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1. Introduction 

The indelible stamp of our social origin1 

Humans are obsessed with reading other people’s mind, or at least trying to. A 

young teenager who transfers schools asks themselves who is the popular kid; 

the popular kid at school wonders who is this new student and whether they 

would hit it off. An employee wonders how their request for a higher salary will 

be received by the supervisor; the supervisor’s mind wonders out of the meeting 

to the newly opened position and ask themself if the selected candidate can be 

trusted. One man finds another one attractive and wonders if it will be safe to 

ask him out or will risk being “outed” and exposed to physical damage; the other 

man thinks the other man across the hall is captivating but wonders too if he 

represents a threat. Every day, everywhere, we make innumerable inferences 

about other people regardless of whether they are correct or not.  

 

We are profoundly social animals, and in our origins, we had existential pres-

sures to develop interpersonal capacities. The problem-solving human brain 

was developed on an environment where the presence of other humans was 

prominent (Schaller, Park, & Kenrick, 2007). Coexistence pushed us to either 

adapt to benefit from social opportunities (e.g., securing more resources) or 

adapt to avoid social perils (e.g., being ostracized from the group) (Schaller et 

al., 2007). The prize of failing to adapt to these group challenges were probably 

life-threatening.    

 

We have managed to create all kinds of fantastic technologies which have 

pushed us away from the fresh wounds and memories of our dangerous origins, 

creating an illusion of high control over our lives (Pigliucci, 2017). Yet, even if 

we can photograph blackholes, create nanorobots to fight diseases, and build 

magnificent concert halls, inside we are still that vulnerable human longing for 

connection. We thrive when having a sense of belonging and acknowledgment 

from a group (Ryan & Deci, 2017). Conversely, our well-being suffers enor-

mously in loneliness (Cacioppo & Patrick, 2008) and when feeling excluded or 

rejected (Bernstein & Claypool, 2012; Gerber & Wheeler, 2009; MacDonald & 

Leary, 2005). 

 

Therefore, we still have strong motivations to cooperate with others and to 

do so successfully. One necessary condition for a successful interaction is to in-

terpret someone else’s intentions correctly. Research suggests that the more 

 
1 Based on Darwin (1871/1981). 
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accurate we are at interpreting other’s mental states, the better social outcomes 

we can obtain. Clinicians with high interpersonal accuracy obtain better diag-

nosis, treatments, and strong relationships with patients (Ruben, 2016). In the 

workplace, highly interpersonal individuals also tend to be better salespeople, 

negotiators and leaders (Schmid Mast & Hall, 2018). Leaders with high inter-

personal accuracy tend to have more satisfied collaborators (Schmid Mast & 

Latu, 2016). There are other positive effects of high interpersonal accuracy on 

social interaction outcomes, such as more effective communications, establish-

ing better rapport with an interaction partner, a better coordination of activities, 

more supportive behavior, and more resistance to stereotype biases when eval-

uating other people (Schmid Mast & Hall, 2018). For certain psychotherapy ap-

proaches, being interpersonally accurate is linked to positive changes in depres-

sive symptoms and social adjustment (Crits-Christoph, Gibbons, Temes, Elkin, 

& Gallop, 2010). 

Interpersonal accuracy 

Interpersonal accuracy (IA) is the “accurate judgment about any verifiable char-

acteristic of a person or about the group that a person belongs to” (Hall, Mast, 

& West, 2016, p. 5). An “accurate judgment” depends on the specific research 

context and terms under which it was operationalized: “Accuracy is an abstract 

construct that is always, and necessarily, instantiated in an operational defini-

tion” (Hall et al., 2016, p. 6). Consequently, the field of IA is an archipelago 

(Scriven, 1969) of research areas and methods, rather than a unified research 

tradition. 

 

Yet, it is possible to identify three common elements in IA studies: 1) people 

from which we infer something, which can be referred to as “targets” or “encod-

ers”; 2) the people that infer some characteristic from the targets, which can be 

referred to as “judges”, “perceivers” or “decoders”; and 3) a “golden standard” 

criterium which allows to evaluate the accuracy of inferences (Hall et al., 2016). 

Typically, in an IA study a perceiver is asked to infer something about a target’s 

behavior (in video, photographs, audio recordings, etc.). This “something” can 

be personality traits, emotions, thoughts, feelings, etc. The perceiver’s inference 

is then compared to a golden standard or the operationalized criterium to quan-

tify the perceiver’s accuracy (Schmid Mast & Hall, 2018).  

 

Literature consistently shows that we are rather innacurate when inferring 

someone else’s mental contents. This is true even when the perceiver thoroughly 

tries to imagine the target’s mental contents, and regardless of the target being 

well-known to the perceiver (Damen, Pollman, & Grassow, 2021). Perceivers 

sharing similar experiences to the target’s is associated with lower IA because, 

rather than asking, the perceiver is likely to use their own experiences as a frame 

of reference when processing the target’s memories, likely biasing this percep-

tion and interfering with processing the new information from the target 

(Damen et al., 2021; Damen, van Amelsvoort, van der Wijst, Pollmann, & 

Krahmer, 2021; Kang, Cakar, Shumaker, Brook O’Donell, & Falk, 2022).  

 

Design is a discipline where correctly inferring a target’s (i.e., user) mental 

contents is particularly crucial for future design outcomes. Designers are 
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encouraged to remember that their own experiences are different from those of 

the users, and these should not be confused (McDonagh, Woodcock, & Iqbal 

2018). Yet, while designers are aware of the importance of correctly inferring a 

user’s mental states for their practice, they disagree on what does it mean to 

understand a user. In lack of a better word, designers adopted the term “empa-

thy”, first originated in aesthetics, and further studied by psychologists over the 

past decades (Stueber, 2019). Although there is a general agreement in the field 

that empathy has a cognitive and an affective component (Kouprie & Sleeswijk 

Visser, 2009), it may adopt multiple meanings. Thus, design lost precision when 

addressing the question of how does correctly infering a user’s mental states 

influences design outcomes. IA can provide a frame for gaining specificity and 

quantifying the accuracy of designers when inferring a user’s mental contents.  

 

IA is influenced by individual charateristics of the perceivers. Individuals 

who perceive themselves as belonging to a low socioeconomical status (in con-

trast to individuals who perceive themselves as belonging to higher socioeco-

nomical status) showed high IA when inferring different attributes from targets, 

such as their sexual orientation, and scored higher in tests measuring accurate 

inference of emotions from eye sights and recognizing feelings, attitudes and 

intentions from non-verbal behaviors, such as face, voice, gestures and body 

postures (Bänziger, Scherer, Hall, & Rosenthal, 2011; Bjornsdottir, Alaei, & 

Rule, 2017). Men who are violent to their female partners show lower accuracy 

when inferring their thoughts and feelings but are equally accurate than other 

men when inferring thoughts and feelings of female strangers. That is, violent 

men’s low accuracy is particular to the context of intimate relationships (Clem-

ents, Holtzworth-Munroe, Schweinle, & Ickes, 2007). Relatedly, the accurate 

inference of thoughts and feelings relates to relationship satisfaction. This sat-

isfaction is particularly stronger when couples are accurate inferring negative 

emotions than positive ones (Sened et al., 2017). 

 

IA is also influenced by the perceiver’s contextual factors. As reviewed by 

Schmid (2016), these factors may be motivational, cognitive states, affective 

states, and motor. Motivational factors refer to, for instance, the conscious effort 

perceivers make to try being accurate. This has shown to be somehow helpful in 

achieving IA. Cognitive states refer to different information processing styles 

that may intervene while in IA tasks. Studies suggest that perceivers will show 

high IA when they can allocate their full cognitive resources to the inference 

task. Affective states refer to the perceiver’s emotional state when decoding a 

target. The perceiver’s positive affect may be beneficial for non-verbal decoding 

accuracy, whereas negative affect has a contrary effect. Regarding motor factors, 

recognizing emotions does not require mimicring someone else’s facial move-

ments. Yet, mimicring body postures was associated with higher empathic ac-

curacy, a type of IA metric (Fujiwara & Daibo, 2021). 

 

Studies on music performance perception may enable to deepen into contex-

tual variables influencing IA. The listener’s perception of a performance is in-

fluenced by the sensorial channels through which the performance is commu-

nicated, as well as the musical background of the listener (Broughton & Stevens, 

2009; Stanley et al., 2002; Wapnick et al., 2004). Conversely, the emotions ex-

perienced by a musician may affect their musical outputs and body movements, 
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both of which may influence the listener’s perception (Dahl and Friberg, 2007; 

Vines et al., 2011; Van Zijl et al., 2014). What remains to be investigated is how 

the listener’s perception differs from a musician’s experiences while perform-

ing. IA can provide a frame to investigate variables influencing the complex 

communication occurring in musical contexts. Next, we will explain in further 

detail the state of the art in empathy in design and music performance research.  

The context of empathy in design 

In design, empathy is deemed as necessary for successful outcomes especially 

during the early stages of the design process (Brown 2009; Kramer, Agogino & 

Roschuni, 2016). Thus, empathy has become a central concept in design re-

search and practice over the past two decades (Köppen & Meinel, 2015). Its com-

plicated nature is often highlighted in the literature (Surma-aho & Hölttä-Otto, 

2022).  

Generally, it is understood as an approach to obtain better design outcomes 

through matching the mental contents and imagination of designers and users 

(Heylighen & Dong, 2019). It has also been defined as an emotional understand-

ing of end-users achieved by immersing in the context and mental life of users 

(Battarbee et al., 2002), internalizing user’s requirements (Battarbee, 2004), 

and a support for requirement definition and concept generation (Fila & Hess, 

2014). Designers have also incorporated insights from psychology. This can be 

seen in design research which defines empathy as being composed of an affec-

tive and cognitive component (Kouprie & Sleeswijk Visser, 2009) or as perspec-

tive-taking (Köppen & Meinel, 2015).    

The literature of empathy in design does not limit to conceptual discussions. 

It also includes different technological approaches aimed at increasing or tuning 

designers’ empathy towards users. These include wearable simulators which 

purpose is to “engage more closely with user experiences” (Kullman 2016, p. 83) 

by restricting the designer’s physical capabilities, creating experience simula-

tors (Smeenk, Sturm & Eggen, 2017), role-playing (Medler & Magerko, 2010), 

personas defined as “abstractions of groups of real consumers who share com-

mon characteristics and needs” (Miaskiewicz & Kozar 2011, p. 418), storytelling 

(Madsen & Nielsen 2010), empathy maps (Both & Baggereor n.d.), etc. In addi-

tion, designers have developed multi-step frameworks which, if followed, 

should facilitate the empathic connection with users (see Kouprie & Sleeswijk 

Visser, 2009; and Smeenk, Sturm & Eggen, 2019a).   

Designers acknowledge that there are limits to their understanding of users. 

Different demographics, social experiences, and cultural backgrounds put a 

limit to designers’ empathic horizon (Costanza-Chock, 2020; McDonagh et al., 

2018). With the acknowledgment of an empathic horizon, designers are also 

aware of ethical implications of viewing empathy as a pragmatic tool. Some de-

signers advocate for not considering users as “simply the economic bottom line 

of designers” (Walther et al. 2017, p. 132), and highlighting that empathizing 

with users demand a set of technical skills but also ethical considerations 

(Devecchi & Guerrini 2017; Walther et al. 2017; Hess et al. 2021). 
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Empathy is central for designers and there is growing concern for clarifying 

empathy and pushing forward its theoretical and scientific development (Ball & 

Christensen, 2019; Cash, 2018; Surma-aho & Hölttä-Otto, 2022). Yet, it remains 

unclear how empathy leads to successful outcomes. One major challenge to an-

swer this question is raised by the highly context-dependent nature of design. 

Designers work on real-life scenarios, where innumerable variables influence 

their interaction with users. Additionally, design cases can be drastically differ-

ent one to another depending on the group of users and contexts designers hap-

pen to be exposed to. Taking this naturalistic context into account, how can sci-

entists quantify the empathy between designers and users and further test its 

alleged casual properties in design outcomes?  

