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Abstract 

Digital humans offer a promising virtual platform for the remote delivery of psychological 

interventions. Digital humans are scalable, yet capable of forming relationships with patients 

to promote engagement. However, little research is available to indicate what relationship 

building techniques are effective for digital humans. In addition, digital humans are a new 

technology and research has yet to evaluate their use in delivering psychological 

interventions. This thesis aimed to investigate: (1) techniques for building relationships with 

digital humans in psychotherapeutic applications; and (2) the feasibility and acceptability of 

digital humans at delivering psychological interventions.  

To identify relationship building techniques for digital humans, an opinion piece, a 

systematic review, and a large experimental study (presented in three manuscripts) were 

conducted. The opinion piece proposed that an evolutionary neuropsychiatry theory, the 

Mammalian Behavioural Triad, could inform the behavioural design of artificial agents (e.g., 

robots, computer agents) in psychotherapeutic applications. The systematic review 

synthesized the existing literature on design features that have been shown to improve 

relationships with embodied conversational agents, and proposed a new theoretical 

framework to inform experimental research.  

The experimental study found that emotional expressiveness in a female digital human 

was an effective closeness building technique, however only in female users. A digital human 

with emotional expressiveness was associated with improved psychological and 

physiological outcomes in females after a self-disclosure conversation. Conversely, males 

experienced improved closeness, psychological, and physiological outcomes with a neutral 

digital human. A qualitative analysis found that a range of design features contributed to 

participants¶ perceptions of closeness and willingness to seek emotional support with a digital 
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human. Findings suggest that behavioural, language, emotive, and appearance-based 

techniques can be used by digital humans to build relationships in psychotherapeutic 

contexts. 

To evaluate the feasibility and acceptability of digital humans at delivering psychological 

interventions, two randomised pilot trials were conducted. The digital humans delivered 

relationship building techniques alongside evidence-based psychological interventions. The 

first pilot trial found that digital humans were a feasible and acceptable way to deliver a 

remote loneliness and stress intervention to older adults living independently and adults with 

a chronic health condition during the COVID-19 pandemic. In the second pilot trial, a digital 

human was found to be as feasible and acceptable as teletherapy with a human therapist and a 

self-guided manual at delivering one session of Cognitive Behavioural Stress Management 

(CBSM) therapy to healthy adult women. Preliminary evidence was found in support of the 

effectiveness of digital human delivery, with significant improvements in psychological and 

physiological stress with large effect sizes.  

Overall, this thesis demonstrated that digital humans can build quality relationships with 

patients by using behavioural, language, emotive, and appearance-based techniques. 

However, it is important to tailor relationship building techniques to user characteristics and 

use context. Digital humans were also found to be a feasible and acceptable technology for 

delivering psychological interventions to a range of populations. Future research should 

further examine relationship building techniques in experimental studies, and evaluate the 

effectiveness of digital human psychotherapy in randomised controlled trials.  
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Chapter 1- Overview 

1.1 Introduction to Thesis Topic 

There is a growing gap between the number of people who experience psychological 

stress, loneliness, and mental illness, and the ability of healthcare systems to provide 

evidence-based treatments. Barriers to care include a shortage of trained mental health 

workers, cost, stigma, low health literacy, and physical restrictions (Patel & Saxena, 2019). 

The use of technology may enable a number of these barriers to be overcome and expand the 

availability of psychological services. 

A variety of technology solutions are beginning to show promise for delivering 

psychological therapies (e.g., self-guided websites, smartphone applications, computer 

games) (Menon et al., 2017). However, research to date is limited, and engagement with 

technology-based therapies can often be low due to the lack of social accountability that a 

therapist would usually provide (Rathbone & Prescott, 2017; Christensen, Griffiths, & Farrer, 

2009).  

Technologies that offer highly social interfaces may offer advantages in this space. A 

computer agent is a computer-generated entity that is presented through a computer device 

(Powers et al., 2007), that may include a dialogue system and a virtual embodiment (e.g., a 

face or body). Computer agents are scalable yet have social presence and can form 

relationships with people (Heerink et al., 2019; Reeves & Nass, 1996), which may make 

computer agents a more engaging therapeutic technology (Schuetzler et al., 2018).  

Digital humans are a new type of computer agent that may be particularly suited to 

delivering psychological therapies. Digital humans are visually modeled off real humans and 

incorporate a complex cognitive architecture with real-time neural networks for social 
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engagement (Sagar et al., 2014). Although promising, digital humans have yet to be tested in 

a psychological therapy context.  

Computer agents that incorporate specific strategies to foster close relationships may 

increase patient engagement. Psychological research has uncovered a variety of techniques 

for developing closeness in human relationships (e.g., engaging in self-disclosure, providing 

support, building trust) (Parks & Floyd, 1996). However, it is unclear whether these 

techniques apply to relationships with computer agents. There is limited and inconclusive 

research investigating relationship building techniques for computer agents in healthcare 

contexts.  

1.2 Research Aims 

The overarching aims of this thesis were to: (1) identify techniques for building 

relationships with digital humans in psychotherapeutic applications; and (2) evaluate the 

feasibility and acceptability of digital humans at delivering psychological interventions. This 

thesis aims to build upon a body of research that examines how to develop engaging 

computer agents for psychotherapeutic applications with knowledge gained from an opinion 

piece, a systematic review, an experimental study, and two randomised pilot trials.  

1.3 Thesis Outline 

Chapter 2 provides a short introduction to the thesis topic, and includes an overview of 

research to date on computer agents used for psychological interventions. Limitations of 

existing research are highlighted. Subsequent chapters provide more detail on the concepts 

introduced here. 

Chapters 3, 4, 5, 6, and 7 address the first aim of this thesis. Chapter 3 presents a 

published opinion piece on the application of an evolutionary neuropsychiatry theory to the 

design of artificial agents. More specifically, the Mammalian Behavioural Triad theory is 
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proposed as a framework to inform the behavioural design of social support agents in 

healthcare. The Triad involves nurturance, play, and separation distress, and describes a set of 

behaviours that have evolved to develop attachments within and between mammalian 

species. This paper argues that artificial agents that use these behaviours may form closer 

relationships with patients.  

Chapter 4 presents a published systematic review on factors shown to improve relationship 

quality with embodied conversational agents (ECA) (i.e., computer agents with a dialogue 

system and a virtual embodiment). This review found that a variety of ECA design features, 

user characteristics, and context, influence relationship quality outcomes. The review 

identified a limited number of studies focused specifically on healthcare interactions. In 

addition, concerns were raised about the quality of the included studies, and the high 

heterogeneity of relationship quality outcomes and measurement tools used. A new 

theoretical framework of embodied agent-patient communication was proposed to guide 

future research.  

Chapters 5, 6, and 7 present the results of a large experimental study investigating the 

effect of a IHPDOH�GLJLWDO�KXPDQ¶V�HPRWLRQDO�H[SUHVVLRQ�DQG�XVHU�JHQGHU�RQ�UHODWLRQVKLS�

closeness, and psychological and physiological outcomes. In this study, 198 participants were 

randomly allocated to complete a 15-minute mutual self-disclosure conversation with one of 

six female digital humans that varied in modality richness and emotional expression in the 

voice and face. In Chapter 5, quantitative results are presented that show user gender 

LPSDFWHG�WKH�HIIHFW�RI�WKH�IHPDOH�GLJLWDO�KXPDQ¶V�HPRWLRQDO�H[SUHVVLRQ�RQ outcomes. An 

emotionally expressive digital human was associated with improved outcomes in females. 

whereas more neutral digital human was associated with improved outcome for males.  
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Chapter 6 includes a published paper on a computational analysis of emotional content in 

SDUWLFLSDQWV¶�ODQJXDJH�ZKLOH�WKH\�FRQYHUVHG�ZLWK�WKH�GLJLWDO�KXPDQ�GXULQJ�WKLV�H[SHULPHQW��

Analyses revealed that self-disclosing to a digital human without a face was associated with 

greater use of negative emotion in language (e.g., first person singular pronouns and 

negatively-valenced words). No gender differences were found from emotional content in the 

language data.  

&KDSWHU���UHSRUWV�D�TXDOLWDWLYH�FRQWHQW�DQDO\VLV�RI�SDUWLFLSDQWV¶�H[SHULHQFHV�IURP�WKLV�

experiment, a paper from which is currently in submission. Results revealed that perceptions 

of closeness towards the digital human were influenced by her physical characteristics, her 

conversational ability, her use of rapport building strategies, and technical errors. Willingness 

to seek emotional support from the digital human in future were influenced by the same 

characteristics, as well as perceptions of her emotional intelligence, perceived strengths of 

digital human specific support (e.g., lack of judgment, more privacy), and preferences for 

human support. These results inform the design of digital human support persons.  

To address the second aim of this thesis, chapters 8 and 9 present the result of two 

randomised pilot trials to evaluate the feasibility and acceptability of digital humans for 

delivering two different psychological interventions.  Chapter 8 reports a randomised pilot 

trial with a waitlist control that investigates feasibility and acceptability of an intervention for 

loneliness and stress in at-risk populations during the COVID-19 pandemic. The study 

populations included older adults aged 70 years or older, and adults aged 16-69 years with an 

underlying medical condition. Findings demonstrated that the digital human intervention was 

feasible and acceptable in younger adults and older adults living independently. The 

intervention was less feasible in nursing home residents who required caregiver assistance. 

These results are currently in submission.  
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Chapter 9 presents a second randomised pilot trial that compares the feasibility and 

acceptability of human teletherapy, a digital human, and an electronic manual at delivering 

one module of Cognitive Behavioural Stress Management to healthy adult women 

experiencing stress. All three delivery methods were found to be feasible and acceptable and 

were associated with significant improvements in psychological and physiological outcomes. 

The results support conducting a randomised controlled trial to compare the effectiveness of 

the delivery methods.  

To conclude the thesis, Chapter 10 summarizes the key findings from the thesis and places 

these in context of the existing research literature. The clinical implications and limitations of 

the research are discussed along with directions for future research.
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Chapter 2- Background: Computer Agents in the Delivery of Psychological 

Interventions 

This chapter provides a short overview of research to date on computer agents for the 

delivery of psychological therapies. The chapter starts by presenting the rationale for 

developing technological interventions in mental healthcare, and provides an overview of the 

acceptability and effectiveness of technologies used to date. Computer agents are proposed as 

a particularly promising method of delivery, given their scalability and potential to form 

UHODWLRQVKLSV�ZLWK�SDWLHQWV��7KHRULHV�DQG�HYLGHQFH�SHUWDLQLQJ�WR�SHRSOH¶V�FDSDFLW\�WR�EXLOG�

relationships with computer agents is described to support this proposition. Next, strategies to 

develop and enhance relationships with computer agents in healthcare are discussed based on 

the existing literature. Finally, limitations of research to date are described. 

2.1 The Rationale for Mental Health Technology 

Mental illness is one of the most significant global health crises, affecting approximately 

29.1% of the global population and growing (Nochaiwong et al., 2021; Aknin et al., 2021). In 

New Zealand, one in five people will experience a diagnosable mental health condition in any 

year (Schaefer et al., 2017; Oakley Browne et al., 2006). Unfortunately, this increase in the 

prevalence of mental health conditions is coupled with a growing gap between the supply and 

demand for mental health services (Patel & Saxena, 2019). Approximately two-thirds of 

people who are affected by a mental health condition do not receive treatment (Thornicroft, 

2007). In New Zealand, a recent report by the Government Inquiry into Mental Health and 

Addiction (2018) concluded that New Zealanders perceive accessing mental healthcare a 

challenge, feel that they have limited care options, experience gaps in care services, and often 

receive services that are of variable quality. In addition, there is a shortage of trained mental 
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health professionals to treat people, and treatment can be difficult to access due to cost, 

physical barriers (e.g., travel), stigma, or social restrictions during a pandemic (Patel & 

Saxena, 2019; Thornicroft et al., 2018; Rains et al., 2021). Technological solutions are 

needed to increase the supply evidence-based mental healthcare (Patel et al., 2018).  

Common experiences that contribute to poor mental and physical health are psychological 

loneliness and stress. These experiences are further described in Chapters 3, 8, and 9. 

Loneliness refers to a subjective psychological state in which a person perceives a mismatch 

between their actual and ideal social relations (Peplau & Perlman, 1982). Stress refers to a 

psychological state in which an individual perceives a threat in response to a stressor (i.e., a 

challenging VWLPXOXV�RU�HYHQW���ZKLFK�WKHQ�WULJJHUV�D�SK\VLRORJLFDO�³ILJKW-or-IOLJKW´�UHVSRQVH�

in the body (Antoni & Dhabar, 2019). Psychological interventions have been shown to reduce 

both loneliness and stress, by using Cognitive Behaviour Therapy (CBT) techniques (Masi et 

al., 2011; Hawkley et al., 2015; Antoni et al., 2006), mindfulness meditation (Cresswell et al., 

2012; Boyle et al., 2017), and other therapies (Mahmoudpour et al., 2021; Brinkborg et al., 

2011). Again, traditional face to face delivery techniques are limited in their accessibility, and 

the use of various technologies may expand their reach. 

2.2 Technology-Based Delivery of Psychological Interventions 

A range of technologies have shown promise for delivering psychological interventions; 

with and without human facilitation. Teletherapy has grown considerably in popularity during 

the COVID-19 pandemic (Miu et al., 2020), which refers to the delivery of psychological 

treatment by a human therapist over video call or telephone. Studies have shown that 

Cognitive Behavioural Therapy (CBT) delivered over video call can significantly improve 

symptoms of chronic pain (Mariano et al., 2021), post-traumatic stress disorder (Turgoose et 

al., 2017), social anxiety disorder (Guo et al., 2020), and depression and anxiety in adults 
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(Trombello et al., 2017). Similarly, CBT interventions delivered over telephone have been 

shown to improve depression and anxiety symptoms in adults (Coughtry & Pistrang, 2016). 

Teletherapy interventions have been found to be acceptable to patients, to have low dropout 

rates, and in some cases, to be non-inferior to in-person therapy (Turgoose et al., 2017; Guo 

et al., 2020). However, teletherapy makes it difficult for therapists to evaluate behavioural 

symptoms of disorders (Turgoose et al., 2017). In addition, patients with low digital literacy 

may have difficulty using video call technology (Miu et al., 2020), and teletherapy 

interventions have low scalability as a therapist is required.  

Other technologies without human therapist facilitation have been used to deliver 

psychological therapies to patients with some success. These include self-guided websites 

(Glozier et al., 2013), smartphone applications (Kinderman et al., 2016), text messages 

(Whittaker et al., 2012), and computer games (Merry et al., 2012). A systematic review of 

mobile phone-based technologies for treating anxiety, depression, bipolar, substance use, 

schizophrenia and psychotic disorders found that mobile interventions were generally feasible 

and acceptable to patients (Menon et al., 2017). Moreover, clinically significant 

improvements were found in symptoms across the mental health disorders evaluated in the 

majority of the included papers (Menon et al., 2017). Mobile technologies have also been 

shown to improve insomnia (Luik et al., 2016), stress (Williams, 2020), and loneliness (Bott 

et al., 2019). Technologies that deliver psychological treatments without human facilitation 

are easily scalable and more accessible than teletherapy. However, these forms of therapy 

delivery have often been found to have low engagement rates outside of clinical trials 

(Rathbone & Prescott, 2017; Christensen, Griffiths, & Farrer, 2009). This may be because 

they lack the social accountability factor that a human therapist would usually provide.  

Social robots are another technology without human facilitation that have been used for 

delivering psychological therapies. Social robots are autonomous entities with a physical 
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hardware embodiment that interact with their environment and are capable of social 

interaction (Hegel et al., 2009). Paro, a fluffy baby harp seal robot, is one robot that has been 

shown to improve psychological outcomes. While not delivering a traditional psychological 

therapy, Paro has been associated with improvements in physiological stress, loneliness, and 

mood in older adults from providing companionship (Robinson et al., 2015; Robinson et al., 

2013; Lane et al., 2016). Jibo, a robot that can deliver positive psychology exercises to 

improve resilience, has been shown to improve perceived well-being, mood, and behaviour 

change readiness in college students (Jeong et al., 2020). Research looking at the use of social 

robots in mental healthcare is relatively limited and more randomised, controlled studies are 

needed (Scoglio et al., 2019). Social robots have social presence and may be more engaging 

than other therapeutic technologies without human facilitation. However, social robots are 

less scalable and are relatively expensive (Hung et al., 2019).   

2.3 Computer Agent Delivery of Psychological Interventions 

Computer agents are easily scalable, yet they have been shown to have a social presence 

(Heerink et al., 2019) and are capable of building relationships with patients (Reeves & Nass, 

1996). This may make computer agents a more engaging therapy delivery method for people 

than other forms of technology (Schuetzler et al., 2018). This next section will cover the 

different types of computer agents, their uses in delivering psychological treatments, and the 

theories and evidence for their capacity to build relationships with people. 

2.3.1 Definitions of Computer Agents 

The term computer agent refers to a variety of different computer-generated entities that 

are presented through a computer device (Powers et al., 2007). More recent innovations have 

enabled computer agents to be presented through computers embedded in cars (Lee et al., 

�������VPDUW�KRPH�GHYLFHV��H�J���$PD]RQ¶V�Alexa; Gao et al., 2018; Moon et al., 2016), 
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VPDUWSKRQHV��H�J���$SSOH¶V�Siri; Lee et al., 2021), and augmented or virtual reality headsets 

(Wang et al., 2019; Peters et al., 2018).  

Computer agents typically vary based on: (1) whether they represent the user in a virtual 

space (e.g., an avatar) or whether they are their own entity; (2) whether they include a 

dialogue system (i.e., a function to engage in speech or text communication with users) or are 

limited to non-verbal interaction; and (3) whether they include an embodiment (i.e., a virtual 

face or body on screen) or are limited to a speech- or text-only interaction (Nowak & Fox, 

2018; Goyal et al., 2018). Computer agents may also vary in terms of the sophistication of 

their cognitive architecture and whether they include any forms of artificial intelligence, 

although this has not always affected their categorizations in the literature. 

Conversational agents are a form of computer agent that include a dialogue system for 

natural language interactions with the user (Laranjo et al., 2018). Conversational agents may 

function autonomously or with a human-in-the-loop design, where the agent is controlled by 

a human. Under the umbrella term of conversational agents falls chatbots, voice agents, and 

embodied conversational agents. A chatbot is a text-based dialogue system without an 

embodiment (e.g., Woebot, a Facebook messenger bot; Fitzpatrick et al., 2017; Adamopoulou 

& Moussiades, 2020; Goyal et al., 2018). A voice agent is a system without an embodiment 

that uses a speech-EDVHG�GLDORJXH�V\VWHP��H�J���$PD]RQ¶V�Alexa��$SSOH¶V�Siri) (Park et al., 

2018). 

Embodied conversational agents (ECAs) are computer-generated entities that include a 

dialogue system (text- or speech-based), and an animated face or body (Cassell, 2001). 

Different terms are used to refer to embodied conversational agents based on their features. 

For example, relational agents are ECAs that deliver relationship building strategies through 

language and facial behaviour during their interactions (Bickmore & Cassell, 2001). ECAs 
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may be particularly suited to delivering psychological support because of their ability to 

deliver both verbal and non-verbal communication cues during an interaction (Bickmore & 

Picard, 2005).   

2.3.2 Digital Humans 

Digital humans are a form of ECA that have a realistic, humanlike appearance and 

enhanced capabilities for social interaction. Their behaviour is driven by real-time neural 

networks and an emotional intelligence system (Sagar et al., 2014). Digital humans are 

visually modelled off real humans using a combination of Hollywood light room and 

computer-generated imagery (CGI) techniques (Soul Machines, 2020). They function 

autonomously in response to user input derived from audiovisual data, such as speech and 

facial expressions. Digital humans respond using a combination of speech, facial expressions, 

and body movements.  

Soul Machines are a New Zealand-based artificial intelligence company that specialise in 

building digital human technology. Soul Machines digital humans uniquely incorporate an 

elaborate cognitive architecture that involves a virtual nervous system, neuroanatomy, and 

neurotransmitters that influence behaviours (Sagar et al., 2016) (Figure 1). For example, a 

6RXO�0DFKLQHV�GLJLWDO�KXPDQ�LQ�³KLJK�R[\WRFLQ�PRGH´�PD\�VKRZ�VHSDUDWLRQ�GLVWUHVV�ZKHQ�

WKH�XVHU�LV�DEVHQW�DQG�UHOLHI�XSRQ�WKH�XVHU¶V�UHWXUQ��,Q�DGGLWLRQ��6RXO�0DFKLQHV�GLJLWDO�Kumans 

include an emotional intelligence system that is driven by real-time neural networks that 

PDNH�FODVVLILFDWLRQV�RI�D�XVHU¶V�HPRWLRQDO�VWDWH�GXULQJ�DQ�LQWHUDFWLRQ�DQG�LQIRUP�EHKDYLRXUV� 
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Figure 1. Soul Machines Virtual Nervous System 
Note. Images by Soul Machines Ltd. Reprinted with permission from Soul Machines Ltd. 
 

Soul Machines produces two types of digital humans. The first is BabyX, an 

autonomously animated virtual infant (Figure 2) (Sagar et al., 2014). BabyX is built with live 

neural networks that enable her capacity for learning language, social interaction, and 

creativity. BabyX is capable of drawing virtual pictures and creating music, and was 

developed as an engineering experiment in artificial general intelligence. The aim is to build 

artificial intelligence from experiences of the world, similar to the way humans learn. 
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Figure 2. Soul Machines BabyX Virtual Infant 
Note. Images by Soul Machines Ltd. The top image depicts what BabyX perceives during an 
interaction. The bottom image shows BabyX learning to draw. Reprinted with permission from Soul 
Machines Ltd.  

The second type of digital humans produced by Soul Machines are adults, which 

incorporate the same autonomous animation technology and virtual nervous system as BabyX 

but can also be programmed with structured conversations (Figure 3). These digital humans 

can been created in the form of people with a range of demographic characteristics. They 

have been deployed across several industries including commerce, public service, healthcare, 

and education (Figure 4). These are capable of engaging in more complex natural language 

interactions, and may be suitable for delivering psychological therapies. However, research is 

yet to investigate their use in this application area.  
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Figure 3. $�6RXO�0DFKLQHV�$GXOW�'LJLWDO�KXPDQ��³6DP´ 
Note. Image by Soul Machines Ltd. Reprinted with permission from Soul Machines Ltd.  
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Figure 4. Applications of Soul Machines Digital Humans  
Note. Images by Soul Machines Ltd. Applications of the digital humans depicted are in public service 
(New Zealand police; top left), education (Vector energy; top right), and global health (World Health 
Organization; bottom). Reprinted with permission from Soul Machines Ltd.  

2.3.3 Computer Agent Delivery of Psychological Interventions 

Preliminary research has investigated the use of several chatbots for therapy delivery. A 

recent scoping review of 6 chatbot interventions for mental health concluded that chatbots 

were a feasible and acceptable method of intervention delivery (Bendig et al., 2019). 

Chatbots were also shown to be effective at delivering CBT and positive psychology 

exercises (e.g., mindfulness, gratitude activities) to improve depression symptoms 

(Fitzpatrick et al., 2017), reduce anxiety (Greer et al., 2019), improve perceived stress and 

well-being (Williams, 2020; Ly et al., 2017), and reduce distress (Gaffney et al., 2014). 

Chatbots have shown promise for delivering psychological treatments to young adults, 

although larger, randomised controlled trials are needed (Bendig et al., 2019). 

Evidence is growing in support of the use of embodied conversational agents for 

delivering psychological treatments, however further research is needed. A recent scoping 

review concluded that ECAs have a positive effect on intervention engagement and are 

generally acceptable to patients (Provoost et al., 2017). Although, very few studies have 

evaluated their effectiveness at improving psychological health outcomes. Early research has 

shown that embodied conversational agents may improve social skills in people with autism 

spectrum disorder (Hopkins et al., 2011; Smith et al., 2014), increase medication adherence in 

patients with schizophrenia (Bickmore et al., 2010), and improve well-being and depression 

symptoms through a CBT intervention (Suganuma et al., 2018). ECAs have also been shown 

to improve loneliness in older adults, albeit through providing companionship as opposed to a 

psychological therapy (Bott et al., 2019; Ring et al., 2015). ECAs have been developed to 

support patients with depression, anxiety, substance abuse, and post-traumatic stress 
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disorders, however the effectiveness of these agents is yet to be evaluated (Provoost et al., 

2017).  

ECAs are a promising form of therapy delivery due to their enhanced capability for 

building therapeutic relationships and intervention engagement (Martinez-Miranda et al., 

2019). However, the research is in its early stages and controlled clinical studies with large 

sample sizes are needed. It is unclear who ECA interventions are best suited to, and how their 

effectiveness compares to alternative forms of therapy delivery. In addition, no studies to date 

have investigated the acceptability and effectiveness of digital humans in the delivery of 

psychological treatments, which have enhanced capabilities for social interaction. 

2.3.3.1 Strengths and Limitations of Computer Agents in Psychology 

Computer agents present several advantages for delivering psychological interventions. 

Computer agents are easily scalable and are available at any time and location (where an 

internet connection is available), thus they can interact with multiple patients simultaneously 

(Gaffney et al., 2019). In addition, computer agents can tailor their appearance and language 

WR�WKH�SDWLHQW¶V�GHPRJUDSKLFV��H�J���HWKQLFLW\��JHQGHU��DQG�OHYHO�RI�KHDOWK�OLWHUDF\�WR�Lmprove 

acceptability (Zhou et al., 2017). Computer agents provide a private interaction that is non-

judgmental and free of stigma; people have been shown to feel more comfortable disclosing 

sensitive and socially undesirable information to computer agents (Pickard et al., 2016). 

Computer agents are less expensive than a human therapist, and they deliver therapy in a 

consistent way. People have also been shown to feel a sense of social presence towards 

computer agents, and this has been associated with greater engagement in the technology 

(Schuetzler et al., 2018). 

Although computer agents present many advantages for remote therapy, several 

limitations may affect their suitability to certain populations. Computer agents are less suited 
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to individuals with low digital literacy or with a physical disability that affects sight, speech, 

RU�KHDULQJ��GHSHQGLQJ�RQ�WKH�DJHQW¶V�GHVLJQ��)RU�H[DPSOH��D�YRLFH�DJHQW�ZRXOG�EH�DSSURSULDWH�

for a sight-impaired person, but not for a person with hearing impairment. In addition, many 

computer agents require access to a high-speed internet connection, a webcam, and a 

computer device, which may reduce their accessibility to people of lower socioeconomic 

status. Some users may have privacy concerns if the agent collects audiovisual data as a part 

RI�LWV�LQWHUDFWLRQ��RU�KDV�DQ�³DOZD\V�RQ´�IHDWXUH�WR�OLVWHQ�IRU�YRLFH�FRPPDQGV��H�J���LQ�D�

PDQQHU�DNLQ�WR�$PD]RQ¶V�Alexa RU�$SSOH¶V�Siri). Computer agents are not yet suited to 

responding to psychological crises (e.g., suicidal ideation) which may limit their suitability in 

certain patient groups (Adb-Alzaraq et al., 2021).  Despite these limitations, computer agents 

appear a more scalable and engaging technological solution for delivering psychological 

treatments, compared to alternatives such as teletherapy. 

2.4 Relationships with Computer Agents 

There is historical debate in the literature as to whether people can actually form 

relationships with computer agents. Three key perspectives have been proposed to describe 

the nature of relationships that people form with computer agents, which will now be 

discussed. 

Some scholars have argued that relationships with computers are merely para-social and 

occur as the result of a psychological or social deficiency on the part of the user (Turkle, 

1984; Barley, 1988). These scholars have argued that the average user would not respond to a 

computer using social behaviours or make social attributions. The evidence in support of this 

perspective is largely anecdotal or clinical (Turkle, 1984). While certain neurological or 

SV\FKRORJLFDO�GLVRUGHUV�FRXOG�LQIOXHQFH�D�XVHU¶V�LQVLJKW�GXULQJ�D�FRPSXWHU�LQWHUDFWLRQ��H�J���

dementia or psychosis), research has shown that engaging in social behaviours towards 
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computers is common in the general population (Reeves & Nass, 1996). Nevertheless, there 

is some preliminary work showing that more lonely people attribute more mind to social 

robots, suggesting mental states can influence cognitions about artificial agents (Eyssel et al., 

2013). 

