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Abstract 

 

Lee Soryoo  

Graduate School of Psychology  

Seoul National University 

 

Middle-aged individuals may experience changes in cognitive and physical abilities, 

making regular exercise essential for maintaining health and well-being. Access to social 

support plays a critical role in boosting exercise motivation. However, not everyone can 

access such resources, and robotic assistance can help bridge these gaps. Studies suggest that 

humanoid robots hold potential as exercise assistants, particularly in contexts requiring body 

movement monitoring or personalized feedback. According to the theory of social presence, 

with the appropriate use of nonverbal expressions, robots can be perceived as social entities 

capable of providing social support, subsequently promoting exercise motivation.  

However, no prior research has explored the effects of robots’ nonverbal expressions on 

exercise motivation and user experience in the context of exercise. Thus, this study aims to 

examine the effects of robots’ nonverbal expressions on middle-aged adults’ exercise 

motivation and user experience, as well as to determine which types of nonverbal expressions 

are more effective in enhancing exercise motivation and user experience in middle-aged 

adults.  

Study 1 examined the effects of the robot exercise partner’s communication methods 

(verbal vs, verbal and nonverbal) on exercise motivation and user experience. A control 

condition was included in which participants engaged in physical activity without a robot. 

Study 2 further categorized the robot’s nonverbal interactions into kinesics, haptic, and 
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oculesics, examining which was most effective in increasing exercise motivation.  

As a result, in Study 1, exercise motivation significantly improved in the robot condition 

with verbal and nonverbal expressions, and the change in exercise motivation significantly 

differed from the control condition. Although the robot condition with both verbal and 

nonverbal expressions received higher user experience scores, the difference was not 

statistically significant. In Study 2, exercise motivation significantly increased in the 

oculesics condition. Additionally, user experience was significantly higher in the oculesics 

condition compared to the kinesics condition. 

This research highlights the importance of nonverbal expressions in exercise partner 

robots for enhancing exercise motivation and suggests a cost and energy-efficient robot 

design. Furthermore, findings show that improving exercise motivation helps people stick to 

exercise routines. Encouraging healthy habits in middle age can continue into old age, 

making it a useful strategy for successful aging. 

 

Keywords : Exercise Motivation, User Experience, Social Presence, Nonverbal Expressions, 

Oculesics, Robot Exercise Partner, Middle-aged 

Student Number : 2022-21824 
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Chapter 1. Introduction 

Physical activity is crucial for middle-aged adults, a stage often associated with 

emotional, cognitive, and physical challenges. Midlife crises commonly involve feelings of 

anxiety, depression, and stress (Jaques, 2018; Levinson et al., 1986). Cognitive abilities, like 

memory and processing speed, tend to decline as the brain undergoes natural aging 

(Knopman et al., 2001). Similarly, physical changes like muscle loss and reduced bone 

density increase the risk of chronic illnesses and disabilities (Tieland et al., 2018; Alcazar et 

al., 2020). Regular exercise helps manage these challenges by boosting mood, supporting 

cognitive function, and delaying physical decline (Colcombe et al., 2004; de Oliveira et al., 

2019). Building exercise routines during middle age is also crucial for maintaining long-term 

health and fostering healthy aging. 

Despite the well-established benefits of physical activity for middle-aged adults, the 

World Health Organization (2022) reported a global decline in physical activity across all 

regions and genders with increasing age among adults aged 18 to 70 and older. This decline 

is further influenced by reduced exercise motivation, which tends to decrease with age 

(Scholes & Mindell, 2012). People engage in physical activities for various reasons, such as 

feeling a sense of achievement, finding joy, or being part of the community (Curry & Weiss, 

1989; Vallerand, 2008; Rhodes & Dickau, 2012; Michie et al., 2013; Gavin et al., 2014; 

Eynon et al., 2019). However, maintaining motivation can be difficult.  

Social support is critical in overcoming barriers to exercise and sustaining 

motivation. Previous studies have consistently shown that encouragement from others 

significantly increases the likelihood of engaging in regular physical activity (Cohen-

Mansfield et al., 2004; Eynon et al., 2019; Scarapicchia et al., 2017; Gjestvang et al., 2021; 
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Tallis et al., 2022). Social support also enhances long-term participation in exercise routines 

(Roh & Moon, 2020; Tian & Shi, 2022). Encouragement from friends or fitness coaches 

enhances intrinsic motivation, the inherent satisfaction of an activity (Ryan & Deci, 2000). 

Intrinsic motivation, rather than external rewards, is a strong predictor of exercise adherence 

in the long term (Yu, 2012; Vatankhah & Tanbakooei, 2014; Choi, 2018; Lin, 2020; Kim & 

Seong, 2020; Park & Kim, 2024). In a broader context, social support enhances self-

determined motivation, which is crucial for sustained exercise satisfaction and adherence 

(Roh & Moon, 2020; Choi, 2023). Further details on this relationship will be discussed in the 

later sections. 

However, despite the importance of social support, it decreases with age, and more 

middle-aged adults live alone due to factors such as divorce, separation, and widowhood 

(Abell & Steptoe, 2021). Human supporters are in high demand but limited in supply; robotic 

assistance can help fill this gap. Robots provide support across fields, acting as partners, 

coaches, and intelligent assistants (Pieskä et al., 2012). In sports, robots have been utilized 

in dance (Kosuge, 2008), skiing, and gymnastics (Hasegawa et al., 2000), and other areas. 

However, current applications of robots in sports are limited, focusing mainly on assisting 

with specific movements, for instance, swing practice or enhancing exercise performance. 

Additionally, research on exercise-assisting robots has primarily targeted older adults 

undergoing rehabilitation, presenting another limitation. 

Understanding how middle-aged adults experience exercise partner robots is important 

for promoting physical activity and building active habits. This exploration is also important 

for reducing public health costs and improving productivity among middle-aged adults. As 

previously mentioned, social support is important for increasing exercise motivation. 

According to social presence theory, a non-human object must use nonverbal expressions to 
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be perceived as a social agent. Thus, nonverbal expressions enhance human-robot 

communication. Urakami and Seaborn (2023) note that nonverbal cues such as body 

language increase and enhance social presence. Applied to the exercise field, robots that use 

these communication modes can better be perceived as social entities, thereby increasing 

exercise motivation in people. 

Prior studies have also shown that robots' nonverbal expressions positively impact the 

user experience by fostering emotional connections, intuitive interactions, clear 

communication, enhanced social presence, anthropomorphism, emotional transfer, and 

immersion (Corrales-Paredes et al., 2023; Dautenhahn, 2007; Jeong et al., 2015; Knight et 

al., 2009; Lee et al., 2006). Despite substantial evidence that robots' nonverbal expressions 

can enhance exercise motivation and user experience, research in the sports field on this topic 

remains insufficient. The current study aims to address this gap. 

The exercise context relies heavily on body movement, making verbal communication 

challenging and highlighting the importance of nonverbal body language. Effective 

nonverbal expressions from robots can facilitate immediate and efficient communication 

during physical activities, enhancing user experience and motivation. Identifying the most 

impactful nonverbal expressions is essential to optimize robot design for cost and energy 

efficiency. For instance, implementing gaze capabilities can be costly due to the motors 

required for each degree of freedom (Breazeal et al., 2004; Dautenhahn et al., 2009; Kozima 

et al., 2009). Designers often simplify these systems to balance complexity and cost. 

Therefore, comparing various nonverbal expressions can help determine which are most 

effective for improving exercise motivation and user experience. 
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Chapter 2. Related Work 

 

2.1. Psychological Challenges in Middle-aged Adults 

A midlife crisis can arise from major life events, health issues, or career-related concerns, 

leading to significant psychological distress (Jaques, 2018). Current research emphasizes this 

period as one of reflection and re-evaluation of the future, often accompanied by anxiety, 

depression, and stress (Levinson et al., 1986; Weaver, 2009). This phase, known as the 

midlife transition, involves re-evaluating life structures such as marriage and career, often 

linked to feelings of disappointment and cynicism. Some individuals may even experience 

feelings of irreversible loss (Freund & Ritter, 2009; Levinson et al., 1986). 

Numerous studies have highlighted the psychological challenges faced during midlife. 

Roh and Jang (2018) found that middle-aged women experience significant stress due to 

physiological changes and the pressures of fulfilling essential family roles. This combination 

increases their risk of feelings of helplessness and depressive states. Similarly, middle-aged 

men who fulfill roles as fathers, husbands, providers, and professionals often encounter 

heightened tension and pressure (Song, 2008). This life phase involves re-evaluating 

marriage, family, past achievements, and future goals, leading to symptoms such as anxiety, 

depression, reduced concentration, fatigue, sleep disturbances, restlessness, and loss of 

interest and confidence. Additionally, middle-aged men report economic, social, 

psychological, and physical difficulties (Lee, 2013). 