The context of music performance perception 

The interaction between a listener and a performer may be influenced by three 

different elements: multimodal perception, the listener’s musical background, 

and the musician’s emotional state (Kwan, 2016). Multimodal perception stud-

ies in music focus on how different sensorial information (e.g., audio-only, 

video-only, and audiovisual stimuli) affects the listener’s perception of musical 

qualities. Studies suggest that audiovisual stimuli (and not audio-only or video-

only) provide the most information to listeners about different musical qualities 

such as expressivity (Davidson, 1993; Vuoskoski et al., 2014), coordination 

(Chang et al., 2017), phrasing, intensity, fluency, professionalism (Nusseck & 

Wanderley, 2009; Waddell & Williamon, 2017), etc. Critically, listeners rely 

more on visual information to judge the quality of a performance, even if they 

consider sound quality as the most determining factor (Tsay, 2013, 2014). Fur-

thermore, observing the performer’s ancillary gestures (i.e., movements second-

ary to the direct production of sound) may convey expressive cues and inten-

tions to listeners (Davidson, 2007; Thompson & Luck, 2012; Van Zijl et al., 

2014; Wanderley et al., 2005).  

A listener’s perception of a performance is also influenced in different ways 

by their musical background. For instance, listeners with a musical background 

can detect differences in expressiveness in both audiovisual and audio-only 

stimuli, but listeners without a musical background can only detect those on the 

audiovisual stimuli (Davidson, 2005; Huang & Krumhansl, 2011). Even among 

listeners with a musical background, differences exist. For example, musicians 

can detect subtle changes if they are listening to an instrument, they themselves 

play vs. other instruments (Wapnick et al., 2004; Broughton & Davidson, 2014). 

Other variables affecting the way music is perceived are familiarity with the mu-

sic (Flôres & Ginsburgh, 1996), and enjoyment of the piece being heard (Thomp-

son, 2006).  

The emotional state of a performer influences their musical output (Dahl & 

Friberg, 2007; Vines et al., 2011; Van Zijl et al., 2014). Music performance anx-

iety (MPA) is a crucial emotion that may have considerable effects on musical 

outputs. In this thesis, the experience and perception of MPA is investigated. 

MPA has been defined by Kenny (2010) as  
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The experience of marked and persistent anxious apprehension related 

to musical performance that has arisen through specific anxiety-condi-

tioning experiences. It is manifested through combinations of affective, 

cognitive, somatic and behavioural symptoms and may occur in a range 

of performance settings, but is usually more severe in settings involving 

high ego investment and evaluative threat. It may be focal (i.e. focused 

only on music performance), or occur comorbidly with other anxiety 

disorders, in particular social phobia. It affects musicians across the 

lifespan and is at least partially independent of years of training, prac-

tice, and level of musical accomplishment. It may or may not impair 

the quality of the musical performance. (p. 433). 

Between 16.5 to 60% of musicians surveyed across multiple studies have re-

ported experiencing MPA (Fernholz et al., 2019). To cope with the unpleasant 

and sometimes debilitating effects of MPA, musicians may incur in consuming 

drugs (Taylor & Wasley, 2004; West, 2004; Brugués, 2011 a,b; Hernández et al., 

2018) or abandoning their profession altogether (Hernández et al., 2018; Fern-

holz et al., 2019). Experimental studies in MPA suggest that performing in front 

of audiences vs. no-audiences causes increases in performer’s psychophysiolog-

ical responses and self-reported anxiety (Brotons, 1994; Cox & Kenardy, 1993; 

Studer, et al., 2014; Yoshie et al., 2008; Yoshie et al., 2009). Some evidence sug-

gests that performers with mid- and high-anxiety had their ratings of perfor-

mance quality and expressiveness impaired (Kwan, 2016).  

Music performance research has been mostly dichotomus (but see Schober 

& Spiro, 2014; 2016): on the one side, studying the variables influencing the 

listener’s perception of musical outputs; on the other side, the effects of MPA on 

the performer’s musical output. Yet, a music performance is a social interaction 

comprised of the musician-listener dyad, and so connecting both social actors 

seem like a logical next step. IA can provide a frame to investigate the interac-

tion between musicians and listeners. In particular, how the listener’s percep-

tion differs from a musician’s experiences while performing. Exploring this 

question can shed lights on the contextual influences on complex forms of com-

munication such as musical performances. 

Defining the golden standards 

In empathy in design, the dyad is composed by designers and users. In music 

performances, the dyad is composed by musicians and listeners. What criterium 

will allow evaluating the accuracy of inferences? The criterion which allows as-

sessing the accuracy of inferences between a dyad is called golden standard 

(Hall et al., 2016). Golden standards are operationalization-dependent, that is, 

researchers will specify how the accuracy of inferences are measured in a par-

ticular study. For that reason, it is the norm that golden standards vary and are 

dependent of a study’s objectives. 

 

Two instantiations of IA studies, each with their own operationalization of 

golden standards, are empathic accuracy and emotional recognition accuracy 

(for a fuller account of IA paradigms, see Hall et al., 2016). Empathic accuracy 

is better suited for verbal interactions, as is often the case in design; whereas 
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emotional recognition accuracy is better suited for non-verbal interactions, as 

is often the case in music performance. Next, we will elaborate what these in-

stantiations are in greater detail. 

1.1 Empathic accuracy 

Empathic accuracy (EA) is a set of paradigms to quantify the similarity between 

reported experiences of a target(s) and a perceiver(s) who infers those experi-

ences (Ickes 2001; Levenson & Gottman, 1983; Marangoni, Garcia, Ickes, & 

Teng, 1995). EA has been applied in various contexts such as psychotherapy in-

teractions (Marangoni et al., 1995), intercultural interactions (Soto & Levenson, 

2009), intimate partner aggression (Cohen et al., 2015), and designer-user in-

teractions (Study II). It differs from self-report empathy questionnaires in that 

it allows for in-context and almost real-time measures of shared understanding. 

There are three main types of EA paradigms: the unstructured dyadic interac-

tion paradigm, the standard stimulus paradigm, and the shared physiology par-

adigm (Study II).  

 
1.1.1. The unstructured dyadic interaction paradigm 

In its original form (Ickes, Bissonette, Garcia, & Stinson, 1990), two participants 

(who may or may not be acquaintances) are brought to a waiting room by a re-

searcher who then excuses themselves saying they must retrieve something 

missing for the experiment. The participants are recorded interacting sponta-

neously for some time. Once the researcher returns, they disclose to the partic-

ipants that they were video-recorded and ask for their consent to use this mate-

rial for the next stage of the study. Each participant adopts both roles as targets 

and perceivers.  

 

In the thought/feeling recording phase (Ickes, 2016), participants re-watch 

separately their videoed interaction. They are instructed to stop the recording 

every time they remember having a specific thought or feeling. Making use of a 

standard response sheet, they write down the specific time on the recording 

where they remembered the thought or feeling, the content itself, and the emo-

tional valence associated with it (positive, neutral, or negative).  

 

In the thought/feeling inference phase (Ickes, 2016), participants once again 

re-watch the interaction. This time, the researcher pauses the recording at every 

time point specified by the other pair. Participants are instructed to infer what 

their pair was thinking or feeling at the specific times the researcher pauses the 

recording. 

 

A group of independent judges rate the similarity of content between the re-

membered and inferred thoughts and feelings. Contents are rated using a scale 

ranging from 0-2, where 0 = “essentially different content”, 1 = “somehow sim-

ilar, but not the same, content”, and 2 = “essentially the same content” (Ickes, 

2001, p. 230). The obtained scores are then transformed into a percentage scale 

which allows an easier interpretation of each participant’s EA (0 = “none of the 

possible accuracy points”, 100 = “all of the possible accuracy points”, Ickes, 

2016, p. 54).     
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1.1.2. The standard stimulus paradigm 

In the standard stimulus paradigm (Marangoni et al., 1995), the recorded inter-

action between a dyad is presented to a set of participants. In the study by Ma-

rangoni et al. (1995), perceivers observed three recorded psychotherapy ses-

sions featuring three different clients (targets) in session with the same thera-

pist. Each target reported their thoughts and feelings, acting as the golden 

standards (Hall et al., 2016) to which the inferred thoughts and feelings of the 

perceivers were compared to. The standard stimulus paradigm has several ad-

vantages (Ickes, 2001). Its content is flexible: the dyadic interaction could be set 

in different contexts, depending on the study’s field and purpose. It allows 

measuring and comparing the EA of numerous participants.  

 

 
1.1.3. Shared physiology paradigm 

This paradigm focuses on the continuous emotional inference as well as the as-

sociated physiological responses of the perceivers in relation to targets (Leven-

son & Gottman 1983; Levenson & Ruef, 1992). For Levenson and Ruef (1992) 

the key measurement to test the empathic proximity between two persons is 

their physiological linkage, that is, their shared emotional and physiological re-

actions: “empathy is associated with a state of shared physiology, such that 

when one person was most empathically (i.e., accurately) perceiving the feelings 

of another, the two would most likely be in a common physiological state” (p. 

236). Levenson and Ruef (1992) found that accurate ratings of perceivers with 

targets, either for positive or negative emotions, were associated with differen-

tiated physiological responses. When accurately rating positive emotions, low 

cardiovascular arousal was detected in the perceiver. The accurate rating of neg-

ative emotions was linked to a shared autonomic response between rater and 

target. The researchers concluded that physiological responses can be used as a 

measurement of empathic accuracy. Relatedly, more recent studies have incor-

porated brain function as an additional physiological indicator of accuracy (Zaki 

et al., 2009). 

1.2 Emotion recognition accuracy 

Emotion recognition accuracy (ERA) is the ability to correctly judge the non-

verbal emotional expressions of a target (Bänziger, 2016). ERA is assumed as a 

necessary condition for satisfying social interactions. In fact, in certaing psycho-

pathologies characterized by the impairment in social interactions, deficits in 

processing negative valence emotions have been found (Griffiths & Ashwin, 

2016). For example, people with schizophrenia have shown less accuracy when 

recognizing particularly negative valence emotions (Leppänen et al., 2008), 

such as fear, and disgust, but also neutral expressions (Kohler et al., 2003). The 

accuracy bias seems to be different in other psychopathologies. For instance, 

people with social anxiety disorder are more efficient than control or depressed 

groups in identifying facial expressions of anger (Joormann & Gotlib, 2006), 

while misattributing emotions of anger towards neutral expressions (Bell et al., 

2011). Relatedly, people with depression are more accurate when identifying ex-

pressions of sadness (Gollan, McCloskey, Hoxha, & Coccaro, 2010).  
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In a typical ERA study, a perceiver is presented with nonverbal expressions 

of a target in the form of photographs or video recordings of facial expressions, 

postures, gestures or audio recording for vocal expressions. Perceivers are asked 

to label those stimuli. Along with the stimuli, predetermined response catego-

ries to be chosen are often presented. The truth/accuracy criterion is related to 

the expressive intention, to the self-reported emotion of the target or to the the-

oretical expectations of the researchers. The most common assessment of ERA 

is discriminating basic emotions in prototypical facial expressions (Bänziger, 

2016). Relatedly, a variety of standardized tests exist for measuring ERA and 

allowing comparisons between studies (for a review, see Bänziger, 2016). Our 

capacities to infer emotional states is not limited to other people’s verbal or non-

verbal expressions of emotions, though. Emotions can also be accurately de-

tected through music. For instance, listeners have been able to accurately per-

ceive intended emotions in music composed to communicate emotions such as 

joy, sorrow, dullness, anger, and peacefulness (Thompson & Robitaille, 1992).  
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2. Objectives 

In this thesis we address the following questions:  

1. How to implement an IA approach to quantify the understanding be-

tween dyads interacting in design and music? 

2. How accurate are perceivers when inferring the mental experiences 

of targets? 

3. What contextual factors affect IA? 

The overall goal of this dissertation is to explore contextual factors which in-

fluence IA. These contextual factors include, for example, the content of inter-

actions, multimodal perception, and the background of the perceivers. To inves-

tigate them, we design controlled conditions to approach naturalistic interac-

tions in design and music performance. We chose these human activities be-

cause both have particularities which make them suited to explore the different 

contextual factors influencing IA.  

A pre-condition to achieve our goals is to obtain conceptual clarity. As men-

tioned in the Empathy in Design section, designers use the word “empathy” to 

describe multiple phenomena. This wide scope of the word may difficult singling 

out the function of empathy in obtaining better design outcomes. Thus, Study I 

aimed at two things: positioning empathy in design as an umbrella construct by 

comparing the literature between design and psychology; and arguing for 

clearer definitions and operationalization of empathy in design. The emphasis 

on being careful on how we define and operationalize concepts in design is also 

applicable to music.  