An alternative perspective argues that users perceive the computer as a proxy for a real 

person (e.g., the engineer who created the computer) (Searle, 1981). In this view, people who 

engage in social interactions with computers are not deficient but rational, as they 

acknowledge the computer as a social artefact (Dennett, 1988). The behaviours, language, 

and psychological characteristics of the computer are attributed to the human creator, with 

whom a proxy relationship is formed. This perspective has not been directly empirically 

tested. Moreover, most computers are not created by a singular person that is known to the 

user, which makes imagining a proxy relationship difficult. 

The popular Computers are Social Actors (CASA) theory proposes that people interact 

with computers that provide social cues in a similar manner to how they would another 

human (Nass et al., 1994; Reeves & Nass, 1996). The theory suggests that people mindlessly 

engage in social behaviours towards computers as an automatic process in response to 

detecting social cues, despite knowing that the computer is not actually conscious (Reeves & 

Nass, 1996; Nass & Moon, 2000). As a result, social norms for human interactions apply to 

interactions with computers. A large body of evidence from experimental studies support 

CASA. People have been shown to engage in mindless politeness and reciprocity behaviour 

towards computers (Nass & Moon, 2000), as well as make personality judgments (Nass & 

Lee, 2001) and gender stereotypes (Nass et al., 1997). CASA has also been shown to apply 

across cultures (Katagiri et al., 2001), and to more recent technologies such as computer 

agents embedded in autonomous vehicles (Lee et al., 2019) and in smart home devices (Moon 

et aO����������7KH�HYLGHQFH�LQ�VXSSRUW�RI�&$6$�VKRZV�WKDW�D�FRPSXWHU¶V�EHKDYLRXUV�FDQ�
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LQIOXHQFH�SHRSOH¶V�VRFLDO�SHUFHSWLRQV�DQG�EHKDYLRXUV�WRZDUGV�WKH�FRPSXWHU��7KLV�LQGLFDWHV�

that relationship building with computer agents is not only possible (Purington et al., 2017; 

Kim et al., 2019), but influenced by communication techniques of the computer. 

2.5 Techniques for Building Close Relationships 

Closeness refers to a relationship quality where a dyad regularly engages in intimate 

behaviours such as support and self-disclosure (Parks & Floyd, 1996). It is a relationship 

quality that is applicable to both personal and professional relationships. Closeness can be 

developed in human relationships using a variety of behavioural techniques, including 

engaging in self-disclosure, providing help and support, giving advice and perspective, 

engaging in shared interests and activities, expressing the value of the relationship, ensuring 

ease of the interaction, building trust, interacting frequently, and demonstrating acceptance, 

understanding, and respect (Parks & Floyd, 1996; Burleson, 2003).  

The relative importance of these closeness building techniques may vary for males and 

females, as well as within same- and cross-sex relationships (Burleson, 2003; Parks & Floyd, 

1996; Floyd, 1995). For example, engaging in shared activities and interests has been shown 

to be more important for building close relationships in males (Floyd, 1995; Parks & Floyd, 

1996). Whereas for females, emotional self-disclosure is a more important aspect of closeness 

building (Floyd, 1995; Parks & Floyd, 1996; Burleson, 2003).  

Relationship quality in humans may also be enhanced through the Mammalian 

Behavioural Triad (MacLean, 1985). The Mammalian Behavioural Triad is a theory 

grounded in evolutionary neuropsychiatry, in which it is proposed that mammalian social 

attachments are strengthened by three types of behaviours: nurturance, play, and separation 

distress. It is argued that regular engagement in these behavioural types build relationships 

within and between mammalian species, who have evolved neuroanatomy to support this 
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process (Fricchione, 2011). The Mammalian Behavioural Triad theory presents a relationship 

building framework that has been evidenced between humans and other mammalian species 

(MacLean, 1985), and therefore may be suited to relationships with computer agents that 

present with a virtual mammalian embodiment (e.g., as a virtual human, dog).  

According to the Computers are Social Actors theory, relationship building techniques 

that have been shown to improve closeness in human relationships should also improve 

closeness in relationships with computer agents. Although some research supports this 

proposition, more research is needed especially within a healthcare context. Relationship 

building strategies taken from human psychology and neuropsychiatry may be especially 

relevant to computer agents who adopt a humanlike embodiment and should be investigated 

further.  

2.5.1 Evidence on Techniques for Building Closeness with Embodied Conversational 

Agents 

Although techniques to build relationship closeness have been thoroughly investigated in 

the psychological literature, relatively few studies have investigated closeness building 

techniques in embodied conversational agents. To date, only five studies have looked at 

strategies to improve closeness in ECAs across any application context. Of these studies, only 

WKUHH�IRXQG�VLJQLILFDQW�HIIHFWV��&RQWH[W�DZDUHQHVV�LQ�ODQJXDJH��L�H���DFNQRZOHGJLQJ�WKH�XVHU¶V�

physical activity in an exercise coach application) and a combination of relational language 

and behavioural cues (e.g., empathic language, self-disclosure, humour, expressing liking the 

user, reference to shared ideas, and head nods, eye gaze, hand gestures, eyebrow raises, and 

closeness to the screen) were shown to significantly improve closeness perceptions towards 

ECAs (Bickmore et al., 2009, 2011, 2013). Another study found that the same combination of 

relational language and behavioural cues showed a non-significant trend towards improving 

closeness perceptions in an exercise coach (Bickmore & Picard, 2005). Acknowledging the 
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user by name had no significant effect on closeness perceptions towards a museum guide 

agent (Bickmore et al., 2013).  

Relatedly, several studies have investigated the effects of robot communication behaviors, 

including eye gaze, facial expressions and self-disclosure on user outcomes (Johanson et al., 

2020). These studies provide initial evidence that varying robot behaviour based on models of 

clinician-patient communication, can improve interactions with robots in healthcare. 

However, it unclear how well these findings translate to ECAs.  

The studies to date have several limitations. They either contained small sample sizes 

(Bickmore et al., 2009), or evaluated multiple relationship building techniques in 

combination, making it difficult to ascertain which techniques were driving the effects for 

closeness perceptions (Bickmore et al., 2011, 2013). In addition, closeness was measured 

using a 1-item self-report measure designed for the research (Bickmore & Picard, 2005; 

Bickmore et al., 2009, 2011, 2013), as opposed to a psychometrically-validated scale for 

relationship closeness, such as the Inclusion of Other in the Self (IOS) scale (Aron et al., 

1992), the Scale of Perceived Interpersonal Closeness (PICS) (Popovic et al., 2003), or the 

Relationship Closeness Induction Task measure (for experimentally-induced closeness) 

(Sedikides et al., 1999). Only two studies evaluated closeness building techniques in the 

context of a health application, which was an exercise coach program (Bickmore et al., 2009; 

Bickmore & Picard, 2005). Experimental studies with more robust designs are needed to 

identify closeness building techniques for ECAs in healthcare applications, such as delivering 

psychological therapy.  

Several studies have tested techniques for improving other relationship quality outcomes 

with ECAs in healthcare contexts, such as rapport, trust, and self-disclosure intimacy (Kang 

& Gratch, 2014; Lisetti et al., 2013; Kang & Gratch, 2011). An experimental study found that 
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a virtual therapist who self-disclosed relatable, humanlike backstories developed significantly 

greater rapport with patients than a virtual therapist who disclosed computerlike stories (Kang 

et al., 2012). Other studies have found that virtual counsellors who self-disclosed to a high 

degree did not have any greater rapport than those who disclosed to a low degree or not at all 

(Kang & Gratch, 2014; Kang & Gratch, 2011). Although, high self-disclosure from the 

virtual counsellor was associated with greater self-disclosure intimacy from the patient (Kang 

& Gratch, 2011). Another study found no significant effect of empathic language on rapport 

with a virtual therapist in a within-subjects, cross-over design (Ranjbartabar et al., 2019). 

Although other research found that empathic language and facial expressions in a virtual 

behaviour change coach were associated with greater trust (Lisetti et al., 2013). One study 

investigated the effect of high behavioural realism (e.g., breathing, blinking) in a virtual 

therapist and found no significant effect on rapport (Ranjbartabar et al., 2019).  

Although several studies have looked at the effect of different communication techniques 

on relationships with virtual therapists, the findings of research to date are mixed and 

inconclusive. It remains unclear which communication techniques a virtual therapist should 

use to build close relationships with patients and further research is needed.   

2.6 Current Research  

In summary, preliminary research suggests that ECAs can be used for delivering 

psychological therapies and several rapport-building behaviours may enhance their ability to 

form close relationships with users. However, research to date is limited and this thesis adds 

to this body of research, using an advanced type of ECA called digital humans. The 

following chapters present theory and research on building and testing digital humans for 

psychotherapeutic applications.  
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Chapter 3- Reducing Patient Loneliness with Artificial Agents: Design 

Insights from Evolutionary Neuropsychiatry 

3.1 Preface 

As discussed in Chapters 1 and 2, artificial agents (e.g., robots, computer agents) are a 

promising technological solution for improving access to psychological treatment because of 

their enhanced social capabilities. Artificial agents are capable of building relationships with 

patients to promote intervention engagement. However, there is a shortage of research 

investigating how artificial agents can develop quality relationships with patients as part of 

healthcare interactions.  

     This published opinion piece proposes that the Mammalian Behavioural Triad, an 

evolutionary neuropsychiatry theory, could inform relationship building strategies for 

artificial agents in healthcare. The Mammalian Behavioural Triad argues that mammals 

strengthen social attachments through nurturance, separation distress, and play behaviours 

(MacLean, 1985). In this Chapter, it is argued that artificial agents that use relationship 

building behaviours from the Triad as part of their interactions with patients may build better 

quality relationships. The theory is applied to the design of artificial agents that deliver social 

support interventions for patient loneliness.   
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3.2 Introduction 

Artificial agents, such as robots and chatbots, are currently being developed to provide 

companionship and assist patients with health care needs (Robinson et al., 2013; Fitzpatrick 

et al., 2017). The purpose of this paper is to argue that incorporating mammalian attachment-

building behaviour into agent design may increase agent effectiveness. First, the paper 

presents loneliness as a growing public health issue and discusses the promise of social 

support interventions for treating loneliness. The paper then describes recent social support 

interventions delivered by artificial agents. Finally, the paper presents insights from 

evolutionary neuropsychiatry and describes mammalian attachment-building behaviours that 

may be included in artificial agents to promote patient engagement.  

3.3 Loneliness, Social Connection, and Health 

Loneliness is a widespread global health issue that approximately affects a third of people 

in industrialised countries (Cacioppo & Cacioppo, 2018). Loneliness refers to a subjective 

state of social isolation in which the individual perceives a mismatch between ideal and 

actual social relations (Cacioppo et al., 2015). According to a recent report by the Jo Cox 

Commission, almost a quarter of parents with young children felt always or often lonely, 

more than a third of those aged over 75 years reported feelings of loneliness out of their 

control, and, in one year, more than 4000 children reported feeling unbearably lonely in the 

United Kingdom alone (Jo Cox Commission, 2017). Hospitalised patients are at a particularly 

high risk of loneliness (Karhe & Kaunonen, 2015).  

Although the occasional feeling of loneliness acts as an adaptive signal to seek social 

interaction, chronic loneliness can be detrimental to health. Loneliness increases mortality 

risk by 32% (Holt-Lunstad et al., 2015), a degree comparable with smoking 15 cigarettes 

daily (Holt-Lunstad et al., 2010). Loneliness elevates the risk of many morbidities, including 
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stress-related conditions (coronary heart disease, stroke, and high blood pressure) (Valtorta et 

al., 2016), and psychiatric illnesses (major depression, psychosis, and suicide) (Hawkley & 

Cacioppo, 2010). Loneliness places a significant burden on health care systems through 

increased health care utilisation (Gerst-Emerson & Jayawardhana, 2015), costing an 

estimated additional US $6.7 billion per year for older adults alone (Shaw et al., 2017).  

Social connection refers to quality social relations characterised by perceived 

belongingness and closeness (Lee et al., 2001). Greater social connection is needed to 

counteract the significant detrimental effects of loneliness on health and longevity, and 

relieve the burden on health care systems.  

3.4 Social Support Interventions 

Many researchers are testing social support interventions as a means to improve social 

connection and reduce loneliness. Social support refers to a functional exchange of 

emotional, informational, or practical aid between individuals (Hogan et al., 2002). One 

strategy to provide social support is via community-level interventions. An example is the 

Campaign to End Loneliness, which promotes small actions of social connection between 

strangers in the United Kingdom. Other examples include the Reconnections Service (which 

links older adults to social activities), computer skills training for older adults to engage with 

others on the Web (Choi et al., 2012), peer support (Hogan et al., 2002), and altering the 

environment to be more conductive to social interaction by providing pedestrian-focused 

public spaces (Leyden, 2003).  

One way that social support interventions protect health is by buffering against the impact 

of stress on the body (Lepore, 1998). Chronic stress increases inflammation (Cohen et al., 

2012), lowers heart rate variability (Kim et al., 2018), and impairs immune response (Padgett 

& Glaser, 2003), which increase the risk of physical and mental morbidities (Cohen et al., 
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2012, Padgett & Glaser, 2003; McEwen, 2004). Social support can reduce sympathetic 

nervous system activation (Kiecolt-Glaser et al., 2010), increase oxytocin secretion, and 

suppress cortisol release (Heinrichs et al., 2003), which reduce the impact of chronic stress 

(Lepore, 1998). Social support can also indirectly benefit health through the provision of 

health information, treatment adherence encouragement, or practical support (House & Kahn, 

1985).  

Interventions to improve social support have generally been shown to have benefits for 

health and well-being, including reduced stress (Heinrichs et al., 2003), lower anxiety and 

depression (Thompson, 1989), decreased alcohol consumption (Irvine & Logan, 1991), and 

improvements in wound healing (Robinson et al., 2017), treatment adherence (DiMatteo, 

2004), myocardial infarction recurrences and mortality (Frasure-Smith & Prince, 1985). A 

systematic review of 100 studies concluded that social support interventions generally 

provide health benefits irrespective of the type of support provided in the intervention and 

whether interventions were delivered to an individual or group, or were professionally led or 

provided by peers (Hogan et al., 2002). However, the effectiveness of social support may be 

impacted by components of relationship quality between the patient and support provider, 

such as social closeness. Social closeness refers to a relationship quality where partners 

regularly engage in intimate behaviours such as support, self-disclosure, and shared activities 

(Parks & Floyd, 1996). Characteristics of the partner can also affect how close a connection 

is formed; these include perceived familiarity (Robles, 2007), warmth (Parks & Floyd, 1996), 

and empathic accuracy (Kraus, 2017).  

3.5 Social Support from Artificial Agents 

Traditional social support interventions may not always be available or desirable. In some 

situations, faced with the absence of human connection, artificial agents may provide support 
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akin to human social support to benefit health. Artificial agents in health care may act as 

transitional objects that help patients to cope with feelings of loneliness and the depressive 

anxiety that often accompanies severe illness and end of life experiences (Fricchione, 2011; 

Winnicott, 1953). Artificial agents have been shown to reduce feelings of loneliness (Ring et 

al., 2014), as well as increase interrelatedness, either through direct interactions with the 

agent or by triggering conversations between humans that might not have otherwise occurred 

(Robinson et al., 2013).  

In addition to social benefits, artificial agents have been shown to exert positive effects on 

physical and mental health. Paro (Intelligent System Co, Ltd, Japan), a companion robot in 

the form of a fluffy baby harp seal, has been shown to improve mood (Yu et al., 2015), and 

reduce depression symptoms for people with dementia (Joranson et al., 2015). Paro was 

designed with big eyes and soft fur to encourage users to feel affectionate toward it like a real 

baby animal. iRobi (Yujin Robot Co, Ltd, Korea), a robotic homecare companion, 

significantly improved medication adherence and rehabilitation exercise frequency for 

patients with chronic obstructive pulmonary disease through providing information and 

reminders (Broadbent et al., 2018). Conversational agents have demonstrated benefits for 

mental health, such as reduced depression and anxiety symptoms (Fitzpatrick et al., 2017), 

and other forms of artificial companionship are being explored in the context of health, 

including Alexa (a virtual voice assistant made by Amazon) (Chung et al., 2018).  

The characteristics of an artificial agent providing social support may affect the success of 

an intervention. If an agent closely models realistic human interactions, this may increase 

SDWLHQWV¶�ZLOOLQJQHVV�WR�GHYHORS�VRFLDl closeness with the agent (Sagar et al., 2016). A very 

KLJK�GHJUHH�RI�KXPDQ�OLNHQHVV�LPSURYHV�SHUFHSWLRQV�RI�DJHQWV¶�VRFLDO�FKDUDFWHULVWLFV�

(Broadbent et al., 2013), and appropriate use of human-like verbal and nonverbal relational 

FXHV�LPSURYH�DQ�DJHQW¶V relationship with users (Bickmore & Picard, 2005). The most 
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important behaviours for developing social closeness and support between humans and 

artificial agents remain to be determined. Behaviours from the natural world may provide 

some promising design strategies.   

3.6 Design Insights from Evolutionary Neuropsychiatry 

We propose that evolutionary neuropsychiatry offers important insights for the design of 

artificial agents to provide complementary support meant to be additive and not substitutive 

to human support. Aspects of mammalian brain evolution that enable social attachments 

provide direction to engineers as to the necessary internal structure, processes, and output 

required of systems to appropriately elicit attachment in a way that maximally supports 

human users.  

MacLean studied aspects of brain evolution across reptiles and mammals, and found that 

for mammalian brain evolution, specifically, particular structures evolved that enabled the 

mammalian behavioural triad (MacLean, 1985). The mammalian behavioural triad comprises 

maternal nurturance, the separation call, and social play. These behaviours serve the purpose 

of strengthening social attachment, which is the mammalian survival strategy.  

For the mammalian behavioural triad to be possible, as well as the ability for mammals to 

select attachment or separation as a response to environmental objects, certain brain 

structures and loops evolved. The protolimbic loop evolved to manage attachment to food 

and reproductive objects (Fricchione, 2011). Two primordial moieties assist the protolimbic 

loop: the hippocampocentric moiety specifies where the organism is located in relation to 

objects in the environment, whereas the olfactocentric moiety classifies objects that are 

located within the environment (Fricchione, 2011). The mammalian brain evolved in such a 

way that these two moieties converged in the paralimbic cortical zones, namely, the anterior 

cingulate cortex (ACC), the medial orbitofrontal cortex (mOFC), and the anterior insula. This 
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created a terminal zone for a paralimbic basal ganglia thalamocortical circuit. In the 

paralimbic loop, the ACC works with the mOFC to synthesize and make emotional and 

cognitive classifications of input to inform decisions about whether to separate from or attach 

to an object. The convergence of these areas created a response selecting area which can be 

traced to the primary separation challenge attachment solution paradigm (Fricchione, 2011). 

This paradigm indicates requirements for mammals to attach not only to sources of metabolic 

energy and reproductive success but also to sources of social support for survival. The 

evolution of these particular structures and their convergence in the mammalian brain 

provided the basis for social attachment, both within and between mammalian species.  

We proposed that artificial agents designed for social support provision be created with 

internal models of the neural structures, processes, and output that evolved to enable genuine 

social attachment between mammalian species. This involves creating agents with 

environmental sensors, classifiers for incoming data on emotion and attachment behaviour, 

and interaction memory with a user, along with the behavioural capacity to produce the 

mammalian behavioural triad. For example, nurturance could be shown by attentiveness and 

use of empathetic language; the separation call could be shown through the proactive 

arrangement of another meeting in the future; and play could be demonstrated through the use 

of humour. A model of social attachment between artificial agents and patients in shown in 

Figure 5. The simulation of biological processes necessary for producing such behaviours in 

artificial agents in complex, but substantial progress has been made toward linking 

neuroscience models with computer graphic interfaces for creating life-like facial expressions 

during interactions (Sagar et al., 2016).  
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Figure 5. Model of behaviour that may increase patient engagement with artificial agents according to 
evolutionary neuropsychiatry. 

Ideally, patients and agents should form a reciprocal attachment over time with repeated 

interactions. It is an aspiration that future artificial agents in health care may have embedded 

the capacity to produce an efficacious facsimile of social attachment, which may enhance the 

SRWHQF\�RI�DQ�DJHQW¶V�VRFLDO�VXSSRUW��UHGXFH�SDWLHQW�ORQHOLQHVV��DQG�LPSURYH�SDWLHQW�

engagement with care.  

Although we advocate that design of artificial agents be inspired by the evolutionary 

neuropsychiatry of social attachment, we express the caveat that these agents would serve 

only as adjuvant social support boosters and would not be designed as substitutive for 

genuine human attachments. We also acknowledge that the design of artificial agents 

intended for a high degree of human interaction is a complex, sensitive issue that requires 
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multidisciplinary discussion by diverse stakeholders and demographic groups, particularly in 

relation to ethics and evaluation (de Graaf, 2016; IEEE Global Initiative on Ethics of 

Autonomous and Intelligent Systems, 2019). Further consideration of safeguards embedded 

into agent design and implementation, as well as ongoing evaluations using validated metrics, 

is necessary to ensure social connection with artificial agents is beneficial for patients. 
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Chapter 4- The Effect of Design Features on Relationship Quality with 

Embodied Conversational Agents: A Systematic Review 

4.1 Preface 

As discussed in Chapters 1 - 3, there is limited literature investigating relationship 

building techniques in embodied conversational agents (ECAs). Chapters 2 - 3 proposed that 

the Mammalian Behavioural Triad and techniques from human psychology literature may 

inform relationship building behaviours for ECAs. Prior research has shown that a range of 

WHFKQLTXHV�SHUWDLQLQJ�WR�DQ�(&$¶V�EHKDYLRXU��3HMVD�HW�DO����������ODQJXDJH��5RPHUR�HW�DO���

2017), emotional expression (Partala et al., 2004), and appearance (Bergman et al., 2012) 

may influence relationship quality perceptions. These findings provide an indication as to 

what relationship building techniques may be effective in ECAs. However, the techniques 

have been investigated outside of a theoretical framework, which is needed to guide future 

research.  

3ULRU�WR�WKH�SUHVHQW�UHVHDUFK��QR�UHYLHZV�KDG�LQYHVWLJDWHG�WKH�HIIHFW�RI�DQ�(&$¶V�GHVLJQ�

features on relationship quality outcomes. Existing reviews have included a scoping review 

WKDW�HYDOXDWHG�XVHUV¶�QHHGV�Ior the design of ECAs in eHealth interventions (Scholten et al., 

2017), and a systematic review that evaluated the effect of personalised content in an ECA 

(e.g., feedback, daily health reports, recommendations, alerts, warnings) on user satisfaction, 

engagement, and dialogue quality (Kocaballi et al., 2019). Content personalisation was found 

to improve these outcomes, however the research did not look at the effect on relationship 

quality. Other reviews have investigated the acceptability and preliminary effectiveness of 

ECAs in psychological applications (Provoost et al., 2017; Gaffney et al., 2019). These 

studies did not look at relationship quality perceptions towards the ECA therapists.  
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As research had yet to systematically synthesize the evidence on relationship building 

techniques for ECAs, a systematic review was conducted into the effect of design features on 

relationship quality with ECAs. The review collated the evidence, identified gaps in the 

literature, and proposed a new theoretical framework to guide future research. ECA 

relationships were reviewed across a range of contexts (e.g., healthcare, companionship, 

education), due to the shortage of literature focused in healthcare contexts specifically, and 

focused on a variety of relationship quality outcomes due to the heterogeneity of outcomes 

that have been studied.  
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4.2 Introduction 

An ECA is a computer-based dialogue system with a virtual embodiment (full body or 

face-only) that typically interacts with people using multimodal communication cues (e.g. 

speech, text, animated facial expressions or gestures) (Cassell et al., 2000). Embodied 

conversational agents (ECAs) are increasingly used across a range of industries including 

healthcare, education, banking, and retail. This is made possible due to improvements over 

the last decade in computer processing power, computing techniques, data availability, 

storage, and security. ECAs show promise for improving the supply and quality of support 

services across a range of industries, as ECAs are scalable, inexpensive (in comparison to 

robots), customizable to user needs, portable to use in many environments, and available 24/7 

for support.   

There are several areas where ECAs are particularly well-suited to supporting people; one 

of which is education. ECAs are beginning to be used in education as part of online or in-

person courses. For example, ECAs have been applied to teach computer programming (Liew 

& Tan, 2016), mathematics (Tamayo & Perez-Martin, 2012), literacy (Ryokai et al., 2003), 

medical diagnosis skills (as virtual patients for medical students) (Lopez et al., 2008), and 

social communication skills to children with autism (Hayashi, 2015). It is important that 

ECAs form quality relationships with students because student-teacher relationship quality 

affects learning engagement and academic achievement (Roorda et al., 2011). Teacher 

empathy and warmth are also strongly associated with learning outcomes (Cornelius-White, 

2007). This suggests that if ECAs are to be effective teachers, they must be able to develop 

positive relationships with students, and demonstrate empathy and warmth. 

ECAs also show potential for use in commercial settings. ECAs have been used to assist 

with customer service tasks in retail (McBreen et al., 2000), banking (Matthews et al., 2008), 

and real estate (Cassell et al., 1999) settings. This includes helping people to find information 
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(Arafa & Mamdani, 2000), make decisions about products or services (Beldad et al., 2016), 

or solve common problems (Vasiljevs et al., 2017). ECAs that are able to build trust and a 

sense of warmth with customers have been shown to improve online purchase intention 

(Beldad et al., 2016), satisfaction with the purchase experience and company loyalty (Cyr et 

al., 2007). 

Another promising area for ECAs to provide support is in healthcare. ECAs have been 

shown to improve self-management in several healthcare contexts including: stress 

management (Gardiner et al., 2017), mental health (Provoost et al., 2017), medication 

adherence (Bickmore & Pfeifer, 2008), breastfeeding support (Edwards et al., 2013), and diet 

and exercise programs (Bickmore et al., 2013a; Bickmore et al., 2013b), including programs 

for overweight adults (Watson et al., 2012). ECAs may also provide emotional, instrumental, 

or informational support to people, which can influence health behaviours, such as adherence 

to medications or exercise regimes (House & Kahn, 1985; Hogan et al., 2002). Support 

provided by ECAs could also help to reduce distress and subsequently reduce the activation 

of the sympathetic nervous system (Kiecolt-Glaser et al., 2010), which has positive 

implications for physiology (Uchino et al., 1996), immune function (Robinson et al., 2017), 

and stress hormones (Heinrichs et al., 2003). 

ECAs have also been developed to provide companionship to reduce loneliness, which is a 

risk factor for a range of poor health outcomes (Valtora et al., 2016; Hawkley & Cacioppo, 

2010). Companion ECAs have been used by older adults living alone (Ring et al., 2013; 

Sidner et al., 2018), as well as hospitalized adults (Bickmore et al., 2009) and children (Jeong 

et al., 2018). Quality companionship can provide a range of psychosocial and health benefits 

to people (e.g. greater mental well-being, improved cardiovascular, neuroendocrine, and 

immune function) (Kessler & McLeod, 1985; Uchino, 2006), and these effects are also seen 
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when the companion is artificial (Ring et al., 2015; Broadbent et al., 2018; Joranson et al., 

2015). 