From a cognitive perspective, aging in the frontal lobe and weakened brain connectivity 

lead to declines in verbal fluency, processing speed (Knopman et al., 2001), fluid intelligence 

(Nettelbeck & Burns, 2010), executive functions (such as attention shifting, planning, and 

problem-solving), and memory (Gunstad et al., 2006). 
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2.2. Relationship of Physical Activity and Mental Health 

Physical activity positively affects mental health and reduces depression (de Oliveira et 

al., 2019). Studies indicate that sports activities benefit psychological factors and lower the 

risk of depression (Duman, 2005). Byeon et al. (2011) showed that individuals participating 

in sports activities had higher levels of ego-resilience than non-participants, suggesting that 

sports strengthen ego-resilience. Furthermore, Kim and Lee (2011) reported that engaging in 

activities such as bodyweight exercises and ball sports enhances emotional well-being. Park 

and Kim (2010) demonstrated that dance activities increase happiness among middle-aged 

women. Lim (2010) explained that active physical activity induces positive cognitive and 

emotional states, contributing to happiness through mood improvement and emotional 

changes. Oh and Shin (2008) proposed that active physical activities improve positive 

emotions, adaptive self-regulation, and confidence, thus enhancing subjective well-being. 

Additionally, Kim and Lee (2008) found that regular physical activity promotes 

psychological happiness by boosting self-esteem, reducing anxiety, and fostering healthy 

personality development. 

Physical activity also plays a key role in preventing and mitigating cognitive decline. 

Regular exercise helps maintain cognitive function in adults and reduces the risk of diseases 

like dementia (Sofi et al., 2011). Additionally, interventions combining proper nutrition with 

exercise improve overall cognitive function in middle-aged adults experiencing cognitive 

decline (Liu et al., 2021). Colcombe et al. (2004) found that increased cardiovascular fitness 

positively influences activity in the prefrontal and parietal cortical regions associated with 

spatial selection and inhibitory control, as well as in the anterior cingulate cortex, which 

monitors conflicts and signals adjustments within the attentional system. These findings 

suggest that cardiovascular fitness enhances brain plasticity in aging individuals, potentially 
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slowing both biological and cognitive aging. Northey et al. (2018) supported the positive 

impact of physical exercise on cognitive health through a meta-analysis of 36 studies, 

analyzing 333 dependent effect sizes (effect size = 0.29; 95% CI [0.17, 0.41]; p < 0.01). The 

analysis showed that aerobic exercise, resistance training, multicomponent training, and Tai 

Chi each significantly benefited cognitive function. Notably, for participants over 50, 

physical exercise improved cognitive function across various cognitive domains. Specifically, 

resistance training significantly enhanced executive function, memory, and working memory, 

while Tai Chi demonstrated notable benefits for working memory. 

These findings underscore the critical role that various forms of physical exercise play 

in enhancing cognitive abilities, particularly in older adults (Northey et al., 2018). Moreover, 

engaging in physical exercise at least three times per week is linked to a reduction in dementia 

risk of up to 32% (Adams et al., 2023; Marselle et al., 2013; Murray & Cardinale, 2015; Zhao 

et al., 2014). 

 

2.3. Effects of Exercise on Physical Health in Middle-aged Adults 

Muscle degradation starts in both men and women after reaching 40 years of age. 

(Alcazar et al., 2020; Metter et al., 1997). This decline can lead to limitations in mobility and 

disabilities (Alcazar et al., 2021; Foldvari et al., 2000), hospitalization (Losa-Reyna et al., 

2022), and an increased risk of mortality (Alcazar et al., 2021; Kuo et al., 2006), highlighting 

the need for preventative measures. Reduced excitability of the motor cortex also causes 

declines in motor coordination and balance (Kossev et al., 2002). Additionally, 

cardiopulmonary function gradually declines with age, limiting exercise capacity and daily 

physical activities. Skeletal density decreases with age, increasing the risk of osteoporosis 

and fractures (Tieland et al., 2018). The function of the neuromuscular junction, responsible 
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for connecting nerves and muscles, weakens with age, impairing nerve signal transmission, 

reducing muscle contraction capability, and leading to declines in motor functions (Gonzalez-

Freire et al., 2014). Physical activity effectively addresses these issues. 

Regular exercise reduces the incidence of cardiovascular diseases, cancer, obesity, and 

the onset of metabolic syndrome (Kollia et al., 2018; Patel et al., 2019; Xu et al., 2019). 

Specifically, exercise helps maintain or increase muscle mass and strength, improving 

neuromuscular junction function (Gonzalez-Freire et al., 2014). Weight-bearing exercises 

increase bone density, reducing the risk of osteoporosis (Tieland et al., 2018). Additionally, 

aerobic exercises strengthen cardiopulmonary functions (Seidler et al., 2010), and balance 

training improves motor coordination and balance, reducing the risk of falls (Kossev et al., 

2002). Exercise may also delay mobility limitations and further disability, enabling 

independent living to continue (Bennett & Winters-Stone, 2011). Thus, physical activity not 

only helps individual middle-aged adults prevent and address health issues but also serves as 

a crucial public health concern from a preventative perspective (Adams et al., 2023). 

However, despite the benefits of physical activity, many individuals still do not engage 

in sufficient exercise, highlighting the need to explore ways to enhance their exercise 

motivation. 

 

2.4. Exercise Motivation and Adherence 

Motivation in exercise involves not only enhancing the psychological drive to exercise 

but also translating it into sustained behavioral outcomes such as participation and adherence. 

While initial motivation may be a trigger for individuals to start exercising, long-term 

adherence is critical for reaping the full benefits of physical activity. This involves 

maintaining consistent routines and integrating exercise into daily life. For instance, even if 
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an individual begins exercising to lose weight or improve physical fitness, maintaining a 

consistent exercise routine over time is essential for achieving and sustaining the benefits of 

physical activity. Additionally, sustaining the positive effects of physical activity requires 

ongoing exercise adherence. 

Motivation refers to the inner drive that initiates goal-directed actions and sustains these 

behaviors over time (Yu, 2006). Exercise motivation specifically encompasses the direct and 

indirect reasons for engaging in physical activities, serving as the force behind consistent 

participation and effective performance (Kim & Seong, 2020; Hwang, 2013). It includes 

various intrinsic and extrinsic factors, such as the desire for improved health, social 

interaction, or personal achievement. 

Exercise motivation extends beyond a mere psychological push; it also predicts the 

likelihood of engaging in regular exercise and sustaining participation over time. Empirical 

studies highlight this relationship: Shin (2014) found that exercise motivation positively 

influences exercise adherence, while Lee et al. (2013) reported that external display, 

achievement, health, and physical fitness positively affect exercise sustainability in dance 

sport participants. 

Exercise adherence goes beyond participation to include achieving personal outcomes 

such as health improvement, stress relief, and self-actualization (Yu, 2012). Among the 

factors influencing adherence, exercise motivation consistently emerges as a key predictor 

(Kim & Kim, 2021). However, exercise motivation does not always lead to sustained 

engagement. Negative experiences, loss of interest, or waning determination can cause 

individuals to discontinue exercise, highlighting the need for additional factors to support 

adherence.  

On such factor is social support, which has been shown to enhance both exercise 
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motivation and long-term participation (George et al., 2013; Tian & Shi, 2022). Social 

support positively impacts intrinsic motivation – a key predictor of adherence- by providing 

encouragement, accountability, and connection (Choi, 2018; Kim & Seong, 2020; Park & 

Kim, 2024; Yu, 2012). 

Self-Determination Theory (SDT) provides a framework for understanding the role of 

social support. According to SDT, satisfying basic psychological needs for autonomy, 

relatedness, and competence enhances self-determined motivation, particularly intrinsic 

motivation. Social support contributes to meeting these needs by fostering a sense of 

connection, reinforcing personal competence, and supporting autonomous decision-making. 

Increased self-determined motivation, in turn, predicts greater engagement in and adherence 

to exercise (Roh & Moon, 2020).  

 

2.5. Social Support and Exercise Motivation 

Social support is defined as the assistance and care received within an individual’s social 

network (Cohen & Matthews, 1987). This support includes emotional, instrumental, and 

informational assistance (Schwarzer & Knoll, 2007). Social support influences attitudes 

toward physical activity, beliefs about one’s ability to engage in specific behaviors, and the 

mobilization of resources needed to take action (Duncan et al., 2005; Scarapicchia et al., 

2017). 

According to Lox et al. (2019) social support is the most important form of social 

influence in exercise and other physical activity environments, playing a crucial role in health 

behaviors (Cohen et al., 2000; Holt & Hoar, 2006). 

Support from social entities such as family, friends, coaches, and peers effectively 

increase exercise motivation. Engaging in physical activity with others, rather than alone, 
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boosts motivation. For example, support from family and friends (Cousins, 1995, 1996; 

Kirkby et al., 1999; Newson & Kemps, 2007; Tallis et al., 2022) and support from 

professionals (Cousins, 1995, 1996; Cohen-Mansfield et al., 2004; Newson & Kemps, 2007) 

significantly motivate individuals to exercise. The National Sports for All Survey (2018) 

reported that the most influential factors in promoting exercise participation were ‘friends’ 

(32.9%) and ‘family/relatives’ (22.5%), highlighting social support as a key factor in 

enhancing exercise motivation to increase participation (Roh & Moon, 2020). Additionally, 

a meta-analysis found that high social support predicts motivation to participate in physical 

activity, contributing to well-being and promoting health-enhancing behaviors (Bender et al., 

2019; Mendonça et al., 2014; Lindsay Smith et al., 2017). 