Having mapped the conceptual panorama in front of us, we addressed the 

first objective of how to create a controlled space where we can recreate a dyadic 

interaction and quantify it in a meaningful way that is as close as possible to 

real-life scenarios, but that allows us to extract relevant conclusions. This meth-

odological challenge is transversal to Studies II-IV. 

Study II implemented EA in a design case. The implementation began by 

identifying a real design challenge in a specific group of musicians. A designer 

interviewed relevant users with the aim of gaining further insight into their ex-

periences with musical equipment. We adapted EA to suit this interaction and 

quantify the designers’ accuracy when inferring the thoughts and feelings of the 

musicians. Furthermore, we proxied a post-interview stage where designers 

synthesized the user’s needs, with the aim of bridging designers’ EA with the 

effectiveness of their design outcomes.  
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Study III further tested the flexibility of EA by applying it to three different 

design cases. Our experience with Study II taught us that the users’ mental con-

tents may not be all relevant for the purposes of design. EA originally categorizes 

mental contents as thoughts or feelings. In Study III we proposed a different 

categorization better tuned for the design context, by classifying mental con-

tents as design-related mental contents from others. We further tested the ac-

curacy of designers when inferring design-related contents vs. non-design-re-

lated ones. 

Study IV recreated a music performance context where a pianist performed 

for a group of listeners. We made use of ERA instead of EA, as the former is 

more suitable for non-verbal interactions such as the ones occurring in music 

performance contexts. We measured the pianist’s experienced anxiety while 

performing and compare it to the listener’s perceived anxiety while listening to 

the same performances. This non-verbal musical interaction demanded consid-

ering other variables that may inform in relevant ways the performer and his 

experiences and the listeners and their perceptions. Thus, we considered the 

stimulus modality (audiovisual vs. audio-only), the performance context (re-

hearsal vs. recital), and the piece performed (slow vs. fast).  

The epistemological framework of this thesis best fits in the world hypothesis 

of mechanism. According to Pepper (1942), the hypotheses we have about the 

world are “derived from certain masses of empirical evidence, originating in 

common sense, which become cognitively refined and may be codified into sets 

of categories that hang together” (p. 328). One such world view is mechanism. 

In mechanism, the root metaphor of knowledge (the common sense from which 

masses of empirical evidence are derived) is a machine. A mechanist would in-

vestigate the components of the machine which are supposedly related to others 

in a systematic way. Through the hypothetico-deductive methodology, the 

mechanist will test the adequacy of their model to reality (Hayes, Hayes, & 

Reese, 1988).  

This thesis best fits within the mechanism world hypothesis because it fo-

cuses on two things. First, we present empathy as a complex conceptual “ma-

chine” and we make the claim that, to test its causal effect in design, we need to 

identify and delimit its components. Second, we explore the causal effects of 

some contextual variables on the individual’s interpersonal accuracy. 
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3. Summary of studies 

3.1 Study I – Under the umbrella: Components of empathy in psy-
chology and design 

Aims of the study 

Empathy is a central concept in design. Designers emphasize its relevance in 

design outcomes and, so, much research efforts have been directed into under-

standing what it is and how it can be controlled. Yet, in this quest for under-

standing, the concept became too broad and unspecific. The lack of clarity 

threatens transforming the alleged causal properties of empathy untestable. The 

aim of this review is to gain perspective as to what does empathy in design mean, 

to single out more precise ways of investigating it. To do so, we review its defi-

nition in design and psychology, given the influence the latter has had on the 

former.   

Methods 

This review paper started in 2018 as a background literature search. Initial 

sources were reviews of empathy in design and psychology (e.g., Clarke, De-

Nora, & Vuoskoski, 2015; Kouprie & Sleeswijk Visser, 2009; Mattelmäki, Vaaja-

kallio, & Koskinen, 2014; Shamay-Tsoory, 2011; Zaki & Ochsner, 2012), as well 

as handbook chapters (e.g., Batson, 2009; Köppen & Meinel, 2015; Neumann & 

Westbury, 2011; Shamay-Tsoory, 2009). It has been expanded since then 

through a snowball procedure, by revising the sources cited by authors of the 

consulted texts. Additionally, the content was revised and corrected following 

the commentaries given by journal reviewers. Sources were found using search 

engines such as Google Scholar and looking directly into design and psychology 

journal websites. All sources included were in English language and restricted 

to the fields of psychology and design.    

Results 

In design, there is a shared understanding that empathy is key for successful 

businesses and projects. Accordingly, it has become central in design research 

and practice over the last two decades. Yet, despite being such an important 

concept, it is paradoxical that there is no consensual definition of what empathy 

means. We believe the context-dependent nature of design practice explains the 

multiple ways in which empathy is understood: different design challenges re-

quire different approaches to addressing them.  
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This has resulted in empathy being an umbrella construct or “broad concept 

or idea used loosely to encompass and account for a set of diverse phenomena” 

(Hirsch & Levin, 1999, p. 200). Umbrella constructs are useful to hold a research 

field together, especially during its initial phases of development.  

The broaden scope of research on empathy in design has resulted in a series 

of implications that we categorized under four groups. The first one includes 

practical techniques meant to increase the designer’s understanding of the 

user’s circumstances and experiences. These tools can be distinguished by their 

level of “embodiment”. For instance, wearable simulations (e.g., sight-depriving 

glasses, movement-restriction suits, etc.) involve the designer’s physical sensa-

tions; whereas an empathy map requires an intellectual abstraction and classi-

fication of the verbalized or deduced user’s experiences into a visualization tool 

(see Table 1 for more examples). 

Table 1. Examples of practical techniques for empathizing 

Less embodied tools More embodied tools 

Personas 

“Abstractions of groups of real 
consumers who share com-
mon characteristics and 
needs” (Miaskiewicz & Kozar 
2011, p. 418) 

 

Wearable 

simulations 

Equipment limiting body 
movements of the wearer 
to evoke the experience of 
completing some physical 
tasks under restricted con-
ditions, thus inspiring de-
signers to “engage more 
closely with user experi-
ences” (Kullman 2016, p. 
83). 

Storytelling 

“Mental story construction” 
(Madsen & Nielsen 2010, p. 
59) used to interpret and com-
municate user data 
(Kankainen et al. 2012). 

 

The Empat-
hic Expe-
rience De-
sign 

 

A concept generation tool 

based on engaging de-

signers in empathic experi-

ences, which simulate dis-

abilities or situational disa-

bilities (Johnson et al. 

2014; Raviselvam, Hölttä-

Otto & Wood, 2016) 

Empathy map 

A visual tool containing four 
quadrants (say, do, think, and 
feel) utilised to summarise 
and synthesise key need-find-
ing insights from users (Both 
& Baggereor n.d.; Study II). 

Experience 

simulators 

Facilitating the transfer of 

user insights empathically 

to design team members 

who were not in contact 

with users (Smeenk et al. 

2017, 2019b). 

 

Role-
playing 

 

Often used to visualise a 

product from the user’s 

point of view (Medler & 

Magerko, 2010) 

Spatial aug-
mented rea-
lity 

 

Implemented as a way of 

understanding abilities, 

problems, insights, and 

strengths of, for instance, 

students with ASD, with 

the goal of providing prac-

tical tools for teaching and 

engaging ways for stu-

dents to learn (Takahashi 

et al., 2018). 
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A second one is empathy as a process of interaction and reflection. This are 

step-by-step guidance on how to facilitate the understanding of a user’s experi-

ences and context. Two notable examples are frameworks by Kouprie & 

Sleeswijk Visser (2009) and Smeenk, Sturm & Eggen (2019a). The former is 

based on “the principle that a designer steps into the life of the user, wanders 

around for a while and then steps out of the life of the user with a deeper under-

standing of this user” (pp. 444–445). The latter “concerns the understanding of 

the formative process of becoming an empathic design professional who knows 

which attitude, skills and knowledge are applicable in an empathic design pro-

cess” (p. 61) (Table 2).  

Table 2. Examples of empathy-generating frameworks 

Kouprie & Sleeswijk Visser (2009) Smeenk, Sturm & Eggen (2019a) 

1. Discovery 
Is a design activity (a) more focused on self 

or other? 

2. Immersion 
Is a design activity (b) more affective or 

more cognitive? 

3. Connection 
Is a design activity (c) taken with a more 

participatory or expert mindset? 

4. Detachment 
Is a design activity (d) more design- or re-

search-led? 

A third one is limitations and user-designer empathy, acknowledging that 

there will always be limitations as to how well a designer can understand a user, 

regardless of the tools used to decrease the knowledge gaps. Lastly, cultivating 

ethical thinking through empathy or the ethical discussion around the prag-

matic implications of empathy in design: is “empathy” the best term when con-

sidering utilitarian motivations of designers?  

After mapping empathy in design, we rhetorically invite the reader to define 

it considering this conceptual discussion. We aim to highlight how complicated 

this is. We take this difficulty as a manifestation of empathy being an umbrella 

concept, a “broad concept or idea used loosely to encompass and account for a 

set of diverse phenomena” (Hirsch & Levin, 1999, p. 200). As the field develops 

and the possible meanings of empathy gain scope, causal claims like “empathy 

is key for successful business and projects” loose precision. The indetermined 

limits of an umbrella construct are opposed to the specificity needed for testing 

empirical statements.  

To further gain perspective on the empathy maze, we bring in how empathy 

is understood in psychology. The reason being that design has borrowed much 

of its understanding of empathy from psychological literature but has missed 

precision in doing so. For instance, definitions of empathy in design tend to in-

clude the distinction between cognitive and affective empathy, but there are so 

many more mechanisms under the empathy umbrella in psychology which re-

main unexplored in design. Thus, we chose the definition of empathy by Cuff et 

al. (2016) for being the most recent and inclusive of previous definitions, and 

because it has proven a useful conceptual framework in other fields (Clark, Rob-

ertson & Young 2018). Thus, empathy is 
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An emotional response (affective), dependent upon the interaction be-

tween trait capacities and state influences. Empathic processes are au-

tomatically elicited but are also shaped by top-down control processes. 

The resulting emotion is similar to one’s perception (directly experi-

enced or imagined) and understanding (cognitive empathy) of the 

stimulus emotion, with recognition that the source of the emotion is 

not one’s own. (Cuff et al., 2016, p. 150). 

Lastly, we juxtaposed the conceptual landscapes of empathy in design and 

empathy in psychology into a single visual representation (Figure 1). The com-

parison reveals a complex and tangled scenario, where there is not a one-to-one 

correspondence between empathy in psychology and empathy in design. Every 

component of empathy in psychology is related to several understandings of 

empathy in design. Figure 1 illustrates why the causality properties of empathy 

cannot be tested the way it is currently understood in design. We hope future 

design researchers may be more aware of the empathy landscape and instead of 

stating they will investigate “empathy”, they carefully delimit which component 

of empathy are they interested investigating.  

 

Figure 1. Overlaps of the components of the concept “empathy” in psychology (⍦) and in design 
(on left and right sides of the figure). Under “practical techniques for empathizing” we grouped the 
six elements under two groups. The first one (darker blue) are techniques which have a higher 
embodied nature and are close to affective empathy. The second one (lighter blue) are less em-
bodied techniques and closer related to top down control and understanding (cognitive empathy). 
Regarding “cultivating ethical thinking through empathy”, this implication is closely related to the 
behavioral outcomes of empathizing. Thus, we did not established connections to Cuff et al. 
(2016) because they declined to incorporate behavioral outcomes into their definition: “Although 
it is to be noted that empathy may lead to behavioural outcomes, this definition of empathy pur-
posefully avoids behavioural implications” (p. 150). Yet, we think that “cultivating ethical thinking 
through empathy” could be explored from other psychological perspectives on empathy (e.g., see 
Davis, 2006). *Kouprie and Sleeswijk Visser (2009). +Smeenk et al. (2019b) (from Chang-Arana, 
Á, M., Surma-aho, A., Hölttä-Otto, K., & Sams, M. (2022). Under the umbrella: Components of 
empathy in psychology and design. Design Science, 8, E20, p. 15. Copyright The Authors, 2022. 
Published by Cambridge University Press). 
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Conclusions 

Despite empathy being a central concept in design, it is not clear what does it 

mean, let alone test the alleged causal properties of empathy in the success of 

design outcomes. We intended to uncover the multiple mechanisms within the 

umbrella construct, so designers interested in empathy can be aware of the com-

plex landscape ahead. We expect that this review informs a more careful selec-

tion of the meaning designers will give to empathy in their work and research. 