Quality relationships are especially important in healthcare. Similar to patient-provider 

UHODWLRQVKLSV��DQ�(&$¶V�DELOLW\�WR�IRUP�TXDOLW\�UHODWLRQVKLSV�ZLWK�SDWLHQWV�LV�LPSRUWDQW�IRU�

enhancing intervention effectiveness and engagement. The quality of patient provider 

relationships has been shown to directly and indirectly affect health outcomes (Chipidza et 

al., 2015). This includes objective disease markers such as symptom recovery (Stewart, 

1995), blood pressure, blood sugar, and functional status (Kaplan et al., 1989), as well as 

coping (Roberts et al., 1994), knowledge of the illness or treatment (Schillinger et al., 2004), 

and treatment adherence (Thompson & McCabe, 2012). A good patient-provider relationship 

has also been shown to improve engagement in healthcare (Alexander et al., 2012). It is 

therefore possible that relationships with ECAs could have similar impacts on patient 

outcomes. Given the relative novelty of ECAs and their application to healthcare, further 

research is needed to understand how to build quality relationships with ECAs in healthcare 

contexts, as well as the effects of these relationships. 

One way to improve relationships with ECAs in healthcare contexts could be to apply 

principles from doctor-patient communication. This has been proposed in a new model on 

robot-patient communication (Broadbent et al., 2018). Effective physician communication 

skills include relationship building, shared decision making, and information sharing. In this 

model, it is suggested that background variables related to the user (demographics, health 

status, personality, needs, experience and abilities) and the  artificial agent (appearance, 

voice, gender, personality, and other design cues) influence the content of the interaction 

(relationship building, verbal and nonverbal cues, affective and instrumental communication), 

which then affects  patient outcomes (engagement, satisfaction, understanding, compliance, 
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health status). This model was developed for socially assistive robots; however, the paper 

proposes that this model could be applied to computer-based agents as well.  

Several studies have looked at design features to enhance relationships with ECAs in 

healthcare and other settings. Some design features are static, such as appearance, while 

others are more dynamic such as behaviour models. Most design features, especially detailed 

behavioural models, are the result of a substantial development effort. This involves 

researching human characteristics or behaviour, determining modeling approaches and 

datasets, and user testing. There can be variation in how features appear based on the 

decisions made during the development process. For example, empathetic facial expression 

may appear different between research groups because the developers used unique modeling 

approaches. Research has focused on behaviours (Pejsa et al., 2015; Kulms et al., 2014), 

emotional expression (Partala et al., 2004; Cerekovic et al., 2016), language (Romero et al., 

2017; Kang et al., 2012), personality (Liew & Tan, 2016), appearance (Bergman et al., 2012; 

Qiu & Benbasat, 2009), embodiment (Shameki et al., 2018; Sidner et al., 2018), and the 

virtual environment (Kang et al., 2016; Partala et al., 2004). Some studies have found that 

responses to design features can vary by user characteristics such as gender (Kang et al., 

2016), personality (Cerekovic et al., 2014; Liew & Tan, 2016), emotional state (Kang et al., 

2012), and technical abilities (Chattaraman et al., 2019). 

The effects of ECA design features on relationships can be assessed using many outcomes. 

For example, relationship quality is an umbrella term that refers to positive or negative 

feelings about a relationship (Morry et al., 2010) and incorporates related constructs (e.g. 

intimacy, nurturance) (Dush & Amato, 2005). Relationship quality is a term applicable to 

different types of relationships including professional and personal. Related constructs that 

have been studied across the human-computer interaction (HCI) literature, include intimacy 

(Partala et al., 2004), social closeness (Bickmore et al., 2011), and therapeutic alliance 



Chapter 4 

38 
 

(Sidner et al., 2018). Other HCI papers have also assessed rapport, which describes a 

relationship quality involving positive emotions, mutual attentiveness, and coordination 

during interactions (Tickle-Degnen & Rosenthal, 1990). 

Research has also studied the effect of design features on social perceptions and 

behaviours that may form part of relationship quality. Social perceptions refer to judgements 

of the intentions and psychological dispositions of others (Allison et al., 2000). Some social 

perceptions that are related to relationship quality and have shown to be affected by design 

features include: perceived trustworthiness (Alotaibi & Rigas, 2012; Bickmore et al., 2009), 

warmth (Bergman et al., 2012; Griffiths et al., 2015), and caring (Brave et al., 2005; Creed & 

Beale, 2012). Design features may also influence social behaviours related to relationship 

quality including engagement (the degree of user involvement and interaction [Dobrian et al., 

2013; Doherty & Doherty, 2018])(Stevens et al., 2016; Bickmore et al., 2013), degree of self-

disclosure (Kang & Gratch, 2011; Kang & Gratch, 2014), and desire to interact again 

(Bickmore & Picard, 2005; Bickmore et al., 2013). 

The research conducted to date on how design features impact relationship quality, social 

perceptions and behaviours may inform a framework for improving relationships with ECAs 

in healthcare and other applications. However, this evidence is yet to be systematically 

synthesized.     

4.2.1 Aim 

This systematic review aimed to evaluate the effect of different design features on 

relationship quality and related outcomes with ECAs. This review covers research 

investigating the impact of design features on relationships with ECAs across a range of 

settings. Results will synthesize effective design features and present a scientific framework 
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to improve relationships with ECAs in healthcare and other applications. The review will 

investigate the following research questions: 

i. Which design features have been shown to improve relationship quality with 

embodied conversational agents? 

ii. Which design features have been shown to improve social perceptions and 

behaviours towards embodied conversational agents? 

4.3 Methods 

4.3.1 Eligibility Criteria 

For the purpose of this review, an embodied conversational agent was defined as a 

dialogue agent with a virtual embodiment (full body or face-only) (Cassell et al., 2000). 

Studies eligible for the review were required to be (1) experiments, pilot studies, or 

randomized controlled trials (RCTs) with a within- or between-subjects design, where (2) the 

population was adults aged 18 years or older from the general public or clinical populations, 

and (3) the intervention of interest was an embodied conversational agent used in any 

context, (4) comparators were an artificial agent (a robot, embodied conversational agent, or 

chatbot) of an alternative design, (5) the outcome of interest was relationship quality (or 

similar, such as social closeness, rapport, or therapeutic alliance) or social perceptions and 

behaviours that could affect relationship quality (e.g. perceived supportiveness, warmth, 

trustworthiness, self-disclosure), (6) outcomes were assessed at least once following an 

interaction with the embodied conversational agent, and (7) studies were peer-reviewed 

journal publications or refereed conference papers. 

Studies were not excluded based on the year of publication, the setting in which the 

intervention was delivered, or on methodological quality. Excluded studies were those 

presented in abstracts only, theses or dissertations (as these are not peer-reviewed 
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publications and therefore their ability to meet publishable standards is not demonstrated), 

papers published in languages other than the English language or those that focused on 

avatars (as a virtual representation of the user), simulation games (The Sims, Second Life), 

animal agents, and virtual or augmented reality. 

4.3.2 Search Strategy 

A systematic search was conducted on electronic databases from the health and computer 

sciences including EMBASE, PsychInfo, PubMed, MEDLINE, Cochrane Library, SCOPUS, 

and Web of Science between 21 January ± 03 February 2019. Manual searches were 

completed from reference lists, citing articles, and author citations to identify additional 

studies. A literature search strategy was developed from topic keywords, synonyms, and test 

searches to identify additional terms from titles, abstracts, and subject descriptors. A subject 

librarian assisted with developing the search strategy. The search strategy for EMBASE is 

included in Appendix A. Searches were not limited by dates as ECAs are a relatively new 

technology. 

4.3.3 Study Selection 

Search results were imported to Covidence, an online review management software 

developed by the Cochrane Collaboration (Veritas Health Innovation, Melbourne, Australia). 

Duplicate articles were recorded and removed. Two independent reviewers screened the title 

and abstract of search results against eligibility criteria (see section 4.3.1). Next, the 

reviewers examined the full text articles of studies marked as eligible for inclusion and 

studies where eligibility was unclear. The full text articles were collected directly from 

academic databases. Interrater reliability was calculated by the researchers from data 

provided by Covidence and indicated the extent to which the reviewers matched on 

judgements to include or exclude papers. Interrater reliability was 84%. Disagreements about 
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study eligibility were recorded and resolved through discussion with a third independent 

reviewer. Reviewers recorded the number of studies excluded at each step and reasons for 

exclusion. Studies determined as eligible for review were included as part of data synthesis. 

4.3.4 Data Collection 

Data were extracted on study design, population, intervention, comparators, outcomes, 

setting, timing of measurements, publication status, and results in August 2019. Authors were 

not contacted for missing data or to enquire about unpublished results. 

4.3.5 Risk of Bias Evaluation 

A risk of bias evaluation was conducted to evaluate the internal validity of included 

studies. Two independent reviewers assessed risk of bias in individual studies using the 

Revised Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 2) uploaded to Covidence 

for online data entry. RoB 2 examines bias across five domains which cover the 

randomization process, deviations from intended interventions, missing outcome data, 

outcome measurement, and selection of reported results. An additional domain was added to 

evaluate outcome measure reliability and validity. For each domain, reviewers answered 

signaling questions that evaluated possible areas of bias, made domain-level judgements 

about bias risk, and predicted the direction of bias. JudgHPHQWV�FRXOG�EH�µORZ¶��µVRPH�

FRQFHUQV¶��RU�µKLJK¶�ULVN�RI�ELDV��$IWHU�HYDOXDWLQJ�SRVVLEOH�ELDV�DFURVV�WKH�VL[�GRPDLQV�SHU�

study, reviewers made a judgement on the overall risk of bias in the study and predicted the 

direction of bias. 

4.4 Results  

4.4.1 Study Selection 
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Results of the eligibility screen are depicted in Figure 6. Searches yielded a total of 825 

results. Following removal of duplicates, and an abstract only and full text eligibility screen, 

a total of 43 studies were included for review. Reasons for exclusion were that the study did 

not meet eligibility criteria due to out of scope outcomes (n = 22), intervention (n = 14), 

comparators (n = 12), study design (n = 8), publication type (n = 6), language (n = 3), it was 

not possible to access the paper (n = 7), or the study was a duplicate not detected in the initial 

screen (n = 8). Some examples of excluded studies were a study about computational 

modeling of human lungs for use in virtual clinical trials, a study on the gesture recognition 

system of an Arabic sign language program, and a study looking at predicting drug-induced 

arrhythmia risk from in silico models that use cardiac electrophysiology data. 

 

Figure 6. Flow chart of study selection (see sections 4.3.1 and 4.3.2 for further detail on reasons for 
exclusion) 

4.4.2 Study Characteristics 
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Four studies contained more than one experiment from which data were extracted, making 

the total number of analysed studies 47. Studies ranged in sample size from 8 ± 1607 

participants with a median size of 57 participants (interquartile range = 33 ± 81). Included 

studies were predominantly experiments (n = 45; 96%), with a between-subjects design (n = 

27; 60%), that recruited adult participants (n = 24; 51%), from the general public (n = 24; 

51%) or who were university students and staff (n = 20; 43%). Several studies focused on 

young adult (n = 19; 40%) or older adult (n = 4; 9%) populations. Most studies recruited a 

mixed gender sample (n = 33; 70%); however, one study recruited only female participants, 

and one study recruited only male participants. 12 studies (n = 26%) did not report on the 

gender of the sample. Outcome assessments were mostly conducted directly after the 

interaction (n = 39; 83%), however some assessments were made longitudinally (n = 5; 11%), 

at first impression and post interaction (n = 1; 2%), after interacting for 30 days (n = 1; 2%), 

and longitudinally plus at two weeks follow up (n = 1; 2%). Included studies were peer-

reviewed journal papers (n = 20; 47%) and conference papers (n = 23; 53%) published 

between 2001 ± 2019. Full details of the study characteristics and results are included in 

Appendix A. 

4.4.3 Embodied Conversational Agent Characteristics 

72 embodied conversational agents were presented across the included studies. In terms of 

characteristics, ECAs were most often humanlike (92%), female (53%), adult (74%), and 

white-µVNLQQHG¶��������'HSLFWLRQV�YDULHG�IURP�DQLPDWLRQV�WR�SKRWRV�RI�D�UHDO�KXPDQ�ZKHUH�

facial expressions varied by text content. Characteristics of the ECAs are presented in Table 

1. Examples of ECAs from some included studies are presented in Figure 7. 
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Table 1  
Embodied Conversational Agent Characteristics from the 47 Included Studies  

 

 

      
ECA characteristics   n %   
Appearance Humanlike 66 92   
  Robotlike 6 8   
Gender Male 33 46   
  Female 38 53   
  Androgenous 1 1   
Age Child 1 1   
  Young adult 12 17   
  Adult 53 74   
  Older adult 2 3   
  Unable to tell (ageless robot) 4 5   
Ethnicity White-skinned 48 67   
  Tan-skinned 3 4   
  Dark-skinned 6 7   
  Hispanic 4 5   
  Asian 2 3   

  
Ethnicity matched to participants (options not 
reported) 2 3   

If robotlike, colour White  2 3   
  White-grey 3 4   
  Green 1 1   
Other Appearance not reported 2 3   
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Figure 7. Examples of ECAs from included studies: (a) and (b) Rapport agents (University of 
Southern California Institute for Creative Technologies) (Kramer et al., 2018); (c) Laura, FitTrack 
Exercise Advisor (Massachusetts Institute of Technology) (Bickmore et al., 2005); (d) ECA in the 
likeness of performance artist Stelarc (Western Sydney University) (Stevens et al., 2016).  

4.4.4 Setting 

ECAS were tested in a range of contexts including companionship (n = 12), healthcare (n 

= 9), commercial (n = 9), education (n = 8), gaming (n = 5), museum or conference guidance 

(n = 2), and no context (n = 2). In healthcare settings, ECAs were used to provide counselling 
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for mental health (n = 4) or substance misuse (n = 1), and coaching for improving exercise (n 

= 3) or diet (n = 1) (see Figure 8). 

Figure 8. Number of studies looking at relationships with ECAS across different settings. 

4.4.5 Design Features 

A total of 42 unique design features were evaluated across the included studies. Studies 

tested design features related to behaviour (n = 16), language (n = 15), emotional expression 

(n = 9), embodiment (n = 7), appearance (n = 5), environment (n = 2), personality (n = 1), and 

a combination of language and behaviour features (n = 3) (see Figure 9). Several studies 

evaluated multiple design features. It was not possible to conduct a meta-analysis for 

relationship quality or social perceptions and behaviours as outcome measures were not 

adequately homogenous and reporting of results were not consistent across studies. 
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 Figure 9. Number of studies evaluating the effect of design feature types on relationships with ECAs 
(across relationship quality, social perceptions and behaviours).  

4.4.6 Effect of Design Features on Relationship Quality 

This section presents the results for research question one �³:Kich design features have 

been VKRZQ�WR�LPSURYH�UHODWLRQVKLS�TXDOLW\�ZLWK�(&$V"´���6HYHUDO�VWXGLHV�ORRNHG�DW�WKH�

effect of design features on relationship quality (n = 1) or similar outcomes including rapport 

(n = 16), closeness (n = 5), working alliance (n = 3), or intimacy (n = 1). 21 unique design 

features were tested that pertained to behaviour (n = 7), language (n = 7), emotional 

expression (n = 3), the virtual environment (n = 2), embodiment (n = 1), and a combination of 

language and behaviour features (n = 1). Results are outlined in Table 2 and described in 

more detail below. 
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Table 2  
The Effect of Design Features on Relationships with ECAs 

Design 
features 

N Subcomponents  Rapport Closeness Intimacy Working 
alliance 

Relationship 
quality 

Language 8 Context awareness in language (vs. no context 
awareness) [33] 

   +       

 
29 User identification (vs. no user identification) [73] 

 
 o 

   

 
60 First-person storytelling perspective (vs. third-person 

storytelling perspective) [78] 
 + 

    

 
171 High self-disclosure (vs. low self-disclosure vs. no 

self-disclosure) [75] 
 o 

    

 
40 Self-disclosure of humanlike stories (vs. self-

disclosure of computerlike stories) [53] 
 + 

    

 
80 Humour (vs. no humour) [49]  + 

    

  228 Social reasoning language (vs. no social reasoning 
language) [52] 

 +         

Behaviour 108 Mimicry of user facial expression with contingency 
(vs. mimicry without contingency vs. opposite 
expression with contingency vs. opposite expression 
without contingency) [80] 

 o 
    

 
171 High behavioural realism (e.g. breathing, blinking, 

head nods, posture shifts) (vs. low behavioural 
realism) [75] 

 o 
    

 
83 High behavioural realism (e.g. breathing, blinking, 

head nods, posture shifts) (vs. low behavioural 
realism) [84] 

 o 
    

 
79 Socially responsive behavioural feedback (e.g. head 

nods, smiles) (vs. no socially responsive behavioural 
feedback) [82] 

 o 
    

 
80 Cooperative behaviour (vs. selfish behaviour) [49]  + 

    

 
20 Repeated interaction (vs. one interaction) [81]  o 

    

 
55 High gesture amplitude (vs. low gesture amplitude) 

[79] 
 - 

    

  20 Referential eye gaze (vs. affiliative eye gaze vs. both 
referential and affiliative eye gaze) [48] 

 -         

Emotional 
expression 

33 Happy facial expression (vs. sad facial expression) 
[51] 

 + 
    

 
33 Happy facial expression (vs. sad facial expression) 

[59] 
 + 

    

 
8 Positive and negative emotion in language (vs. neutral 

language) [58] 

  
 + 

  

  63 Empathic language after neutral language (vs. neutral 
language after empathic language) [84] 

 + 
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Note. Green + = increase in outcome; Red - = decrease in outcome; o = no effect on the relationship 
quality outcome, p < .05). N refers to the number of participants in each study. Referential eye gaze 
refers to eye gaze focused predominantly on a referent object as opposed to the user.  

4.4.6.1 Language 

Seven studies investigated the effect of language features on rapport and closeness with an 

ECA. Language features that were shown to improve rapport included humour (Kulms et al., 

2014), a first-person storytelling perspective (Gilani et al., 2016)��µVRFLDO�UHDVRQLQJ¶�ODQJXDJH�

(including self-disclosure, acknowledgement, praise, reference to shared experiences, 

adherence to or violation of social norms by degree of closeness detected, questions to elicit 

self-disclosure) (Romero et al., 2017), and self-disclosure of humanlike stories, particularly 

for users with high social anxiety (Kang et al., 2012). Context awareness improved social 

closeness with an ECA exercise coach, which involved demonstrating knowledge of the 

XVHU¶V�SK\sical activity each day (Bickmore et al., 2009). There were no significant effects of 

user identification and high self-disclosure on relationship quality (Bickmore et al., 2013; 

Kang & Gratch, 2014). 

4.4.6.2 Behaviour 

Embodiment 44 Virtual embodiment (vs. a social robot) [55]        o   

  40 Virtual embodiment (vs. voice-only) [85]  + 
    

Environment 43 Realistic background (vs. featureless grey 
background) [86] 

 o         

  8 Personal level physical proximity to screen (vs. 
intimate vs. social vs. public level physical proximity 
to screen) [87] 

  
 

 o 
  

Combination 1,607 Relational language and nonverbal cues (vs. no 
relational language and nonverbal cues) [63] 

 
 +       

 
1,607 Relational language and nonverbal cues (vs. no 

relational language and nonverbal cues) [73] 

 
 + 

   

  84 Relational language and nonverbal cues (vs. no 
relational language and nonverbal cues) [76] 

   o 
 

 +  + 



Chapter 4 

50 
 

Only two of the seven behaviour features evaluated in the literature were shown to 

improve rapport, which were affiliative eye gaze (Pejsa et al., 2015) and cooperative 

behaviour (Kulms et al., 2014). Affiliative eye gaze referred to eye gaze that was focused 

predominantly on the user, as opposed to a referent object on screen. Affiliative eye gaze 

resulted in higher rapport ratings comparative to referential eye gaze (Pejsa et al., 2015). 

Cooperative behaviour involved working with the user to achieve a common goal during a 

SULVRQHU¶V�GLOHPPD�JDPH��7his was shown to build rapport better than selfish behaviour 

during game play (Kulms et al., 2014). Only one behavioural feature was found to have a 

negative effect on rapport ratings, which was high gesture amplitude (in comparison to low 

amplitude) (Novick et al., 2017). There were no significant effects of mimicry of user facial 

expressions (Hoegen et al., 2018), repeated interactions (Novick & Gris, 2014), socially 

responsive behavioural feedback (head nods, smiles) (Krämer et al., 2018), or high 

behavioural realism (e.g. breathing, blinking, head nods, posture shifts) (Kang & Gratch, 

2014; Von der Pütten et al., 2010) on rapport. 

4.4.6.3 Emotion 

Emotional expression was shown to affect rapport and intimacy across four studies. 

Rapport ratings were higher for ECAs that demonstrated happy facial expression in 

comparison to sad facial expression in two experimental studies (Cerekovic et al., 2016; 

Cerekovic et al., 2014). One study found that positive and negative emotion in language 

increased ratings of intimacy compared to no emotion in language (Partala et al., 2004). 

While these studies suggest that emotional expression is generally better for relationship 

quality with an ECA than no emotion, one study found the opposite. This study compared the 

delivery order of a neutral and empathic virtual therapist in a crossover design and found that 

rapport significantly decreased with time in both conditions (Ranjbartabar et al., 2019). 
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However, rapport decreased most when experiencing an empathic virtual therapist after a 

neutral virtual therapist (Ranjbartabar et al., 2019). Reasons for this effect are unclear. 

4.4.6.4 Embodiment 

7ZR�VWXGLHV�ORRNHG�DW�WKH�HIIHFW�RI�DQ�(&$¶V�YLUWXDO�HPERGLPHQW�RQ�UDWLQJV�RI�

relationship quality (Shamekhi et al., 2018; Sidner et al., 2018). One study found that an ECA 

received higher rapport ratings in comparison to a voice-only agent in a group decision 

making context (Shamekhi et al., 2018). Another study found no significant difference 

between an ECA and a physical robot on ratings of working alliance with older adults 

following 30 days of interaction (Sidner et al., 2018). This suggests that ECAs may develop 

better relationships than voice-only agents and similar relationships to social robots, however 

further research is needed to replicate findings. 

4.4.6.5 Environment 

Aspects of the virtual environment, including a realistic background and a personal level 

of physical proximity to the screen, were not found to have any significant effects on rapport 

or intimacy (Kang et al., 2016; Partala et al., 2004). 

4.4.6.6 Combination of Features 

A combination of verbal and nonverbal relational cues was shown to improve perceptions 

of social closeness, working alliance, and relationship quality across three experimental 

studies (Bickmore et al., 2011; Bickmore et al., 2013; Bickmore & Picard, 2005). All studies 

evaluated the same combination of cues, which included empathic language, social dialogue, 

meta-UHODWLRQDO�FRPPXQLFDWLRQ��KXPRXU��FRQWLQXLW\�EHKDYLRXU��LQFOXGLQJ�WKH�XVHU¶V�QDPH�

during a greeting, politeness strategies, and immediacy behaviour such as head nods, eye 

gaze, closeness to the screen, eyebrow raises, and hand gestures. This combination of 

relational cues was tested in exercise coaching and museum guiding contexts with ECAs that 
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were humanlike and robotlike in appearance. In all three studies, comparisons were made to 

ECAs who delivered no relational cues during the interaction. The literature to date suggests 

that a combination of verbal and nonverbal relational cues shows promise for improving 

perceptions of relationship quality with ECAs of diverse appearances and application 

contexts. However, as cues were evaluated together, it is not possible to discern which cues 

contribute most to improvements in relationship quality. 

4.4.7 Effect of Design Features on Social Perceptions and Behaviours 

This section presents the results for research question two �³:Kich design features have 

been VKRZQ�WR�LPSURYH�VRFLDO�SHUFHSWLRQV�DQG�EHKDYLRXUV�WRZDUGV�(&$V"´������VWXGLHV�

evaluated the effect of a design feature on social perceptions and behaviours that could affect 

relationship quality. 39 social perceptions and behaviours were evaluated across the studies, 

including trust, engagement, desire to interact again, self-disclosure intimacy and amount, 

caring, warmth, felt supported, social attraction, and intention to use. 34 unique design 

features were tested that related to language (n = 12), behaviour (n = 8), emotional expression 

(n = 5), embodiment (n = 2), appearance (n = 4), personality (n = 1), the virtual environment 

(n = 1), and a combination of language and behaviour features (n = 1). Results are depicted in 

Table 3. 

Table 3  
The Effect of Design Features on Social Perceptions and Behaviours of ECAs 

Design 
features 

N Subcomponents Trust 
Engage-
ment 

Desire to 
interact 
again 

Self-
disclosure 
amount 

Self-
disclosure 
intimacy 

Other social 
perceptions and 
behaviours 

Language 31 Small talk language 
(vs. task-oriented 
language only) [88] + o o   

Knowledge of 
user (+); Success 
of interaction (+); 
Interest in 
interaction (o) 

 24 Variable language (vs. 
no variable language) 
[91] 

  o   
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 8 Context awareness in 
language (vs. no 
context awareness in 
language) [33] 

o     

Caring (o); 
Helpfulness (o) 

 29 User identification (vs. 
no user identification) 
[73] 

  o   
 

 121 Social-oriented plus 
task-oriented language 
(vs. task-oriented 
language only) [60] 

+     

Engaging 
personality (+); 
Perceived 
information 
overload (+) 

 60 First-person 
storytelling perspective 
(vs. third-person 
storytelling 
perspective) [78] 

   +  

 

 40 Friendly language (vs. 
neutral language) [89] 

     
Warmth (+) 

 57 High self-disclosure 
(vs. low self-disclosure 
vs. no self-disclosure) 
[74] 

    + 

Social presence 
(+); Social 
attraction (+) 

 171 High self-disclosure 
(vs. low self-disclosure 
vs. no self-disclosure) 
[75] 

   +  

Social attraction 
(o); Likeability (-) 

 40 Self-disclosure of 
humanlike stories (vs. 
self-disclosure of 
computerlike stories) 
[53] 

   + + 

 

 81 Wordiness (vs. taciturn 
language) [90] 

   +  

Positive 
interviewer 
perceptions (+); 
Pleasant 
interaction (+) 

 10 Accurate recall of user 
information (vs. no 
recall vs. inaccurate 
recall vs. partial recall) 
[92] 

o     

 

Behaviour 24 Good timing eye gaze 
(vs. bad timing eye 
gaze vs. static eye 
gaze) [93] 

   +  

Thoughtfulness 
(o) 

 72 High eye gaze (vs. low 
eye gaze) [94] 

    + 
Negative partner 
perceptions (-) 

 20 Affiliative eye gaze 
(vs. referential eye 
gaze) [48] 

+ +    
 

 80 Gesture behaviour 
present (vs. no gesture 
behaviour) [33] 

     
Warmth (o) 
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 171 High behavioural 
realism (e.g. breathing, 
blinking, head nods, 
posture shifts) (vs. low 
behavioural realism) 
[75] 

   +  

Social attraction 
(o) 

 83 High behavioural 
realism (e.g. breathing, 
blinking, head nods, 
posture shifts) (vs. low 
behavioural realism) 
[83] 

   +  

Person perception 
(o); Empathy (o); 
Mutual 
understanding (o); 
Mutual awareness 
(o) 

 19 Repeated interaction 
(vs. one interaction) 
[57] 

     
Compassion (+) 

 79 Socially responsive 
behavioural feedback 
(e.g. head nods, smiles) 
(vs. no socially 
responsive behavioural 
feedback) [96] 

     

Social 
connectedness (o) 

 40 Mimicry of user facial 
expression (e.g. nod, 
brow raise) (vs. no 
mimicry behaviour) 
[72] 

 o o   

 

 40 Expressive facial 
gestures (e.g. smiling, 
winking, rolling eyes) 
(vs. no expressive 
facial gestures) [72] 

 

+    

 

 67 Moderate blinking rate 
(18 blinks per minute) 
(vs. low blink rate vs. 
high blink rate) [95] 

 

    

Friendliness (for 
female ECAs 
only) (+) 

 69 Moderate blinking rate 
(18 blinks per minute) 
(vs. low blink rate vs. 
high blink rate) [95] 

 

    

Friendliness (for 
female ECAs 
only) (+) 

Emotional 
expression 

96 Empathic language and 
facial expression (vs. 
no emotion vs. self-
directed emotion vs. 
both empathic and self-
directed emotion) [68] 

+     

Caring (+); Felt 
supported (+) 

 81 Empathic language and 
facial expression (vs. 
neutral language and 
facial expression) [97] 

+     

Intention to use 
(+); Sociability 
(+); Enjoyment 
(+); Usefulness 
(+); Safety (+); 
Interaction 
anxiety (o); Social 
influence (o) 

 33 Happy facial 
expression (vs. sad 
facial expression) [51] 

 
  +  
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 33 Happy facial 
expression (vs. sad 
facial expression) [59] 

 
    

Interaction quality 
(+) 

 50 Emotional expression 
in face (happy, warm, 
concerned, neutral) and 
speech (rate, pitch) (vs. 
neutral face and 
speech) [69] 

o     

Caring (+); Felt 
supported (o) 

 242 Amused and polite 
smiles (vs. no smile) 
[98] 

     
Warmth (+) 

Embodiment 48 A face (vs. voice-only 
vs. text-only) [66] 

+     
 

 50 A face (vs. voice and 
text-only) [60] 

+     
Perceived social 
support (+) 

 81 A face (vs. text-only) 
[97] 

+     

Intention to use 
(+); Sociability 
(+); Enjoyment 
(+); Usefulness 
(+); Safety (+); 
Interaction 
anxiety (o); Social 
influence (o) 

 72 A face (vs. voice and 
text-only vs. voice-
only vs. text-only) [99] 

     
Social presence 
(o) 

 44 Virtual embodiment 
(vs. a social robot) [32] 

 o    
Social agent 
rating (o) 

 40 Virtual embodiment 
(vs. voice-only) [85] 

+      

Appearance 72 Female gender (vs. 
male gender) [94]      

Positive partner 
perception (+) 

 80 Humanlike appearance 
(vs. robotlike 
appearance) [54] 

     
Warmth (o) 

 168 Humanlike voice (vs. 
text-to-speech voice 
vs. text) [55] 

+     
Intention to use 
(+); Social 
presence (+) 

 72 Text-to-speech voice 
(vs. text) [99] 

     Flow (+) 

Personality 80 Introversion in speech 
and behaviour (slower 
speech rate & calm 
tone, neutral face) (vs. 
extroversion in speech 
and behaviour) [2] 

+     

 

Environment 43 Realistic background 
(vs. featureless grey 
background) [86] 

     
Social attraction 
(+) 

Combination 160
7 

Relational language 
and nonverbal cues (vs. 
no relational language 
and nonverbal cues) 
[63] 

 + +  
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 160
7 

Relational language 
and nonverbal cues (vs. 
no relational language 
and nonverbal cues) 
[73] 

 + +  

  

 84 Relational language 
and nonverbal cues (vs. 
no relational language 
and nonverbal cues) 
[76] 

  +  

  

 

Note. Green + = increase in outcome; Light green + = increase dependent on a user characteristic; Red 
- = decrease in outcome; o = no effect on the social perception outcome, p < .05). N refers to the 
number of participants in each study. High eye gaze refers to maintaining eye gaze with the user for 
more of the conversation.  