One study found that the influence of social support on increasing exercise motivation 

was more significant than other factors, such as self-efficacy and stress reduction (Kirkby et 

al., 1999). This applies to older adults as well, who often cite social support as a key factor 

for motivation to engage in physical activity (Cardenas et al., 2009; Costello et al., 2011; 

Devereux-Fitzgerald et al., 2016). This effect extends to patients in rehabilitation settings. 

Studies of residents in rehabilitation centers have shown that social support significantly 

increases exercise motivation, identifying it as a more important predictor of motivation than 

individual competency (Inui et al., 2022). 

Social support is also related to exercise participation. A literature review examining the 

relationship between social support and physical activity indicates that these two concepts 

are inseparably linked and predominantly exhibit a positive relationship (George et al., 2013). 

Peer support interventions, for example, have been effective in increasing physical activity 

and aerobic capacity among older adults (Neil Thomas et al., 2012). Moreover, researchers 

have provided additional evidence of this positive relationship across diverse populations, 
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ranging from adolescents to older adults (King et al., 2008; Orsega-Smith et al., 2007; 

Sharma et al., 2009). 

Social support not only increases the quantity of physical activity but also promotes 

continuous engagement. Participants who received peer support for 16 weeks continued to 

engage in moderate-intensity physical activity for over a year after the intervention, whereas 

those who did not receive this support reverted to baseline exercise levels (Buman et al., 

2011). In conditions where participants demonstrated unconditional support for each other, 

they showed marked improvements in physical function and motivation to engage in physical 

activity compared to the control condition (no robot) (Kamegaya et al., 2014). A study 

conducted in China during the COVID-19 pandemic surveyed 459 individuals and revealed 

that social support is an important predictor of exercise adherence and the formation of 

exercise habits (Tian & Shi, 2022). Ultimately, social support enhances exercise motivation 

and fosters long-term exercise adherence. 

Despite the critical role of social support as a significant predictor of exercise motivation, 

it tends to decline with increasing age. Koo (2008) reported that family support among 

middle-aged women was lower than that observed in cancer patients. In light of personnel 

shortages necessary to support this population, humanoid robots capable of providing social 

assistance have emerged as a potential alternative for workforce replacement. For robots, 

rather than humans, to effectively deliver social support, individuals must perceive robots as 

social entities akin to humans. The theory of social presence offers a framework for enabling 

this perception. 
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2.6. Impact of Social Presence and Nonverbal Expressions of Robots on 

Human Behavior 

Social presence is defined differently depending on the researcher and field. For 

example, Biocca (1997) defined social presence as the subjective experience of being present 

with a real person and accessing their thoughts and emotions. Others define it as the degree 

to which an agent is perceived as a real person during interactions (Kumar & Benbasat, 2002; 

Lee, 2004; Short et al., 1976). In this study, we focus on interactions between robots and 

humans, adopting a definition that emphasizes the robot’s perceived social and emotional 

engagement. 

Initially, social presence theory was used primarily in media and communication 

research (Nass et al., 1994; Short et al., 1976). It has since been applied to various domains, 

including education and psychology, to enhance learning outcomes in online environments 

and understand users' psychological engagement (Kreijns et al., 2022; Tu & McIsaac, 2002; 

Zhao et al., 2014). More recently, it has been extended to areas involving artificial 

intelligence, chatbots, and robots (Kang, 2021). Foundational work, such as Nass and Moon 

(2000), showed that humans often apply social norms and attributions to machines, 

perceiving them as social entities. Similarly, Reeves and Nass (1996) demonstrated that 

people treat computers and media as human-like, a phenomenon relevant to understanding 

how users perceive and engage with social robots. 

The increased social presence of robots, achieved through nonverbal expressions, 

enables people to perceive robots as human-like entities. Consequently, the support provided 

by robots functioning as social beings can positively influence motivation and user 

experience, similar to the social support provided by humans (Jeon et al., 2024; Liu et al., 

2023).) For example, one study demonstrated that feedback styles in robotic fitness coaching, 
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particularly verbal feedback, directly impact exercise intensity and motivation (Lee, Park et 

al., 2024). Sackl et al. (2022) found similar effects in sports training sessions, where robots 

enhanced motivation through verbal and social interactions.  

However, earlier research has focused on robots’ verbal expressions without detailing 

the impact of nonverbal expressions from robots on human behavior. Social presence theory 

emphasizes nonverbal expressions as key factors in enabling robots to achieve social 

presence. For instance, social robots like Pepper (Softbank Robotics, Japan) or Jibo (Jibo Inc., 

US) use nonverbal expressions—such as eye contact (oculesics), body language (kinesics), 

tactile language (haptics), and appearance—to establish a social presence. Urakami and 

Seaborn (2023) note that these nonverbal expressions breathe “life” into robots, making them 

perceived as social entities rather than mere machines. Similarly, Serfaty et al. (2023) found 

that nonverbal cues like eye movements and facial expressions enhance the perceived 

importance of a robot’s social presence. Another study showed that proxemic nonverbal 

expressions positively impacted perceptions of robots’ social presence (Fiore et al., 2013). 

Winkle et al. (2020) further highlighted that the interactive capabilities of social robots, such 

as verbal guidance during running exercises, significantly enhance user motivation compared 

to conditions without robot assistance. These findings suggest that integrating verbal 

feedback alongside human guidance could improve participants’ engagement and adherence 

to exercise routines.  

In a study on long-term interactions, participants’ perception of social presence with a 

robot that used nonverbal expressions during chess games improved over time (Leite et al., 

2009). Stacey (2001) found that in e-learning environments, increased social presence 

through message exchange among learners fosters a sense of belonging and intimacy, thereby 

strongly motivating learning. Similarly, one study found that in physical rehabilitation 
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coaching, iterative feedback from social robots not only increases adherence but also exercise 

intensity marked by increased walking speed, suggesting that the motivational effects of 

robotic coaching extend beyond traditional domains of learning (Lee, Siewiorek et al., 2024). 

In summary, nonverbal expressions enhance social presence, and perceiving someone 

as human-like improves motivation and user experience. However, research focusing on 

robots' nonverbal expressions has been limited. Furthermore, in the exercise domain, there 

has been a lack of studies specifically examining robots' nonverbal expressions. The 

following sections will explore various nonverbal expressions of robots and their respective 

impacts on motivation and user experience. 

 

2.7. Nonverbal Expressions of Robots and Motivation 

Nonverbal expressions refer to communication methods that do not rely on words, 

including facial expressions, gestures, body language, eye contact, and physical distance.  

These expressions encompass various types and distinctions, yet no single unified category 

exists (see Table 1). Nonverbal expressions are considered more important than verbal 

expressions in communication. Mehrabian (1981) reported that nonverbal elements account 

for up to 93% of the impact of communication. Specifically, nonverbal bodily expressions 

that engage visual elements have a greater impact compared to vocal tones and other auditory 

nonverbal cues, accounting for 55% of communicative influence compared to 7% for verbal 

content and 38% for vocal tones (Mehrabian, 1981). Supporting this, numerous studies in 

Human-Robot Interaction (HRI) research have explored the use of nonverbal bodily 

expressions. Early HRI studies focused primarily on nonverbal signals such as eye contact 

and nodding (Riek et al., 2010), while more recent research has expanded to include touch, 

proxemics (Sardar et al., 2012; Nie et al., 2012), and kinesics. 



 

１５ 

 

Oculesics refers to eye-related behaviors such as eye contact and gaze (Teel, 2011). 

Haptics involves communication through touch (Thayer, 1986). Proxemics considers the use 

of space around us, with interpersonal distance being a primary element (Burgoon et al., 

1984). Kinesics encompasses communication through gestures, movements of the head or 

body, and posture (Andersen, 1999; Birdwhistell, 2010). 

 

Table 1 

Classification of Nonverbal Expressions 

Name (years) Classification 

Ruesch & Kees (1972) 

Sign Language (Gestures) 

Action Language (Body Movement) 

Object Language (Tools, Dress, etc.) 

Andersen (1999) 

Kinesics (Facial Expressions, Gestures, Interactional Synchrony) 

Physical Appearance 

Oculesics (Eye Contact, Pupil Dilation, Eye Movements) 

Proxemics (Territoriality, Crowding and Density, Personal Space) 

Haptics (Types of Touch, Touch Avoidance) 

Environment (Macro, Micro) 

Chronemics 

Olfactics 

Vocalics 

Wrench et al. (2020) 

Haptics (Touch) 

Vocalics (Voice) 



 

１６ 

 

Kinesics (Body Movement and Gestures) 

Oculesics / Facial Expressions (Eye and Face Behavior) 

Physical Appearance 

 

Research across various fields has demonstrated that nonverbal expressions by robots 

can enhance motivation. For example, Nakagawa et al. (2011) studied the impact of a robot’s 

tactile nonverbal cues on motivation during tasks. Participants were instructed to perform the 

monotonous task of repeatedly dragging a gray circle from the left side of the screen to a 

square on the right. Under conditions where the robot provided active touch functions, 

participants showed increased motivation, completed more tasks, and stayed on task longer. 

