been previously 
reported for the accuracy, as the average empathic accuracy among different 
types of dyads have ranged from 10 to 40 percent (Ickes, 1997, 2010; Ickes & 
Hodges, 2013; Marangoni et al., 1995). This difference most likely resulted 
since the designer was probably easier to read the user’s thoughts and 
feelings due to the specific context and structure of the interview. Another 
explanation for this finding could be that the designer was highly motivated 
to understand the users due to his professional background in empathic 
design. Previous studies have implicated that sufficient motivation can 
increase EA (Thomas & Maio, 2008). 

In addition, it can be seen from Table 2, that the designer could correctly 
infer 46% of affective valences of the users’ thoughts and feelings. Since this 
metric has not to the best of author’s knowledge been evaluated in prior 
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empathic accuracy studies, it cannot be compared to any previous results. 
Nevertheless, the result is close to the designer’s accuracy for correctly 
identified thoughts and feelings. 

8.3 Does HR synchrony facilitate mutual understanding? 
There was no relationship between the HR synchrony among designer-user 
dyads and empathic accuracy scores nor correctly inferred affective valences 
of the users’ thoughts and feelings, as can be seen in Figure 11. Thus, the HR 
synchrony did not significantly facilitate mutual understanding. One 
explanation for this finding could be that the non-verbal aspects might not 
have an important role in cognitive empathic accuracy, which the dyadic 
interaction task mainly measured. For instance, Hall and Schmid Mast 
(2007) found verbal information being the most important source for the 
empathic accuracy. Moreover, similar results have been discovered for 
affective empathic accuracy. One study implicated that especially verbal 
information was important for affective accuracy (Zaki et al., 2009). In the 
current study, the interview was not especially emotionally engaging and also 
included rather technical information. Thus, non-verbal information 
probably was not an important source of the empathic accuracy explaining 
why the empathic sensitivity measured as synchrony was not related with the 
accuracy. 

8.4 Limitations and recommendation for future studies 
There are several limitations in this thesis concerning the sample, the 
experimental setup, and the methodology for analyzing the data.  This study 
was primarily limited by the small sample size. The data were collected from 
five interview sessions. Five different musicians, mainly university students, 
participated in the sessions. The designer was the same in all interviews. 
Therefore, the results should only be considered illustrative, and 
generalizations should be made with caution. To avoid any potential bias, 
future studies should use a larger sample size and could also assess 
differences between designers; in other words, how their ways of interacting 
and empathizing might affect the levels of synchrony and EA. For instance, 
it would be possible to further explore whether designers’ self-reported trait 
empathy is linked with the level of synchrony and capability to understand 
users. 

The participants were required to have English language proficiency at the 
B1 level, as defined in the Common European Framework of Reference 
(CEFR). However, some of the musicians expressed uncertainty about their 
language skills. This linguistic barrier might have restricted or narrowed 
discussion during the interview or influenced their ability to report their 
thoughts and feelings in a nuanced way, nor did the designer speak English 
as his mother language. Therefore, his performance in the interview and the 
EA task might also have been affected by the level of language proficiency. 
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Future studies should preferably arrange experiments in the participants’ 
mother language. 

Studies have usually measured synchrony in more arousing or 
emotionally engaging situations, such as during psychotherapy sessions and 
wire-walk rituals. In contrast, this study used semi-structured design 
interviews that did not include events eliciting strong emotions. Thus, the 
level of synchrony might have been lower between the designer and the user 
than that found in other studies. However, it is also important to study 
synchrony in neutral situations that resemble more ordinary everyday 
situations. This currently remains an understudied area. 

ANS activation was measured using an electrocardiogram. Since heart 
activation might not as sensitively reflect subtle changes as other measures, 
further studies could also use complementary measures, such as skin 
conductance and breathing, to measure ANS activity. In addition, only the 
HR was calculated from the ECG measurement. However, other indicators of 
heart activation can be obtained from the ECG signal, such as heart rate 
variability (HRV). 

Furthermore, the level of ANS synchrony was analyzed using the 
concordance index. However, other methods could also be used to assess the 
level of synchrony. Since the average synchrony of all dyads was low and the 
long interview also included noise, the level of synchrony could have also 
been analyzed using a more sophisticated method for detecting the 
synchrony related to interaction in a more detailed way. For instance, studies 
could use cross-recurrence analysis (Konvalinka et al., 2011), principal 
component analysis (PCA) (Kleinbub et al., 2019), or machine learning to 
assess the synchrony between a designer and user. 

In addition, synchrony was assessed across the whole interview. However, 
the long interview probably also included moments that were not of special 
importance for the interaction. Therefore, the interview could be divided into 
smaller segments containing relevant content for the interaction or an 
arousing event. This would allow synchrony to be analyzed only in these 
segments. This would exclude the moments that are of less importance for 
the interaction. The segments could be selected based on those moments in 
the interview when the user reported a specific thought or a feeling. Also, the 
structure of the interview could be modified to point out relevant moments 
of interaction. Since studies on natural interaction have usually assessed 
synchrony across the whole interaction session, future studies could also 
assess the synchrony in smaller segments. This could help to identify 
moments when high synchrony is beneficial for mutual understanding. 

This study investigated only how the interaction is reflected in the ANS 
synchrony and the accuracy of understanding. However, studies could 
combine information from different modalities, such as facial expressions, 
body postures and tone of voice. This could provide information that might 
help in understanding the individual differences in the results and the role of 
synchrony in interaction. 