Study I may inform future researchers of different approaches to study empa-

thy. In our case, it allowed us to select the road that seemed most relevant to 

test its alleged casual properties: investigate the IA between designers and us-

ers. Study II and III are reports of our chosen path.  
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3.2 Study II – Empathic accuracy in design: Exploring design out-
comes through empathic performance and physiology 

Aims of the study 

The main challenge of Study II was to find a method to quantify the IA between 

designers and users. Design literature on empathy is predominantly qualitative 

(except for studies such as Alzayed et al., 2021; Hess et al., 2017; Rasoal, Dan-

ielsson, & Jungert, 2012; and Surma-aho et al., 2018), since qualitative methods 

allow more flexibility to adapt to the natural conditions of a design context. 

Study II is a quantitative alternative to studying empathy while conserving some 

of the contextual nature of design. Furthermore, we explore whether our ap-

proach allows testing the role of IA on design outcomes. We addressed the fol-

lowing questions: 

1. How to measure the interaction between a designer-user dyad exploring a 

design challenge? 

2. How accurately can the designers understand the group of musicians? 

3. Does the designers’ accuracy in regard to the musicians’ mental contents 

and emotions positively correlate with design outcomes?  

4. Does the similarity of the facial emotional expressions of the designers and 

musicians correlate with the designer’s empathic accuracy?  

Methods 

Participants 

Five professional music students were recruited (mean age = 23.60, SD = 1.52, 

mean playing-time experience = 15 years, SD = 1.41). Their instrumental spe-

cialism was clarinet, saxophone, or oboe. We recruited one designer whose task 

was to interview all musicians (see Appendix A for interview model). Designer 1 

had 13 years of experience in design which included study, industry, and re-

search activities. A second designer with 5.5 years of experience in design was 

recruited to watch the interviews and perform the same EA tasks Designer 1 

performed.  

Design brief 

Designer 1 conducted a user-centered interview with five woodwind musicians 

on their experiences with reeds. These wood or plastic artifacts allow the pro-

duction of sound by vibrating due to air pressure. They can affect the tonal qual-

ity, expressive, and technical range of a musician (Thompson 1979; Ledet 1981; 

Almeida et al. 2013). Reeds are a recurrent time and monetary cost for most 

woodwind players, who need to replace them by buying or manufacturing them 

from scratch (Ledet 1981). Additionally, Designer 1 was allowed to explore other 

artifacts, such as instrumental transporting and cleaning equipment.  
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Tasks and procedures 

Interviews lasted for approximately 30 minutes. During this time, we recorded 

electrocardiogram (ECG), facial electromyography (EMG) and galvanic skin re-

sponses (GSR) from both designers and the musicians. In this study we focused 

solely on facial EMG of the corrugator supercilii (eyebrow muscles) and zygo-

maticus major (cheek muscles). After each interview, musicians logged-in their 

mental contents recollected from the interview following Ickes’ protocol (2001). 

Musicians paused the recorded interview every time they remembered having a 

thought or feeling. They were instructed to register their mental contents to-

gether with the exact timing when they occurred as well as whether it had a pos-

itive, neutral or negative valence, using Ickes’ standard response sheet (see Ta-

ble 3 for examples of remembered mental contents and Appendixes B and D in 

Study II for the instructions and response sheets used). 

Table 3. Examples of remembered mental contents 

Time Thought or Feeling +, 0, - 

0.04 
I was curious about what the 
interview was going to be 
about. 

+ 

15.44 
I was realizing I didn’t 
demonstrate assembling at 
all. 

0 

29.09 
I was feeling confident about 
my English. 

+ 

Note: (Adapted from Chang-Arana, Á, M., Piispanen, M., Himberg, T., Surma-aho, A., Alho, J., 

Sams, M., & Hölttä-Otto, K. (2020). Empathic accuracy in design: Exploring design outcomes 

through empathic performance and physiology. Design Science, 6, E16, p. 29. Copyright The 

Authors, 2020. Published by Cambridge University Press). 

The designers watched the video interviews musicians used to register their 

mental contents. The designers were instructed to infer as accurately as possible 

what each musician was thinking or feeling at every time pause using Ickes’ 

standard inference sheet (see Table 4 for examples of inferences and Appen-

dixes C and E in Study II for the instructions and response sheets used). 

Table 4. Examples of inferred mental contents 

Time Thought or Feeling +, 0, - 

0.04 
She was feeling slightly nerv-
ous about the interview. 

0 

15.44 
She was feeling uncertain 
about what to show and ex-
plain. 

0 

29.09 
She was feeling entertained 
knowing she has it easier 
with reeds than oboists. 

+ 

Note: (Adapted from Chang-Arana, Á, M., Piispanen, M., Himberg, T., Surma-aho, A., Alho, J., 

Sams, M., & Hölttä-Otto, K. (2020). Empathic accuracy in design: Exploring design outcomes 

through empathic performance and physiology. Design Science, 6, E16, p. 29. Copyright The 

Authors, 2020. Published by Cambridge University Press). 

The similarity of content between the remembered mental contents and the 

inferred mental contents were assessed by a group of 14 native speakers of Eng-

lish (eight for Designer 1 and six for Designer 2). Raters followed Ickes’ protocol 

(2001), rating the similarity of each pair of entries using a three-point Likert 
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scale, where 0 = “essentially different content”, 1 = “somehow similar, but not 

the same content”, and 2 = “essentially the same content” (see Table 5 for an 

example of three entries and Appendix F in Study II for the instructions used).  

Table 5. Example of three entries assessed by an external rater 

Time 
Actual thoughts or 

feelings 
Inferred thoughts or 

feelings 

How similar 
are they? (Max = 2, 

Min = 0) 

0.04 

I was curious about 
what the interview 
was going to be 
about. 

She was feeling 
slightly nervous 
about the interview. 

2 

15.44 
I was realizing I 
didn’t demonstrate 
assembling at all. 

She was feeling un-
certain about what to 
show and explain. 

1 

29.09 
I was feeling confi-
dent about my Eng-
lish. 

She was feeling en-
tertained knowing 
she has it easier with 
reeds than oboists. 

0 

Note: (Adapted from Chang-Arana, Á, M., Piispanen, M., Himberg, T., Surma-aho, A., Alho, J., 
Sams, M., & Hölttä-Otto, K. (2020). Empathic accuracy in design: Exploring design outcomes 
through empathic performance and physiology. Design Science, 6, E16, p. 29. Copyright The 
Authors, 2020. Published by Cambridge University Press). 

To test for the reliability of the raters’ scores, each rater was treated as a ques-

tionnaire item and every entry as a questionnaire response (Ickes, 2001). 

Cronbach’s alpha was then calculated for each interview. Scores given by the 

raters were used to calculate an empathic accuracy score for the designers in the 

form of a percentage scale, following the procedure explained by Ickes (2001). 

The reliability values obtained were above Nunnally’s (1967) .70 criterion (Table 

6).      

Table 6. The inter-rater reliability of the assessment of the similarity of content 

 Designer 1 Designer 2 

Cronbach’s α SEM Cronbach’s α SEM 

User 1 .90 0.09 .88 0.09 

User 2 .90 0.14 .92 0.15 

User 3 .88 0.15 .87 0.17 

User 4 .86 0.14 .75 0.12 

User 5 .90 0.12 .87 0.12 

Note: User 1, entries = 45; User 2, entries = 18; User 3, entries = 15; User 4, entries = 17; User 
5, entries = 22. Designer 1 was rated by eight external raters; Designer 2 by six external raters. 
SEM = Standard Error of Measurement. (From Chang-Arana, Á, M., Piispanen, M., Himberg, 
T., Surma-aho, A., Alho, J., Sams, M., & Hölttä-Otto, K. (2020). Empathic accuracy in design: 
Exploring design outcomes through empathic performance and physiology. Design Science, 
6, E16, p. 12. Copyright The Authors, 2020. Published by Cambridge University Press). 

To connect the designers’ empathic accuracy with design outcomes, design-

ers completed a modified empathy map (Both & Baggereor, n.d.) and generated 

ideas for new or improved accessories for musicians (see Appendix G for exam-

ple of instructions). Insights from both tasks were sent back to the musicians 

for rating how close were the designers’ insights to their own needs. This simu-

lated the step of coming back to the user for obtaining feedback of ideas. See 

Figure 2 for a summary of the study’s procedure. 
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Figure 2. An overview of the study procedure (Adapted from Chang-Arana, Á, M., Piispanen, M., 
Himberg, T., Surma-aho, A., Alho, J., Sams, M., & Hölttä-Otto, K. (2020). Empathic accuracy in 
design: Exploring design outcomes through empathic performance and physiology. Design Sci-
ence, 6, E16, p. 7. Copyright The Authors, 2020. Published by Cambridge University Press). 

Results 

Designers obtained approximately half of all the possible accuracy points (Table 

7). Interestingly, Designer 1 reported a high self-rated accuracy on the task. It is 

important to highlight, though, that Designer 1 understood the self-rating ques-

tion as how well he followed the instruction of inferring accurately what each 

musician was thinking or feeling at every time pause. Designer 2 had more ac-

curacy variation on identifying the user’s emotional valence than Designer 1. 

The inter-rater reliability of the external raters was above Nunnally’s criterion 

of .70 (1967). 

Table 7. The overall designers’ empathic accuracy scores. 

 

Designer 1  Designer 2 

Aggregated 

index of em-

pathic accu-

racy (%) 

Designer’s 

reported 

self-rated ac-

curacy (%) 

Correct iden-

tification of 

user’s emo-

tional va-

lence (%) 

 Aggregated 

index of 

empathic 

accuracy 

(%) 

Correct identi-

fication of 

user’s emo-

tional valence 

(%) 

User 1 45.42 90.00 42.22  42.22 40.00 

User 2 50.35 80.00 55.56  55.09 50.00 

User 3 48.75 60.00 40.00  49.44 20.00 

User 4 44.49 80.00 41.18  55.88 35.29 

User 5 45.17 80.00 50.00  53.41 40.91 

Note: (From Chang-Arana, Á, M., Piispanen, M., Himberg, T., Surma-aho, A., Alho, J., Sams, 

M., & Hölttä-Otto, K. (2020). Empathic accuracy in design: Exploring design outcomes through 

empathic performance and physiology. Design Science, 6, E16, p. 13. Copyright The Authors, 

2020. Published by Cambridge University Press).  

In Table 8 we show examples of remembered and inferred mental contents 

from both designers. These correspond to different levels of empathic accuracy. 
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Table 8. Examples of high-, mid- and low-empathic accuracy. 

 Musicians Designers 
Average 

EA 

High-empathic 

accuracy 

I was feeling unprofes-

sional/ashamed because I do 

not use the ‘proper’ boxes to 

keep my reeds safe. (−) 

D1: She was feeling 

ashamed about not taking 

as good care of the reeds as 

she knows she could. (−) 

1.88 

I was feeling amused by the 

thought of carrying a giant case. 

(+) 

D2: She was remembering 

someone struggle or com-

plain about not being able to 

take their clarinet into pieces 

and having to carry around 

a big backpack for it. (0) 

1.83 

Mid-empathic 

accuracy 

I was thinking that I try to adapt 

to the reed, but I am not good 

enough yet. (−) 

D1: She was feeling humble 

about not wanting to say 

she is good at adapting. (+) 

1 

I was thinking that the neck strap 

prevents me to bow towards the 

audience in an elegant way. It 

could fall while bending forward. 

(0) 

D2: She was recalling the 

relief of taking the shoulder 

strap off and being free of 

the sax’s weight. (+) 

1 

Low-empathic 

accuracy 

I was a bit frustrated as I started 

to struggle with English a bit in 

my head. (−) 

D1: She was thinking back 

of how she got from hardly 

playing to playing more and 

more. (0) 

0 

I was feeling happy, I like the 

word ‘wizardry’. (+) 

D2: She was thinking about 

the bad performance she 

had last week and how the 

reed felt then. (0) 

0 

Note: D1 = Designer 1; D2 = Designer 2 (From Chang-Arana, Á, M., Piispanen, M., Himberg, 
T., Surma-aho, A., Alho, J., Sams, M., & Hölttä-Otto, K. (2020). Empathic accuracy in design: 
Exploring design outcomes through empathic performance and physiology. Design Science, 
6, E16, p. 14. Copyright The Authors, 2020. Published by Cambridge University Press). 