Studies in the education sector have also explored how nonverbal expressions in robots 

influence learning motivation. For instance, when educational robots displayed nonverbal 

cues such as nodding, participants increasingly perceived the robot as a socially interactive 

entity, positively affecting their motivation to learn (Saerbeck et al., 2010). In the 

communication sector, research has investigated how robots’ nonverbal expressions such as 

nodding, leaning, physical contact (e.g., patting the head or shaking hands), and gaze fixation 

positively affect participants’ perception of robots as conversation partners, fostering 

interaction motivation (Jeong et al., 2015). There have also been studies in the sports sector 

examining how nonverbal expressions in robots affect exercise motivation. Süssenbach et al. 

(2014) found that motivation in cycling groups with a robot present was significantly higher.  

However, a limitation of this study was that it did not differentiate between the robot’s 

nonverbal and verbal expressions. Thus, there remains a gap in the sports domain regarding 

how nonverbal expressions by robots specifically affect exercise motivation. 
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2.8. Nonverbal Expressions of Robots and User Experience 

Many studies on AI products have concluded that nonverbal expressions lead to positive 

user experiences. This can be attributed to many reasons. In HRI and psychology, nonverbal 

expressions are believed to enhance user experience through enhancement of social presence, 

emotional connection, intuitiveness of interaction, clarity of communication, 

anthropomorphism, emotional contagion, facilitation of immersion, and a sense of trust and 

safety (Admoni & Scassellati, 2017; Dautenhahn, 2007; Kleinke, 1986; Knight et al., 2009; 

Lee et al., 2006; Maran et al., 2019; Mutlu et al., 2006; Mutlu et al., 2009; Prochazkova et 

al., 2018; Shim et al., 2021; Sidner et al., 2005). For example, studies using robots like Paro 

and AIBO show that haptic nonverbal cues in robots lead to improved human-robot 

relationships (Fujita, 2004; Wada & Shibata, 2007). Dautenhahn (2007) explains that 

nonverbal interaction plays a critical role in human-robot interaction. Behaviors like eye 

contact, facial expressions, and gestures allow interactions between humans and robots to 

flow more naturally, leading to more positive user experiences. Nonverbal communications 

are closely linked to how humans naturally interact with each other. The more effective a 

robot is in employing these strategies, the better the user experience it provides (Cooney et 

al., 2015; Silvera-Tawil et al., 2014). 

Haptic stimulation plays a vital role in human interaction (Field, 2001). Previous studies 

on robots have shown the positive effects of tactile nonverbal communication on improving 

how the robot is perceived (Chen & Kemp, 2010; Wada et al., 2004). Haptic nonverbal 

expressions, such as patting, allow robots that respond to emotional expressions to elicit 

social reactions, foster a closer relationship in human-robot relationships, and positively 

impact interactions (Parshall, 2003; Wada et al., 2005; Tanaka et al., 2007; Kanda et al., 2004). 

Oculesics is an important nonverbal communication tool as well in human-robot 
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interaction (HRI). For instance, gaze parameters are often used to improve user experience 

(UX) (Admoni & Scassellati, 2017; Andrist et al., 2014). Generally, oculesics is perceived as 

a variable that enhances intimacy with the robot and leads to a positive user experience. 

However, unlike previous studies, Koller et al. (2023) investigated user experience in relation 

to robot eye contact and found no significant difference in user experience based on oculesics. 

In fact, prolonged staring may even cause discomfort for users.  

Gestures and body movements are another essential component for robots in conveying 

emotions and intentions as it provides signals that humans can intuitively respond to, 

fostering a positive user experience. For example, when robots utilize gestures to offer 

positive feedback or signals understanding of human emotions, users can interact with robots 

more closely. Marmpena et al. (2018) argued that nonverbal communication, like body 

language, is an inalienable component of conveying emotions, and integrating such 

characteristics into HRI can enhance user experience and improve HRI.  

In summary, robots' nonverbal expressions are generally considered to lead to positive 

user experiences. However, there is a need to further disambiguate the mixed results 

regarding the impact of specific nonverbal cues on user experience. Additionally, although 

many researchers have emphasized different aspects of nonverbal communication, no study 

has examined the importance of nonverbal expressions when a robot acts as an exercise 

partner, and identify which specific nonverbal expressions have a relatively greater impact. 
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2.9. Present Study 

This study aims to investigate the effects of nonverbal communication in robots on 

exercise motivation and user experience. To achieve this, two studies were conducted. 

Study 1 divided participants into three conditions: one exercised with a robot providing 

only verbal expressions, another with a robot providing both verbal and nonverbal 

expressions, and a control condition (no robot) that engaged in independent exercise for 

baseline comparison. The hypotheses for Study 1 are as follows:  

 

H1-1: Both verbal and nonverbal expressions provided by the robot will further 

enhance exercise motivation in middle-aged adults. 

H1-2: Both verbal and nonverbal expressions provided by the robot will further 

enhance user experience in middle-aged adults 

 

Study 2 aimed to elucidate which nonverbal expressions (kinesics, haptic, oculesics) 

had a more positive impact on exercise motivation and user experience. The hypotheses for 

the second study are as follows: 

 

H2-1: The degree to which exercise motivation is enhanced in middle-aged adults 

will differ based on the type of nonverbal expressions provided by the robot. 

H2-2: The degree to which user experience is enhanced in middle-aged adults will 

differ based on the type of nonverbal expressions provided by the robot.
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Chapter 3. Study 1 

 

3.1. Method 

3.1.1. Participants 

A total of 67 individuals participated in this study. Participants were recruited through 

online community boards and campus bulletin board posters, targeting healthy middle-aged 

adults capable of engaging in physical activity. Participation in the study was fully voluntary, 

and all data were securely managed by the principal investigator in accordance with ethical 

guidelines.  

The participants spent a total of 30 minutes on exercise and survey completion. The 

experiment was halted if the robot stopped functioning or participants encountered 

movement difficulties. Consequently, out of the 67 initial participants, three were excluded 

from the final analysis, resulting in a final sample of 64 participants (Nmale = 33, Mage = 

51.62). Descriptive statistics for each condition are presented in Table 2. After the experiment, 

participants received a 5,000 KRW gift voucher or an equivalent e-coupon as a token of 

appreciation. 

Table 2  

Descriptive Statistics for Study1 

Condition n Age (Mean) Min Max 

Verbal Expressions 22 53 41 63 

Verbal and Nonverbal Expressions 21 51 41 59 

Control Condition 21 50 40 63 
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 3.1.2. Experimental Design 

The first study was conducted using a between-subjects design. The first condition, 

labeled as the “verbal expression” condition, received only verbal instructions from the robot. 

Participants engaged in physical activities with a robot that provided verbal exercise guidance 

while remaining stationary without any movements. 

The second condition, labeled as the “verbal & non-verbal expression” condition, 

received both verbal and non-verbal expressions from the robot. Participants engaged in 

physical activities with a robot that communicated through both speech and non-verbal cues. 

The third condition, labeled as the “no robot” condition, served as a control condition, 

where participants exercised without the presence of a robot. Participants were randomly 

assigned to one of the three conditions. Refer to Table 3 for examples of robots with Verbal 

expression condition and Verbal and Non-verbal expression condition. 
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Table 3 

Verbal and Non-verbal Condition Example in Study 1 

Verbal 

Expression 

No motion 

 

Non-Verbal 

Expression 

Kinesics (Waving) Kinesics (Stretching) Haptic (Patting) 

   

Kinesics (Clapping) Kinesics (Squatting) Oculesics (Gaze) 
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3.1.3. Development of Exercise Partner Robot 

The scenarios consisted of movement guidance, encouragement, and posture feedback. 

The exercise routine followed the Korea Disease Control and Prevention Agency’s guidelines 

(Korean Disease Control and Prevention Agency [KDCA], 2023) for safe physical activity, 

incorporating warm-up, aerobic, strength, and stretching exercises. 

An example of movement guidance includes statements such as, “Next is a lower body 

strength exercise. We will do the movement of sitting down and standing up from a chair 10 

times, twice. Position your feet slightly wider than shoulder-width apart. Slowly repeat the 

action of sitting back down and standing up 10 times. Ready, start!”. Examples of 

encouragement include phrases such as, “Looking good!”, “Great job, keep it up!” 

accompanied by gestures like clapping or showing a thumbs-up for motivation. Examples of 

posture feedback include, “Make sure your feet are parallel,” “Gently tuck your chin as if 

pushing your head back,” and “Engage your core!” 

For a warm-up, participants were given time to stretch freely. The aerobic exercise 

consisted of walking, and the strength exercise was a modified squat where participants sat 

down and stood up from a chair to ensure safety. Finally, stretching included arm rotations 

and movements to relax the sides, neck, and arm muscles. The designed scenario was 

implemented as an application on the humanoid robot “Pepper.” 

Upon opening the app, a screen appeared, allowing participants to select a condition. 