4.4.7.1 Language 

13 studies evaluated the effect of language features on social perceptions and behaviours 

towards an ECA. Four studies focused on adding social components to language, such as 

small talk and friendly chat. Small talk was shown to improve perceived trust, knowledge of 

the user, and success of the interaction for extroverted users, while task-oriented talk received 

higher ratings from introverted users (Bickmore & Cassell, 2001). Social-oriented plus task-

oriented language was shown to increase perceptions of an engaging personality and 

trustworthiness over task-oriented language alone, however only for older adults with high 

internet competency (Chattaraman et al., 2019). A possible reason for this effect is that older 

adults with low internet competency reported experiencing more information overload while 

interacting with an ECA with social-oriented language. In another study, ECAs with friendly 

language were rated higher in warmth than those with neutral language (Griffiths et al., 

2015)��:KLOH�ZRUGLQHVV�ZDV�IRXQG�WR�LQFUHDVH�XVHU¶V�VHOI-disclosure as well as improve 

positive interviewer and interaction perceptions for an ECA deployed in an interviewing 

context (Von der Pütten et al., 2011). 
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Several studies investigated the effect of self-disclosure on social perceptions and 

behaviours. High self-disclosure was found to improve self-disclosure intimacy, ratings of 

social attraction and presence (Kang & Gratch, 2011), and the amount of self-disclosure for 

users willing to disclose a medium amount (Kang & Gratch, 2014). However, high self-

disclosure was also associated with decreased likeability and self-disclosure for those willing 

to disclose a low amount (Kang & Gratch, 2014). Self-disclosure of humanlike back stories 

was associated with higher self-disclosure intimacy and amount for users high in anxiety 

(Kang et al., 2012). ECAs with a first-person storytelling perspective were shown to elicit 

more self-disclosure from users compared to ECAs with a third-person storytelling 

perspective (Gilani et al., 2016). No effects were observed for variable language (Bickmore 

& Schulman, 2009), context awareness in language (Bickmore et al., 2009), calling the user 

by their name (Bickmore et al., 2013), or accurate recall of user information (Richards & 

Branksky, 2014) on social perceptions. Evidently, a range of language features have been 

shown to improve social perceptions and behaviours towards ECAs, however the effects of 

certain features may be impacted by user characteristics. 

4.4.7.2 Behaviour 

12 studies evaluated the effect of behavioural features, such as eye gaze, gestures, and 

nonverbal feedback, on a range of social perceptions and behaviours. Three studies looked at 

the effect of eye gaze. An ECA with referential eye gaze (head turned towards a map for most 

of the conversation, briefly glanced at the participant) was rated as less trustworthy and 

engaging than an ECA with affiliative eye gaze (head turned towards the participant for most 

of the conversation, briefly glanced at a referential object) and both types of eye gaze (Pejsa 

et al., 2015)��,Q�DQRWKHU�VWXG\��DQ�(&$�ZLWK�µJRRG�WLPLQJ¶�H\H�JD]H��LQIRUPHG�E\�REVHUYDWLRQ�

of human dyads) was shown to elicit a greater amount of self-disclosure in comparison to an 

(&$�ZLWK�D�VWDWLF�JD]H�DQG�DQ�(&$�ZLWK�µEDG�WLPLQJ¶�H\H�JD]H��WKH�RSSRVLWH�RI�µJRRG�WLPLQJ¶�
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eye gaze patterns) (Andrist et al., 2013). High eye gaze (which involved maintaining eye 

contact for most of the conversation) in comparison to low eye gaze (eye contact only a few 

times while listening) was shown to increase self-disclosure intimacy (Kulms et al., 2011). 

However, high eye gaze also increased negative partner perceptions. Findings suggest direct 

eye gaze is better than little to no direct eye gaze, however too much direct eye gaze may 

negatively affect user perceptions and behaviours. 

2WKHU�VWXGLHV�ORRNHG�DW�WKH�HIIHFW�RI�DQ�(&$¶V�JHVWXUHV�RQ�VRFLDO�SHUFHSWLRQV�DQG�

behaviour. Two studies focused on behavioural realism, where ECAs showed behaviours like 

breathing, blinking, posture shifts, and back-channeling and understanding head nods. In both 

studies, an ECA with high behavioural realism was shown to elicit more self-disclosure from 

users in comparison to an ECA with low behavioural realism (Kang & Gratch, 2014; Von der 

Pütten et al., 2010). However, no significant differences were observed in person perception, 

empathy, mutual understanding, mutual awareness, or social attraction. 

Other behavioural features shown to improve social perceptions and behaviour were 

repeated interactions (increased compassion) (Kang et al., 2016), expressive facial gestures 

such as smiling, winking, and rolling eyes (increased engagement) (Stevens et al., 2016), and 

a moderate blinking rate of 18 blinks per minute for female ECAs (increased friendliness) 

(Shamekhi et al., 2018). No significant effects were found for socially responsive behavioural 

feedback (Kang et al., 2016), gesture behaviour (Bergmann et al., 2012), or mimicry of user 

facial expressions (Stevens et al., 2016). 

4.4.7.3 Emotion 

Six experimental studies investigated the effect of emotional expression on several social 

perceptions and behaviours including trust, self-disclosure, caring, warmth, felt supported, 

and interaction quality. Empathic language and facial expressions were shown to improve 
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trust, ratings of agent caring and feelings of support (Brave et al., 2005), as well as intention 

to use, sociability, enjoyment, usefulness, and safety in comparison to neutral ECAs (Lisetti 

et al., 2013). Happy facial expressions resulted in higher amounts of self-disclosure 

(Cerekovic et al., 2016), as well as higher ratings of the quality of the interaction, especially 

for users high in extroversion and neuroticism (Cerekovic et al., 2014). Conversely, in the 

same study, sad facial expressions received higher ratings of interaction quality for users high 

in conscientiousness (Cerekovic et al., 2014). One study found that a combination of polite 

smiles (smiling while greeting a user) and amused smiles (smiling while telling a riddle) 

received higher ratings of agent warmth in comparison to polite smiles alone and no smiles 

(Ochs et al., 2017). In another study, a virtual nutrition coach with an emotional facial 

expression (happy, warm, concerned, and neutral) and an emotional voice (speech rate and 

pitch) was rated as significantly more caring than a virtual coach with neutral expressions 

(Creed & Beale, 2012). In the same study, no significant differences were observed for agent 

trust and feelings of support. Overall, the literature suggests that the expression of positive 

emotion and concern improves social perceptions and behaviours towards ECAs, however 

responses can differ based on user personality. 

4.4.7.4 Embodiment 

Several studies evaluated the effect of a face and virtual embodiment on social perceptions 

and behaviours with mixed results. One study found that an avatar received significantly 

higher ratings of trust than speech-only and text-only agents on a shopping website (Alotaibi 

& Rigas, 2012). Another study found that for older adults, an ECA with speech and text was 

perceived as more trustworthy and provided better social support over a speech and text-only 

agent (Chattaraman et al., 2019). An empathic virtual counsellor with a face was rated as 

significantly more trustworthy, sociable, enjoyable, useful, safe, with a higher intention to use 

in future in comparison to a text-only counsellor (Lisetti et al., 2013). Similarly, another 
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study found an ECA to be more trustworthy than a voice-only agent in a group decision 

making context (Shamekhi et al., 2018). Evidently, a virtual face or embodiment may help to 

improve trust and other social perceptions towards a conversational agent. Although, one 

study found no effect of a virtual face on social presence in comparison to speech-only and 

text-only agents (Qiu & Benbasat, 2005). Lastly, in another study, no significant difference 

was found between an ECA and a social robot in engagement and social agent ratings (Sidner 

et al., 2018), which suggests ECAs may be just as engaging as social robots. Overall, the 

literature suggests that ECAs are viewed more positively than text-only agents and may be 

similarly perceived to social robots. 

4.4.7.5 Appearance 

Four studies researched the effect of ECA appearance on trust, intention to use, and 

partner perceptions such as warmth, positivity, and social presence. An ECA with a 

humanlike appearance did not significantly differ from an ECA with a robotic appearance on 

perceptions of warmth during an educational task (Bergmann et al., 2012). This suggests that 

a humanlike appearance may not be necessary to perceive an ECA as warm in personality, 

however further research is needed. A humanlike voice was shown to improve trust, intention 

to use, and social presence over a text-to-speech voice and text communication (Qiu & 

Benbasat, 2009). Another study found that an artificial text-to-speech voice was perceived to 

have better flow than text-only communication (Qiu & Benbasat, 2005). Results suggest that 

a humanlike voice may be the most preferable option, however in the absence of a humanlike 

voice, a text-to-speech voice is preferable to text only. One study looked at the effect of 

gender on partner perceptions and found that ECAs with female gender were rated higher in 

positive partner perceptions than male ECAs in a companionship context (Kulms et al., 

2011). Further research is needed to understand the reasons for this effect. 
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4.4.7.6 Personality 

2QH�VWXG\�LQYHVWLJDWHG�WKH�HIIHFW�RI�DQ�(&$¶V�SHUVRQDOLW\�RQ�WUXVW��,Q�WKLV�VWXG\��DQ�

extroverted ECA (faster speech rate, larger pitch range, frequent smiles, and expansive head 

gesture) was rated as less trustworthy than an introverted ECA (slower speech rate, calm 

vocal tone, neutral facial expression, and low head animation) for extroverted participants 

(Liew & Tan, 2016). There were no significant differences in willingness to trust an 

extroverted or introverted ECA for introverted participants. This suggests a difference in 

ECA personality preference by user personality, and further research is needed to understand 

how other personality traits might affect ECA preferences. 

4.4.7.7 Environment 

Only one study evaluated the effect of the virtual environment on social perceptions. In 

this experiment, a realistic background, which was an animated video of an outdoor scene, 

improved perceptions of social attraction for male users (Kang et al., 2016). Whereas for 

female users, a featureless grey background resulted in higher social attraction towards the 

ECA. The results of this study suggest a gender difference in virtual environment 

preferences, however further research is needed to replicate and understand the reasons for 

this gender effect. 

4.4.7.8 Combination of Features 

Relational verbal and nonverbal cues were shown to improve engagement and desire to 

interact in future across several studies previously described in the relationship quality results 

section of this review (Bickmore et al., 2011; Bickmore et al., 2013; Bickmore & Picard, 

2005). 

4.4.8 Risk of Bias Assessment 
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A risk of bias assessment revealed several key areas in which the quality of included 

studies could be improved. Included studies could have improved on reporting how 

randomization procedures were conducted and whether personnel were blinded to participant 

allocation, as well as provide data or citations on the reliability and validity of subjective self-

report measures. The quality of evaluations could have been improved with the use of 

validated scales over ad hoc single item measures for subjective outcomes in several cases. 

Aspects that were typically conducted well with a low degree of bias were participant 

randomization and outcome reporting. However, some studies did not report full statistical 

information such as effect sizes or mean scores. Overall, the risk of bias for included studies 

was generally low with some concerns pertaining to measurement quality, and reporting of 

allocation processes, blinding, and statistics. 

4.5 Discussion 

4.5.1 Summary of Evidence 

This systematic review identified 47 studies from 43 unique publications which evaluated 

the effect of a design feature on relationship quality and/or social perceptions and behaviours 

towards an ECA. A range of design features were shown to improve relationships or social 

perceptions and behaviours towards ECAs. These included virtual embodiment, a humanlike 

voice, language content (e.g. small talk, self-disclosure, humour), relationship building 

behaviour (e.g. affiliative eye gaze, cooperation), emotional expression in the face and 

speech, combinations of relational language and behaviour, and the virtual environment. The 

effects of design features sometimes differed depending on user characteristics including: 

gender, personality, technical competency, and level of anxiety. 

Relationships with ECAs were evaluated across a range of settings including: 

companionship, healthcare, commercial, and education. While some findings could be 
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applicable across a range of settings, it is important to consider that design features may be 

perceived differently by users depending on the setting or particular task for which the ECA 

is deployed. For example, an ECA that uses humour may be well-received if it is tasked with 

being a companion, yet badly received if it is discussing sensitive topics such as suicide, 

sexually transmitted diseases, or debt. There is a need for further research to evaluate which 

design features are important for improving relationships with ECAs across different use 

cases. 

A wide range of ECAs were evaluated that varied in appearance characteristics and 

presentation features, however it is important to note the majority of ECAs were humanlike, 

female adults with white skin colour. Another issue is that although a wide range of design 

features have been evaluated across the literature, often there are only one or two studies 

evaluating the effect of a particular feature. More studies are needed to see whether results 

can be replicated, including with more diverse ECA designs and user populations. 

Figure 10 shows a framework for the factors that affect relationship quality, social 

perceptions and behaviours towards ECAs from the evidence reviewed here. The framework 

is built on the model of patient-robot communication (Broadbent et al., 2018), but when 

incorporating the results of this review, it has been transformed into a different figuration and 

generalised to other settings. Support has been found for the effects of ECA appearance, 

gender, voice, and personality on user outcomes, but there is a lack of research on 

adaptability (the ability of the ECA to change behaviour based on user characteristics). 

Evidence has also been found for effects of user gender, personality, experience (technical 

competency), and level of anxiety on relationship quality and/or social perceptions. There is a 

lot of evidence for the effects of verbal behaviours, as well as non-verbal behaviours (facial 

expressions, eye gaze) on relationship quality, social perceptions and behaviours. There is 

also evidence for affective communication and relationship building. However, there is a lack 
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of research to date on the effects of information exchange, shared decision making, 

confidentiality, and appropriate medical behaviour on relationship quality, social perceptions 

and behaviours towards ECAs. Regarding outcomes, this review focused on relationship 

quality, social perceptions and behaviours. Other outcomes, such as adherence or health 

status, were not examined, and could be the focus of future reviews. 

 

Figure 10. Summary of evidence to date on ECA features shown to affect user outcomes (framework 
adapted from the model of robot-patient communication [Broadbent et al., 2018]). This framework 
proposes that factors related to the user, the context, static features of the ECA, and ECA behaviour 
models may have interaction or main effects on user outcomes. The evidence for the effects of ECA 
features on user outcomes is summarised as follows: ط = supportive evidence was found; ? = no 
evidence to date. Italicised features are new factors compared to the original model of robot-patient 
communication.  

4.5.2 Limitations 
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This review had several limitations pertaining to the quality of included studies. The risk 

of bias in included studies was generally low, however some concerns related to the quality 

of outcome measurement and reporting of statistical information, allocation and blinding 

procedures arose during a risk of bias assessment. 53% of included articles were published at 

engineering or computer science conferences where studies were unlikely to be required to 

meet the same psychometric standards as publications in health or psychology journals 

(however, engineering conference papers often meet the same peer reviewing standards as 

engineering or computer science journals). These limitations make it difficult to ascertain 

how robust findings are. 

There were also several possible limitations of this review. While a concerted effort was 

made to attain literature across computer and health science disciplines, it is possible that 

some studies may have been missed due to search strategy, database choice, and restricting 

results to English language only. We also limited the review to ECAs and did not include 

studies on physical robots. This was because feasible design features are likely to differ based 

on whether embodiment is virtual or physical (e.g. touch). However, some findings included 

in this review are likely to generalize to other embodied technologies such as social robots or 

digital humans. Digital humans are a more recent form of an ECA that incorporate artificial 

intelligence (Sagar et al., 2014). 

4.5.3 Gaps in the Research 

This review identified several gaps in the research literature. First, further research is 

needed on developing quality relationships with ECAs across a broader range of task 

domains. In healthcare, for example, only nine studies have looked at improving relationships 

with ECAs. Studies were conducted in the context of mental health counselling, and diet and 

exercise coaching. More research is needed to understand what design features are important 
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to building quality relationships with ECAs with a broader range of patient populations and 

applied to more healthcare support tasks (e.g. reminders for medication adherence, delivery 

of informational support, provision of mindfulness meditation exercises). The unique 

demands of different patient populations or requirements of various healthcare support tasks 

could mean that different ECA designs are more or less suitable. More studies looking at 

specific task domains in education, commerce, and other industries are also needed. 

Second, no stuGLHV�KDYH�LQYHVWLJDWHG�WKH�HIIHFW�RI�DQ�(&$¶V�DSSHDUDQFH�RU�SHUVRQDOLW\�RQ�

the quality of its relationships with users (only social perceptions and behaviours). Moreover, 

only a small number of studies have looked at the effects of virtual embodiment, emotional 

expression, the environment, and a combination of factors on relationships with ECAs. More 

studies are needed to map new design features that benefit relationships with ECAs and to 

replicate existing findings. 

Third, there is a need for improvement in the quality of research methods used when 

evaluating the effect of a design feature on relationships with users. Many publications did 

not use validated scales or did not provide data on scale reliability when measuring subjective 

self-report outcomes. It is important that future research uses valid and reliable scales to 

ensure subjective outcomes, like relationship quality, are appropriately measured. There was 

also a lack of consistency across the research in terms of both outcome selection and 

measurement of outcomes. In order to adequately compare the effect of different design 

features, it is important that the research field strives for consistency in what relationship 

quality outcome is used as well as how this is measured. Future studies could measure 

rapport, given this was shown to be the most common outcome in the literature and it applies 

to both professional and personal relationships. 
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Fourth, this review found a lack of diversity in ECAs used in the literature in terms of age, 

gender, and skin colour. Of the 72 ECAs that appeared in the literature, 53 were adult age, 38 

were female, and 48 were white-skinned. Although there was not a large difference in the 

ratio of female to male ECAs (38:33), future research could look at using androgynous ECAs. 

Studies could also study the effect of using ethnically-diverse ECAs of varying ages. Users 

may feel a greater sense of closeness to ECAs that are demographically similar to them, given 

closeness in human relationships is affected by the homophily principle (McPherson et al., 

2001). 

4.5.4 Conclusion 

Overall, this systematic review found that a range of design features can be used to 

improve relationships with ECAs. Results show that features pertaining to language content, 

relationship building behaviour, emotional expression, and physical characteristics such as 

voice type and virtual embodiment may improve relationships with ECAs. Results suggest 

that there may be differences in the ways people respond to design features based on 

characteristics such as their gender, personality, technology competency, and social anxiety. 

There is a need for further research on design features for improving relationships with ECAs 

across a broader range of use cases and contexts, using robust research methods, with more 

diverse user populations and ECA designs. ECAs show considerable promise for increasing 

supply of supportive services, healthcare interventions, and providing companionship to 

people, but there is a way to go in understanding how to make ECAs effective and engaging 

for all consumers.
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Chapter 5- With a Little Help from My Friend: Emotional Expressiveness 

in a Female Digital Human and User Gender Interact to Affect 

Psychological and Physiological Outcomes 

5.1 Preface 

As discussed in the systematic review in Chapter 4, a variety of techniques can improve 

relationship building with ECAs. However, the research to date is not of high methodological 

quality. There is large heterogeneity in the relationship quality outcomes and measures used, 

which makes it difficult to compare the effectiveness of different techniques. In addition, 

many of the studies have used small sample sizes. Experimental research is needed to 

examine relationship building techniques in ECAs that address these limitations.  

Few studies have investigated techniques for building closeness with an ECA. Closeness is 

a relationship quality that describes regular, intimate behaviours between a dyad, such as 

support, self-disclosure, and shared activities (Parks & Floyd, 1996). Closeness is relevant to 

professional and personal relationships, and may be appropriate for relationships with digital 

human support persons in psychotherapeutic applications. Closeness has been shown to be 

developed using a variety of techniques in psychology literature (Parks & Floyd, 1996; 

Floyd, 1995; Burleson, 2003). Emotional expressiveness is one technique that has been 

shown to improve closeness in human relationships, especially for females (Parks & Floyd, 

1996; Burleson, 2003). However, it is unknown whether closeness building techniques from 

human relationships apply to relationships with digital humans. 

A large experimental study was conducted to investigate the effect of emotional 

expressiveness in a female digital human and user gender on relationship closeness, and 

psychological and physiological outcomes. It was anticipated that females would experience 
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greater closeness and improved psychological and physiological outcomes with an 

emotionally expressive female digital human in a social closeness task. Males were 

anticipated to benefit less from these techniques.  
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5.2 Introduction 

Loneliness is a growing public health issue that has been exacerbated in vulnerable groups 

during the COVID-19 pandemic (Bu et al., 2020a). Loneliness is a subjective psychological 

state in which a person perceives a discrepancy between the quality and quantity of their 

actual and ideal social relations (Peplau & Perlman, 1982). It has been described as a 

³V\QGURPH-OLNH´�FRQGLWLRQ�WKDW�UHOLDEO\�DIIHFWV�VRFLDO�FRJQLWLRQ�DQG�EHKDYLRXU�LQ�D�PDQQHU�

that perpetuates feelings of loneliness (Cacioppo et al., 2014; Masi et al., 2011; Jones & 

Moore, 1987). Loneliness has been shown to be most prevalent in younger adults (aged 18 - 

29 years), older adults, people with a physical or mental health condition, people with low 

income, people who live alone, and people who are separated, widowed, or divorced (Bu et 

al., 2020a; Groarke et al., 2020).  

Loneliness is a particularly pressing public health problem because it has been associated 

with a multitude of ill health effects which place a burden on healthcare systems (Cacioppo et 

al., 2014; Gerst-Emerson & Jayawardhana, 2015). Loneliness produces a greater mortality 

risk than smoking 15 cigarettes daily (Holt-Lunstad, Smith, & Layton, 2010), and it increases 

risk of many physical and mental morbidities. This includes greater risk of coronary heart 

disease and stroke (Valtorta et al., 2016), and psychiatric conditions including major 

depressive disorder, generalized anxiety disorder, and suicide (Grassi et al., 1997; Beutel et 

al., 2017; Poudel-Tandukar et al., 2011). Interventions are needed to alleviate the burden of 

loneliness on population health and healthcare systems. 

5.2.1 Social support interventions 

Social support has been shown to be a major protective factor against loneliness in adults 

(Groarke et al., 2020; Bu et al., 2020b), as well as an effective intervention strategy for 

loneliness (Masi et al., 2011). In a survey of 38,217 adults in the United Kingdom, reporting 
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a high level of social support was found to be associated with a 89% lower odds of 

developing severe loneliness (Bu et al., 2020b). Moreover, reporting three or more close 

relationships was associated with a 42% lower odds of severe loneliness. This suggests that 

interventions for improving social support and close relationships may help to combat 

loneliness, and indeed this has been found in a systematic review of loneliness interventions 

(Masi et al., 2011).  

Social support is a construct that may refer to the structure or functions of interpersonal 

relationships (Uchino et al., 1996). Structural social supSRUW�GHVFULEHV�DVSHFWV�RI�D�SHUVRQ¶V�

social network, including the existence of relationships (e.g., number of friends) or the types 

of connections between people (e.g., spousal). Whereas functional social support describes 

the functions that a particular relationship or interaction could serve a person (e.g., emotional, 

informational, instrumental, or appraisal support). Aspects of both structural and functional 

support have been associated with improvements in loneliness to varying degrees (Jones & 

Moore, 1987). However, satisfaction with functional support that has been received has been 

found to have the strongest relationship with loneliness. This suggests that social support 

interventions that are focused on improving functional support could have the strongest effect 

on loneliness. 

Psychological interventions have been shown to improve social support (Hogan, Linden, 

& Najarian, 2002). This may be through one of several techniques including: (1) teaching 

skills to help people strengthen their support networks or to better solicit functional support; 

or (2) directly providing functional support to people (e.g., emotional support from a support 

group). Psychological interventions for improving social support have been shown to 

improve loneliness (Masi et al., 2011) and health outcomes (Hogan, Linden, & Najarian, 

2002). Social support may improve health outcomes indirectly through the provision of 

functional support (e.g., transportation to a health appointment) or directly by exerting a 
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stress-buffering effect (Lepore, 1998; Ditzen & Heinrichs, 2014). Social support has been 

associated with reduced sympathetic nervous system activation (Kiecolt-Glaser et al., 2010), 

as well as reduced cortisol and increased oxytocin release (Heinrichs et al., 2003), which may 

help to buffer against the effects of loneliness-related stress on the body. Chronic stress has 

been associated with reduced heart rate variability (Kim et al., 2018), increased inflammation 

(Cohen et al., 2012; Kiecolt-Glaser et al., 2010), and an impaired immune response (Glaser & 

Kiecolt-Glaser, 2009), which increase risk of physical and mental health conditions.  

Social support may have a stress-buffering and loneliness-reducing effect because humans 

have evolved to survive in groups. Because of this evolution, humans experience separation 

distress and find relief in social attachments (Fricchione, 2011). Social support is an 

³DWWDFKPHQW�VROXWLRQ´�WKDW�LV�HQFRXUDJHG�LQ�PDPPDOLDQ�EUDLQ�VWUXFWXUH�DQG�QHXUDO�SURFHVVLQJ�

loops (e.g., the protolimbic and paralimbic cortico-striato-thalamocortical loops) to provide 

solace and alleviate distress. Attachment solutions may be found in other people, in animals, 

UHOLJLRXV�ILJXUHV��DQG�WUDQVLWLRQDO�REMHFWV��H�J���D�FKLOG¶V�WHGG\�EHDU���)ULFFKLRQH���������,Q-

person social support interventions may not always be available (e.g., due to physical 

restrictions during a pandemic, hospitalization, living rurally). In this situation, faced with the 

absence of human connection, artificial agents, such as robots or computer agents, might 

provide digital human social support to people that may be salutogenic in the context of 

loneliness. 