Musicians gave high scores to the designers on the empathy map and ideas 

for improvements (Table 9). The higher the score, the closer the insight was 

from the user’s experience. Even though we correlated the aggregated index of 

empathic accuracy of each designer to their scores for the design tasks, the very 

low sample size makes these correlations meaningless to interpret, although in-

dicative of what future studies could explore with a larger sample size.  

Finally, the correlation between Designer 1 and the user’s zygomaticus ma-

jor muscle, and the EA scores reported across all interviews (117 events) was 

non-significant, p = .51, r = −.06. A similar non-significant result was obtained 

for Designer 2, p = .76, r = −.03. This means that the similarity in the emotional 

expression between the designers and musicians (smiling or the activity of the 

zygomaticus major muscle) had no relationship with the empathic accuracy of 

the designers on each inferred entry. Simply put, a similar activation of the de-

signers and musicians’ cheek muscles did not help designers infer correctly what 

the musicians were thinking at each time pause.  
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Table 9. The designers’ performance in three design tasks. 

 

Designer 1  Designer 2 

Empathy map 
Ideas for 

improve-

ments (%) 

 Empathy map 
Ideas for 

improve-

ments (%) 
Thoughts 

(%) 

Feelings 

(%) 

 
Thoughts 

(%) 

Feelings 

(%) 

User 1 87.20 72.00 80.00  77.14 68.57 60.00 

User 2 96.60 86.60 76.60  89.09 97.14 96.00 

User 3 100.00 95.60 90.00  92.50 95.00 73.33 

User 4 94.00 91.40 93.40  76.67 95.00 80.00 

User 5 88.00 96.00 86.60  90.00 80.00 51.43 

Note: (From Chang-Arana, Á, M., Piispanen, M., Himberg, T., Surma-aho, A., Alho, J., Sams, M., & 

Hölttä-Otto, K. (2020). Empathic accuracy in design: Exploring design outcomes through empathic per-

formance and physiology. Design Science, 6, E16, p. 14. Copyright The Authors, 2020. Published by 

Cambridge University Press). 

Conclusions 

Study II is an adaptation of EA paradigms in design to measure the interaction 

between a designer-user dyad exploring a design challenge. In this way, design 

got added to a list of other areas of study where EA has proven useful. These 

include psychotherapy, relationship violence, brain research, spouse interac-

tion, among others (Clements et al., 2007; Levenson & Gottman, 1983; Leven-

son & Ruef, 1992; Marangoni et al., 1995; Study III; Zaki et al., 2009).  

This study was also an initial step towards testing whether empathy is neces-

sary for successful design outcomes, by implementing EA paradigms in a design 

case. The two designers recruited for this study had a similar EA performance, 

independently of being directly or indirectly exposed to a group of users. Inter-

estingly, their performance was considerably higher than previous EA studies 

that have measured the interpersonal accuracy of male strangers (EA = 24%) vs. 

male friends (EA = 36%) (Stinson & Ickes, 1992), and psychology students to-

wards psychotherapy clients (23-24%) (Marangoni et al. 1995). Given our small 

sample size, it was not possible to draw meaningful conclusions about the influ-

ence of EA on design outcomes (i.e., empathy map and ideation in this study), 

yet provides an example of what future researchers could test at a larger scale. 

We failed at establishing a correlation between similarity of facial expressions, 

measured through EMG, of designers and musicians with the designers’ EA on 

every inferred entry. This does not rule out the relevance of physiological data 

in EA research but suggests that it may not be relevant when combining it with 

the implementation of EA described in this study. 

We faced challenges regarding the recording, preprocessing, and analysing 

our ECG, GSR, and EMG data. For instance, the software we used to collect GSR 

data was still under development, making it difficult to make sense of the data. 

In addition, the GSR metric devices presented some problems in data recording, 

missing bits of data. Since the analysis of physiological data in the context of 

design was new to us, we decided to focus solely on EMG, as it is often utilized 
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in emotional contagion research. Nonetheless, we encourage future researchers 

to consider these physiological metrics in future empathy studies should their 

research questions would demand so.   

We hypothesized that the reason behind the high EA obtained by the design-

ers, in comparison to previous studies, is the more structured context under 

which the dyad interacted. The designers and users were aware of the interview 

topic. It may have been a combination of mutual knowledge of the conversation 

topic, the demonstration of concrete objects, and the attentional resources of 

designers focused on design-relevant information that explains the high EA ob-

tained by the designers. Thus, this combination of elements may have helped 

the designers correctly identify the mental contents of the musicians. Study III 

explores further this assumption by implementing EA in two additional design 

tasks and focusing on the designers’ EA of design-related entries when com-

pared to non-design-related entries. 
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3.3 Study III – Reading the user’s mind: Designers show high ac-
curacy in inferring design-related thoughts and feelings 

Aims of the study 

Rarely EA studies report separately scores for thoughts and feelings (but see 

Hinnekens et al., 2018). Instead, they are reported as a combined score. We 

thought knowing the EA of designers for thoughts and feelings could be in-

formative for different design decisions. For instance, negative feelings could 

inform about aspects to be improved in a design, while thoughts could inform 

of ways of improving it. Yet, evidence is limited on whether to expect differences 

in the EA for thoughts and feelings. Additionally, designers emphasize correctly 

identifying user’s needs in design education and practice (Hess et al., 2017; Kou-

prie & Sleeswijk Visser, 2009; Rasoal et al., 2012; Surma-aho et al., 2018). To 

this end, we wondered if EA could allow quantifying design-related accuracy. 

This study implemented EA into three different design cases and raised two re-

search questions and hypotheses: 

1. How accurately can designers identify thoughts and feelings of users sepa-

rately? 

1.1. There is no difference between how accurately designers infer thoughts and 

feelings of users.  

2. How accurately can designers identify design related and non-design-re-

lated contents?  

2.1. Designers are more accurate in inferring design-related inferences than 

those that are not related to design.  

Methods 

Participants 

Study III combines designers and users recruited from three sub-studies: musi-

cian sub-study, driver sub-study, and visual impairment sub-study. The musi-

cians and designers of the musician sub-study were the same as the ones in 

Study II of this thesis, except for the exclusion of one musician due to technical 

problems with their recording. One driver and four designers were recruited for 

the driver sub-study. Lastly, one person with visual impairment and 18 design 

students were recruited for the visual impairment sub-study. Across sub-stud-

ies, there were 30 designer-level data points.  

Design brief 

Videoed semi-structured interviews were common to each sub-study. Inter-

views were meant to mimic the initial stages of a design process during which 

designers gather user information and identify potential future directions of a 

project. All interviewees could demonstrate their experiences with real objects 

during the interview (i.e., musical instruments and accessories, a car, braille 

reader and phone). For the musician sub-study, the design brief was to improve 

musicians’ experiences with reeds and other instrument accessories. For the 

driver sub-study, the design brief was to improve driving safety through car 
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accessory design. Finally, for the visual impairment sub-study, the design brief 

was to improve the experiences of people who have visual impairments.  

After each interview, all six users logged in their mental contents recollected 

from the interview following Icke’s protocol (2001), and as described in Study 

II. We coded all mental contents either as thoughts or feelings. Thoughts were 

defined as anything involving purposeful cognitive processing, and feelings as 

emotional reactions at any point in the interview. We estimated the inter-rater 

reliability using Cohen’s kappa, obtaining a value of .91. Similarly, we coded all 

mental contents either as design-related or non-design-related. A design-re-

lated entry had to a) guide future research, b) inform the design of a solution, or 

c) help assess the truthfulness/relevance of gathered information. We estimated 

the inter-rater reliability using Cohen’s kappa, obtaining a value of .81. 

Inferred mental contents were obtained from the designers, following Ickes 

(2001) protocol, albeit with small variations within each sub-study. Given these 

differences in the inference stage as well as having different groups of users, we 

did not average designers’ EA across sub-studies. The calculation of designers’ 

EA followed Ickes (2001) protocol and as described in Study II. Following this 

procedure, we obtained five EA scores: (a) overall EA, and EA for (b) thoughts, 

(c) feelings, (d) design-related entries, and (e) non-design-related entries. The 

inter-rater reliability of the external raters was above Nunnally’s criterion of .70 

(1967), except for dyads Designer 1 – Musician 1 and Designer 2 – Musician 4. 

Results 

Designers’ median EA for feelings (Mdn = 46.67) was significantly higher than 

for thoughts (Mdn = 21.43), z = -3.94, p < .01, r = -.72. We inspected the data 

grouping the designers according to the design case (Figure 3). The visual im-

pairment sub-study showed the highest scores for feelings and had a higher 

sample than the other sub-studies, which could explain the higher median val-

ues of EA for feelings over thoughts. Thus, we take the significant difference 

between feelings and thoughts cautiously.  

 

Figure 3. Designer-level accuracy for thoughts (dark grey) and feelings (light grey) (From Chang-
Arana, Á. M., Surma-aho, A., Li, J., Yang, M. C., & Hölttä-Otto, K. (2020). Reading the users’ 
mind: Designers show high accuracy in inferring design-related thoughts and feelings. ASME 
2020 IDETC/CIE Conference, 17th-19th August. Paper No: DETC2020-22245, p. 13. Copyright, 
2020. Published by the American Society of Mechanical Engineers). 

Designers were more accurate when inferring design-related entries vs. non-

design-related entries (Figure 4). Designers’ median EA for design-related 
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entries (Mdn = 56.11) was higher than for non-design-related entries (Mdn = 

31.94), z = -4.60, p < .01, r = -.84. When grouping the designers according to 

the interviews they watched, a clear trend is observed in favor of high design-

related EA (Figure 5).   

 

Figure 4. User-level empathic accuracy scores calculated from design-related (dark gray) and 
non-design-related (light gray) entries (From Chang-Arana, Á. M., Surma-aho, A., Li, J., Yang, M. 
C., & Hölttä-Otto, K. (2020). Reading the users’ mind: Designers show high accuracy in inferring 
design-related thoughts and feelings. ASME 2020 IDETC/CIE Conference, 17th-19th August. Pa-
per No: DETC2020-22245, p. 8. Copyright, 2020. Published by the American Society of Mechan-
ical Engineers). 

 

Figure 5. Designer-level accuracy for design-related (drak gray) and non-design-related (light 
gray) inferences (From Chang-Arana, Á. M., Surma-aho, A., Li, J., Yang, M. C., & Hölttä-Otto, K. 
(2020). Reading the users’ mind: Designers show high accuracy in inferring design-related 
thoughts and feelings. ASME 2020 IDETC/CIE Conference, 17th-19th August. Paper No: 
DETC2020-22245, p. 13. Copyright, 2020. Published by the American Society of Mechanical En-
gineers). 

Conclusions 

Regarding our first hypothesis, there was no salient difference in designers’ EA 

for thoughts and feelings. The higher median scores observed for feelings could 

have been carried by the sample size of the visual impairment sub-study. In that 

sub-study, an initial exploration of the user’s experiences as a visually impaired 

person was the main focus, without a clear product or service in mind. Contra-

rily, the musicians’ and driver’s sub-studies were more focused on already ex-

isting products that could be referred to. Thus, it may be that designers’ abilities 

to accurately detect thoughts or feelings change according to the design stage. 