Once a condition was selected, a start button appeared on the screen, initiating the physical 

activity scenario when pressed. An Android phone was used to monitor Pepper’s progress in 

real time, and an option was provided to advance to the next exercise in case of any errors 

with the robot. 
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3.1.4. Measures 

We used the Sport Motivation Scale-II (SMS-II) to assess sports participation 

motivation. The SMS is one of sports research's most frequently cited motivation 

measurement questionnaires (Clancy et al., 2017). The SMS-II is a revised scale designed to 

address the limitations of the original SMS. It aligns with Self-Determination Theory (SDT), 

measuring various types of motivation, including intrinsic motivation, extrinsic motivation, 

and amotivation (Pelletier et al., 2013). The calculation method for this scale can be adapted 

based on research objectives. In this study, we adopted an approach suitable for calculating 

overall motivation, which is commonly used. Therefore, amotivation was excluded from the 

calculation.  

The SMS-II comprises 18 items, each rated on a 7-point Likert scale (Pelletier et al., 

2013). Compared to the original SMS, the SMS-II has fewer items and includes an integrated 

regulation factor, with validity and reliability verified through factor analysis, internal 

consistency testing, and correlation analysis among sub-factors. We translated SMS-II items 

to Korean following standard translation and back-translation procedures to ensure linguistic 

and conceptual equivalence. The reliability analysis yielded a Cronbach’s alpha of 0.84, 

indicating good internal consistency for the motivation scale. 

To measure user experience with the robot, we used the System Usability Scale (SUS). 

The SUS, developed by John Brooke in 1996, is a quick and straightforward tool for 

evaluating user experience (Brooke, 1996). It consists of 10 items rated on a scale from 1 

(strongly disagree) to 5 (strongly agree). The individual items in the SUS cover aspects such 

as ease of use, learnability, and satisfaction, allowing for a comprehensive evaluation of 

usability. The SUS provides a subjective assessment of usability with a single score out of 

100. Calculation involves separating the 10 items into five positive (odd-numbered) and five 
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negative (even-numbered) items, each scored on a 1–5 scale and then adjusted by multiplying 

by 2.5 to align with a 100-point scale. 

The SUS has been widely regarded for its high reliability and validity in usability 

assessments (Lewis, 2018). Bangor et al. (2009) analyzed 2,324 SUS evaluations from 206 

usability assessments conducted over a decade and found that the SUS had a reliability 

coefficient of 0.91, indicating higher reliability than other subjective usability measures. The 

SUS is also commonly used in psychological research; for instance, it has been applied to 

evaluate the usability of internet-based cognitive behavioral therapy (iCBT) (Mol et al., 

2020), and a simplified version has been used with participants with cognitive impairments 

(Hastings et al., 2021). These examples demonstrate the versatility of the SUS across diverse 

populations and research settings. Given the middle-aged participant group in this study, who 

may be less familiar with technical terminology or lengthy surveys, the SUS’s simplicity and 

reliability are expected to facilitate participant understanding and response. This study used 

a version of the SUS modified for domestic use (Kim et al., 2018) and adapted for the study’s 

objectives. The internal consistency of the SUS was evaluated, resulting in a Cronbach’s 

alpha of 0.73, which indicates acceptable reliability for the user experience scale. We also 

collected demographic information such as age and gender.  

 

3.1.5. Procedure 

Participants received an explanation from the researcher regarding the study’s purpose 

and procedures and then completed a consent form. Additionally, to ensure safe participation, 

they completed the Physical Activity Readiness Questionnaire (PAR-Q) on the day of the 

experiment to confirm they were fit for physical activity. The humanoid robot “Pepper” used 

in this experiment provided participants with movement instructions, encouragement, and 
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real-time posture feedback during physical activity. 

Participants were then randomly assigned to one of the three primary conditions: verbal 

expression, verbal and non-verbal expression, or the control condition of exercising without 

the robot. Before starting the exercise, all participants completed the Sport Motivation Scale-

II (SMS-II) questionnaire to assess their exercise motivation. The same questionnaires were 

administered across all six conditions. 

Each condition involved the following procedures. In the condition providing verbal 

expressions of the robot, participants engaged in a sequence of physical activities. They 

began with a warm-up, followed by walking around the lab. Next, they performed a sit-to-

stand exercise and concluded with arm stretching. During this sequence, the robot coach 

remained stationary and provided verbal instructions and encouragement. For example, the 

robot would say, “Make sure your feet are parallel,” and “Great job!” to guide participants 

through the exercises. 

In the condition providing verbal and nonverbal expressions of the robot, participants 

engaged in the same exercise sequence. They started with a warm-up, then walked around 

the lab, performed a sit-to-stand exercise, and finished with arm stretching. In this condition, 

the robot coach actively participated in the exercises by demonstrating movements alongside 

the participants. The robot used both verbal and non-verbal expressions for guidance and 

encouragement. For instance, Pepper would say, “Keep it up!” while making a supportive 

arm gesture. The experimental procedure is illustrated in Figure 1. 

In the no robot condition, participants engaged in the same sequence of exercises: warm-

up, walking around the lab, sit-to-stand exercise, and arm stretching, but without the robot. 

Following the physical activity, participants completed two self-report questionnaires. The 

Sport Motivation Scale-II (SMS-II) assessed their sports participation motivation, and the 
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System Usability Scale (SUS) evaluated their user experience with the robot. The experiment 

concluded upon completion of the questionnaires. The entire experimental process took 

approximately 30 minutes. 

 

Figure 1 

Experimental Procedure 
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3.2. Results 

3.2.1. Normality Test 

Before performing statistical tests, Shapiro-Wilk tests were conducted to evaluate the 

normality of the data distributions for each condition. The results revealed that some 

conditions violated the assumption of normality (e.g., p = 0.01 for control condition). 

Therefore, non-parametric tests (e.g., Wilcoxon signed-rank tests, Mann-Whitney U test, and 

Kruskal-Wallis tests) were employed to analyze differences in exercise motivation and user 

experience across conditions due to their robustness against violations of normality. 

 

3.2.2. Exercise Motivation Change: Between-Group Differences 

A Kruskal-Wallis test was performed to determine whether the change in exercise 

motivation (post_total_motivation minus pre_total_motivation) differed across groups. The 

results indicated a significant change in exercise motivation between conditions (χ²(2) = 6.34, 

p = .041, η² = .10). 

Subsequent Dunn’s post hoc tests revealed a significant difference between the control 

condition and the robot with both verbal and nonverbal expression condition (p = .029). 

However, the differences between the robot with verbal expressions and the robot with both 

verbal and nonverbal expressions condition (p = .066) and between the robot with verbal 

expressions and the control condition (p = 1.000) were not statistically significant. 

 

3.2.3. Exercise Motivation: Pre- and Post-Intervention Differences 

Wilcoxon signed-rank tests were conducted to examine significant changes in exercise 

motivation scores before and after the intervention across the three conditions (robot with 

only verbal expressions, robot with verbal and nonverbal expressions, and control condition). 
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In the robot with only verbal expressions condition, there was no significant increase in 

exercise motivation from pre-intervention (median = 4.00) to post-intervention (median = 

4.50; Z = −0.33, p = .398, r = .07). Conversely, the robot with both verbal and nonverbal 

expressions condition exhibited a significant increase in exercise motivation pre-intervention 

(median = 4.00) compared to post-intervention (median = 7.00; Z = 3.37, p < .001, r = .74). 

In the control condition, no significant difference was observed between pre-intervention 

(median = 5.00) and post-intervention (median = 5.00) exercise motivation scores (Z = .45, p 

= .664). 
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Figure 2 

Between-Group Differences in Sport Motivation Change and Pre-Post Differences in Sport 

Motivation by Condition in Study 1 

 

Note. *p < .05, **p < .01, ***p < .001 
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3.2.4. User Experience: Between-Group Differences 

To assess whether user experience differed between the robot with only verbal 

expressions and robot with both verbal and nonverbal expression conditions, a Mann-

Whitney U test was conducted. Although the user experience scores in the robot with both 

verbal and nonverbal expressions condition (median = 82.5) were higher than those in 

the robot with only verbal expressions condition (median = 81.3, the analysis showed no 

significant difference in user experience between the two groups (W = 189, p = .311, r = .13). 

This could be due to both conditions having sufficiently high scores, with both exceeding 68, 

which is regarded as the average user experience score, thereby preventing significant 

differences from emerging. 
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Figure 3 

User Experience Differences Between Conditions in Study 1  
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3.3. Discussion  

We examined the effects of the robot exercise partner’s communication methods on 

exercise motivation. The results indicated that our manipulation of the importance of the 

robot’s nonverbal expressions was successful.  

The motivation change in the verbal and nonverbal robot condition was significantly 

higher compared to the condition where participants exercised alone without a robot. This 

suggests that utilizing various physical nonverbal expressions, such as the robot’s movements, 

tactile communication, and gaze, to engage participants in exercise activities and provide 

feedback and encouragement effectively enhances individuals’ exercise motivation.  