5.2.2  Robot and computer agent support 

Increasingly research has shown that social robots and computer agents may help to 

improve loneliness and health outcomes for people by providing functional social support. A 

social robot is a technology with a body in physical hardware form, that is programmed to 

perceive and act autonomously within its physical environment, and that is capable of social 
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interaction (Hegel et al., 2009). For example, Paro is a fluffy baby harp seal robot that 

includes artificial intelligence for social interactions and a heater for body warmth. Paro may 

provide emotional support to people through companionship and physical touch akin to a pet. 

Paro has been shown to reduce loneliness in older adults, along with cortisol and blood 

pressure (Robinson, MacDonald, Kerse, & Broadbent, 2013; Saito, Shibata, Wada, & Tanie, 

2002; Robinson, MacDonald, & Broadbent, 2015). Other robots have improved loneliness by 

facilitating interactions between people and their support networks over video call (Moyle et 

al., 2014; Niemela et al., 2019).  

A computer agent refers to a computer-generated entity that is presented in a virtual 

environment, that may include a dialogue system and an embodiment (e.g., an animation of a 

face or body) (Powers et al., 2007; Cassell et al., 2000). Computer agents are often capable of 

social interaction and may include technologies such as embodied conversational agents, 

chatbots, game characters, and digital humans. There is limited research looking at the effect 

of support from a computer agent on loneliness (Gasteiger et al., in submission). However, 

one study found that companionship from an animal-like conversational agent improved 

loneliness in hospitalized older adults (Bott et al., 2019). Other studies have found that 

Tanya, a humanlike computer agent companion for older adults at home, was effective at 

improving loneliness and was highly acceptable to users (Ring et al., 2015; Vardoulakis et al., 

2012). Similarly, studies in younger adult populations have found that computer agents show 

promise for improving loneliness (Kim et al., 2018; Ta et al., 2020). 

Digital humans are a new form of computer agent that show promise for applications in 

healthcare, including as a supportive peer. Digital humans are computer-based, autonomous 

animations in the form of a human face or full body. They use complex neurobehavioural 

modelling techniques involving virtual neurotransmitters, and a visual computing framework 

described in Sagar et al. (2014). These techniques enable emotional intelligence, 
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personalities, and complex social interactions in digital humans. For example, digital humans 

can show attachment and separation distresV�WRZDUGV�D�XVHU�ZKLOH�LQ�³KLJK�R[\WRFLQ�PRGH´��

³+LJK�R[\WRFLQ�PRGH´�LV�D�VHWWLQJ�WKDW�LQYROYHV�PRUH�UDSLG�ILULQJ�RI�YLUWXDO�R[\WRFLQ�LQ�WKH�

GLJLWDO�KXPDQ¶V�DXWRQRPRXV�EUDLQ�PRGHO�ZKHQ�D�KXPDQ�LV�GHWHFWHG�LQ�IURQW�RI�WKH�FRPSXWHU¶V�

webcam (Sagar et al., 20�����7KLV�VHWWLQJ�LQIOXHQFHV�WKH�GLJLWDO�KXPDQ¶V�HPRWLRQDO�

expressions to become increasingly distressed with the user out of view and positive when the 

user returns.  

Digital humans (and computer agents in general) are a new technology and research is 

needed to understand how to design them in a way that is conducive to providing support to 

people. Research has shown that the perceived effectiveness of social support interventions 

may be influenced by how socially close people feel to the support partner (Rini et al., 2006). 

This suggests it may be important to design digital humans to engage in behaviours that build 

closeness with people while they are providing support. However, there is limited research on 

which behaviours improve closeness with computer agents (Loveys et al., 2020).  

5.2.3  Improving relationships with computer agents 

Psychological research suggests that closeness can be developed in human relationships 

through several techniques. These include engaging in reciprocal self-disclosure, shared 

activities or interests, expressing the value of the relationship, and showing empathy, 

amongst others (Parks & Floyd, 1996; Kraus, 2017). However, there may be gender 

differences in which techniques are most important for building closeness (Burleson 2003; 

Parks & Floyd, 1996; Floyd, 1995). For example, females may place greater importance on 

emotional self-disclosure in close relationships, whereas males may find shared ideas and 

hobbies to be more important to closeness (Parks & Floyd, 1996; Floyd, 1995). It is unclear 

whether behavioural techniques that improve closeness in human relationships translate to 
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human and computer agent relationships, however the Computers are Social Actors (CASA) 

paradigm would suggest so (Nass & Moon, 2000).  

CASA posits that people interact with computers that provide social cues in a similar way 

to how they would with another person (Reeves & Nass, 1996). Findings from a number of 

experiments support CASA (Nass & Moon, 2000), showing that people make personality 

judgments (Nass & Lee, 2001), gender stereotypes (Nass, Moon, & Green, 1997), engage in 

mindless social behaviours such as reciprocity (Nass & Moon, 2000), and elicit in-group and 

out-group behaviours towards computers that are positioned as being on the same or 

opposing team in a game (Nass, Fogg, & Moon, 1996). More recently, studies have shown 

that CASA applies to more advanced technologies. A voice agent in an autonomous vehicle 

was perceived more positively when its communication style conformed to gender 

stereotypes (e.g., a sociable female voice vs. an informative male voice) (Lee et al., 2019). 

Another study found that the similarity-attraction principle applied to a voice agent in a smart 

home environment (Moon et al., 2016). Extroverted users were found to prefer a talkative 

voice agent, whereas introverted users preferred an agent with multiple voices, because it 

appeared to be multiple less-talkative agents. According to CASA, computer agents that elicit 

closeness building behaviours should improve their relationships with people.  

5.2.4  Emotional expressiveness  

Emotional expressiveness is one technique that can improve closeness in human 

relationships, particularly in female relationships (Parks & Floyd, 1996; Floyd, 1995). 

Emotional expressiveness refers to expressing an intimate degree of negative or positive 

affect (e.g., through facial expression, speech, gaze), usually while engaging in behaviours 

such as talking at a deep personal level about fears or personal problems, or while 

demonstrating caring (Floyd, 1995). Emotional expressiveness may help to build emotional 
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intimacy, a type of psychological intimacy that that is important in close relationships (Gaia, 

2002). It may also be a way of providing nurturance, which is one of three kinds of social 

attachment-building behaviours in mammals, according to the Mammalian Behavioural Triad 

theory (MacLean, 1985). As digital humans have a detailed animated face modelled on 

human musculature, and a voice, they are capable of engaging in multimodal emotional 

expression. This involves delivering congruent emotional cues through different 

communication modalities, such as facial expressions and speech tone.  

Although promising, research is yet to investigate whether emotional expressiveness in a 

digital human improves feelings of closeness towards it. Related research with social robots 

has found gender differences in the effect of emotional expressiveness on closeness. Females 

have been shown to feel closer to a social robot that expressed emotions in the face during 

interactions (alongside other relational behaviours, e.g., self-disclosure, mirrored posture and 

speaking rate), whereas males reported feeling closer to robots that expressed less emotions 

and relational behaviours (Kory-Westlund, 2019). It is possible that similar effects could be 

found with computer agents, however experimental research is needed to investigate this.  

Prior research with computer agents has shown that emotional expressiveness can improve 

social perceptions that are related to closeness. A computer agent that expressed empathy in 

the face and voice was rated as significantly more supportive, caring, and likeable compared 

to an agent that displayed more self-focused emotion (e.g., joy at its own wins in a game) 

(Brave, Nass, & Hutchinson, 2005). Similarly, another computer agent that displayed a range 

of emotions in the face and voice was perceived as significantly more warm, caring, 

cooperative, and trustworthy than an agent with no emotion (Maldonado et al., 2005).  

These studies show that emotional expressiveness in a computer agent may improve social 

perceptions related to closeness, however no studies have looked at its effect on closeness 
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directly. Several instruments have been developed to quantify closeness including the 

Inclusion of Other in the Self (IOS) Scale (Aron et al., 1992), the Scale of Perceived 

Interpersonal Closeness (PICS) (Popovic et al., 2003), and the Relationship Closeness 

Induction Task measure (for experimentally-induced feelings of closeness)(Sedikides et al., 

1999). In addition, from the existing research it is unclear whether emotions expressed 

through the face or voice are more important to closeness building and supportive 

interactions with a computer agent. Some studies have shown that the presence of a face may 

help to improve attentional engagement with a computer agent (Koda & Maes, 1996), which 

could improve how well users attend to emotional cues. However, it remains unclear whether 

the presence of a computer agent face can affect the development of social closeness.  

5.2.5  Present study 

To date, research is yet to investigate the effect of emotional expressiveness in a digital 

KXPDQ¶V�IDFH�DQG�YRLFH��DQG�KRZ�WKLV�LQWHUDFWV�ZLWK�XVHU�JHQGHU�GXULQJ�D�VXSSRUWLYH�

interaction. This study aimed to investigate the effect of emotional expressiveness in a digital 

human on loneliness, closeness, caring perceptions, social support, stress, and physiological 

arousal in healthy adults. It was hypothesized that there would be gender differences in the 

effect of emotional expressiveness in a digital human on outcomes. More specifically, it was 

anticipated that females would report the greatest improvements in loneliness, social support, 

closeness, caring perceptions, stress and physiological arousal with an emotional face and an 

emotional voice digital human. On the other hand, it was predicted that males would report 

better outcomes with a neutral face and a neutral voice digital human.  

5.3 Methods 

5.3.1 Study design 
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A between-groups experimental study was conducted to investigate the effect of 

multimodal emotional expression and user gender on loneliness after a self-disclosure 

interaction with a digital human. Secondary outcomes included social closeness, caring 

perceptions, social support, stress and physiological arousal. Participants were block-

randomized by JHQGHU�WR�RQH�RI�VL[�FRQGLWLRQV�LQ�ZKLFK�WKH�GLJLWDO�KXPDQ¶V�GHVLJQ�GLIIHUHG�

by its face type (emotional, neutral, or no face) and voice type (emotional or neutral) 

(described in more detail in section 5.3.5 ³GLJLWDO�KXPDQ´��� 

Study procedures were approved by the University of Auckland Human Participants 

Ethics Committee on 01/11/2018 (reference no. 022191). Retrospective registration of the 

study is pending with the Australia New Zealand Clinical Trials Registry (ANZCTR) 

(registration application number: 381816). Retrospective registration was sought as the study 

was conceived of as a human-computer interaction experiment (to understand the effect of a 

GLJLWDO�KXPDQ¶V�GHVLJQ��DV�RSSRVHG�WR�D�FOLQLFDO�WULDO��+RZHYHU��ODWHU�UHJLVWUDWLRQ�ZDV�VRXJKW�

given the number of psychological and physiological outcomes collected as part of the 

experiment. This study is reported in keeping with the Consolidated Standards of Reporting 

Trials (CONSORT) 2010 guidelines (Schultz et al., 2010).  

5.3.2 Participant recruitment 

198 healthy adults (101 females, 95 males, 2 gender diverse) were recruited to take part in 

a study on relationships with a digital human. Participants were eligible to participate in the 

study if they were adults aged 18 years or older with English fluency. Recruitment occurred 

by flyers distributed at the University of Auckland campuses and through Facebook 

advertising to the Auckland city area. Compensation of a $20 shopping voucher was offered 

for participation in the study. Participants were recruited between (20/02/2019 ± 24/07/2019).  
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A power analysis was conducted using G*Power software to determine the required 

sample size for the study, which was informed by the results of Brave et al., (2005), who 

compared the effects of agent empathy versus no empathy on feelings of support, and found 

an effect size of f = .32. We calculated we would need 198 participants to detect an effect size 

of f = .32, with 80% power and alpha of .05 for a 3 (face) by 2 (voice) by 2 (gender) analysis 

of variance (ANOVA). A recruitment target was set of 100 females and 100 males.  

7KUHH�SDUWLFLSDQWV¶�GDWD�ZHUH�H[FOXGHG�IURP�DQDO\VHV�IRU�WKH�IROORZLQJ�UHDVRQV��WKH�

software would not start (n = 1), or the participant identified as gender non-binary and this 

group was not of sufficient size for adequate statistical power in gender analyses (n = 2). As a 

result, 195 participants data were included in the analyses. A consort diagram depicts 

participant flow through the study (see Figure 11). 
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Figure 11. CONSORT flow diagram. Note. emo = emotional; neu = neutral. 
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5.3.3 Measures 

Figure 12 depicts the time points at which measures were administered and data were 

collected in the study. 

5.3.3.1 Perceived Emotional Expressiveness Manipulation check 

A manipulation check evaluated the extent to which the digital human was perceived as 

emotionally expressive using a visual analogue scale. Participants marked their answer by 

placing an X at the appropriate position along a 100mm line with response anchors at either 

HQG���� �µ1RW�H[SUHVVLYH¶�± ���� �µ9HU\�H[SUHVVLYH¶���$�VFRUH�ZDV�GHULYHG�E\�PHDVXULQJ�WKH�

distance of the X along the line. A higher score indicates that the digital human was 

perceived as more emotionally expressive. Perceived emotional expressiveness was measured 

immediately after the digital human interaction.  

5.3.3.2 Loneliness  

General loneliness was measured at baseline using the 20-item Revised UCLA Loneliness 

Scale (Russell, Peplau, & Cutrona, 1980). Participants were asked to rate how often they felt 

the way described in general across a range of statements using a 4-point likert scale (1 = 

³QHYHU´�± �� �³RIWHQ´���7KH�5HYLVHG�8&/$�/RQHOLQHVV�6FDOH�KDV�EHHQ�VKRZQ�WR�KDYH�good 

Figure 12. Timepoints for administration of measures and data collection. Note. T1 = baseline; RCIT 
= Relationship Closeness Induction Task; T2 = immediately post interaction.  
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internal consistency reliability (a = .94), discriminant validity with mood measures, and 

concurrent validity with measures of social isolation (e.g., feelings of isolation, time spent 

alone per day, number of close friends) (Russell, Peplau, & Cutrona, 1980). Responses were 

summed to derive a total loneliness score. A higher score indicated greater loneliness. 

Current loneliness was evaluated using a visual analogue scale with response anchors 

SODFHG�DW�HDFK�HQG�RI�WKH�VFDOH���� �³QRW�DW�DOO´�± 100 = ³H[WUHPHO\´���3DUWLFLSDQWV�PDUNHG�

how lonely they currently felt by placing an X at the appropriate place along a 100mm line. 

Scores were derived by measuring the distance of the X along the line. A higher score 

indicated that the participant experienced a greater degree of loneliness. A visual analogue 

scale was chosen as it would be more sensitive to changes in feelings of loneliness within a 

one-hour experiment session compared to a general loneliness measure. 

5.3.3.3 Social closeness 

Social closeness with the digital human was assessed using the Relationship Closeness 

Induction Task follow-up measure (Sedikides, Campbell, Reeder, & Elliot, 1999). It is a 4-

item scale that evaluates the degree of perceived relationship closeness, similarity, liking, and 

likelihood of a future friendship using a 9-SRLQW�VFDOH��5HVSRQVHV�FRXOG�UDQJH�IURP����³QRW�DW�

DOO´��WR����³YHU\´���6FRUHV�ZHUH�GHULYHG�E\�PHDVXULQJ�GLVWDQFH�RI�DQ�;�SODFHG�DORQJ�D����PP�

line and transforming this value to a 0 to 9 score. Scores were summed across the four items. 

A higher score indicated stronger social closeness to the conversation partner. The scale 

demonstrated good internal consistency reliability in this study (a = .86).  

5.3.3.4 Perceived social support 

Perceived social support was measured using a visual analogue scale with response 

DQFKRUV���� �³QRW�DW�DOO´�± ���� �³H[WUHPHO\´��$LWNHQ���������3DUWLFLSDQWV�UDWHG�WKHLU�H[WHQW�

RI�DJUHHPHQW�ZLWK�WKH�VWDWHPHQW�³,�IHHO�VXSSRUWHG´�E\�SODFLQJ�DQ�;�DW�WKH�DSSURSULDWH�VSRW�
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along a 100mm line. The distance of the X along the line was measured and a score was 

derived. A higher score indicated feeling more supported. A visual analogue scale was 

chosen as it may be more sensitive to changes in perceived social support during the 

experiment session.   

5.3.3.5 Caring perceptions 

Caring perceptions were assessed using the Caring Perceptions Scale from Brave, Nass, & 

Hutchinson (2005). This is a 5-item scale that evaluates the extent to which a computer agent 

is perceived as caring. Items are rated using a 10-point scale with semantic differential 

UHVSRQVH�DQFKRUV��H�J��µ1RW�FRPSDVVLRQDWH¶�± µ&RPSDVVLRQDWH¶���,WHPV�WKDW�FRPSULVHG�WKH�

scale evaluated how warm, compassionate, selfish, friendly, and cooperative the digital 

human was. This scale has been used in prior research looking at relationships with embodied 

conversational agents and it has shown good internal consistency reliability in university 

student samples (a = .88) (Brave, Nass, & Hutchinson, 2005). Items were summed and a 

higher score indicated that the participant perceived the digital human as more caring.  

5.3.3.6 Perceived stress 

Current stress was measured using a 100mm visual analogue scale with response anchors 

��� �³QRW�DW�DOO´�± ����³H[WUHPHO\´���5RELQVRQ�HW�DO���������/DZ�HW�DO����������3DUWLFLSDQWV�

UDWHG�WKHLU�H[WHQW�RI�DJUHHPHQW�ZLWK�WKH�SKUDVH�³,�IHHO�VWUHVVHG´�E\�SODFLQJ�DQ�;�DW�WKH�

appropriate point along the line. Distance from the left edge of the line was measured and a 

score derived. A higher score indicated greater perceived stress.  

5.3.3.7 Physiological stress response 

Heart rate, electrodermal activity, and skin temperature are measures of physiological 

arousal that could indicate stress (Lazarus et al., 1963; Rimm-Kaufman & Kagan, 1996). 

Heart rate, electrodermal activity, and skin temperature were measured using a wrist-worn 
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sensor device called an Empatica E4. Data were continuously collected during the interaction 

and subsequently processed using a python script in order to create average heart rate 

(converted from blood volume pulse data), electrodermal activity, and skin temperature 

scores per participant. Higher average scores in heart rate and electrodermal activity, and 

lower scores in wrist skin temperature indicated greater physiological arousal during the 

interaction with the digital human. Data were analysed from the beginning to the end of the 

SDUWLFLSDQW¶V�LQWHUDFWLRQ�ZLWK�WKH�GLJLWDO�KXPDQ��2QO\�����SDUWLFLSDQWV�GDWD�ZHUH�LQFOXGHG�LQ�

the analyses for physiological stress as 25 data files were lost to processing errors. 

5.3.4 Procedure 

Participants attended one 45-minute experiment session at the University of Auckland 

Clinical Research Centre. After providing written informed consent, participants secured an 

Empatica E4 sensor to their wrist and completed a baseline questionnaire on paper. The 

baseline questionnaire assessed demographic and psychological variables including 

loneliness, stress, and social support. Participants were then block-randomized by gender to 

interact with one of six versions of a digital human. The block randomization was completed 

in advance of the session by a member of the research team, who automatically generated a 

randomization table using Research Randomizer software. Allocations were concealed from 

the researcher and the participant in opaque envelopes. The researcher remained blinded to 

WKH�SDUWLFLSDQW¶V�FRQGLWLRQ�XQWLO�RSHQLQJ�WKH�HQYHORSH�LPPHGLDWHO\�SULRU�WR�VWDUWLQJ�WKH�

appropriate computer program for the participant. Although the participant was de-blinded to 

their condition upon starting their interaction, they remained unaware of what digital humans 

in the other experimental conditions were like. The six digital humans varied by modality 

richness and emotional expression (emotional face, neutral face, no face; emotional voice, no 

voice).  
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The researcher provided the participant with verbal and written instructions for interacting 

with the digital human, started the digital human program on the laptop computer, then closed 

the door and exited the room for the duration of the interaction. Participants were instructed 

to call on the researcher (who could be found sitting on a chair down the hallway) by ringing 

a loud desk bell if they encountered any technical difficulties that they could not resolve with 

the instructions provided.  

Participants completed the Relationship Closeness Induction Task (RCIT) with a digital 

human. The RCIT is a 15-minute structured conversation involving reciprocal self-disclosure 

of personal information, feelings, and memories over a list of 28 personal questions 

(Sedikides, Campbell, Reeder, & Elliot, 1999). Questions gradually increase in intimacy and 

FRYHU�WRSLFV�IURP�³ZKDW�LV�\RXU�QDPH"´�WR�³GHVFULEH�WKH�ODVW�WLPH�\RX�IHOW�ORQHO\�´�7KH RCIT 

has been shown to reliably induce a sense of closeness between human stranger dyads in 

experimental psychology research (Sedikides, Campbell, Reeder, & Elliot, 1999), and it has 

been shown to promote health benefits found in naturally occurring close relationships, such 

as improved wound healing speed and reduced stress (Robinson et al., 2017). The RCIT is 

divided into three sections with a time limit for each (2 minutes, 5 minutes, 8 minutes). To 

maintain a private interaction between the participant and the digital human, the participant 

was required to ring a loud desk bell each time they reached the end of a section. The 

researcher sat in the hallway running a digital timer that was cleared at the beginning of each 

section. If a participant went over the time limit for a given section, the researcher knocked 

RQ�WKH�GRRU�DQG�WKH�SDUWLFLSDQW�ZDV�LQVWUXFWHG�WR�PRYH�RQ�WR�WKH�QH[W�VHFWLRQ��3DUWLFLSDQWV¶�

language from their interaction with the digital human was recorded (and analysed for 

emotional content in another paper; Loveys, Sagar, & Broadbent, 2020). Once the RCIT was 

complete, the participant rang the desk bell and the researcher returned to the room. The 

participant removed the wrist sensor and completed a second paper questionnaire on 
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perceived loneliness, closeness, caring perceptions, social support, and stress. Participants 

also answered a series of open-ended, written qualitative questions on their perceptions of the 

digital human (analysed in another paper; Loveys, Hiko, Sagar, Zhang & Broadbent, in 

submission). Once the questionnaire was complete, the participant was provided with a $20 

shopping voucher. 

5.3.5 Digital Human 

The digital human was presented on a laptop computer screen in a portrait view with an 

embodiment of the head and shoulders depicted in front of a black background. The digital 

KXPDQ�ZDV�QDPHG�³+ROO\´�DQG�VKH�ZDV�PRGHOOHG�RQ�D�\RXQJ�DGXOW�IHPDOH�RI�PL[HG�HWKQLFLW\�

�1HZ�=HDODQG�0DRUL��1HZ�=HDODQG�(XURSHDQ��,QGLDQ��(XURSHDQ���,Q�WKH�³QR�IDFH´�FRQGLWLRQV��

the digital human appeared as a black screen only. Figure 13 illustrates how the digital human 

appeared in the no face, neutral face, and emotional face conditions. The digital human 

functioned autonomously using a finite-state conversation engine and a neurobehavioural 

modeling and visual computing framework as described in Sagar et al. (2014).  
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3ULRU�WR�SURJUDPPLQJ�WKH�GLJLWDO�KXPDQ¶V�HPRWLRQDO�H[SUHVVLRQV��D�PHmber of the 

research team (KL) recruited four psychology Masters students to complete the Relationship 

Closeness Induction Task (RCIT) in two dyads (1 female-female; 1 male-male). Each dyad 

completed the task separately in a private room with the researcher present. The researcher 

Figure 13. The digital human across the three visual conditions (1: no face; 2: neutral 
face; 3: emotional face). Each visual condition could be paired with either an 
emotional or neutral voice.  
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recorded notes on the kinds of emotions expressed by the dyads during each of the 28 

questions in the conversation task. Notes were also made regarding the kinds of responses 

people gave to the different questions. This information was used to inform the answers the 

digital human gave to the RCIT questions and the kinds of emotions it expressed in the face 

and voice for each question. This approach was taken in order to improve how natural the 

GLJLWDO�KXPDQ¶V�UHVSRQVHV�ZHUH��7KH�GLJLWDO�KXPDQ¶V�ODQJXDJH�ZDV�FRQVLVWHQW�EHWZHHQ�

participants, as were the emotional expressions in the face and voice for individuals in those 

respective conditions. This design choice was made to maintain experimental control against 

the potential confounds of different conversation content or amounts of emotional expression 

which could have affected outcomes.  

7KH�GLJLWDO�KXPDQ¶V�VFULSW�XQGHUZHQW�DQ�LWHUDWLYH�GHYHORSPHQW�SURFHVV�LQYROYLQJ�WKH�

research team drafting responses to the RCIT questions, programming responses into the 

digital human as part of a finite-state conversation engine, and then testing the conversation 

ZLWK�RWKHU�PHPEHUV�RI�WKH�UHVHDUFK�WHDP��7KH�GLJLWDO�KXPDQ¶V�UHVSRQVHV�ZHUH�UHILQHG�RYHU�

several iterations to improve how natural and convincing they felt. The digital human 

interacted with people autonomously.  

5.3.5.1 Emotional Face 

The emotional face condition included a mixture of positive and negative expressions, 

including compassion, joy, fear, and sadness. Compassion and joy were expressed most 

frequently (53% and 38.5% of the interaction, respectively). The emotional expressions were 

subtle in order to appear more natural. The emotional expressions in the face were pre-

programmed and triggered based on phrases the digital human spoke using a text-to-speech 

Emotional Markup Language (EML). Programming the EML required manually classifying 

each sentence the digital human spoke into compassion, joy, fear, or sadness categories in the 
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digital human program. The end result was that each time the digital human spoke a phrase, 

she elicited the associated emotional expression in her face. Emotional expressions in the face 

were autonomously generated in real-time as the digital human spoke to the participant using 

neurobehavioural modeling and visual computing techniques. These techniques are described 

in greater detail in Sagar et al. (2014) and Sagar et al. (2016). While listening, the digital 

human did not express emotion in the face although she engaged in humanlike facial 

movements such as blinking, as described below in Section 5.3������³2WKHU�EHKDYLRXUV´���� 

The neutral face condition contained the same digital human face as the emotional face 

condition, however no facial expressions were made during the interaction. The only 

movements the neutral face made were of the mouth to accommodate speech and the natural 

behaviours described later in section 5.3������³2WKHU�EHKDYLRXUV´��H�J���EOLQNLQJ��KHDG�

movements with speech).  In the no face condition, participants interacted with a plain black 

screen that contained no digital human animation, only a voice.  

7KH�GLJLWDO�KXPDQ�ZDV�FDSDEOH�RI�PLUURULQJ�SHRSOH¶V�IDFLDO�H[SUHVVLRQV��KRZHYHU�WKLV�

capability was turned off for the experiment. This was to ensure that the digital human did 

not provide emotional facial expressions in the neutral face condition, and that participants in 

the emotional face condition each received the same amount of emotional expression from 

the digital human. However, the tradeoff was that the digital human could not return a 

persoQ¶V�VPLOH��IRU�H[DPSOH�� 

5.3.5.2 Emotional Voice 

Participants interacted with a digital human that had either an emotional or neutral voice. 

7KH�GLJLWDO�KXPDQ¶V�YRLFH�ZDV�UHFRUGHG�E\�D�\RXQJ�DGXOW�IHPDOH�YRLFHRYHU�DUWLVW�ZLWK�D�ORFDO�

New Zealand accent. Emotions expressed in the emotional voice condition were compassion 

(i.e., low arousal positive affect; 53% of the conversation), joy (i.e., high arousal positive 
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affect; 38.5%), and sadness or anxiety (i.e., low arousal negative affect; 8.5%). The neutral 

voice had an absence of positive and negative emotion, however maintained normal speech 

LQWRQDWLRQ�IRU�D�1HZ�=HDODQG�DFFHQW��(DFK�VHQWHQFH�LQ�WKH�GLJLWDO�KXPDQ¶V�VFULSW�ZDV�

recorded twice; one in a neutral voice and the other in an emotional voice. For the emotional 

voice, the voiceover artist read from a script with annotations to guide when certain 

emotional expressions should take place. These emotional expressions were tied to phrases to 

FRUUHVSRQG�ZLWK�ZKHQ�HPRWLRQV�ZRXOG�EH�SRUWUD\HG�LQ�WKH�GLJLWDO�KXPDQ¶V�IDFe. Recording 

the voice clips was an iterative process where a member of the research team (KL) and an 

audio engineer provided subjective feedback to the vocal artist at the time of recording, and 

the vocal artist re-recorded clips where necessary. Clips were re-recorded where the 

emotional expression was either too strong or not strong enough, or where there appeared to 

be emotion in a neutral voice clip.  