Regarding our second hypothesis, designers had higher EA scores for design-

related entries and for non-design-related entries across cases. We attributed 
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this to the design context. Designers were focused on identifying potential op-

portunities for future projects. Thus, their attentional resources are tuned to de-

signer-related content the users may provide. Lastly, we tested the versatility of 

EA as a method for measuring empathic performance on three very different 

design cases. We also showed how EA can be adapted to fit demands from spe-

cific fields, by creating the categories of design-related and non-design-related 

mental contents.  
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3.4 Study IV – Exploring the interpersonal level of music perfor-
mance anxiety: Online listener’s accuracy in detecting per-
former anxiety 

Aims of the study 

Like Studies II-III, the main challenge of Study IV was to find a method to quan-

tify the IA between a dyad, in this case musician-listener. Contrarily to Studies 

II-III, though, these interactions were non-verbal. By removing verbal commu-

nication, other variables affecting the IA of a dyad should be carefully consid-

ered. Studying IA in non-verbal interactions also meant choosing ERA over EA 

as a better suited method for these situations. We explored the use of ERA in 

the context of MPA, due to the (understandably) highly intrapersonal focus of 

the field. A common symptom of MPA is fear of negative evaluation. Yet, it is 

often treated as a symptom to be treated rather than an empirical statement to 

be tested. Rarely experimental studies in MPA deepen into variables affecting 

the listener’s perception, and to the best of our knowledge, do not compare it to 

the musician’s actual MPA experience. The lack of feedback from the audience 

and its comparison to the musician’s own experiences, deprive the latter from 

information to evaluate more objectively the outcomes of their own perfor-

mance. The first aim was to determine how listeners of different musical back-

grounds perceive MPA, while considering different characteristics of the stimuli 

to be rated. The second was to evaluate the ERA of the listeners of different mu-

sical backgrounds and dispositional empathic concern, while considering differ-

ent characteristics of the stimuli to be rated. Our research questions and hy-

potheses were as followed: 

1) How is the listener’s perceived anxiety of the player influenced by the 

stimulus modality, performance condition, and piece performed, while 

considering the listeners’ musical background? 

Hypothesis 1.1: There will be differences in perceived anxiety of the 

player depending on the stimulus modality, performance condition, and 

piece performed.  

Hypothesis 1.2: The anxiety of the player will be perceived differently 

depending on the listener’s musical background.  

2) Is the perceived vs. experienced anxiety influenced by the stimulus mo-

dality, performance condition, and piece performed, while considering 

the listener’s musical background and empathic concern?  

Hypothesis 2.1: There will be differences in the perceived vs. experi-

enced anxiety depending on the stimulus modality, performance condi-

tion, and piece performed.  

Hypothesis 2.2: There will be differences in perceived vs. experienced 

anxiety depending on the listener’s musical background.  
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Hypothesis 2.3: The differences in the perceived vs. experienced anxiety 

will be related to the listener’s empathic concern.  

Methods 

The experimental design was based on Kwan (2016). The author of this thesis 

recorded the second (Allegretto) and third (Presto) movement of Beethoven’s 

piano sonata no. 6 in F major, op. 10, no. 2 from memory. These were performed 

in absence of an audience (rehearsal) and for an online audience (recital). Re-

cordings were edited to obtain approximately 1-min clips in audiovisual and au-

dio-only modalities. In total, the set of stimuli comprised of eight clips. Five pro-

fessional pianists observing the pianist rated the Second movement as more am-

ple in body movements than the Third movement. The pianist self-rated each of 

his performances in terms of how anxious he felt while playing (see Figure 6). 

 

Figure 6. Stimuli creation. 

Forty-eight participants were recruited online to rate the eight clips pre-

sented in randomized order. They were unaware that the pieces came from dif-

ferent performances. Participants rated each clip using the same scale the pia-

nist used, thus allowing comparisons of both set of scores. After completing the 

perceptual study, participants filled the Interpersonal Reactivity Index (Davis, 

1980) from which we obtained their empathic concern, the Goldsmith Music 

Sophistication Index (Müllensiefen et al., 2014) from which we divided the sam-

ple in musicians and non-musicians, and demographic questionnaires (see Fig-

ure 7). 

 

Figure 7. Structure of perceptual experiment. 
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Results 

Regarding main effects, participants perceived higher anxiety in the Third 

movement (M = 40.24, SE = 1.99, 95% CI [36.23, 44.25]), when compared to 

the Second movement (M = 35.50, SE = 1.76, 95% CI [31.95, 39.04]), F(1, 46) = 

6.35, p = .015, r = .35. In addition, audio-only stimuli received higher anxiety 

scores (M = 39.62, SE = 1.89, 95% CI [35.82, 43.42]), than audiovisual stimuli 

(M = 36.12, SE = 1.72, 95% CI [32.65, 39.59]), F(1, 46) = 4.95, p = .031, r = .31.  

The listener’s musical background became relevant when interacting with 

the piece performed (Figure 8). While non-musicians perceived approximately 

the same anxiety in the Second (M = 37.21, SE = 2.64, 95% CI [31.89, 42.52]) 

and Third movements (M = 36.19, SE = 2.99, 95% CI [30.18, 42.21]), musicians 

perceived higher anxiety in the Third movement (M = 44.30, SE = 2.64, 95% CI 

[38.99, 49.60]), when compared to the Second movement (M = 33.79, SE = 

2.33, 95% CI [29.10, 38.48]), F(1, 46) = 9.37, p = .004, r = .41.  

 

Figure 8. Interaction effect of piece performed and musical background (From Chang-Arana, Á. 
M., Mavrolampados, A., Pokki, N., & Thompson, M. R. (2022). Exploring the interpersonal level 
of music performance anxiety: Online listener’s perception and accurate inference of anxiety. 
Frontiers in Psychology 13:838041, p. 7. Copyright The Authors, 2022. Published by Frontiers in 
Psychology). 

An interaction was observed between the piece performed and the stimulus 

modality (Figure 9). Anxiety was perceived similarly when rating audio-only 

clips of the Second (M = 39.19, SE = 2.17, 95% CI [34.82, 43.55]) and Third (M 

= 40.06, SE = 2.23, 95% CI [35.56, 44.55]) movements. However, when rating 

audiovisual clips, more anxiety was perceived in the Third movement (M = 

40.43, SE = 2.12, 95% CI [36.16, 44.70]) when compared to the Second move-

ment (M = 31.81, SE = 2.04, 95% CI [27.70, 35.92]), F(1, 46) = 8.66, p = .005, r 

= .40.  
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Figure 9. Interaction effect of piece performed and stimulus modality (From Chang-Arana, Á. M., 
Mavrolampados, A., Pokki, N., & Thompson, M. R. (2022). Exploring the interpersonal level of 
music performance anxiety: Online listener’s perception and accurate inference of anxiety. Fron-
tiers in Psychology 13:838041, p. 7. Copyright The Authors, 2022. Published by Frontiers in Psy-
chology). 

The initial comparison between the listener’s perceived anxiety scores and the 

musician’s experienced anxiety scores revealed that the musician reported 

much higher anxiety than what listeners perceived (Table 10).  
 

Table 10. Listener’s mean perceived anxiety scores and musician’s self-rated anxiety. 

Movement 

Performance 

condition and 

stimulus modal-

ity 

Listeners' 

mean per-

ceived anxiety 

scores 

Pianist's self-

rated anxiety 
Difference SD   

95 % CI   

Lower   Upper   

Second 

Practice Audio 37.95 50.00 -12.05   18.82   -17.52   -6.59   

Practice Audiovisual 32.50 57.00 -24.50   18.25   -29.80   -19.20   

Recital Audio 40.03 44.50 -4.47   15.51   -8.97   0.04   

Recital Audiovisual 30.66 60.50 -29.84   16.98   -34.77   -24.91   

Third 

Practice Audio 40.67 44.00 -3.33   15.16   -7.73   1.07   

Practice Audiovisual 40.94 44.50 -3.56   17.50   -8.64   1.52   

Recital Audio 40.53 67.00 -26.47   22.49   -33.00   -19.94   

Recital Audiovisual 40.86 71.50 -30.64   17.70   -35.78   -25.49   

Note: (From Chang-Arana, Á. M., Mavrolampados, A., Pokki, N., & Thompson, M. R. (2022). Exploring the inter-

personal level of music performance anxiety: Online listener’s perception and accurate inference of anxiety. 

Frontiers in Psychology 13:838041, p. 8. Copyright The Authors, 2022. Published by Frontiers in Psychology). 

The ERA was the difference between the listener’s perceived anxiety scores 

and the musician’s experienced anxiety scores. This value was squared and 

squared rooted to obtain positive values, where values closer to 0 indicated 

higher accuracy and values larger than 0, lower accuracy.  

Similarly to the listener’s perception analyses, the listener’s musical back-

ground became relevant when interacting with the piece performed (Figure 10). 

After adjusting for the empathic concern of the listeners, non-musicians (M = 

22.11, SE = 1.99, 95% CI [18.11, 26.11]) and musicians (M = 21.79, SE = 1.75, 95% 
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CI [18.27, 25.32]) had a similar ERA in the Second movement. However, in the 

Third movement, the ERA of musicians increased (M = 18.51, SE = 1.80, 95% 

CI [14.90, 22.13]), while the ERA of non-musicians decreased (M = 26.17, SE = 

2.04, 95% CI [22.07, 30.27]), F(1, 45) = 7.60, p = .008, r = .38. The listener’s 

empathic concern did not have an influence on their ERA, F(1, 45) = 4.75, p = 

.035, ηp2 = .10.  

 

Figure 10. Interaction effect of piece performed and musical background (From Chang-Arana, Á. 
M., Mavrolampados, A., Pokki, N., & Thompson, M. R. (2022). Exploring the interpersonal level 
of music performance anxiety: Online listener’s perception and accurate inference of anxiety. 
Frontiers in Psychology 13:838041, p. 9. Copyright The Authors, 2022. Published by Frontiers in 
Psychology). 

Conclusions 

This study focused on the fear of negative evaluation, a cognitive symptom of 

MPA. The listener’s perception of anxiety is complex and is affected by the piece 

rated, the stimulus modality and the interaction with the listener’s musical 

background. Listeners with no musical background perceived similar anxiety 

when rating both pieces. However, listeners with musical background perceived 

higher anxiety in the Third movement vs. the Second movement. This judgment 

coincided with the pianist’s own anxiety experience. This suggests that listeners 

with a musical background may have had the skills to recognize the technical 

challenges of a piece. The perception of anxiety increased when the listener 

could not see the pianist. This is indicative of the “protective effect” of ancillary 

gestures. The presence of these secondary body movements which are not pri-

marily responsible to produce sound are associated with expressiveness, phras-

ing, positive musical experiences, etc. The reason why the Third movement re-

ceived higher anxiety scores than the Second movement could be explained by 

the amplitude of the pianist’s ancillary gestures. The pianist’s movements dur-

ing the Third movement were more constraint, thus limiting the body expres-

sivity. It was also interesting that the listeners did not perceive anxiety differ-

ently according to the performance condition, even though the pianist was more 

anxious in the recital condition vs. rehearsal condition. Music information 
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retrieval analysis also revealed that during the recital conditions tempo was 

slightly increased in comparison to the rehearsal condition. Yet, this slight in-

crease in tempo may not have been enough for listeners to perceive a noticeable 

difference. 

The listener’s ERA revealed two facts. First, the musician experienced much 

higher anxiety across conditions than what the listeners perceived. That is, the 

musician’s experienced anxiety was underestimated by the listeners. The lis-

tener’s musical background became relevant for a better ERA when it came to 

the Third movement. The anxiety perceived by listeners with a musical back-

ground was closest to the experienced anxiety of the pianist in the Third move-

ment when compared to the Second movement. Once again, perhaps the musi-

cal background of listeners allowed them to identify the technical challenges and 

the struggle the pianist had with the fast movement, while this remained unno-

ticeable for listeners without a musical background.  

Finally, experimental MPA studies include listeners to create a performance 

context and thus induce anxiety in the musicians, or, in addition, to obtain judg-

ments of performance quality. This study expanded the role of listeners in ex-

perimental MPA studies by studying more in depth their perception. 
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4. Discussion 

The overall goal of this dissertation was to explore the contextual factors which 

influence IA. To do so, we address the following questions:  

1. How to implement an IA approach to quantify the understanding be-

tween dyads interacting in design and music? 

2. How accurate are perceivers when inferring the mental experiences 

of targets? 

3. What contextual factors affect IA? 

4.1 How to implement an IA approach to quantify the understand-
ing between dyads interacting in design and music? 

A precondition to implement IA into design and music was to recognize IA as 

an adequate approach. The conception of this thesis began with exploring what 

do designers meant by empathy. Designers emphasize the importance of under-

standing users correctly to obtain desirable outcomes. That is, empathy is 

deemed key to successful design (Brown 2009; Kramer et al., 2016; Leonard & 

Rayport, 1997). While designers are aware of the importance of empathy for 

their practice, one struggles to find a consensual and clear definition of what do 

they mean by it. This situation has resulted in a wide scope of definitions and 

working tools for fostering empathy towards a user yet lacking specificity to ac-

tually answer the question (Study I). IA, and EA in particular, provided an in-

teresting approach to empathy in design from yet an unexplored angle. Later, 

IA triggered our curiosity to study the interactions between listeners and musi-

cians from a different perspective. Most literature on music performance have 

investigated listeners and performers separatedly, but IA allowed connecting 

both social agents to understand further what happens in the complex context 

of music performance.  