Additionally, When the robot provided nonverbal expressions, participants showed an 

improvement in exercise motivation scores (H1-1). However, there were no significant 

changes in exercise motivation when the robot only provided verbal expression. This 

indicates that even when providing exercise guidance and encouragement, relying solely on 

verbal communication without utilizing nonverbal expressions is insufficient to significantly 

impact exercise motivation. These findings align with the studies by Nakagawa et al. (2011) 

and Süssenbach et al. (2014). Nakagawa et al. found that nonverbal cues provided by robots 

increased participants’ motivation and task persistence during monotonous tasks. Similarly, 

Süssenbach et al. (2014) reported that the presence of a robot in cycling groups significantly 

enhanced participants’ motivation levels.  

However, a limitation of these studies was the lack of distinction between the provision 

of verbal and nonverbal expressions, making it difficult to isolate the specific effects of 

nonverbal cues. Unlike prior research, the present study explicitly separated these conditions 

in its experimental design, providing significant results that address this gap and advance the 

academic understanding of the role of nonverbal expressions. Moreover, some studies have 
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noted potential limitations in the effects of nonverbal expressions, and this study contributes 

to extending this discussion. By specifically focusing on the nonverbal expressions of robots 

within the physical exercise domain, this research is the first to confirm their positive effects 

on exercise motivation, thereby expanding the scope of applied psychology and emphasizing 

the importance of integrating nonverbal communication in human-robot interaction. 

Next, we investigated the effects of the robot exercise partner’s communication methods 

(verbal, verbal and nonverbal) on user experience (H1-2). When the robot provided nonverbal 

expressions, participants’ user experience was enhanced compared to conditions where only 

verbal expressions were provided. However, this improvement was not statistically 

significant.  

This non-significant yet positive trend suggests that the integration of nonverbal cues 

such as movements, tactile feedback, and gaze could enhance the overall user experience by 

fostering a more engaging and supportive interaction. The lack of statistical significance in 

these findings could be attributed to The absence of a significant difference between the 

conditions can be interpreted as resulting from the relatively high scores observed in both 

conditions. According to established SUS norms, a score of 68 represents the threshold for 

average usability, while a score above 80 indicates an above-average user experience (Lewis 

& Sauro, 2018; Sauro & Lewis, 2016). Specifically, SUS scores exceeding 80 fall within the 

85th to 100th percentile range, corresponding to an A grade (Sauro, 2011; Lewis & Sauro, 

2016). In this context, both Condition 1 and Condition 2 can be interpreted as providing 

highly positive user experiences.  

Given that SUS scores exceeded 80 in both conditions, participants appeared to find the 

interactions, whether through verbal expressions alone or through both verbal and nonverbal 

expressions, to be highly usable and satisfying. This aligns with industry benchmarks, where 
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achieving an SUS score above 80 is considered evidence of an above-average user experience 

(Lewis & Sauro, 2018). The minimal difference in median scores suggests that when a system 

achieves a high level of usability, further improvements in user experience may not produce 

statistically significant differences. Lewis and Sauro (2018) pointed out that when SUS 

scores are in the A range, they reflect an experience with few usability issues, making 

additional differentiation challenging. These findings indicate that the high SUS scores 

observed in both conditions suggest that both verbal and nonverbal communication strategies 

employed by the robot were effective in enhancing the user experience. 

Another reason could be the insufficient sample size, which may have limited the study's 

power to detect meaningful differences. Future research with larger participant pools is 

necessary to confirm whether the addition of nonverbal expressions consistently leads to 

improved user experiences. Additionally, increasing the sample size could help in achieving 

the required statistical power to validate the hypothesized benefits of combined verbal and 

nonverbal communication in robotic exercise partners. 
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Chapter 4. Study 2 

 

4.1. Method 

In Study 2, this study followed the procedure of Study 1, with modifications to 

Conditions 1, 2, and 3. 

 

4.1.1. Participants 

A total of 67 people participated in this study. They were recruited through postings on 

online community boards and campus bulletin boards, targeting healthy middle-aged adults 

capable of physical activity to allow voluntary participation. All data was managed by the 

main researcher. 

The entire process, including exercise and survey completion, took approximately 30 

minutes per participant. If the robot stopped functioning or participants had trouble with the 

movements, the experiment was halted. As a result, of the initial 67 participants, 3 were 

excluded from analysis, leaving a final sample of 64 participants (Nmale = 40, Mage = 51.54). 

Descriptive statistics for each condition are presented in Table 4. After the experiment, 

participants received a 5,000 KRW gift voucher or an equivalent e-coupon as a token of 

appreciation. 
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Table 4 

Descriptive Statistics for Study 2 

Condition n Age (Mean) Min Max 

Kinesics 21 54 48 62 

Haptic 21 51 40 59 

Oculesics 22 49 40 60 

 

4.1.2. Experiment Design 

Study 2 followed the procedure of Study 1, with modifications to Conditions 1, 2, and 

3. The first study was conducted using a between-subjects design. 

The first condition, labeled as the “Kinesics” condition, involved a robot that provided 

movement-based non-verbal expressions through kinesics communication. Participants 

engaged in physical activities with a robot that utilized non-verbal gestures such as arm 

movements and knee bending, excluding haptic and gaze-based non-verbal cues. The second 

condition, labeled as the “Haptic” condition, involved a robot that provided haptic non-verbal 

expressions. Participants engaged in physical activities with a robot that offered non-verbal 

expressions, such as allowing participants to pat their heads. The third condition, labeled as 

the “Oculesics” condition, involved a robot that provided gaze-based non-verbal expressions. 

Participants engaged in physical activities with a robot that adjusted its gaze according to the 

participant’s movements. 

Participants were randomly assigned to the three conditions. Examples by condition in 

Study 2 are presented in Table 4. 
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Table 5  

Examples of Robots by Condition for Study 2 

Kinesics Haptic Oculesics 
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4.2. Result 

4.2.1. Normality Test 

Before performing statistical tests, Shapiro-Wilk tests were conducted to evaluate the 

normality of the data distributions for each condition. The results revealed that some 

conditions violated the assumption of normality (e.g., p = 0.01 for Oculesics condition). 

Therefore, non-parametric tests (e.g., Wilcoxon signed-rank tests, Mann-Whitney U test, 

Kruskal-Wallis tests) were employed to analyze differences in exercise motivation and user 

experience across conditions. Non-parametric methods were chosen due to their robustness 

against violations of normality. 

 

4.2.2. Between-Group Differences in Exercise Motivation Change 

A Kruskal-Wallis test was conducted to examine differences in exercise motivation 

change across the Kinesics, Haptic, and Oculesics conditions. The results indicated no 

significant differences between groups (χ2(2) = 1.863, p = .394).  

 

4.2.3. Exercise Motivation Pre- and Post-Intervention Differences 

Wilcoxon signed-rank tests were performed to evaluate changes in exercise motivation 

scores before and after the intervention for the Kinesics, Haptic, and Oculesics conditions. In 

the Kinesics condition, there was no significant change in exercise motivation from pre-

intervention (median = 4.33) to post-intervention (median = 4.67; Z=0.90, p=.375, r=.20). 

Similarly, the Haptic condition did not show a significant difference between pre-

intervention (median = 5.33) and post-intervention (median = 5.67) scores (Z = 0.78, p 

= .225, r = .17). In the Oculesics condition, the increase in exercise motivation was 

statistically significant from pre-intervention (median = 4.33) to post-intervention (median = 
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6.67; Z = 2.14, p = .033, r = .47). 

 

Figure 4 

Pre-Post Differences in Sport Motivation by Condition in Study 2 

 

Note. *p < .05, **p < .01, ***p < .001 
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4.2.4. User Experience: Between-Group Differences 

To investigate differences in user experience among the Kinesics, Haptic, and Oculesics 

conditions, a Kruskal-Wallis test was conducted. The results revealed a statistically 

significant difference in user experience across the three conditions (χ2(2) = 9.98, p 

= .006, η2 = 0.158). Subsequent Dunn’s post hoc tests with Bonferroni correction indicated 

a significant difference between the Kinesics and Oculesics (p = .003; δ = 0.487). However, 

no significant difference was found between the Kinesics and Haptic (p = .099) or between 

the Haptic and Oculesics (p = .298).  
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Figure 5 

User Experience Differences Between Conditions in Study 2  

 

Note. *p < .05, **p < .01, ***p < .001 
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4.3. Discussion 

In Study 2, we categorized the robot’s nonverbal interactions into kinesics, haptics, 

and oculesics to identify which was most effective in increasing exercise motivation (H2-1). 

Specifically, the oculesics condition—which included eye contact and gaze adjustment—led 

to a significant increase in exercise motivation scores from pre- to post-intervention. In 

contrast, the kinesics and haptics conditions showed no significant changes. This suggests 

that gaze-based nonverbal expressions, such as eye contact and gaze modulation, effectively 

enhance exercise motivation by increasing perceived social support and social presence. 

These findings align with Jeong et al. (2015), who found that a robot’s gaze fixation made 

participants view the robot as a conversational partner, thereby boosting interaction 

motivation. 