In the original dyadic interaction paradigm (Ickes et al., 1990), both 
members of the dyad completed the empathic accuracy tasks immediately 
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after ending their interaction. However, in this study, the designer did not 
infer the thoughts and feelings of the musicians until a month after the 
interview. This was necessary because the designer was the same in all the 
interviews. If the designer had completed the task after the interview, this 
would have revealed the second part of the experiment, thereby affecting 
interactions in the later interviews. 

Furthermore, only the overall accuracy scores were reported for the entire 
interview sessions. However, the EA results could be also analyzed in a more 
detailed way. That is, in those occasions when the designer showed very low 
accuracy, the content of reported thoughts and feelings could have been 
analyzed separately. Further detailed exploration of the results could provide 
designers with valuable information about aspects of users’ experiences that 
they failed to understand correctly. This could guide and motivate designers 
to improve their understanding of users’ experiences. Further studies could 
also be conducted to understand whether the empathic accuracy of designers 
would increase if they interacted more with the same user and received 
feedback about their EA. 

This thesis only examined whether ANS synchronization facilitates 
mutual understanding. However, synchronization could also be important 
for other aspects of designer-user interaction. For instance, future studies 
could test whether synchrony might also facilitate trust between a designer 
and a user. The felt trust might contribute to how willingly and openly users 
would share their experiences with a designer. 

This study only assessed the synchrony during the interview about 
professional musicians’ experiences with their instruments. In different 
contexts, designer’s capability to recognize and synchronize towards user’s 
emotional responses might be more important to gain a complete picture of 
the user experience. For instance, when a designer interviews people with 
disabilities about their difficulties in everyday life, it might be more 
important that the designer can attune to their emotions in order to 
understand what aspects constrain and how much these aspects affect their 
life. 

Furthermore, this thesis quantified empathy during a semi-structured 
interview. However, there are several other empathetic approaches that 
designers employ to understand users, such as story-telling (van der Lelie, 
2006), role-playing (Burns et al., 1994) and simulations (Kullman, 2016). In 
future studies, the experimental protocols used in this thesis could be 
adopted to quantify the role of empathy in the other empathetic approaches 
of human-centered design. 

8.5 Conclusions 
This thesis evaluated the feasibility of using an electrocardiogram (ECG) to 
measure the autonomic nervous system (ANS) synchrony between a designer 
and a user, as well as tested whether synchrony predicts empathic accuracy 
(EA). The data were obtained from five semi-structured interviews in which 
the same designer interviewed musicians about their experiences with their 
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instruments. The designer’s and user’s heart rates were monitored during the 
interview in order to measure the ANS activity. The HR synchrony between 
the designer and the user was evaluated using the concordance index 
method. The significance of the synchrony was tested using Monte Carlo 
shuffling and hypothetical dyads. Finally, the designer’s EA was measured 
with the dyadic empathic accuracy paradigm. 

Forty percent of the designer-user pairs (n = 5) showed statistically 
significant synchrony during the interview, though synchrony varied highly 
between the interview sessions. The designer-user dyad in the first interview 
session presented the highest level of HR synchrony, with their ANS 
activation being exceptionally similar. However, the other designer-user 
dyads showed considerably lower levels of synchrony. Nevertheless, the 
synchrony between the user and designer in the second session slightly 
exceeded the chance level. All user-designer dyads showed an average HR 
concordance index of 0.14, which did not significantly differ from the average 
value calculated using hypothetical dyads. However, the concordance indices 
between the designer and the user in the first and second interview session 
were comparable to that found in previous studies (Karvonen et al., 2016; 
Marci & Orr, 2006) focusing on skin conductance synchrony in a therapy 
setting. The variation in the synchrony found in the present study could 
reflect the different manner in which the participants interact with others in 
an interview situation. 

The designer showed an average EA of 47%. Although the designer could 
infer correctly only about half of the user’s thoughts and feelings, which is 
also probably lower than would have been expected by the designer, the 
result is higher than that usually reported in studies conducted among other 
dyads, such as friends and strangers (Stinson & Ickes, 1992) and client-
therapists (Marangoni et al., 1995). This might be explained by the specific 
topic of the interview, which unlike this study, have often assessed EA in 
situations where participants could have discussed more freely. 

This thesis also hypothesized that synchrony facilitates empathy and 
mutual understanding. However, the results showed no association between 
HR synchrony and the designer’s EA results. Although this finding does not 
eliminate the possibility that synchrony can facilitate mutual understanding, 
synchrony might not be a very significant source for empathic accuracy. For 
instance, a study by Hall and Schmid Mast (2007) indicated that verbal 
information is the most important source of empathic accuracy and that the 
contribution of other aspects of interaction, such as facial expressions, body 
postures and movements, is rather low. 

The initial results of this thesis provide evidence supporting the feasibility 
of using ANS synchrony and EA to quantify the role of empathy in human-
centered design. The results indicate that significant ANS synchrony can be 
observed in a semi-structured design interview, although only among 40% of 
the dyads. Therefore, future studies could also employ other techniques than 
HR concordance index to assess ANS synchrony. The findings also highlight 
the importance of studying how accurately designers actually understand 
users. Thus, this work can provide important information for designers on 
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their accuracy and motivate them to understand users in more detail. 
However, the relation between synchrony and EA needs to be further studied.  
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