To ensure that the emotional and neutral voices were sufficiently different, an emotion 

classifier was used to objectively analyse the vocal clips. The classifier operated with 79.9% 

accuracy and classified vocal clips based on energy and pitch contours, which were modeled 

using Gaussian Mixture Models (GMM). Analyses revealed that the compassionate and 

joyful emotional voice clips were significantly different from the neutral voice clips. 

However, for the sadness and anxiety voice clips, there were an insufficient number to reach 

significance. The voice recordings were generated into a voice package that was connected to 

a finite state conversation engine.  

5.3.5.3 Other Behaviours 

The digital human engaged in several other behaviours to appear more humanlike during 

the interaction. She maintained eye gaze with people for the majority of the interaction using 

computer vision technology. Prior to speaking, she would often look around to the top right 
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of the screen as if thinking. She also engaged in humanlike movements such as blinking, 

moving her head and raising her eyebrows with speech, and lightly swaying her body while 

OLVWHQLQJ�RU�VSHDNLQJ��,I�VKH�GLG�QRW�XQGHUVWDQG�WKH�SDUWLFLSDQW��VKH�ZRXOG�VD\��³,�GLGQ¶W�

XQGHUVWDQG��\RX�FDQ�WU\�UHSKUDVLQJ´�ZKLOH�SUHVHQWLQJ�D�FRQFHUQHG�IDFLDO�H[SUHVVLRQ��7KH�

digital human did not perform any other behaviours during the interaction. 

5.3.6 Data Analysis 

Data were analysed using IBM SPSS software (version 27). Data were checked for 

violations of test assumptions and bootstrapping were applied to tests where data were not 

normally distributed. Chi square tests and analyses of variance (ANOVA) tests and were 

conducted to check for baseline group differences in demographic and psychological 

variables. As no significant differences were found in baseline variables, these were not 

controlled for in subsequent analyses. A series of three-way factorial analyses of variance 

(ANOVA) were conducted to evaluate the effect of face type, voice type, and gender on T2 

outcomes. Post hoc tests with Sidak correction were applied as follow up analyses.  

5.4 Results 

5.4.1 Participants 

Participants were predominantly young adult (M = 28.26, SD = 10.96), single (49.5%), 

university students (67.9%). There was an approximately equal number of male and female 

participants (females 51.5%). Participants represented a mix of ethnicities (Asian 41.3%, 

New Zealand European 34.2%, Other 19.4%, Maori 3.1%, Pacific Peoples 2.0%). 

Participants reported a moderate degree of loneliness at baseline (M = 36.97, SD = 10.02). 

There were no significant differences in baseline demographic or psychological variables 

between genders or experimental groups.  
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5.4.2 Manipulation check 

A manipulation check revealed that the emotional face and voice conditions were 

perceived as more emotionally expressive by participants. There were significant main effects 

of face type (F = 6.97, p = .001) and voice type (F = 3.94, p = .049) on perceived emotional 

expressiveness of the digital human. An emotional face was rated as significantly more 

emotionally expressive than a neutral face (M = 53.02, SD = 27.33 vs. M = 40.14, SD = 

23.06, p = .011). No face was rated as more emotionally expressive than a neutral face (M = 

55.17, SD = 24.90, p = .002). In terms of voice type, the emotional voice was rated as 

significantly more emotionally expressive than the neutral voice (M = 52.79, SD = 24.73 vs. 

M = 45.91, SD = 26.71, p = .049). There were no other significant main, two-, or three-way 

interaction effects (all Fs < 1.60). 

5.4.3 Perceived loneliness (T2) 

$QDO\VHV�UHYHDOHG�JHQGHU�GLIIHUHQFHV�LQ�WKH�HIIHFW�RI�D�GLJLWDO�KXPDQ¶V�IDFH�W\SH�RQ�

perceived loneliness. There was a significant two-way interaction effect between face type 

and gender (F = 4.95, p = .008; see Figure 14). A digital human with no face was associated 

with significantly less loneliness in males compared to females (M = 15.76, SD = 19.07 vs. M 

= 26.71, SD = 24.86, p = .047). Whereas a neutral face digital human was associated with 

significantly less loneliness in females compared to males (M = 13.55, SD = 17.11 vs. M = 

26.88, SD = 26.64, p = .013). A neutral face digital human was also associated with 

significantly less loneliness in females compared to a no face digital human (p = .041). There 

were no other significant main, two-, or three-way interaction effects (all Fs < 1.68). 
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Figure 14. A significant two-way interaction effect of face type and gender on perceived loneliness 
after the digital human conversation. Standard error bars are used. 

5.4.4 Social closeness 

An emotional voice improved feelings of closeness towards a digital human, but only in 

females. There was a significant two-way interaction effect of voice type and gender (F = 

4.17, p = .043) (see Figure 15). Females reported significantly greater closeness with an 

emotional voice digital human compared to males (M = 19.18, SD = 7.21 vs. M = 15.68, SD 

= 7.53, p = .024). There was also a trend towards females reporting greater closeness with an 

emotional voice digital human compared to a neutral voice digital human (M = 16.45, SD = 

7.06, p = .071). There were no other significant main, two-, or three-way interaction effects 

(all Fs < 1.06). 
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Figure 15. A significant two-way interaction effect of voice type and gender on social closeness with 
a digital human after the conversation. Standard error bars are used. 

5.4.5 Perceived support (T2) 

A neutral voice was associated with significantly higher feelings of support across males 

and females. Analyses revealed a significant main effect of voice type on perceived support 

(F = 5.77; p = .017). A neutral voice digital human was associated with significantly higher 

ratings of perceived support compared to an emotional voice digital human (M = 65.77, SD = 

19.09 vs. M = 59.23, SD = 19.01) (See Figure 16).  

Analyses also revealed that there may be gender differences in how supported people felt 

in response to emotional and neutral voice digital humans. There was a trend towards a 

significant two-way interaction effect between voice type and gender (F = 3.66, p = .057). 

Males felt significantly more supported with a neutral voice digital human compared to one 

with an emotional voice (M = 68.03, SD = 18.49 vs. M = 56.29, SD = 18.38, p = .002). 

Whereas females felt more supported with an emotional voice digital human compared to 
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males (M = 62.18, SD = 19.25 vs. M = 56.29, SD = 18.38), however this was a trend towards 

significance (p = .097). There were no other significant main, two-, or three-way interaction 

effects (all Fs < 2.33).  

Figure 16. A significant main effect of digital human voice type on perceived support after the digital 
human conversation. Standard error bars are used. 

5.4.6 Caring perceptions 

An emotional voice was found to improve caring perceptions in both males and females. 

Analyses revealed a significant main effect of voice type on caring perceptions (F = 4.26, p = 

.040). An emotional voice digital human was rated to be significantly more caring than a 

neutral voice digital human (M = 29.45, SD = 6.56 vs. M = 27.42, SD = 6.94, p = .040).  

There was a trend towards a significant two-way interaction effect between voice type and 

gender (F = 3.31, p = .070) (see Figure 17). Females rated the emotional voice digital human 

as significantly more caring compared to males (M = 30.88, SD = 5.82 vs. M = 27.96, SD = 
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6.99, p = .032). Females also rated the emotional voice digital human as significantly more 

caring than a neutral voice digital human (M = 27.14, SD = 6.83, p = .006). There were no 

other significant main, two-, or three-way interaction effects (all Fs < 1.55).   

 

Figure 17. A significant main effect of voice type on caring perceptions, with a trend for an 
interaction with gender. Standard error bars are displayed. 

5.4.7 Perceived stress (T2) 

*HQGHU�ZDV�IRXQG�WR�LPSDFW�WKH�HIIHFW�RI�D�GLJLWDO�KXPDQ¶V�IDFH�W\SH�RQ�SHUFHLYHG�VWUHVV��

A significant two-way interaction effect was found between face type and gender (F = 6.01, p 

= .003) (see Figure 18). A no face digital human was associated with significantly lower 

perceived stress in males compared to a neutral face (M = 17.55, SD = 15.87 vs. M = 34.36, 

SD = 22.53, p = .011) and an emotional face digital human (M = 33.13, SD = 19.09, p = 

.024). Whereas females reported significantly greater stress with a no face digital human 
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compared to males (M = 35.00, SD = 23.90, p = .003). Females also reported lower stress 

with a neutral face digital human compared to males, however this was a trend towards 

significance (M = 24.09, SD = 23.67, p = .066). There were no other significant main, two-, 

or three-way interaction effects (all Fs < 2.68). 

Figure 18. A significant two-way interaction effect of face type and gender on perceived stress after 
the digital human interaction. Standard error bars are portrayed. 

5.4.8 Physiological outcomes  

There were no significant main, two-, or three-way interaction effects of face type, voice 

type, or gender on average skin temperature (all Fs <.89) or heart rate (all Fs < .98) over the 

conversation. However, there were significant main effects of voice type (F = 4.72, p = .031) 

and gender (F = 6.54, p = .011) on average electrodermal activity. An emotional voice was 

associated with significantly greater electrodermal activity over the conversation compared to 

a neutral voice (M = 3.07, SD = 5.38 vs. M = 1.71, SD = 2.13, p = .031) (see Figure 19). 
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Additionally, males experienced higher electrodermal activity during the interaction 

compared to females (M = 3.19, SD = 5.69 vs. M = 1.59, SD = 2.04, p = .011). There were no 

other significant main, two-, or three-way interaction effects (all Fs < 2.38).  

  

Figure 19. Significant main effects of voice type and gender on electrodermal activity during the 
digital human interaction. Standard error bars are depicted. 

5.5 Discussion 

This study was the first to investigate whether emotional expressiveness in a digital human 

and user gender interact to affect loneliness, social, and physiological outcomes following a 

self-disclosure conversation.  

Several main effects were found for the impact of emotional expressiveness in a digital 

KXPDQ¶V�YRLFH�RQ�SK\VLRORJLFDO�DURXVDO�DQG�VRFLDO�RXWFRPHV��3HUFHLYHG�VRFLDO�VXSSRUW�ZDV�

significantly higher for participants after interacting with a neutral voice digital human 
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compared to an emotional voice digital human. However, an emotional voice digital human 

was perceived as more caring overall than one with a neutral voice. Average electrodermal 

activity was higher during interactions with an emotional voice digital human compared to 

one with a neutral voice. These findings suggest that emotional expression in a digital 

KXPDQ¶V�YRLFH�FDQ�LQFUHDVH�SK\VLRORJLFDO�DURXVDO�DQG�SHUFHSWLRQV�RI�FDULQJ��\HW�UHGXFH�

feelings of being supported across both genders.  

Gender did impact the effect of emotional expressiveness on loneliness, physiological 

arousal, and social outcomes. Females benefited more from a digital human with emotional 

expression in the voice and a face present. For females, emotional expression in the voice 

improved social outcomes including closeness with the digital human, caring perceptions, 

and perceived social support. Additionally, for females, the presence of a neutral face was 

associated with improvements in loneliness and subjective stress, compared to a digital 

human with no face.  

On the other hand, males had better outcomes for a digital human without emotional 

expression in the voice and with no face (i.e., a black screen). For males, a neutral voice 

digital human was associated with improved social outcomes including closeness to the 

digital human, caring perceptions, and perceived social support. A digital human without a 

face (i.e., a black screen) was associated with less loneliness and lower subjective stress in 

males.  

The potential reasons for these effects and how these findings relate to other research will 

be discussed in subsequent sections.   

5.5.1 Main effects 
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The effects of emotion in the voice were increased physiological arousal and perceptions 

of caring, yet reduced perceptions of support. The reason why people felt less supported may 

be because the HPRWLRQV�ZHUH�IRFXVHG�RQ�WKH�GLJLWDO�KXPDQV¶�RZQ�ZRUGV��DV�RSSRVHG�WR�

varying in response to the emotions expressed by the user. It is likely the users expected the 

digital human to respond emotionally to their personal stories. Indeed, prior research has 

found that a computer agent that consistently delivered other-focused emotion (e.g., 

FRPSDVVLRQ��LQ�UHVSRQVH�WR�XVHUV¶�EHKDYLRXU�LQ�D�JDPH�ZDV�SHUFHLYHG�DV�PRUH�FDULQJ�DQG�ZDV�

associated with greater feelings of support compared to a computer agent that delivered self-

focused emotion (e.g., joy at its own success at the game) (Brave, Nass, & Hutchinson, 

�������&DULQJ�SHUFHSWLRQV�DUH�MXGJPHQWV�DERXW�DQ�DJHQW¶V�WUDLWV��ZKHUHDV�IHHOLQJ�supported 

pertains to the effect of the interaction on the user.  

The emotional voice was associated with greater physiological arousal than a neutral 

voice. High electrodermal activity could indicate either positively or negatively valanced 

arousal (e.g., excitement or fear) (Bradley & Lang, 2000). This result is in agreement with 

previous research showing that electrodermal activity increases when listening to 

emotionally-valanced sounds both pleasant and unpleasant, although the greatest increases 

occur in response to pleasant sounds (Bradley & Lang, 2000).  

Males were found to have greater electrodermal activity than females during the 

interaction with the digital human. This may be explained by prior research showing that 

males have different brain responses to expressed emotions than females, along with different 

responses to viewing a female face (Aleman & Swart, 2008; Kveraga et al., 2019). For 

example, males and females have been shown to differentially activate brain regions in 

response to observing contempt and disgust facial expressions (e.g., medial frontal gyrus) 

(Aleman, & Swart, 2008). This differential activation of brain regions may have downstream 

physical effects in the body to influence outcomes such as electrodermal activity.  
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5.5.2 Gender differences 

The results that females felt closer to a digital human with an emotional voice but males 

felt closer to a digital human with a neutral voice are in keeping with prior literature. 

Emotional expressiveness is an important part of close female relationships (Parks & Floyd, 

1996; Floyd, 1995; Burleson, 2003), but a less important part of close male relationships. For 

males, shared activities, interests, and ideas are more important aspects of close relationships 

(Parks & Floyd, 1996; Floyd, 1995).  

Similar results have been found in research looking at the effect of emotional 

expressiveness on closeness with other types of artificial agents, including robots. Females 

felt closer to social robots that expressed emotions during interactions, whereas males felt 

closer to robots that expressed less emotions (Kory-Westlund, 2019). In research with 

computer agents, affective support in language was associated with greater rapport in girls, 

whereas for boys, an agent with only task-oriented language was associated with higher 

rapport (Burleson & Picard, 2007). The results of the present study build upon the literature 

by showing that emotional expressiveness by computer agents can foster closer relationships 

for women, especially when emotions are expressed in the voice.  

The gendered effects of the emotionality of the voice on perceived closeness may have 

also had an impact on perceived support. There was a trend for females to feel more 

supported by the emotional voice and for males to be more supported by the neutral voice. 

This aligns with previous research showing that perceptions of social support are related to 

perceived closeness towards the support partner in human relationships (Rini et al., 2006).  

This research also found gender effects for the impact RI�WKH�GLJLWDO�KXPDQ¶V�IDFH-type on 

perceived loneliness and stress. Males felt least lonely and stressed after interacting with a no 

face digital human. Whereas females felt least lonely and stressed with a neutral face digital 
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human. These results were unexpected; we had predicted that females would experience the 

greatest benefit to loneliness and stress with an emotional face and voice digital human. This 

was based on existing literature showing improvements in loneliness and stress after 

interactions with emotionally expressive computer agents (Ring et al., 2013; Mori et al., 

2003). However, the effects of emotional expression in the face and voice were not compared 

in these studies.  

This is the first study to investigate the effects of emotional expression in the voice and 

face separately in computer agents. It is possible that the effects of emotional expression are 

stronger when expressed in the voice than the face. This is supported by findings that have 

shown that voice-only communication can improve perceptions of empathic accuracy (Kraus, 

2017). However, as the emotional faces were very subtle in their expressions, and the neutral 

face included humanlike movements which could have inadvertently portrayed interest (e.g., 

raising eyebrows with speech), it is possible that the emotional and neutral face conclusions 

are both more about the presence of a face. This study leaves open the question of the degree 

of emotional expression; it is possible that different results may have been achieved with 

more pronounced emotional expressions in the face.  

It is unclear why a neutral face was found to be more helpful for loneliness and stress in 

females compared to an emotional face, given that a manipulation check revealed that the 

emotional face was perceived as more emotionally expressive. It is possible that either the 

emotional expressions were not strong enough, and/or the kinds of emotions that the digital 

human expressed in this study influenced outcomes. The digital human expressed a 

combination of self- (e.g., joy, sadness) and other-focused facial emotion during the 

interaction (e.g., compassion, concern). An interaction involving only other-focused emotions 

could have more accurately mimicked the role of a supportive peer and better improved 

outcomes such as loneliness and stress.  
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Other research has shown that smiling is associated with better perceptions of a healthcare 

robot compared to not smiling (Johanson et al., 2020). In the present study, the emotional 

face digital human did not smile all the time, and instead had a slight frown when expressing 

concern and looked sad when expressing its own sad experiences. The presence of one or 

both of these negative emotions might have negatively affected outcomes. 

This study adds to the literature by showing that emotional expressiveness, a behaviour 

that is important in the development of close relationships in females but not males, shows 

the same effect in relationships with a computer agent. In addition, the results of this study 

show that loneliness, stress, and social outcomes that have been associated with close human 

relationships can also be influenced by conversations with a computer agent. The results 

provide some supportive evidence for the Computers are Social Actors (CASA) paradigm 

(Reeves & Nass, 1996), which suggests that people engage in the same social behaviours and 

perceptions towards computers that elicit social cues as they do towards other people. It 

makes sense that behaviours that help to build closeness in human relationships (e.g., 

emotional expressiveness) may have similar effects in relationships with a computer agent, 

such as a digital human. Technological limitations in responding may have affected cues 

being entirely the same as for real human conversations however, as discussed below in 

section 5.5����³OLPLWDWLRQV�RI�WKH�VWXG\´��� 

5.5.3 Design recommendations 

Overall, the results of this study inform several design recommendations for digital 

humans intended for the role of a supportive peer. First, when designing a supportive peer for 

female users, incorporating an emotional voice may be important for promoting a closer 

relationship and feelings of support. For females, including an animated face was also 

important for improving loneliness and perceived stress.  
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On the other hand, when designing a supportive peer for males, a neutral voice may help 

to promote a closer relationship and improve feelings of support. For males, no face (i.e., a 

black screen with a voice) was found to be better for improving loneliness and stress than a 

female face with some or no emotional expression. However, it is possible that different 

results may have been found for males had they interacted with a male face.  

It is important to note that these recommendations were based off results obtained with a 

predominantly young adult, New Zealand student sample and with a young female digital 

human. Although, gender differences in the importance of different closeness building 

behaviours have been found with other age groups in different geographic locations (Parks & 

Floyd, 1996; Floyd, 1995; Burleson, 2003).  

These findings may not generaOLVH�WR�DOO�FXOWXUHV��,W�LV�SRVVLEOH�WKDW�SHRSOHV¶�SUHIHUHQFHV�

regarding different aspects of emotional expressiveness (e.g., type, strength) may shift at the 

intersection of gender and other demographic characteristics; for example, culture. Prior 

research has shown cultural differences in targets for emotional expressiveness, including 

how emotions are expressed and what kinds are the most socially desirable to portray 

(Chentsova-Dutton et al., 2007; Tsai et al., 2006). For example, in East Asian cultures it is 

more socially desirable to express low arousal positive affect (e.g., calm) and negative 

emotion is less often expressed directly (Tsai et al., 2006). In this study, there were 41.3% 

Asian participants and 34.2% New Zealand Europeans. 

In contrast, in North American white culture, high arousal positive affect (e.g., excitement) 

is the most socially desirable to express (Tsai et al., 2006). As a result, culture may affect 

KRZ�D�GLJLWDO�KXPDQ¶V�HPRWLRQDO�H[SUHVVLYHQHVV�LV�SHUFHLYHG�E\�SHRSOH�DQG�VXEVHTXently, the 

effect it has on loneliness, social, and physiological outcomes. It is possible that emotional 

expressiveness in a digital human may need to be tailored to the culture of its intended users, 
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alongside their gender.  Results may have been different if the study had been conducted in 

the USA.  

5.5.4 Limitations of the study 

This study had several limitations which could affect the generalizability of the results. 

)LUVWO\��WKH�GLJLWDO�KXPDQ¶V�FRQYHUVDWLRQ�HQJLQH�H[SHULHQFHG�RFFDVLRQDO�HUURUV�ZLWK�XWWHUDQFe 

detection and speech-to-text translation during its interactions with people. These errors 

manifested as behaviours such as interrupting people or asking people to repeat themselves, 

which could have increased negative mood in some participants (Loveys et al., 2020). 

However, the errors were not more or less frequent across any of the experimental conditions.  

Another possible limitation is that the study was conducted in a healthy young adult 

student sample. It is unclear whether the findings would apply to other groups who might 

benefit from a social support intervention with a digital human. For example, other groups 

who are at greater risk of loneliness such as older adults (who could have lower digital 

literacy and more challenges with using a digital human program) or particular patient 

samples (who may be considerably more stressed at baseline). In addition, this study focused 

on male-female gender differences therefore it is unknown how gender diverse persons might 

respond to emotional expressiveness in a digital human, including the effects this might have 

on their loneliness, social, and physiological outcomes.  

Another consideration is that other features of the digital human could have inadvertently 

LQIOXHQFHG�SHRSOH¶V�UHVSRQVHV�WR�LW��)RU�H[DPSOe, research has shown that the proportion of a 

FRPSXWHU�DJHQW¶V�IDFLDO�IHDWXUHV�PD\�LQIOXHQFH�SHUVRQDOLW\�SHUFHSWLRQV��)HUVWO�	�0F'RQQHOO��

2018). A narrower face and smaller eyes have been associated with perceptions of greater 

aggression in computer agents (Ferstl & McDonnell, 2018). Both narrow and wide faces have 

been associated with lower perceptions of trustworthiness compared to a standard width face, 
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and smaller eyes have been rated as less trustworthy than medium sized eyes in a computer 

agent (FersWO�	�0F'RQQHOO���������7KH�GLJLWDO�KXPDQ�LQ�WKLV�VWXG\¶V�IDFH�GHVLJQ�ZDV�

consistent across the neutral and emotional face conditions, however each of these 

FRPSRQHQWV�RI�WKH�GLJLWDO�KXPDQ¶V�IDFH�FRXOG�KDYH�FRQWULEXWHG�LQ�SDUW�WR�KRZ�SDUWLFLSDQWV�

evaluated the digital human.  

An important consideration is that demographic matching (e.g., gender, ethnicity) between 

the participant and the digital human could have influenced social responses to the digital 

human. The digital human in this study was female and different results may have been found 

had a male digital human been used. In prior research, gender matching has been shown to 

influence preferences towards computer agents (Johnson et al., 2013), while ethnicity 

matching has improved perceptions of trustworthiness (Nass et al., 2000), social presence 

(Benbasat et al., 2010), and credibility towards computer agents (Spence et al., 2013). This 

may be due to the similarity attraction hypothesis, which predicts that people like others more 

who are more similar to themselves (Byrne, 1961). This social phenomenon has been shown 

to apply to relationships with computers (Reeves & Nass, 1996). Matching the digital 

KXPDQ¶V�GHPRJUDSKLF�FKDUDFWHULVWLFV�WR�HDFK�SDUWLFLSDQW�ZDV�QRW�IHDVLEOH�LQ�WKLV�VWXG\��

however future research could investigate how this might impact results. The similarity 

attraction hypothesis may also explain some gender effects, since females are generally more 

emotionally expressive than males.  

Lastly, as mentioned previously, the expressions in the emotional face condition may not 

have been expressive enough to elicit changes in outcomes for users. It is possible that more 

pronounced emotional expressions may have resulted in different findings. In addition, 

humanlike behaviours performed by the neutral face condition could have been interpreted as 

showing interest which may have influenced results (e.g., head movements while listening, 

eyebrow raises while speaking). 
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5.5.5 Future research 

The results of this study indicate several important areas for future research. First, 

experimental research is needed to investigate the generalizability of the results at the 

intersection of gender and other demographic or health characteristics (e.g., ethnicity, age, 

disability). In addition, this study did not look at the effect of emotional expressiveness in a 

digital human on individuals who are gender diverse and this is a topic that future research 

could explore.  

Second, as discussed, it is possible that the results may have been impacted by the degree 

of emotionDO�H[SUHVVLRQ�LQ�WKH�GLJLWDO�KXPDQ¶V�IDFH��DQG�WKH�NLQGV�RI�HPRWLRQV�WKDW�WKH�GLJLWDO�

human expressed during the interaction (i.e., a mixture of self- and other-focused emotion, as 

well as positive and negative emotions). Expression of these types of emotions has been 

shown to influence perceptions of computer agents and robots in prior research (Brave, Nass, 

& Hutchinson, 2005; Johanson et al., 2020). Future studies could investigate whether 

expressing more pronounced emotions in the face improves outcomes, as well as evaluate the 

effect of other-focused emotional expression in a digital human (e.g., compassion, concern) 

on loneliness, social, and physiological outcomes. It is likely that this style of emotional 

expression would better mimic a therapeutic or supportive interaction and may result in 

greater improvements in outcomes, compared to a digital human that expresses mixed or self-

focused emotion. Research could also compare the effects of expressing positive, negative, 

and a mixture of these expressions.  

This study identified emotional expressiveness as an important design feature that should 

be included in female digital human support persons for female users. However, there are 

likely many other digital human behaviours that could contribute to improvements in 

loneliness, social, and physiological outcomes for people (see Loveys et al., 2020b). This 

study found that males experienced better outcomes with a female digital human that had no 
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emotional expressiveness in the voice and no face. However, this finding should be further 

investigated as males (and females) could have responded differently to a male digital human.    

5.5.6 Conclusion 

2YHUDOO��HPRWLRQDO�H[SUHVVLYHQHVV�LQ�D�IHPDOH�GLJLWDO�KXPDQ¶V�YRLFH�ZDV�DVVRFLDWHG�ZLWK�

perceiving her as more caring, and with experiencing greater physiological arousal during a 

self-disclosure conversation. Although, emotion in the voice was associated with lower 

feelings of support after the interaction. However, gender was an important moderator of 

effects. The findings indicate that when designing a female digital human support person for 

females, an emotional voice and the presence of a face may be important features to include. 

On the other hand, when designing a female digital support person for males, a neutral voice 

and no face may result in better outcomes compared to a female with emotional 

expressiveness. Results provide support for the Computers are Social Actors paradigm and 

may inform the design of computer agent support persons. 
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Chapter 6- The Effect of Multimodal Emotional Expression on Responses 

to a Digital Human During a Self-Disclosure Conversation: A 

Computational Analysis of User Language 

6.1 Preface 

In Chapter 5, a large experimental study investigated the effect of emotional 

expressiveness in a female digital human and user gender on relationship closeness, 

SV\FKRORJLFDO�DQG�SK\VLRORJLFDO�RXWFRPHV��$V�SDUW�RI�WKH�H[SHULPHQW��SDUWLFLSDQWV¶�VSHHFK�

was audio-recorded during the digital human interaction and then computationally analysed 

for emotional content. This allowed us to see how participants responded behaviourally to the 

different conditions.  