Additionally, we examined which nonverbal interaction most effectively enhanced 

user experience (H2-2). The results showed a significant difference between the oculesics and 

kinesics conditions, with the oculesics condition leading to higher user experience scores 

than the kinesics condition. However, there was no significant difference between the haptics 

and oculesics conditions. This indicates that while gaze-based interactions may improve user 

experience more than kinesics interactions, haptics did not show a significant advantage over 

oculesics. This result aligns with Admoni and Scassellati (2017) and Andrist et al. (2014), 

who reported that gaze parameters enhance user experience. However, our findings contrast 

with Koller et al. (2023), who found no significant differences in user experience based on a 

robot’s eye contact. 

Oculesics play a critical role in both user experience and exercise motivation by 

fostering emotional connections, enhancing interaction intuitiveness, and strengthening 

social presence. Gaze cues are essential social signals (Admoni & Scassellati, 2017). For 
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example, humans use gaze direction to convey intentions and mental states in social 

situations (Emery, 2000). This principle also applies to robots, as gaze cues can indicate 

location and timing during handovers (Moon et al., 2014) and signal task completion 

(Terzioğlu et al., 2020). Therefore, oculesics serve as fundamental signals for conveying 

social presence (Khambhaita et al., 2016; Wiltshire et al., 2013), which may have enhanced 

perceived social presence. This increased perception of the robot as a human-like entity 

offering social support likely boosted exercise motivation and improved user experience. 

From a developmental psychology perspective, humans begin to understand the 

world, form social relationships, and learn communication through observing others’ gaze 

from infancy (Flom et al., 2017). For instance, the perception of eye gaze is known to play a 

crucial role in mother-infant interactions and provides an essential foundation for social 

development (e.g., Jaffe, Stern, & Peery, 1973). Based on this developmental process, the 

gaze serves as a fundamental mechanism in human social cognition and emotional 

connection. Therefore, gaze alignment in robots likely evokes a natural perception in 

individuals that the robot is focused on them, fostering a sense of interaction akin to human 

social bonding, thereby leading to positive effects. 

This study contributes to the literature by demonstrating that specific nonverbal 

interactions, particularly oculesics, are effective in enhancing exercise motivation and user 

experience in sports-related robotic interventions. 
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Chapter 5. General Discussion 

 

5.1. Summary of Results 

This study conducted two experiments to investigate how a robot's nonverbal 

communication affects exercise motivation and user experience among middle-aged adults. 

Study 1 evaluated the impact of the robot’s communication style, verbal expression 

versus both verbal and nonverbal expressions, on exercise motivation and user experience. 

The condition that received both verbal and nonverbal expressions showed significantly 

higher exercise motivation compared to the no robot control condition, which exercised alone. 

And also exhibited a significant increase in exercise motivation. 

Study 2 further categorized the robot's nonverbal interactions into kinesics, haptics, and 

oculesics. The robot partner using oculesics significantly increased exercise motivation and 

reported higher user experience scores compared to the kinesics condition. 

Combined, the findings from both studies highlight the essential role of a robot's 

nonverbal expressions, specifically certain nonverbal expressions, such as oculesics, in 

enhancing exercise motivation and user experience among middle-aged adults.  

 

5.2. Theoretical Implications 

This study underscores the crucial role of a robot’s nonverbal expressions in user 

interactions, grounded in Social Presence Theory.  

Study 1 found that when robots used both verbal and nonverbal expressions, exercise 

motivation increased. This suggests that nonverbal expressions enhance social presence, 

making the robot feel more human-like and thereby boosting exercise motivation. However, 
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since social presence was not directly measured in this study, future research should explicitly 

examine and verify this factor. 

Study 2 confirmed that oculesics, such as eye contact and gaze modulation, had the most 

positive impact on exercise motivation and user experience. Specifically, gaze behaviors 

significantly increased exercise motivation. Additionally, user experience scores were higher 

when the robot used gaze behaviors compared to nonverbal body movements. 

These findings emphasize the need to thoughtfully design and integrate nonverbal 

communication elements in robots for effective Human-Robot Interaction (HRI). 

Furthermore, this study is the first to demonstrate that specific types of nonverbal 

communication positively influence exercise motivation and user experience, contributing 

new knowledge to the field of exercise research. The comparison between gaze behaviors 

and body movements in enhancing user experience also provides valuable insights for future 

robot designs. 

 

5.3. Practical Implications 

The findings of this study have practical implications for designing and developing 

exercise-support robots. The results demonstrate that nonverbal expressions, especially 

oculesics, effectively enhance user experience and exercise motivation. Therefore, 

prioritizing these elements in robot design is recommended. For example, when creating 

exercise-support robots for middle-aged adults, improving gaze modulation can increase the 

robot's perceived social presence. This allows users to feel greater social support, effectively 

boosting their exercise motivation. Additionally, fostering emotional connections and 

increasing anthropomorphism can enhance user satisfaction, perceived usefulness, and 

intention to use, thereby enriching the overall user experience. 
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Optimizing the robot's nonverbal expressions also offers opportunities to improve cost 

and energy efficiency by reducing design complexity, minimizing errors, and lowering 

development and maintenance costs. This optimization makes these technologies more 

accessible to a broader user base. By focusing on practicality, this study moves beyond 

theoretical applications to highlight real-world relevance, providing insights that could 

inform public health policy development. 

As AI technologies continue to expand across various domains, it is increasingly 

important to identify which types of AI products should be prioritized to meet user needs and 

achieve desired outcomes effectively. This study addresses this question by demonstrating 

the potential benefits of humanoid robots equipped with physical and nonverbal expressions. 

Specifically, the findings highlight the effectiveness of such robots in enhancing exercise 

motivation and user experience. These insights are valuable for designing and developing AI 

systems that align with user expectations and foster positive interactions. 

The findings of this study can also be extended and applied to the field of multimodal 

interactions. In human-robot interaction, the appropriate use of multiple modalities, rather 

than a single modality, has been shown to enhance positive effects, as demonstrated in various 

studies. For example, Iio et al. (2011) conducted a study measuring participants' levels of 

"entrainment"—the tendency to mimic or synchronize with the robot’s actions—when a robot 

used gaze and pointing either in combination or independently. The results revealed that the 

highest level of entrainment occurred when the robot utilized both gaze and pointing together. 

Similarly, in a study by Zecca et al. (2009), the humanoid robot KOBIAN expressed various 

emotions through body gestures and facial expressions, allowing participants to recognize 

these emotions. While individual modalities yielded lower recognition rates, the combination 

of the two achieved an average recognition rate of 70%. 
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These studies underscore the importance of understanding which combinations of 

multimodal approaches are most effective in human-robot interaction. The current study 

clearly demonstrates the impact of nonverbal gaze. Based on these findings, it can be inferred 

that combining the nonverbal gaze with other modalities in a multimodal framework is likely 

to be more effective. 

 

5.4. Limitations and Future Research 

This study has several limitations and future research directions are proposed to address 

them. First, this study employed a single-session, short-term intervention, which limits its 

ability to evaluate the long-term effects of the robot’s nonverbal expressions on changes in 

exercise motivation and user experience. Although the potential for exercise continuity 

(sustained engagement in physical activity) was inferred, this was not empirically validated 

in the current study. As previously mentioned, exercise continuity is important. It is necessary 

to examine whether the effects of the robot observed in this study are merely short-term 

positive outcomes, for example, driven by curiosity and novelty from encountering the robot 

for the first time, or if these effects persist in the long term even after the robot becomes 

familiar. Future research should investigate whether repeated interventions with the robot’s 

nonverbal expressions can lead to sustained exercise participation over time. 

Second, the study faced physical limitations of the robot used (e.g., inability to 

implement certain movements, such as foot gestures), which constrained the range of 

nonverbal communication that could be evaluated. This limitation may have restricted a 

comprehensive assessment of the effects of nonverbal expressions on exercise motivation 

and user experience. Future studies should employ robots capable of a broader range of 

nonverbal expressions or focus on improving the robot’s design. Additionally, identifying 
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optimal combinations of nonverbal expressions that have the most significant impact on 

exercise motivation and user experience would provide valuable insights. 

Third, the lack of significant differences in user experience observed in Study 1 may be 

attributable to the small sample size, potentially reducing the statistical power of the findings. 

Future studies should recruit larger participant samples to enhance statistical power and 

improve the reliability of the results. Furthermore, while the current study focused on middle-

aged adults, future research could expand the target population to include older adults, 

enabling a comparative analysis of how nonverbal expressions affect different age groups. 

This approach would provide a deeper understanding of the age-specific impacts of robot 

nonverbal communication. 

Fourth, the study did not measure objective physical effects or physiological factors 

resulting from exercising with the robot. Future research should incorporate objective 

physical indicators—such as increases in muscle mass, changes in body fat percentage, and 

improvements in exercise performance metrics—alongside physiological factors like heart 

rate (HR), heart rate variability (HRV), oxygen saturation, respiratory rate, caloric 

expenditure, blood pressure, muscle activation, sweat rate, and fatigue-related data (e.g., 

perceived fatigue and lactate levels). Including these measures can be useful in evaluating 

whether the benefits extend beyond psychological factors to influence physical and 

physiological outcomes and tangible improvements. 