Study II was the first time we adapted EA to design. For this purpose, several 

steps were taken. The implementation began by identifying a real design chal-

lenge in a specific group of musicians. We focused the case on the problems that 

reeds and other instrumental equipment posit for woodwind musicians 

(Thompson, 1979; Ledet, 1981; Almeida et al., 2013). A designer interviewed 

relevant users with the aim of gaining further insight into their experiences with 

these musical equipments. We adapted EA to suit this interaction and quantify 

the designers’ accuracy when inferring the thoughts and feelings of the musi-

cians. Furthermore, we proxied a post-interview stage where designers synthe-

sized the user’s needs. To test the alleged causal properties of empathy in design 

outcomes, we adapted the “empathy map” (Both & Baggereor, n.d.) from its four 
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quadrants (i.e., “say”, “do”, “think” and “feel”) to two (i.e., “think” and “feel”). 

Simultaneously, a detailed understanding of the different EA paradigms was 

needed to adapt them to the design context. Researchers interested in the spe-

cific tools/instructions used in this study are encouraged to revise the Appendix 

section of Study II. 

Study III was an opportunity to implement EA into two additional design 

cases, further showing the flexibility of EA for the contextual nature of design. 

The “thoughts and feelings” categories were rephrased to “design-related and 

non-design-related” categories. This modification allowed us to further test the 

EA of designers towards mental contents related to design vs. those which were 

not. Thus, Studies II and III have included new elements into the EA paradigms, 

such as supporting the conversation by displaying objects, conducting a semi-

structured interview on a very specific topic, and thinking of mental contents in 

other terms than thoughts and feelings.  

For Study IV, we had to consider a different approach than EA to studying 

IA, given that the communication between listeners and musicians is predomi-

nantly non-verbal. Thus, a suitable method for such interaction was ERA. The 

author of this thesis performed and recorded a piano recital in rehearsal and 

recital conditions. The recordings were edited into audiovisual and audio-only 

conditions, given the influence stimuli modality has on perception (Davidson, 

1993; Huang & Krumhansl, 2011; Juchniewicz, 2008; Kwan, 2016; Thompson 

& Luck, 2012; Tsay, 2013, 2014; Vines et al., 2006; Vuoskoski et al., 2016). We 

operationalized ERA as the difference between the musician’s experienced anx-

iety while performing to the listener’s perceived anxiety while listening. In the 

literature of MPA, no previous attempts to do such comparison have been 

found. Study IV expands the methods available to study ERA beyond the use of 

static facial expressions to naturalistic music performances.  

4.2 How accurate are perceivers when inferring the mental expe-
riences of targets? 

Perceivers were rather innacurate when inferring the mental experiences of tar-

gets. Implementing EA in a design context allowed us to observe that designers 

understood with about 50 % EA the mental contents of the musicians. This per-

centage is surprisingly high when compared to previous EA studies done in dif-

ferent contexts and dyads, where accuracy ranges between 20 % – 30 % (Clem-

ents, Holtzworth-Munroe, Schweinle, & Ickes, 2007; Ickes & Hodges, 2013; Ma-

rangoni et al.,1995). We believe this relatively high percentage may be due to 

the highly specific context of the conversations. The interviews focused on the 

musicians’ experiences with reeds and instrumental accessories, rather than 

open-ended conversations. Such narrowed focus of conversation where objects 

could be manipulated and shown may have assisted designers in inferring the 

mental contents of the users. Yet, the average EA observed in design suggests 

that IA in design interactions could be further improved.  

We failed at establishing a link between EA and design outcomes. Our small 

sample (two designers and five users) is a serious limitation. Yet, we hope they 

are indicative for future researchers of what studies with larger samples could 
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test. Relatedly, to extract meaningful conclusions of the relationship between 

EA and design outcomes, future researchers should improve how design out-

comes are defined and measured. Design techniques have been investigated as 

potential tools to foster “empathy” towards users (as we reviewed in Study I). 

However, their predictive properties as empathy-generating tools need to be 

further explored. One approach towards this exploration would be applying 

contemporary psychometric research into the analysis of empathy-generating 

tools, particularly by analyzing validity evidence based on content, based on the 

relationship with other variables and based on the consequences of using these 

techniques (American Educational Research Association, American Psycholog-

ical Association & National Council on Measurement in Education, 2014). The 

creation of solid design-outcomes measuring tools are of great importance for 

future explorations of the link between empathy in design and design outcomes.  

The relation of facial expressions and physiological signals with design out-

comes should be retested with an adequate paradigm. In Study II we made a 

crossover between two forms of EA paradigms. This combination did not show 

meaningful results. Thus, the study of designer’s EA using physiological and 

continuous EA paradigms remains unexplored. Additional physiological indi-

ces, like skin conductance, could be relevant to include in such paradigms. Fa-

cial reactions, alone, are not sufficient indices of participant’s automatic emo-

tions and, therefore, other physiological indices should be considered. 

Study III allowed us to dwell deeper into one conclusion of Study II: users’ 

mental contents may not be all relevant for the purposes of design. EA originally 

categorizes mental contents as thoughts or feelings. In Study III we proposed a 

different categorization better tuned for the design context, by classifying men-

tal contents as design-related mental contents from others. Design-related en-

tries were around a median of 56.11 vs. 31.94 of all other entries. The high accu-

racy of designers may be due to the highly specific context of the design task. 

These numbers must be interpreted cautiously, though, as the design cases were 

different between each other, and participants were not exposed to all three de-

sign cases. Yet, even observing each design case individually, we found support 

to our claim on the influence of the design context.  

Study III contributes in two other ways. First, adapting Icke’s thought-feeling 

categories to design-related and non-design-related categories. This simple 

change, although unprecedented, allowed uncovering the interesting results 

previously pointed at. Second, reporting EA for thoughts and feelings sepa-

rately. This seldomly happens in the literature of EA. The higher accuracy for 

feelings in the visual impairment sub-study may reflect how designers inference 

skills change depending on the design stage. In this sub-study, the focus was 

mostly on the general experience of a person with visual impairment. On the 

other two sub-studies, the focus was narrowed to specific products and less to 

general experiences.  

Results of Study IV showed that in the context of music performance, per-

ceivers were also innacurate when infering a target’s anxiety experience. Table 

10 reveals that listeners consistently underestimated the actual anxiety experi-

ence reported by the musician. Yet, listeners were right in perceiving higher 
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anxiety in the Third movement when compared to the Second movement, as the 

pianist reported more concerns performing the Third movement in contrast to 

the Second movement. Differences in ERA were also identified depending on 

the stimulus modality and the listener’s musical background. But these latter 

two will be further discussed in sub-sections 4.3 and 4.4.  

4.3 What contextual factors affect IA? 

Multimodal perception did not affect the perceiver’s ERA. However, we think 

the effect of multimodal perception cannot be discarded yet. It is worth pointing 

at some methodological choices in Study IV that could account for the null re-

sults. In Study IV we adjusted our p value to .013. The reason being that we 

controlled for family-wise error by dividing .05 times the number of hypotheses 

(i.e., four) (Rubin, 2017). In addition, including empathic concern from the In-

terpersonal Reactivity Index (Davis, 1980) as a covariate into the model testing 

the effect of multimodal perception on ERA could have withdrawn power to de-

tect an effect. Given the exploratory nature of Study IV, in our supplementary 

results we excluded empathic concern as a covariate. The reason being that, at 

least in the EA literature, perceiver’s self-reported empathic dispositions do not 

correlate with their empathic performance skills (Ickes, 2001; Stueber, 2019). 

As a result of removing empathic concern from our model, our p value increased 

to .05 in the supplementary text. 

Supplementary results suggest that listeners obtained higher ERA in the au-

dio-only conditions when compared to the audiovisual conditions. That is, in 

the absence of visual stimulation, listeners were more accurate when inferring 

the anxiety experienced by the musician. Why did their ERA decreased when 

they could see the musician in addition to hearing him? Would it not be ex-

pected that the more sensorial information a perceiver has at their disposal, the 

higher IA they will obtain? This difference could be explained by the “protective 

effects” of the ancillary gestures that perceivers could observe in the audiovisual 

stimuli. An increase in ancillary gestures of a performer have been associated 

with higher perception of expressiveness, interest, dynamics, phrasing, and 

overall musical performance (Juchniewicz, 2008; Broughton & Stevens, 2009). 

Thus, the ancillary gestures displayed by the pianist could have persuaded the 

listeners that he was more in control and absorbed in the performance than 

what he was, hiding the negative experience of anxiety. In fact, in the absence of 

the “distraction” of ancillary gestures, participants gave more accurate ratings 

of the pianit’s anxiety experience.  

Based on the results observed in the design and music studies, the perceiver’s 

background influences their IA. As mentioned in Section 4.2, designers were 

more accurate when inferring design-related entries vs. non-design-related en-

tries. This may suggest that the designers’ background allowed them to identify 

design-relevant cues. Future studies could further explore whether perceivers 

without a design background do not show differences in EA between design-

related and non-design-related entries.  

Study IV suggests that musical background influenced ERA when interacting 

with the piece performed. The ERA obtained by musicians and non-musicians 
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in the Second movement was roughly the same. However, the ERA of perceivers 

with musical background increased in the Third movement, while the ERA of 

perceivers without a musical background decreased for the same movement. 

Perceivers with a musical background could have been more aware of the tech-

nical difficulties posed by the Third movement and deem these as more chal-

lenging than the ones of the Second movement. This interpretation is aligned 

with the pianist’s own appreciation of the higher difficulties posed by the Third 

movement vs. the Second movement. It is unclear why the ERA of listeners 

without a musical background decreased in the Third movement. Taken to-

gether, Studies II-IV suggest that the perceiver’s background and previous ex-

periences are relevant to consider for future IA studies.  

4.4 Future directions and limitations 

In Study I we compiled relevant literature of empathy from psychology and de-

sign. However, other relevant literature could have been omitted. Relatedly, the 

selection of the sources did not follow a random sampling or meta-analytic ap-

proaches. Instead, we built our reference list starting from review articles and 

book chapters in psychology and design, following a snowball procedure, mod-

ifying the text following peer reviewing process, and incorporating new sources 

as we came across them in a three-years interval. Nonetheless, we believe read-

ers will appreciate the compiling effort, the mapping of empathy as an umbrella 

construct, and the advice to approach this concept carefully in future research.  

In Study II the important limitation to mention is the small sample size. Our 

findings are exploratory at this stage and should be interpreted cautiously. How-

ever, future researchers interested in EA should take care of the duration of the 

tasks since each user required approximately four hours to complete all the 

tasks described in Study II. We also deviated slightly from Ickes’ protocol 

(2001), particularly on the role of the designer after each interview. A strict ad-

herence of Ickes’ instructions would have required the designer to infer the 

mental contents of the user right after they reported their remembered thoughts 

and feelings. Yet, since Designer 1 had five musicians to interview, the inference 

step was postponed until completion of interviews to avoid a practice effect. It 

is also important to underscore that user-understanding is a complex process 

where interviews are one of the methods employed (Sanders & Stappers 2014; 

Oygür 2018). Study II had a simplified version of need-finding and so it is not 

very representative of how designers operate in real life. Another important lim-

itation of Study II was the chosen design task. We asked designers to complete 

an empathy map, again as a simplified recreation of tasks designers may carry 

after interacting with a user. Although we collected physiological data using 

EMG, GSR, and ECG, we reported only EMG data due to two reasons: First, the 

GSR sensors used did not allow us to obtain adequate data for pre-processing 

the signal. Second, given time constrains and already long extension of the 

study, we decided to focus only on EMG, given that previous literature have used 

facial muscle movements as an indicator of emotional contagion. Future re-

searchers interested in expanding research of EA in design may revise the ap-

pendices of Study II. We included detailed documentation that allows replica-

tions of our findings or applying our methodology to future studies.  
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The main limitation of Study III is that portraying a unified picture is not 

possible, as there were three very different design cases with different users and 

participants. Yet, this limitation also exhibits the flexibility of EA to adapt to 

different design cases. In Study III we raised two questions which remain open 

for future researchers. One is what constitutes a design-related content. We pro-

posed our own operationalization of what constitutes such content. Inde-

pendently of whether readers agree or not with it, we encourage future designers 

to take care of clearly defining their variables of study. The second question is 

what constitutes a designer. This methodological question is particularly im-

portant for future studies about the effects of design education, comparing de-

signers vs. non-designers, transference of design skills, etc. The realization of 

comparing designers vs. non-designers occur after completing Study IV, where 

we did compare perceivers with musical vs. non-musical background.  