Emotional content in the language data were analysed using the Linguistic Inquiry and 

Word Count (LIWC) software (Pennebaker et al., 2015). LIWC is a psychometrically 

validated software that indicates the proportion of language in a sample that contains words 

reflecting a psychological construct (e.g., anxiety, joy). Additionally, LIWC analyses for 

linguistic style markers that indicate psychological states (e.g., high first-person singular 

pronoun use has been associated with negative mood; Pennebaker et al., 2015; Rude et al., 

�������7KHUHIRUH��/,:&�SURYLGHV�LQVLJKWV�WR�D�SDUWLFLSDQW¶V�HPRWLRQDO�VWDWH�GXULQJ�WKHLU�

interaction with the digital human, based on explicit and implicit signals of emotions in their 

language. An objective marker of emotional responses during an interaction is provided. This 

may be a more valid measure of emotional responses to a digital human than self-report 

measures after the fact, which may be prone to memory biases (Sato & Kawahara, 2011).  

The present study therefore aimed to investigate the effect of emotional expressiveness in 

a female digital human on emotional responses during a self-disclosure interaction. In 
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addition, the present study analysed interaction effects between emotional expressiveness and 

participant gender. 
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6.2 Introduction 

Digital humans are a new form of embodied conversational agent (ECA) that incorporate 

artificial intelligence (Sagar et al., 2014). An embodied conversational agent is a computer-

based dialogue system with a virtual embodiment (face or full body) (Cassell et al., 2000). 

Digital humans use autonomous facial animation and audiovocal communication techniques 

to respond to user input (such as facial expressions, movements, and speech) (Sagar et al., 

2016). This is achieved by neural networks with real-time sensing and computer graphics 

(Sagar et al., 2016). These features allow digital humans to be capable of naturalistic learning 

as well as social and emotional engagement (Sagar et al., 2014; Sagar et al., 2016). Digital 

humans show particular promise for applications in healthcare. Additional to their social 

capabilities, digital humans are easily scalable, cost-effective, and can be accessed by patients 

any time provided an internet connection is available. Possible roles for digital humans in 

healthcare include virtual therapists to deliver psychotherapy or as companions for social 

support, promoting treatment adherence, or collecting outpatient data for clinicians. 

For digital humans to be effective virtual therapists or companions, it is important that 

they can develop close relationships with patients. A quality physician-patient relationship 

has shown to improve expectations about treatment (Fuertes et al., 2014), treatment 

adherence (Thompson & McCabe, 2012), engagement with care (Alexander et al., 2012), and 

treatment outcomes including symptom recovery (Stewart, 1995), and quality of life (Kugbey 

et al., 2018). The positive experience of a close physician-patient relationship may also have 

direct healing effects through activation of the parasympathetic nervous system (Fricchione, 

2011). This creates a relaxation response that buffers against the detrimental effects of 

illness-related stress on the immune (Lepore, 1998; Padgett & Glaser, 2003), neuroendocrine 

(Biondi & Picardi, 1999), and cardiovascular systems (Kim et al., 2018). Close 

companionship works similarly in the body to directly promote a range of comparable health 
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benefits (Kiecolt-Glaser et al., 2010; Floyd et al., 2007; Glynn et al., 1999). Companions can 

also indirectly benefit health through the provision of emotional, informational, or practical 

social support (House & Kahn, 1985). However, the perceived effectiveness of social support 

may be impacted by the level of closeness to the support partner (Rini et al., 2006).  

Health benefits of close relationships have been found when the therapist or companion is 

artificial. Companion robots have been shown to reduce loneliness and increase social 

interaction (Robinson et al., 2013), as well as lower physiological stress as indicated through 

reduced heart rate and blood pressure (Robinson et al., 2015). Support from a virtual human 

can improve health behaviours such as mental health treatment seeking (Albright et al., 2016) 

and treatment adherence (Richards & Caldwell, 2017; Bickmore et al., 2010). Virtual agents 

have shown to be an acceptable and engaging way to collect patient data (Philip et al., 2020). 

While relationships with artificial therapists and companions show benefits for health, it is 

unclear which design features are necessary to develop social closeness. 

A theoretical framework for embodied agent-patient communication suggests that 

closeness with an embodied agent may be influenced by: embodied agent design features, 

user characteristics, and context (Loveys et al., 2020). Embodied agent design features refer 

to static physical characteristics (e.g. gender, ethnicity) and communication strategies (e.g. 

emotional expression, humour). User characteristics include demographic, psychological, and 

health variables. Context refers to the setting or environment in which the technology is used 

(e.g. in healthcare or an online store).  As this is a relatively new framework, further research 

is needed to test its assumptions using experimental methods and validated relationship 

building techniques from psychology. 

Studies show that social closeness can be developed between people using a range of 

techniques. These include demonstrating trust, understanding, care, and empathic accuracy 
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(Parks & Floyd, 1996; Kraus, 2017). The capacity to express emotions is necessary to engage 

in these relationship building techniques. Emotional expressiveness has shown to improve 

social closeness in human relationships, especially for females (Burleson, 2003). This is 

because research has shown that women value self-disclosure and emotional expressiveness 

in close relationships, whereas men report closeness to be based more on shared interests and 

activities (Floyd, 1995; Parks & Floyd, 1996). While emotional expressiveness may promote 

closeness in human relationships, it is unclear whether this technique applies to relationships 

with digital humans. 

Digital humans have the capacity to engage in multimodal emotional expression during 

conversations. Multimodal emotional expression refers to the delivery of emotional cues 

through more than one communication channel (Pelachaud, 2009). For example, expressing 

emotions through the face and voice. Multimodal emotional expression may help to increase 

the salience of a GLJLWDO�KXPDQ¶V�HPRWLRQDO�UHVSRQVHV�GXULQJ�LQWHUDFWLRQV�DQG�XOWLPDWHO\��

improve its relationships with users. Multimodal expression of empathy (through visual and 

verbal cues) has shown to increase perceptions of supportiveness, caring, and likeability 

towards an embodied conversational agent (Brave et al., 2005). Moreover, a computer agent 

that expressed a range of emotions through language and facial gestures was perceived more 

positively and rated significantly more warm, caring, cooperative, and trustworthy than an 

unemotional agent during a learning task (Maldonado et al., 2005). However, multimodal 

emotional expression has yet to be tested with digital humans in close relationships. 

Emotional responses can indicate the success of an interaction and may have implications 

for relationship building. Language is an objective signal of emotion that can be collected 

DXWRPDWLFDOO\�DQG�FDQ�FDSWXUH�IOXFWXDWLRQV�LQ�D�XVHU¶V�HPRWLRQDO�VWDWH�GXULQJ�DQ�LQWHUDFWLRQ��

Moreover, limitations of subjective self-report are avoided, including memory biases and 

reliance on self-awareness. Emotional responses can be evidenced in language style and 
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content (Pennebaker et al., 2015; Tausczik & Pennebaker, 2010). Using Linguistic Inquiry 

and Word Count (LIWC) software, studies have shown that greater use of first-person 

VLQJXODU�SURQRXQV��H�J��³,´��³P\´��DQG�JHQHUDO�QHJDWLYH�HPRWLRQ�ZRUGV��H�J��³KXUW´��³QDVW\´��

are associated with physical and emotional pain, and feelings of depression (Rude et al., 

2004). While general positive ePRWLRQ�ZRUGV��H�J��³ORYH´��³QLFH´��KDYH�EHHQ�DVVRFLDWHG�ZLWK�

discussing an amusing experience (Kahn et al., 2007) and are reduced during periods of 

psychological crisis (Cohn et al., 2004). Although language has shown to be a reliable 

objective signal of emotional states, to date, no research has looked at the effect of 

multimodal emotional expression on emotional responses in language. 

This study investigated the effect of multimodal emotional expression on emotional 

responses to a digital human. It was hypothesized that a digital human with no face and a 

neutral voice would receive the greatest negative emotional response. A digital human with 

an emotional face and voice was expected to receive the most positive emotional response. It 

was also hypothesized that these effects may be stronger for females, given emotional self-

disclosure has shown to be an important aspect of close relationship building for females in 

particular (Floyd, 1995).       

6.3 Methods 

6.3.1 Participants 

 Participants were recruited for an experimental study looking at social closeness with a 

digital human. 198 participants were recruited by flyers distributed at University of Auckland 

campuses and through targeted Facebook advertising to the Auckland city area. Participants 

were offered a $20 shopping voucher as compensation, irrespective of whether they withdrew 

from the study. 
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Participants were adults aged 18 years or older with English fluency. A total of 13 

participants data were excluded from analyses for the following reasons: the digital human 

program would not start (n = 1), there was an error processing the audiovisual recording (n = 

10), or the participant identified as gender non-binary and this group was not of sufficient 

size for adequate statistical power in gender analyses (n = 2). As a result, 185 participants 

data were included in analyses. 

Participants were predominantly young adult (M = 28.26, SD = 10.96), single (49.5%), 

university students (68%). There were approximately an equal number of male and female 

participants (51.5% female). Participants were a range of ethnicities (41% Asian, 34% New 

Zealand European, 20% Other, 3% Maori, 2% Pacific Islander).   

6.3.2 Procedure 

Participants attended one 45-minute session at the University of Auckland Clinical 

Research Centre. After providing written informed consent, participants put on a wrist sensor 

for physiological stress (Empatica E4) and completed a baseline questionnaire on 

demographic and psychological variables (stress, emotional state, social support, loneliness). 

Participants were block-randomized by gender to interact with one of six versions of a digital 

human that varied in modality richness (face, no face) and emotional expression (emotional 

face, neutral face; emotional voice, neutral voice) (see Figure 20).   
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Figure 20. Digital humans from the three visual conditions (from top to bottom: (1) no face; (2) 
neutral face; (3) emotional face). Each visual condition was paired with either an emotional or neutral 
voice to produce 6 possible conditions.  

The interaction involved completing the Relationship Closeness Induction Task (RCIT) 

with a digital human. The RCIT is a 15-minute structured conversation that has reliably 

shown to increase social closeness between human stranger dyads (Sedikides et al., 1999). It 

involves reciprocal self-disclosure of personal information over 28 questions. Questions 

JUDGXDOO\�LQFUHDVH�LQ�LQWLPDF\�DQG�UDQJH�LQ�WRSLFV�IURP�³+RZ�ROG�DUH�\RX"´�WR�³'HVFULEH�WKH�
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ODVW�WLPH�\RX�IHOW�ORQHO\�´�3DUWLFLSDQWV�FRPSOHWHG�WKH conversation in private with a digital 

human. Audiovisual data were collected during the conversation using a laptop webcam and 

microphone. After the conversation was finished, the researcher returned to the room and 

participants completed a second questionnaire on their relationship with the digital human 

and psychological variables (stress, emotional state, social support, loneliness). 

6.3.2.1 Digital Human 

The digital human was modeled on a young adult female of mixed ethnicity (New Zealand 

European, Maori, South European, Indian). The digital human functioned autonomously and 

used predetermined emotional expressions, language, and speech prosody. The digital 

KXPDQ¶V�ODQJXDJH�ZDV�GULYHQ�E\�D�ILQLWH�VWDWH�FRQYHUVDWLRQDO�HQJLQH��/DQJXDJH�FRQWHQW�RI�WKH�

digital human was consistent across experimental conditions. If the digital human did not 

XQGHUVWDQG�WKH�XVHU��VKH�ZRXOG�UHSO\��³,�GLGQ¶W�XQGHUVWDQG��\RX�FDQ�WU\�UHSKUDVLQJ�´�7KH�

digital human maintained eye gaze with the user for the majority of the interaction for all 

conditions. No other behaviours were performed during the interaction. 

The GLJLWDO�KXPDQ¶V�HPRWLRQDO�UHVSRQVHV�ZHUH�SUH-programmed based on observations of 

two human dyads completing the RCIT. Emotions the digital human expressed in her face 

and voice included joy, compassion, sadness, and fear. Emotional expressions were triggered 

E\�VSHFLILF�SKUDVHV�WKH�GLJLWDO�KXPDQ�VDLG��7KH�GLJLWDO�KXPDQ¶V�YRLFH�ZDV�UHFRUGHG�E\�D�

voiceover artist who created two versions of the script; one version in an emotional voice and 

the other in a neutral voice. 

6.3.3 Data Analysis 

Participant language during the RCIT task were transcribed from audiovisual recordings 

by a research assistant. Data were analysed using Linguistic Inquiry and Word Count 

software (LIWC2015) (Pennebaker et al., 2015). LIWC computationally analyses text against 
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word dictionaries that represent different psychological constructs (such as emotions) or 

aspects of language style (for example, word count or function words). LIWC generates 

scores WKDW�LQGLFDWH�ZKDW�SURSRUWLRQ�RI�D�SHUVRQ¶V�ODQJXDJH�FRQWDLQV�D�SV\FKRORJLFDO�FRQVWUXFW�

or a linguistic style dimension. LIWC is psychometrically validated and has been used to 

analyse emotional responses in prior research (Kahn et al., 2007). A combination of LIWC 

GLFWLRQDULHV�LQGLFDWLYH�RI�HPRWLRQ�ZHUH�XVHG�LQ�WKH�SUHVHQW�VWXG\��7KHVH�ZHUH��³�st person 

VLQJXODU�SURQRXQV´��³1HJDWLYH�HPRWLRQ´��DQG�³3RVLWLYH�HPRWLRQ´�GLFWLRQDULHV� 

Data were analysed using SPSS 25 software. Data were checked for violations of test 

assumptions. Bivariate correlations were conducted between baseline variables and outcomes 

to identify possible covariates for subsequent analyses. This step revealed only one covariate; 

interruptions (the number of times the digital human spoke over the user), which was 

positively associated with first-person singular pronoun use (p < .05). A series of three-way 

factorial analyses of variance (ANOVA) or analyses of covariance (ANCOVA) were 

conducted where appropriate to analyse the effect of face type, voice type, and participant 

gender on emotional responses to a digital human. Post hoc tests with Sidak correction were 

used as follow-up analyses. 

6.4 Results 

6.4.1 First-Person Singular Pronouns 

A three-way factorial ANCOVA was conducted to investigate the effect of face type, 

voice type, and gender on use of first-person singular pronouns during the conversation. 

There was a significant main effect of face type (F (2, 172) = 4.778, p = .01). No face was 

associated with greater use of first-person singular pronouns compared to a neutral face (M = 

7.71, SD = 1.35 vs. M = 6.98, SD = 1.79, p = .033) and an emotional face (M = 6.92, SD = 

1.54, p = .017) (see Figure 21). There was also a significant main effect of the covariate 
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(interruptions) (F (1, 172) = 10.197, p = .002, B = .117). Interruptions were positively 

associated with first-person singular pronoun use during the conversation. There were no 

other significant main, two-, or three-way interaction effects (all Fs < 3.662).  

 

Figure 21. The effect of face type on first-person singular pronoun use (mean LIWC score) (*p < .05). 
Graph depicts estimated marginal means and standard error bars.  

6.4.2 Negative Emotion 

A three-way factorial ANOVA including face type, voice type, and gender revealed no 

significant main effects on the use of negative emotion words (all Fs < .762). However, there 

was a significant two-way interaction effect between face type and voice type (F (2, 173) = 

3.311, p = .039). A digital human with no face and a neutral voice received more negative 

emotion language compared to a digital human with no face and an emotional voice (M = 
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2.29, SD = 0.67 vs. M = 1.95, SD = 0.69, F (1, 179) = 5.012, p = .026) (see Figure 22). There 

were no other significant two- or three-way interaction effects (all Fs < .951). 

 

Figure 22. Two-way interactions between face type and voice type on negative emotion word 
frequency (mean LIWC score) (*p < .05). Mean scores and standard error bars are displayed.  

6.4.3 Positive Emotion 

A three-way factorial ANOVA examined the effect of face type, voice type, and gender on 

positive emotion language during the interaction. There were no significant main, two-, or 

three-way interaction effects (all Fs < 1.550). Mean scores across the experimental conditions 

are depicted in Figure 23. Means ranged from 3.70 (no face, neutral voice condition) to 4.05 

(no face, emotional voice and emotional face, emotional voice conditions). 

 



Chapter 6 

121 
 

 

Figure 23. There were no significant two-way interactions between face type and voice type on LIWC 
positive emotion word frequency. Graph shows mean scores and standard error bars for each 
condition.  

6.5 Discussion 

Emotional responses to a digital human were improved by the presence of a face and an 

emotional voice. Results show that a digital human with no face and a neutral voice generated 

a more negative emotional response from users. This was indicated through language style 

(first-person singular pronoun use) and content (negative emotion words). While there is 

limited research on digital humans with which to make comparisons, these results are in 

keeping with findings from the ECA literature which indicate that embodied agents with an 

emotional voice (compared to a neutral voice) and a face (compared to speech or text only) 

are responded to more positively by users (Lisetti et al., 2013; Creed & Beale, 2012). This 

may be because computer agents with a face are more engaging (Koda & Maes, 1996). 
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In this study, the absence of a face increased negative emotion, however there were no 

significant differences in the effect of a neutral and emotional face on participants emotional 

state. Reasons for this finding are unclear. It may be that the presence of a face is a more 

salient design feature that affects emotional responding more strongly. Alternatively, the 

emotional and neutral face conditions may not have been sufficiently different to elicit varied 

emotional responses from users. This study also found no gender differences in responses to 

an emotional face and voice. This finding is contrary to human-robot interaction literature 

showing gender differences in preferences and closeness towards emotional and non-

emotional robots (Burleson & Picard, 2007). Results of the present study could also be 

explained by differences in emotional facial expressions not being large enough. 

This study had several limitations which may have influenced results. First, limitations of 

the conversation engine created intermittent errors with utterance detection and speech-to-text 

translation during the conversations. This had the effect of the digital human sometimes 

interrupting users during their self-disclosure or skipping forward in the conversation. The 

interruptions were positively associated with first person singular pronoun use. As a result, 

interruptions were included as a covariate in this analysis. These interruptions could have 

negatively affected relationships with the digital human, as research suggests that when 

physicians interrupt patients too often it can decrease satisfaction with the interaction (Li et 

al., 2008). Another limitation of this study was that the sample population were 

predominantly healthy, young adult students who are digital natives. It is not possible to 

ascertain whether older adults, of lower education, and/or facing illness-related stress would 

show the same emotional responses to the technology. More research is needed to evaluate 

this. 

Despite possible limitations, this study provides supportive evidence for the presence of a 

face and an emotional voice as design features that improve emotional responses to digital 
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humans, and support the theoretical framework for embodied agent-patient communication 

(see Figure 24). These two design features should be utilized when looking to improve 

relationships with a digital human, particularly when the interaction involves sensitive self-

disclosure. However, findings deviated from the theoretical framework in two ways: (1) no 

evidence was found to suggest that user gender impacted the effect of multimodal emotional 

expression on user outcomes; and (2) program error was found to affect emotional responses 

and this is not included as part of the theoretical framework. 

 

Figure 24. Findings applied to the theoretical Framework on Embodied Agent-Patient 
Communication.  

6.5.1 Conclusion 

In conclusion, digital humans intended for use as virtual therapists or companions should 

be designed with a face and an emotional voice. These features may help to create a more 

positive relationship with users, particularly in situations where sensitive self-disclosure is 
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required. As limited research exists on improving closeness with digital humans, more studies 

are needed to identify other design features that may be helpful, particularly in healthcare 

settings with diverse patient populations. Future research should also look at how user 

characteristics and context impact the effect of design features on closeness and other user 

outcomes, including health status.
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Chapter 7- ³,�IHOW�KHU�FRPSDQ\´��$�4XDOLWDWLYH�6WXG\�RQ�5HDVRQV�IRU�

Closeness and Emotional Support with a Digital Human 

7.1 Preface 

The systematic review presented in Chapter 4 proposed a new theoretical framework of 

embodied agent-patient communication, which was developed from the existing literature. 

The theory proposed that a variety of ECA design features may have interaction or main 

effects on relationship quality, in addition to user characteristics and use context. However, it 

is possible that additional techniques could contribute to relationship closeness with an ECA 

that have not yet been identified.  

Therefore, as part of the experimental study described in Chapters 5 ± 6, written 

qualitative responses were collected to two open-ended questions on reasons for feeling (or 

not feeling) closeness towards the digital human, and reasons for feeling willing (or not 

willing) to seek emotional support from the digital human in future. Responses were analysed 

in accordance with conventional content analysis methods to derive a list of themes that 

described reasons for closeness and willingness to seek support with a digital human. 

Findings were incorporated to the theoretical framework of embodied agent-patient 

communication, and provide direction for further experimental research.  
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7.2 Introduction 

$UWLILFLDO�DJHQWV�DUH�VWDUWLQJ�WR�EH�XVHG�LQ�VXSSRUWLYH�KHDOWKFDUH�UROHV��\HW�HQJDJHPHQW�ZLWK�

DJHQWV�LQ�WKHVH�UROHV�FDQ�EH�SRRU��)DQ�HW�DO����������7KH�RYHUDOO�JRDO�RI�WKLV�SURMHFW�LV�WR�

H[SORUH�KRZ�GLIIHUHQW�DJHQW�IHDWXUHV�PD\�FRQWULEXWH�WR�KRZ�FORVH�SHRSOH�IHHO�WRZDUGV�DJHQWV��

DQG�SHRSOHV�ZLOOLQJQHVV�WR�VHHN�VXSSRUW�IURP�WKHP��7KLV�SDSHU�VWDUWV�E\�GHILQLQJ�ZKDW�

DUWLILFLDO�DJHQWV�DUH��DQG�VXPPDULVHV�SDVW�UHVHDUFK�RQ�KRZ�SHRSOH�LQWHUDFW�VRFLDOO\�ZLWK�DJHQWV�

LQ�JHQHUDO��VHFWLRQV�������DQG���������6HFWLRQ�������WKHQ�GHVFULEHV�WKH�LPSRUWDQFH�RI�FORVHQHVV�

LQ�VXSSRUWLYH�UHODWLRQVKLSV��HVSHFLDOO\�IRU�KHDOWK�RXWFRPHV��6HFWLRQV�������WR�������UHYLHZ�

UHFHQW�UHVHDUFK�VKRZLQJ�IDFWRUV�WKDW�FRQWULEXWH�WR�UHODWLRQVKLS�FORVHQHVV�DQG�UHODWHG�

FRQVWUXFWV��UDSSRUW�DQG�ZRUNLQJ�DOOLDQFH���DQG�HPRWLRQDO�VXSSRUW�ZLWK�DUWLILFLDO�DJHQWV���

)LQDOO\�LQ�VHFWLRQ��������D�PRGHO�LV�SUHVHQWHG�WKDW�WULHV�WR�FDSWXUH�KRZ�DJHQW�IHDWXUHV��XVHU�

IHDWXUHV��DQG�WKH�FRQWH[W�LQWHUDFW�WR�LQIOXHQFH�XVHU�RXWFRPHV�LQ�KHDOWKFDUH�FRQWH[WV��LQFOXGLQJ�

FORVHQHVV��7KH�UDWLRQDOH�IRU�WKLV�UHVHDUFK�LV�WKHQ�SUHVHQWHG��VSHFLILFDOO\�WKDW�UHVHDUFK�LQWR�KRZ�

SHRSOH�GHYHORS�FORVHQHVV�ZLWK�DUWLILFLDO�DJHQWV�LQ�KHDOWKFDUH�LV�UHODWLYHO\�QHZ��DQG�TXDOLWDWLYH�

UHVHDUFK�FDQ�KHOS�LQIRUP�WKH�PRGHO�DQG�SURYLGH�GLUHFWLRQV�IRU�IXWXUH�UHVHDUFK�DQG�

GHYHORSPHQW���6HFWLRQ�������WKHQ�VWDWHV�WKH�VSHFLILF�UHVHDUFK�TXHVWLRQV�DQDO\VHG�LQ�WKLV�SDSHU�

DQG�GHVFULEHV�UHODWLRQVKLSV�EHWZHHQ�WKLV�SDSHU�DQG�RWKHU�SDSHUV�IURP�WKH�RYHUDOO�SURMHFW� 

7.2.1 Definitions of Artificial Agents 

Artificial agents describe technologies that are interactive social systems that exist in 

physical or virtual form. Social robots are examples of artificial agents that have a physical 

form, whereas conversational agents (a type of computer agent) are virtual computer-based, 

interactive dialogue systems with varying degrees of autonomy and complexity (e.g., 

embodied conversational agents, chatbots) (Laranjo et al., 2018). An embodied 

conversational agent (ECA) refers WR�D�FRPSXWHU�EDVHG�GLDORJXH�V\VWHP�ZLWK�D�YLUWXDO�

HPERGLPHQW��&DVVHOO�HW�DO����������ZKLFK�LV�D�GLJLWDO�UHSUHVHQWDWLRQ�RI�D�IDFH�RU�ERG\�WKDW�PD\�
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RU�PD\�QRW�LQFOXGH�DQLPDWLRQ��7KH�WHUP�(&$�HQFRPSDVVHV�PDQ\�VLPLODU�FRPSXWHU�EDVHG�

DJHQW�V\VWHPV�ZLWK�HPERGLPHQWV��ZKLFK�KDYH�EHHQ�QDPHG�UHODWLRQDO�DJHQWV��YLUWXDO�DJHQWV��

DQG�GLJLWDO�KXPDQV� 

A GLJLWDO�KXPDQ�LV�D�W\SH�RI�HPERGLHG�FRQYHUVDWLRQDO�DJHQW�WKDW�LQFRUSRUDWHV�DUWLILFLDO�

LQWHOOLJHQFH�IRU�DXWRQRPRXV�LQWHUDFWLRQ�DQG�IHDWXUHV�D�UHDOLVWLF��KXPDQOLNH�HPERGLPHQW�

�6DJDU�HW�DO����������'LJLWDO�KXPDQV�UHVSRQG�WR�XVHU�LQSXW��VXFK�DV�VSHHFK�DQG�IDFLDO�

H[SUHVVLRQV��XVLQJ�HPRWLRQ�FODVVLILHUV��DXWRQRPRXV�IDFLDO�DQLPDWLRQV�DQG�DXGLRYRFDO�

FRPPXQLFDWLRQ�WHFKQLTXHV�WKDW�DUH�GULYHQ�E\�QHXUDO�QHWZRUNV�ZLWK�UHDO�WLPH�VHQVLQJ�DQG�

FRPSXWHU�JUDSKLFV��6DJDU�HW�DO����������,Q�DGGLWLRQ��WKH\�LQFOXGH�FRPSOH[�QHXUREHKDYLRXUDO�

PRGHOV�WKDW�LQIOXHQFH�EHKDYLRXUV��VXFK�DV�YLUWXDO�QHXURWUDQVPLWWHUV��6DJDU�HW�DO����������

'LJLWDO�KXPDQV�FDQ�HQJDJH�SHRSOH�LQ�ZD\V�WKDW�GUDZ�RQ�VRFLDO�DQG�HPRWLRQDO�FXHV��E\�XVLQJ�

VLJQDOV�VXFK�DV�YRFDO�H[SUHVVLYLW\�DQG�IDFLDO�H[SUHVVLRQV��6LQFH�LQWHUDFWLRQ�HQJDJHPHQW�LV�

LPSRUWDQW�IRU�HQKDQFLQJ�UHODWLRQVKLS�TXDOLW\�LQ�ERWK�VRFLDO�UHODWLRQVKLSV�DQG�LQ�KHDOWKFDUH��

GLJLWDO�KXPDQV�VKRZ�SURPLVH�LQ�DSSOLFDWLRQV�DV�YLUWXDO�WKHUDSLVWV�DQG�VRFLDO�VXSSRUW�

SURYLGHUV� 

7.2.2 How People Interact Socially with Artificial Agents 

7KH�Computers-are-Social-Actors paradigm suggests that people interact with computers 

in a similar way to how they interact with humans, in response to social cues such as 

language and behaviour (Reeves & Nass, 1996; Nass & Moon, 2000). As a result, 

relationship building with computers agents may be possible. Research has shown that people 

can experience feelings of closeness towards computer agents (Bickmore et al., 2013; 

Bickmore et al., 2009; Lee et al., 2020a), as well as ascribe social judgments (e.g., 

personality, gender stereotypes) (Nass & Lee, 2001; Nass et al., 1997), and engage in 

mindless social behaviours with computer agents (e.g., reciprocity, in-group behaviours) 
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(Nass & Moon, 2000; Nass et al., 1996). However, some argue that these relationships are 

merely para-social (or one-sided) (Giles, 2002), and as the responsiveness and learning ability 

of computer agents rapidly develops, this point will merit further attention. 