Based on these limitations, future research should consider several key directions. First, 

longitudinal studies with repeated interventions are needed to assess the long-term effects of 

robots’ nonverbal expressions on sustained exercise participation, moving beyond initial 

curiosity and novelty to determine whether these effects persist over time. Second, enhanced 

robot capabilities should be pursued; employing robots capable of a wider range of nonverbal 
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expressions—such as foot gestures—or improving existing designs would allow for a more 

comprehensive assessment of how various nonverbal cues impact exercise motivation and 

user experience, as well as identify optimal combinations of these expressions. Third, future 

studies should recruit larger and more diverse participant samples, including older adults, to 

increase statistical power, improve reliability, and compare the effects of nonverbal 

expressions across different age groups. Fourth, research should incorporate comprehensive 

outcome measures by including both objective physical indicators (such as increases in 

muscle mass, changes in body fat percentage, and improvements in exercise performance 

metrics) and physiological factors (including heart rate, heart rate variability, oxygen 

saturation, respiratory rate, caloric expenditure, blood pressure, muscle activation, sweat rate, 

and fatigue-related data like perceived fatigue and lactate levels). This comprehensive 

approach will help determine whether the observed benefits extend beyond psychological 

factors to produce tangible physical and physiological improvements. 
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Chapter 6. Conclusion 

 

This study examined the impact of exercise partner robots' nonverbal expressions on 

exercise motivation and user experience among middle-aged adults. 

Study 1 revealed that when the robot provided nonverbal and verbal expressions, 

participants experienced enhanced exercise motivation. Moreover, the motivation change 

was significant between the control condition and the robot providing verbal and nonverbal 

expressions. The change in exercise motivation in the robot condition that provided verbal 

and nonverbal expressions was greater than that in the control condition. 

Study 2 categorized nonverbal expressions into kinesics, haptics, and oculesics, 

identifying that oculesics, such as eye contact and gaze modulation, had the most significant 

positive effects on both exercise motivation and user experience. 

These results demonstrate that robots' nonverbal expressions can enhance users' 

perception of social presence, fostering a sense of social support that positively influences 

exercise motivation and user experience. This suggests that incorporating nonverbal 

expressions, particularly oculesics, into the design of exercise-support robots can effectively 

improve their interaction quality and utility for middle-aged adults. 

The findings have important implications for developing and utilizing humanoid robots. 

By leveraging nonverbal expressions to enhance social presence, exercise partner robots can 

serve as practical tools for promoting exercise motivation, which is crucial for maintaining 

physical and mental health in middle-aged adults. Additionally, the study emphasizes the 

need for thoughtful design and integration of nonverbal communication in robots to 

maximize their effectiveness in fostering emotional connections, increasing user satisfaction, 

and encouraging sustained exercise participation. 
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Future research should expand on this study by conducting repeated interventions to 

evaluate the long-term effects of robots’ nonverbal expressions, addressing current 

technological limitations, and exploring the integration of diverse nonverbal expressions. 

Moreover, including larger participant samples and objective physical performance metrics 

will enhance the reliability and applicability of future findings. This study lays a foundation 

for advancing human-robot interaction research and underscores the potential of humanoid 

robots to contribute to public health initiatives, particularly in aging societies. 
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Appendix 

 

Appendix A. System Usability Scale(SUS) (Brooke, 1996) 

 

전혀 동의하지 

않는다 
 매우 동의한다 

1 2 3 4 5 

 

1. 나는 이 로봇을 자주 사용할 것 같다 

2. 나는 이 로봇의 사용법이 쓸데없이 복잡하다고 생각한다 

3. 나는 이 로봇을 사용하는 것이 쉽다고 생각했다 

4. 나는 이 로봇을 사용하기 위해 전문가의 도움이 필요하다고 생각한다 

5. 나는 이 로봇의 다양한 기능들이 잘 통합되어 있다고 생각한다 

6. 나는 이 로봇에 너무 많은 모순이 있다고 생각했다 

7. 나는 대부분의 사람들이 이 로봇 사용법을 매우 빨리 익힐 것이라고 생각한다 

8. 나는 이 로봇을 사용하는 게 매우 불편하다고 느꼈다 

9. 나는 이 로봇을 사용하는 게 매우 편했다 

10. 나는 많은 것을 배워야 이 로봇을 사용할 수 있었다
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Appendix B. Sport Motivation Scale-II(SMS-II) (Pelletier et al., 2013) 

 

전혀 동의하지 않는다 보통이다 동의한다 

1 2 3 4 5 6 7 

 

1. 이 운동을 성공할 수 없을 거 같다는 느낌이 든다 

2. 운동을 배우는 것이 즐겁기 때문에 

3. 운동을 하지 않으면 기분이 나쁘기 때문에 

4. 운동을 하는 것은 진정 내가 누구인가를 반영하기 때문에 

5. 스포츠를 통해, 나의 깊은 원칙에 따라 살기 때문에 

6. 운동을 하지 않으면 주변 사람들이 나를 탐탁하지 않을 것이라 생각하기 때문에 

7. 운동을 하면 어떻게 개선시킬 수 있는지 배우는 것은 매우 흥미로운 일이기 때문에 

8. 주변 사람들이 내가 하는 일에 대해 나를 칭찬할 것이기 때문에 

9. 자기 개발의 방법으로 이 스포츠를 선택했기 때문에 

10. 운동하는 것은 나와는 관계가 없는 일인 것 같다 

11. 나의 다른 면을 발전시키기 위해 내가 선택한 가장 좋은 방법 중 하나이기 때문에 

12. 운동을 하면 내가 나 자신에 대해 더 좋게 느끼기 때문에 

13. 새로운 훈련 전략을 발견하는 것이 즐겁기 때문에 

14. 운동을 하지 않았다면 나는 보람을 느끼지 못했을 것이기 때문에 

15. 운동에 참여하는 것은 내 인생에서 필수적인 부분이기 때문에 

16. 내가 아끼는 사람들이 내가 운동을 하지 않는다면 속상할 것이기 때문에 

17. 스스로 나의 가치를 개발하는 좋은 방법을 발견했기 때문에 

18. 스포츠를 하는데 좋은 이유가 있었지만, 지금은 계속해야 하는지에 대해 고민한다
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중년층은 인지 및 신체 능력에 변화가 발생하기 때문에, 건강과 웰빙 유

지를 위해 규칙적인 운동이 필수적이다. 사회적 지지는 운동 동기를 높이는 

데 중요한 역할을 하지만, 모든 사람이 이러한 자원을 활용할 수 있는 것은 

아니다. 이에 로봇 보조는 이러한 격차를 해소하는 데 도움이 될 수 있다. 

연구에 따르면, 휴머노이드 로봇은 신체 움직임 모니터링이나 맞춤형 피드백

이 필요한 상황에서 운동 보조자로서 잠재력을 갖고 있다. 사회적 현존감 이

론에 따르면, 적절한 비언어적 표현을 사용할 경우 로봇은 사회적 지원을 제

공하는 사회적 실체로 인식될 수 있으며, 이는 운동 동기를 촉진한다.  

그러나 운동 맥락에서 로봇의 비언어적 표현이 운동 동기와 사용자 경

험에 미치는 영향을 탐구한 선행 연구는 부족하다. 따라서 본 연구는 로봇의 

비언어적 표현이 중년층의 운동 동기와 사용자 경험에 미치는 효과를 검증

하고, 어떤 비언어적 표현이 운동 동기 및 사용자 경험 향상에 더 효과적인

지 확인하고자 한다. 

연구 1에서는 로봇 운동 파트너의 의사소통 방식(언어적 표현 vs. 언어 

및 비언어적 표현)이 운동 동기와 사용자 경험에 미치는 영향을 검증하였다. 

또한, 로봇 없이 자유롭게 운동하는 통제 조건을 포함하였다. 연구 2에서는 

로봇의 비언어적 상호작용을 동작, 촉각, 시선으로 세분화하여 어느 표현이 

운동 동기 향상에 가장 효과적인지 분석하였다.  

그 결과, 연구 1에서는 로봇이 언어와 비언어적 표현을 함께 사용할 때 

운동 동기가 유의미하게 향상되었으며, 이러한 변화는 통제 조건과 유의미한 

차이를 보였다. 사용자 경험 점수는 로봇의 언어 및 비언어적 표현 조건에서 
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더 높았으나 통계적으로 유의미하지는 않았다. 연구 2에서는 시선 조건에서 

운동 동기가 유의미하게 증가하였고, 사용자 경험 또한 시선 조건이 동작 조

건보다 유의미하게 높았다. 

본 연구는 운동 파트너 로봇에서 비언어적 표현이 운동 동기 향상에 중

요하다는 점을 강조하며, 비용과 에너지 효율적인 로봇 설계를 제안한다. 또

한, 운동 동기를 높이는 것이 운동 습관을 지속하는 데 도움이 되며, 중년기

에 형성된 건강한 습관은 노년기까지 이어져 성공적 노화 전략으로 활용될 

수 있음을 시사한다. 

 

주요어: 운동 동기, 사용자 경험, 사회적 현존감, 비언어적 표현, 비언어적 표

현, 시선 비언어, 로봇 운동 파트너, 중장년층 

학번: 2022-21824 
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