Studies II and III were our first steps into incorporating a quantitative para-

digm to measuring mutual understanding of designers and users in a user-cen-

tered interview. As such, we encountered a series of challenges and limitations 

reported in the articles.  

Lastly, in Study IV we reported limitations on data collection, stimuli’s de-

sign, and generalizability of results. This study, conceived during the COVID-19 

pandemic, focused on how online listeners perceive anxiety. Thus, a careful con-

trol of the listening conditions was not feasible, even though participants were 

instructed to use of headphones, laptop/computers, and avoid distractions. Re-

garding the stimuli, a few observations must be raised. Contrarily to most mul-

timodal music perception studies, we decided not to include video-only condi-

tions; a decision reported previously in the literature (Broughton & Stevens, 

2009; Huang & Krumhansl, 2011). One reason was due to ecological validity. It 

is uncommon to observer performance without any music. The other reason was 

due to time constraints. Just by including audio-only and audiovisual condi-

tions, the study took one hour. Given that it was fully online, we had a concern 

about participant attrition, and so we decided to keep the essential stimuli. Re-

latedly, the audiovisual stimuli did not show the face of the pianist. This de-

prived participants from an important source of expressive information. Yet, we 

decided to blur the face of the pianist to diminish the considerations of data 

protection and because a similar ongoing study will recruit more pianists whose 

faces will be blurred, allowing comparisons with Study IV. Additionally, rating 

1-min musical clips hinders a full appreciation of the piece, yet a compromise 

had to be done to allow feasibility of the study. Finally, researchers interested in 

using our methodology for replication or other future studies may find the stim-

uli used, as well as the MATLAB code used for analyzing their sound properties. 

4.5 Recommendations 

We conclude Section 4 with a few general recommendations based on the results 

of Studies I-IV and previous literature on IA.  
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4.5.1 Ask. Do not assume.  

Asking about someone else’ perspective is an effective way of increasing IA. Yet, 

perspective getting (Damen et al., 2021; Damen, van Amelsvoort et al., 2021) is 

rarely adopted by perceivers. Perceivers confident they will accurately infer a 

target’s mental contents are more likely to be less accurate because they will rely 

on their own knowledge and stereotypes about the target, rather than asking 

directly from them (Damen et al., 2021; Eyal, Steffel, & Epley, 2018). A perceiver 

should be particularly careful when they share similar experiences with the tar-

get because, rather than asking, the perceiver is likely to use their own experi-

ences as a frame of reference when processing the target’s memories, likely bi-

asing this perception, and interfering with processing the new information from 

the target (Damen et al., 2021; Damen, van Amelsvoort et al., 2021; Kang et al., 

2022). The high EA displayed by designers in comparison to previous EA stud-

ies may be explained by the fact that the interaction was not a casual conversa-

tion, but rather an interview where designers were interested in getting the per-

spective of the users. Designers could benefit from approaching a user with cu-

riosity and openness, especially if they are approaching a context, they have had 

previous experience with. Assuming they will know better than a user will lead 

to innacuracies.  

4.5.2 Exemplify and structure. 

Relatedly to Sub-section 4.6.1, we recommend supporting a conversation with 

different resources to exemplify. The display of accessories and instruments 

may have supported the designers’ inferrences. Yet, ways of improving their IA 

should be further investigated as the average 50 % EA allows room for improve-

ment. In addition to supporting the conversation with objects, structuring an 

interview may facilitate paying attention towards relevant information. 

4.5.3 Context matters. 

To conduct IA research in design and music, it was necessary to understand how 

interactions occur in these two contexts. For design, that meant understanding 

what designers meant by empathizing with a user, how designers approach 

them, and what are relevant questions and cues for designers. For music perfor-

mance, it meant considering the effect multimodal perception and musical 

background have on the listener’s perception and choosing an appropriate IA 

measuring approach for the predominantly non-verbal nature of music perfor-

mance. We encourage future IA researchers to be aware of the particularities 

affecting their context of interest.  
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5. General conclusions 

Human cooperation has been key in our evolution. It would not have been suc-

cessful unless we had certain degree of accuracy in understanding each other’s 

mental states. This thesis focused on how to quantify the IA of people interact-

ing in two contexts of interaction: design and music.  

We exemplified how to implement different paradigms of IA into contexts as 

different as design and music performance. We described a series of steps nec-

essary to recreate design and music performance interactions in controlled set-

tings, which allowed quantifying the IA of different dyads. These methods may 

be useful for future researchers interested in investigating IA in other contexts.  

 

A common finding across contexts is that we are rather inaccurate at infer-

ring the mental states of others. Our findings suggest that IA is influenced by 

contextual variables such as the sensorial channel through which dyads interact, 

as well as the background of the perceivers.  
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M., & Holttä- Otto, K. (2020). Empathic accuracy in design: Exploring 

design outcomes through empathic performance and physiology, De-

sign Science, 6. https://doi.org/10.1017/dsj.2020.14  

Chang-Arana, Á. M., Surma-aho, A., Hölttä-Otto, K., & Sams, M. (2022). Under 

the umbrella: Components of empathy in psychology and design. De-

sign Science, 8. https://doi.org/10.1017/dsj.2022.13 

Chang, A., Livingstone, S. R., Bosnyak, D. J., & Trainor, L. J. (2017). Body sway 

reflects leadership in joint music performance. Proc. Natl. Acad. Sci. 

U. S. A. 114, E4134–E4141. https://doi.org/10.1073/pnas.1617657114 

Clark, M. A., Robertson, M. M., & Young, S. (2018) “I feel your pain”: A critical 

review of organizational research on empathy. Journal of Organiza-

tional Behavior, 40, 166–192. https://doi.org/10.1002/job.2348 

Clarke, E., DeNora, T., & Vuoskoski, J. (2015). Music, empathy and cultural un-

derstanding. Physics of Life Reviews 15, 61–88. 

https://doi.org/10.1016/j.plrev.2015.09.001 

Clements, K., Holtzworth-Munroe, A., Schweinle, W., & Ickes, W. (2007). Em-

pathic accuracy of intimate partners in violent versus nonviolent rela-

tionships. Pers. Relatsh., 14(3), pp. 369–388. 

https://doi.org/10.1111/j.1475-6811.2007.00161.x 

Cohen, S., Schulz, M. S., Liu, S. R., Halassa, M., & Waldinger, R. J. (2015), Em-

pathic accuracy and aggression in couples: Individual and dyadic links. 

Fam Relat, 77, 697-711. https://doi.org/10.1111/jomf.12184 

Costanza-Chock, S. (2020). Design Justice. The MIT Press. 

https://www.proquest.com/opeview/43d0b27ac19aacf8754602c6fc61fee2/1?pq-origsite=gscholar&cbl=30487
https://www.proquest.com/opeview/43d0b27ac19aacf8754602c6fc61fee2/1?pq-origsite=gscholar&cbl=30487
https://www.proquest.com/opeview/43d0b27ac19aacf8754602c6fc61fee2/1?pq-origsite=gscholar&cbl=30487
https://doi.org/10.1016/j.destud.2018.03.002
https://doi.org/10.3389/fpsyg.2022.838041
https://doi.org/10.1017/dsj.2020.14
https://doi.org/10.1017/dsj.2022.13
https://doi.org/10.1073/pnas.1617657114
https://doi.org/10.1002/job.2348
https://doi.org/10.1016/j.plrev.2015.09.001
https://doi.org/10.1111/j.1475-6811.2007.00161.x
https://doi.org/10.1111/jomf.12184


References 

45 

Cox, W. J. & Kenardy, J. (1993). Performance anxiety, social phobia, and setting 

effects in instrumental music students. Journal of Anxiety Disorders, 

7, 49-60. https://doi.org/10.1016/0887-6185(93)90020-L 

 

Crits-Christoph, P., Gibbons, M. B. C., Temes, C. M., Elkin, I., & Gallop, R. 

(2010). Interpersonal accuracy of interventions and the outcome of 

cognitive and interpersonal therapies for depression. Journal of Con-

sulting and Clinical Psychology, 78(3), 420–428. 

https://doi.org/10.1037/a0019549 

Cuff, B. M. P., Brown, S. J., Taylor, L., & Gowat, D. J. (2016). Empathy: A review 

of the concept, Emotion Review, 8(2), 144-153. 

https://doi.org/10.1177/1754073914558466 

Dahl, S., & Friberg, A. (2007). Visual perception of expressiveness in musicians’ 

body movements. Music Percept. 24, 433–454. 

https://doi.org/10.1525/mp.2007.24.5.433 

Damen, D., Pollmann, M. M. H., & Grassow, T-L. (2021). The benefits and ob-

stacles to perspective getting. Front. Commun. 6:611187. 

https://doi.org/10.3389/fcomm.2021.611187 

Damen, D., van Amelsvoort, M., van der Wijst, P., Pollmann, M., & Krahmer, E. 

(2021). Lifting the curse of knowing: How feedback improves perspec-

tive-taking. Quarterly Journal of Experimental Psychology, 74(6), 

1054–1069. https://doi.org/10.1177/1747021820987080 

Darwin, C. (1871/1981). The descent of man, and selection in relation to sex. 

U.S.A.: Princeton University Press. 

Davidson, J. W. (1993). Visual perception of performance manner in the move-

ments of solo musicians. Psychol. Music, 21, 103–113. 

https://doi.org/10.1177/030573569302100201 

Davidson, J. W. (2005). “Bodily communication in musical performance,” in D. 

Miell, R. MacDonald & D. J. Hargreaves (eds.), Musical Communica-

tion (pp. 215-237). Oxford: Oxford University Press.  

Davidson, J. W. (2007). Qualitative insights into the use of expressive body 

movement in solo piano performance: A case study approach. Psychol-

ogy of Music, 35(3), 381-401. 

https://doi.org/10.1177/0305735607072652 

Davis, M. H. (1980). A multidimensional approach to individual differences in 

empathy. JSAS Catalog of Selected Documents in Psychology. 10(85). 

Retrieved from http://www.uv.es/~friasnav/Davis_1980.pdf (Ac-

cessed April 26, 2022). 

Davis, M. H. (2006). Empathy. In J. E. Sets, and J. H. Turner (Eds.). Handbook 

of the sociology of emotions (pp. 443-466). U.S.A.: Springer.   

https://doi.org/10.1016/0887-6185(93)90020-L
https://psycnet.apa.org/doi/10.1037/a0019549
https://doi.org/10.1177/1754073914558466
https://doi.org/10.1525/mp.2007.24.5.433
https://doi.org/10.3389/fcomm.2021.611187
https://doi.org/10.1177/1747021820987080
https://doi.org/10.1177/030573569302100201
https://doi.org/10.1177/0305735607072652
http://www.uv.es/~friasnav/Davis_1980.pdf


 

46 

Devecchi, A. & Guerrini, L. (2017). Empathy and design. A new perspective. The 

Design Journal, 20(1), S4357–S4364. 

https://doi.org/10.1080/14606925.2017.1352932 

Eyal, T., Steffel, M., & Epley, N. (2018). Perspective mistaking: Accurately un-

derstanding the mind of another requires getting perspective, not tak-

ing perspective. Journal of Personality and Social Psychology, 114(4), 

547–571. https://doi.org/10.1037/pspa0000115 

Fernholz, I., Mumm, J. L. M., Plag, J., Noeres, K., Rotter, G., Willich, S. N., et 

al. (2019). Performance anxiety in professional musicians: A system-

atic review on prevalence, risk factors and clinical treatment effects. 

Psychol. Med. 49, 2287–2306. 

https://doi.org/10.1017/S0033291719001910 

Fila, N. D., & Hess, J. L. (2014). Exploring the role of empathy in a service-

learning design project, Design Thinking Research Symposium, 10. 

Retrieved from https://docs.lib.purdue.edu/cgi/viewcontent.cgi?arti-

cle=1037&context=dtrs 
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