7.2.3 Close Relationships and Health  

Closeness refers to a perception of relationship quality that is characterized by traits such 

as trust and understanding, and involves behaviours such as self-disclosure, support, and 

shared ideas (Parks & Floyd, 1996). Closeness is an important aspect of supportive 

interpersonal relationships in healthcare contexts. This is because closeness with support 

persons may improve engagement in health interventions and health outcomes. In addition, 

closeness with a support partner has been found to improve the effectiveness of social support 

that has been provided (Rini et al., 2006). These effects may also apply to computer agents 

serving as a supportive peer, as explained in more detail below. 

Close personal relationships, such as companionship with friends or family, can promote 

engagement with treatment and improve outcomes for healthcare users. This is through the 

provision of functional social support during interactions, such as emotional, informational, 

instrumental, or appraisal support to people while they are receiving healthcare (House & 

Kahn, 1985). ([DPSOHV�FRXOG�LQFOXGH�UHOLHYLQJ�D�SHUVRQ¶V�GLVWUHVV�DERXW�D�GLDJQRVLV, giving 

them reminders to take medications, or providing them with transport to a medical 

appointment. People have been shown to perceive the social support that they have received 

as more effective when they feel closer to the support provider (Rini et al., 2006). Close 

companionship has also been associated with direct health benefits, including improved 

mental well-being, and better cardiovascular, neuroendocrine, and immune function which 

may improve recovery and risk of morbidity (Kessler & MacLeod, 1985; Uchino, 2006). 
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Together, the research suggests that closeness is an important aspect of supportive peer 

relationships as it may help to improve healthcare engagement and outcomes. 

Research is beginning to show that supportive relationships with artificial agents may also 

improve healthcare engagement and outcomes. For example, interactions with social robots 

have been found to improve treatment adherence (Broadbent et al., 2018), and reduce 

loneliness and depression symptoms (Ring et al.,  2015; Robinson et al., 2013; Joranson et 

al., 2015), as well as improve objective indicators of physiological stress, such as heart rate, 

systolic and diastolic blood pressure (Robinson et al., 2013). Whereas in terms of computer 

agents, support from a virtual human has been shown to improve treatment adherence 

(Richards & Caldwell, 2017), seeking healthcare information and advice (Rizzo et al., 2016), 

and reduce loneliness (Bott et al., 2019). Evidence is emerging that greater closeness with 

computer agents may be associated with better health outcomes. A chatbot that users rated 

high in attachment bond was associated with greater adherence to a healthcare application 

(Kowatsch et al., 2017). While another experimental study found that emotional self-

disclosure conversations with a chatbot improved psychological health outcomes, including 

mood and self-affirmation (Ho et al., 2018). Other research has shown that computer agents 

that are higher in closeness-related variables, such as trustworthiness, have been rated as 

more acceptable in healthcare settings (Nadarzynski et al., 2019). While the evidence is 

promising to support the use of computer agents as support persons, research is limited on 

how to build closeness with computer agents (Loveys et al., 2020b).  

7.2.4 Building Closeness with Computer Agents 

Several agent features have been identified as affecting perceptions of closeness and 

related outcomes in experimental research with a range of computer agents (e.g., embodied 

conversational agents, chatbots, game characters, avatars). Studies have looked at the effect 



Chapter 7 

130 
 

of a combination of verbal and nonverbal relational cues throughout an interaction, and found 

that this technique improved perceptions of closeness with an embodied conversational agent 

(Bickmore et al., 2011; Bickmore et al., 2013). The cues included empathy, humour, social 

dialogue, politeness, continuity behaviour such as XVLQJ�WKH�SHUVRQ¶V�QDPH��LPPHGLDF\�

behaviour such as close proximity to the screen, maintaining eye gaze, head nods, eyebrow 

raises, and hand gestures. However, it is unclear which of these features contributed most to 

closeness perceptions because the features were studied in combination rather than 

individually. It is possible that one of these cues may have been driving the improvements in 

closeness perceptions. 

Agent self-disclosure is another feature that has been shown to be important to building 

closeness in a number of studies. A chatbot that engaged in emotional self-disclosure with 

people was perceived as more warm, enjoyable, and understanding, and self-disclosures from 

users were more intimate compared to a chatbot with factual disclosure (Ho et al., 2018). 

Self-disclosure from a chatbot has also been shown to increase self-disclosure and perceived 

intimacy in users (Lee et al., 2020b). Similar results have been found with ECAs (Kang et al., 

2012; Kang & Gratch, 2014). 

Another ODQJXDJH�IHDWXUH��KLJK�PHVVDJH�LQWHUDFWLYLW\��L�H���DFNQRZOHGJLQJ�WKH�SDUWLFLSDQW¶V�

prior responses), impURYHG�SHUFHSWLRQV�RI�D�FKDWERW¶V�IULHQGOLQHVV�DQG�H[SHUWLVH��*R�	�

6XQGDU���������6LPLODUO\��DQ�(&$�GHPRQVWUDWLQJ�NQRZOHGJH�RI�WKH�XVHU¶V�SK\VLFDO�DFWLYLW\�DV�

part of an exercise application, improved relationship closeness (Bickmore et al., 2009). 

Back-chaQQHOLQJ��DFNQRZOHGJLQJ�WKH�XVHU¶V�XWWHUDQFHV�WKURXJK�UHSHWLWLRQ��HPRWLRQ��LQGLFDWLQJ�

understanding and agreement) and paralinguistic cues that express emotion through 

punctuation (e.g., explanation marks and ellipses) have been shown to improve closeness, 

although only when perceived mind perception was high (Lee et al., 2020a). 
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An DJHQW¶V�SHUVRQDOLW\�KDV�DOVR�EHHQ�VKRZQ�WR affect closeness with computer game 

characters. People have reported feeling closer to characters with loyal, accommodating, and 

trustworthy personalities (Bopp et al., 2019). However, more research is needed that 

evaluates a broader range of personality types and contexts. 

7.2.5 Rapport and Working Alliance 

Some studies have looked at the effect of computer agent features on similar relationship 

quality outcomes, such as rapport and working alliance. Rapport refers to a relationship 

quality that encompasses mutual attentiveness, positivity, and coordination (Tickle-Degnen & 

Rosenthal, 1990). Rapport with ECAs has been shown to be improved with a virtual 

embodiment (Shameki et al., 2018), a happy facial expression (Cerekovic et al., 2016; 

Cerekovic et al., 2014), empathic language (Ranjbartabar et al., 2019), eye contact (Pejsa et 

al., 2015), cooperative behavior and humour (Kulms et al., 2014), and self-disclosure (Kang 

HW�DO����������µ6RFLDO�UHDVRQLQJ�ODQJXDJH¶��ZKLFK�LV�FRPSULVHG�RI�VHOI-disclosure, praise, 

acknowledgment, personal questions, reference to shared experiences, and intermittently 

breaking social norms, has also been shown to build rapport with an ECA (Romero et al., 

2017). 

An agent¶V human-likeness can also increase the occurrence of rapport-related behaviours 

such as self-disclosure. A human-like chatbot (which had a name, a cartoon human picture, 

and language that acknowledged user responses) received more self-disclosure from users 

and was associated with lower privacy concerns, compared to a machine-like chatbot and a 

website (Ischen et al., 2019). Additionally, an ECA with human-likeness in the form of 

behavioural realism (e.g., breathing, blinking, head nods, posture shifts) received greater self-

disclosure from users (Kang & Gratch, 2014). 
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Other studies have looked at the effect of different agent features on working alliance. 

Working alliance is defined as a collaborative relationship between a patient and a therapist 

consisting of agreement on treatment goals, tasks, and an interpersonal bond (Hatcher & 

Gillaspy, 2006). It is typically more relevant when studying the quality of a therapeutic 

relationship. Research has shown that an agent that delivered a combination of relational 

language and behavioral cues (including empathy, humour, social dialogue, politeness, 

maintaining eye gaze), was associated with greater working alliance perceptions compared to 

an agent that delivered no cues during an interaction (Bickmore & Picard, 2005). Other 

research has found that a virtual embodiment had no significant effect on working alliance 

with a product recommendation ECA (Qiu & Benbasat, 2009). This suggests that 

embodiment alone is insufficient to improve relationship quality; appropriate communication 

cues are necessary. 

Together, the literature to date suggests that a range of computer agent features may 

improve closeness or similar relationship quality outcomes such as rapport or working 

alliance. 5HVHDUFK�ORRNLQJ�DW�WKH�HIIHFW�RI�DJHQW�IHDWXUHV�RQ�FORVHQHVV�LV�OLPLWHG�WR�DQ�DJHQW¶V�

self-disclosure, acknowledgment in language, personality, and a mix of communication cues 

where it is unclear which are driving the effects. Research looking at similar relationship 

quality outcomes, such as rapport or working alliance, have found a broader range of agent 

features may contribute to outcomes (e.g., different types of physical characteristics, 

language, behaviour). It is possible that similar agent features may influence closeness 

perceptions, however research is needed to investigate this. 

7.2.6 Emotional Support with Embodied Conversational Agents 

Embodied conversational agents show promise for delivering emotional support to people 

as they can express appropriate emotions and responses through multiple communication 
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modalities (e.g., facial expressions, gaze, voice). Emotional support is an important aspect of 

close relationships (Parks & Floyd, 1996), and relationship closeness has been shown to 

increase perceived support effectiveness in human relationships (Rini et al., 2006). Research 

on factors that improve willingness to seek emotional support with ECAs is limited. 

However, VRPH�VWXGLHV�KDYH�VKRZQ�WKDW�DQ�(&$¶V�IHDWXUHV�FDQ�LQIOXHQFH�KRZ�HIIHFWLYHO\�LW�

delivers emotional support and influence engagement. One study found that an ECA that 

proactively provided empathetic feedback over a week to older adults was more effective at 

alleviating loneliness and improving happiness compared to a passive agent who only 

provided emotional support when the user initiated the interaction (Ring et al., 2015). 

Another study found that matching the type of social support delivered by an ECA to the type 

of support required by the user improved support satisfaction, interaction quality, and 

behavioural intention to use the agent (Kang & Wei, 2018). These studies suggest that the 

HIIHFWLYHQHVV�RI�DQ�(&$¶V�HPRWLRQDO�VXSSRUW, including engagement towards it, may be 

influenced by DQ�DJHQW¶V features, particularly its social approach behaviour and language 

content. However, as research is limited, it is unclear whether there are any additional agent 

features that may influence engagement with an ECA for emotional support. 

7.2.7 The Framework of Embodied Agent-Patient Communication  

A new theoretical model called the framework of embodied agent-patient communication 

could provide some direction on how to improve closeness perceptions and emotional support 

seeking with digital humans (Loveys et al., 2020b). The framework of embodied agent-

patient communication was adapted from the model of robot-patient communication 

(Broadbent et al, 2018). The model of robot-patient communication was developed from 

research in doctor-patient communication, and proposes that background variables of the 

patient (e.g., demographics, psychological, and health variables) and robot can influence 

verbal and non-verbal communication, which affect patient outcomes. Research to date 
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supports the model showing that robot use of smiling, forward lean, and humour can improve 

rapport with robots in healthcare settings (Johanson et al., 2019a, 2019b, 2020). 

The framework of embodied agent-patient communication was informed by the model of 

robot-patient communication and a systematic review of 43 experimental studies on 

relationship quality and embodied conversational agents (Loveys et al., 2020b). The review 

found that user characteristics, agent features, and context factors could interact or could have 

main effects on user outcomes, including relationship quality and health (Loveys et al., 

2020b). The model suggests that agent features may have different effects on outcomes 

depending on the use context and population. For example, the expression of positive 

emotion may be more appropriate in a routine health checkup compared to during provision 

of suicide ideation support to someone with major depression. The framework was developed 

to take into account the unique requirements of healthcare interactions and the kinds of 

relationships observed between user characteristics, agent features, and use context in the 

ECA literature. This framework may be more applicable to research with digital humans in 

healthcare than more general frameworks. However, this framework is relatively new and 

may be improved through qualitative research to identify any additional factors that influence 

key outcomes, such as closeness and emotional support seeking. Research to date on 

closeness and support with conversational agents has primarily used quantitative research 

designs. Qualitative research may complement this body of literature by adding richness to 

findings and helping to inform theory by using an inductive approach.  

7.2.8 Present Study 

This study aimed to investigate the following two research questions: 

i. What were reasons for feeling (or not feeling) closeness towards a digital human? 
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ii. What were reasons for feeling (or not feeling) willing to turn to a digital human for 

emotional support in future? 

Data were collected as part of a larger mixed-methods experimental study that evaluated 

the effect of emotional expression in a digital human on loneliness, social, and health 

outcomes. As part of this study, participants responded to two open-ended questions at the 

end of a written questionnaire. These two questions asked why people did or did not feel a 

sense of closeness with the digital human, and whether they would be willing to seek 

emotional support with the digital human in future and why or why not. Findings from 

analyses of the responses to these two open-ended questions are presented in this paper. The 

results from analyses of the other data from this study are presented elsewhere, and include 

evaluation of subjective loneliness, closeness, social support, caring perceptions, stress, 

physiological stress (via an Empatica E4 wrist sensor), and computational analysis of 

HPRWLRQV�LQ�SDUWLFLSDQWV¶�ODQJXDJH�GXULQJ�WKHLU�LQWHUDFWLRQV�ZLWK�WKH�GLJLWDO�KXPDQ��YLD�WKH�

Linguistic Inquiry and Word Count Software; Pennebaker et al., 2015) (Loveys et al., 2020a; 

Loveys et al., unpublished results).  Findings from this qualitative component can be used to 

inform theory and further experimental research. Results may be of interest to researchers in 

related fields and designers of virtual therapists or support persons. 

7.3 Methods 

7.3.1 Research Design 

Open ended responses to the two questions on reasons for (or against) feeling closeness 

with the digital human and reasons for feeling (or not feeling) willing to turn to the digital 

human for emotional support in future were collected as part of a larger mixed-methods 

experimental study. The study looked at the effect of emotional expression in a digital human 
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and user gender on loneliness, social, and health outcomes following a self-disclosure 

conversation. 

7.3.2 Participants 

Inclusion criteria were adults aged 18 years or older with English fluency. Of the 198 

participants in the experiment, 197 participants provided 394 written responses to the two 

questions that were analysed in this paper (one response per participant to two questions). 

Participants were predominantly young adult (M = 28.24 years, SD = 10.94), single (50%), 

university students (68%). There were a roughly equal number of male and female 

participants (51% female), plus two gender non-binary participants (1%). Participants were a 

range of ethnicities (41% Asian, 35% New Zealand European, 19% Other, 3% Maori, 2% 

Pacific Islander). 

7.3.3 Recruitment Strategy 

198 participants were recruited by flyers from University of Auckland campuses and 

targeted Facebook advertising in the Auckland city area.  A $20 shopping voucher was 

offered to participants. Data collection and consent processes were approved by the 

University of Auckland Human Participants Ethics Committee on November 1st, 2018. The 

study ran between February ± July, 2019 at the University of Auckland Clinical Research 

Centre. 

7.3.4 Researcher Description 

Data were collected by a PhD student with a background in health psychology and 

technology research as part of a larger experimental study (KL). Data were analysed by the 

PhD student (KL) and a Masters level health psychology student with experience in 

qualitative, digital human interaction research (CH). The raters were females of mixed New 

Zealand European, Maori, and Pacific Island ethnicity. Researchers had no prior relationships 
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with the participants that would affect study outcomes. Data were collected as part of a 

written questionnaire which helped to minimize researcher influence on responses. 

7.3.5 Sample Size 

A power calculation using G*Power software determined the number of participants 

required for the study (198 participants). This recruitment target allowed for adequate 

statistical power to detect changes in caring perceptions, a key quantitative outcome of the 

study. Therefore the number of participants in the study was determined around the 

quantitative data as opposed to the qualitative data. Conventional content analysis requires a 

sample size where data saturation is achieved, and this is often dependent on the subject 

matter and data richness (Elo et al., 2014). Data saturation was achieved in this study as no 

new themes emerged in the data after 109 responses across both questions. 197 out of 198 

participants data were analysed, as one participant did not provide data due to program failure 

during the experiment.  

7.3.6 Procedure 

Data were collected during one 45-minute experiment session. Participants provided 

written informed consent and completed a baseline questionnaire on demographics and 

psychological variables. Participants were block-randomized by gender to interact with one 

of six versions of a digital human that varied in modality richness (face, no face) and 

emotional expression (emotional face, neutral face; emotional voice, neutral voice) (see 

Figure 25). Participants were block-randomized by gender because emotional self-disclosure 

has been shown to be a more important part of close relationships in females (Parks & Floyd, 

1996). Therefore, gender differences were expected in quantitative results that are reported 

elsewhere (Loveys et al., 2020a; Loveys et al., unpublished results). 
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Figure 25. Examples of digital humans from each visual condition. Note. From top to bottom: (1) no 
face; (2) neutral face; (3) emotional face. Each visual condition could be paired with either a neutral 
or emotional voice.  

The interaction involved completing the Relationship Closeness Induction Task (RCIT) 

with a digital human. The RCIT is a 15-minute structured conversation that has reliably 

shown to induce a sense of closeness between human stranger dyads (Sedikides et al., 1999). 

It involves reciprocal self-disclosure over 28 questions that gradually increase in intimacy 

IURP�³ZKDW�LV�\RXU�QDPH"´�WR�³GHVFULEH�WKH�ODVW�WLPH�\RX�IHOW�ORQHO\�´�$OWKRXJK�WKH�6RFLDO�
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Penetration Theory suggests closeness from disclosure might be felt more strongly across 

repeated interactions (Taylor & Altman, 1987), the RCIT has still shown to be effective for 

inducing a sense of closeness in initial encounters. Research has shown that the RCIT can 

influence physical health and immune responses, including faster wound healing speed 

(Robinson et al, 2017). Participants took turns at answering and asking personal questions 

with a digital human in private. Once the RCIT was finished, the researcher returned to the 

room and participants completed a second written questionnaire that assessed perceived 

loneliness, closeness, caring perceptions, social support, and stress, and that included the 

following two open-ended questions: 

1. ³'LG�\RX�IHHO�D�VHQVH�RI�FORVHQHVV�WR�WKH�GLJLWDO�KXPDQ�\RX�LQWHUDFWHG�ZLWK"�:K\�RU�

ZK\�QRW"´ 

2. ³&RXOG�\RX�WXUQ�WR�WKLV�digital human for help if you needed emotional support? Why 

RU�ZK\�QRW"´ 

No alterations were made to the data collection strategy during the study. Written 

responses from the two questions were entered into a computer spreadsheet for analysis. A 

range of positive and negative responses were received to both questions, indicating that the 

questions demonstrated low bias. 

7.3.7 Digital Human 

The digital human was modelled on a young adult female of mixed ethnicity (New 

Zealand European, Maori, South European, Indian). These are common ethnicities in New 

Zealand, the local context from which participants were recruited. It functioned 

autonomously and used pre-programmed language that was supported by a finite state 

conversation engine. Language content was consistent across experimental conditions. If the 

GLJLWDO�KXPDQ�GLG�QRW�XQGHUVWDQG�WKH�XVHU��LW�ZRXOG�UHVSRQG��³,�GLGQ¶W�XQGHUVWDQG��\RX�FDQ�WU\�
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UHSKUDVLQJ�´�7KLV�UHSKUDVLQJ�UHTXHVW�ZDV�GHOLYHUHG�LQ�VHYHUDO�LQWHUDFWLRQV�DQG�LV�DQDO\VHG�

further in Loveys et al. (2020a). 

Emotional expressions were pre-programmed and elicited by particular phrases the digital 

KXPDQ�VDLG��7KH�GLJLWDO�KXPDQ¶V�HPRWLRQDO�H[SUHVVLRQV�ZHUH�EDVHG�RQ�REVHUYDWLRQV�RI�WZR�

human dyads completing the RCIT. This involved one of the researchers (KL) recording 

notes on the kinds of emotions expressed by the dyads at different points in the conversation 

and the sorts of responses they gave to each question. This information was used to determine 

what types of emotions and responses would be appropriate for the digital human to give at 

various points in the conversation. Emotions the digital human expressed in the face were 

compassion, joy, fear, and sadness. 

The GLJLWDO�KXPDQ¶V�YRLFH�ZDV�UHFRUGHG�E\�D�YRLFHRYHU�DUWLVW�ZLWK�D�ORFDO�1HZ�=HDODQG�

accent who made two versions of the script; one version was in an emotional voice and the 

other in a neutral voice. Emotions expressed in the emotional voice were high arousal 

positive affect (i.e., joy) (38.5% of the conversation), low arousal positive affect (i.e., 

compassion) (53%), and low arousal negative affect (i.e., sadness) (8.5%), as observed in the 

human dyad conversations. Creating the emotional and neutral voices involved an iterative 

recording process with subjective feedback from the researchers to a vocal artist, who would 

re-record voice clips where necessary. This was followed by an objective analysis of the final 

voice clips using an emotion classifier. The emotion classifier operated with 79.9% accuracy 

and focused on energy and pitch contours of the vocal clips, which were modelled using 

Gaussian Mixture Models (GMM). The classifier determined that each of the emotional voice 

expressions were sufficiently different from the neutral voice (apart from low arousal 

negative affect vocal clips, of which there were an insufficient number for significant results). 

The digital human maintained eye contact for the majority of the interaction in all 
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experimental conditions. No other behaviours were performed and no other agent features 

were manipulated for experimental control. 

7.3.8 Data Analysis 

Data were analysed in two independent copies of a computer spreadsheet using 

conventional content analysis methods (Hsieh & Shannon, 2005). Conventional content 

analysis is an iterative process of developing a hierarchical structure of parent themes and 

sub-themes from observations of data, and coding data by these themes (Hsieh & Shannon, 

2005). It is a method often used in health research with data from written, open-ended 

questions. Conventional content analysis is suited to exploratory research questions for which 

there are limited prior theory and research to guide interpretation of the data. 

Units RI�DQDO\VLV�ZHUH�HDFK�SDUWLFLSDQW¶V�UHVSRQVH�WR�D�TXHVWLRQ��'DWD�ZHUH�DQDO\VHG�

separately for the two open-ended questions, and data from the six experimental conditions 

were analysed together for each question. This approach was taken because the emergent 

themes were not expected to vary by experimental condition (i.e., the expressiveness of the 

voice and face of the digital human) nor did they appear to in the data. 

Data were analysed in separate, duplicate spreadsheets by two independent raters (KL, 

CH) who followed the steps of conventional content analysis as outlined by Hsieh & Shannon 

(2005). First, raters read through the responses to each question to get an overall sense of the 

data. Next, raters derived themes from the data that represented key ideas (separately for each 

question), often highlighting the text that supported coding the data by the theme. This list of 

themes formed an initial coding scheme. 

Data were then coded by theme and new themes were added when data were encountered 

that did not fit into an existing theme. Once all data had been coded, the raters met to 

compare their initial coding schemes (including to group themes into parent-themes and sub-
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themes), and to examine the data coded within each sub-theme. Some sub-themes were 

combined during this process, while others were split into further sub-themes to improve 

specificity. A third member of the research team was present to assist with decision-making 

about theme refinement and the degree of specificity required for themes (EB). 

From this process, an initial list of 4 parent themes and 26 sub-themes were derived for 

reasons for closeness, and 7 parent themes and 27 sub-themes were found for reasons for 

emotional support seeking. Definitions for each parent theme and sub-theme were also 

developed during this meeting to promote reliability between raters. Next, raters re-coded the 

data against the new list of sub-themes to check for fit against the data. The raters then met a 

second time to compare the data coded within each sub-theme and to further refine the list of 

sub-themes by combining or splitting them where greater specificity was needed. Raters 

removed 4 sub-themes (conversation ability, enjoyable, engagement, social connection) and 

added 4 sub-themes (appropriate responses, asking personal questions, preference for human 

companion, setting) for reasons for feeling or not feeling closeness. 7 sub-themes were 

removed (conversation ability, relationship closeness, trust, validation, enjoyable, social 

presence, familiarity) and 4 sub-themes were added (appropriate responses, scripted 

conversation, in the future, interruptions) for reasons for feeling willing (or not willing) to 

seek emotional support from the digital human in future. This left a list of 4 parent themes 

and 26 sub-themes to describe reasons for feeling (or not feeling) closeness, and 7 parent 

themes and 24 sub-themes to describe reasons for feeling willing (or not willing) to seek 

emotional support from the digital human in future. Raters once again coded the data against 

the new themes and met to examine how data were coded and the degree of fit of the themes 

to the data. Raters agreed on the fit of themes to the data and no subsequent changes to the 

list of parent themes and sub-themes for either question were required. Themes were 
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determined based on their presence in the data. Representative quotes were selected to 

provide evidence for each sub-theme.  

7.4 Results 

Overall, seven unique parent themes and 38 sub-themes were derived from the data. 

Themes covered physical characteristics, conversational and rapport building behaviours, 

demonstrating emotional intelligence, unique aspects of digital human support, and a 

preference for human support. Program errors were also described as affecting the outcomes. 

Results from analyses of the responses to the two questions will now be presented separately. 

7.4.1 Social Closeness 

Four parent themes and 26 sub-themes were identified in the data as describing reasons for 

feeling (or not feeling) closeness with the digital human. In summary, tKH�GLJLWDO�KXPDQ¶V�

physical characteristics, conversation ability, rapport building behaviours, and program errors 

were all found to contribute to closeness perceptions. Themes and representative quotes are 

presented in Table 4. 

Table 4. Parent Themes, Sub-Themes, and Representative Quotes on Reasons for Feeling (or Not 
Feeling) Closeness with a Digital Human.  
 
Parent theme Sub-theme Representative quote [Participant ID] 

Physical 
characteristics 

Presence of a face "Lack of a face or image did not bring about 
that connection or closeness." [P61] 

  Facial characteristics "I feel a sense of closeness because she looks 
so humanlike..." [P36] 

Conversation ability  Appropriate responses "I felt relatively close because she was 
answering my questions honestly and 
DFNQRZOHGJLQJ�P\�UHSOLHV«� [P100] 

  Asking personal 
questions 

"I think the nature of the questions asked and 
how personal they were makes me feel like I've 
shared a part of me with her." [P42] 
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Parent theme Sub-theme Representative quote [Participant ID] 

  Self-disclosure "I felt some closeness because she expressed 
dreams, memories, and emotions that I could 
relate to." [P179] 

 
Generic responses "The responses it gave to the more personal 

questions were generic, so it felt like it wasn't 
really listening." [P114] 

  Scripted conversation "I did not feel close, her responses felt 
SURJUDPPHG«� [P110] 

Rapport building Listening skill �«LW�IHOW�DV�LI�VKH�ZDV�
P\
�GLJLWDO�KXPDQ�
because she listened to me." [P86] 

 Eye contact "The digital human made eye contact during 
conversations that made me feel warm." [P18] 

 Facial expression �«ODFN�RI�IDFLDO�H[SUHVVLRQ�PDGH�KHU�IHHO�TXLWH�
distant." [P34] 

 Vocal tone "I did feel close mostly due to her tone of voice, 
which was very friendly and warm." [P40] 

  Empathy "No - I didn't feel it could empathise or gage 
my responses." [P63] 

  Personality �«VKH�ZDV�YHU\�NLQG�DQG�LQYLWLQJ�VR�,�HQMR\HG�
talking to her." [P119] 

  Understanding �«WKH�GLJLWDO�KXPDQ�LV�YHU\�XQGHUVWDQGLQJ�DQG�
engaging at the same time." [P48] 

  Relatability "I felt I could relate to some things that Holly 
said which brought a sense of closeness." 
[P14] 

  Humour "I feel close when people say funny things. She 
was funny." [P132] 

  Judgement "I felt like I could talk to her without much fear 
of judgement." [P80] 

  Social presence "I felt her company." [P20] 

 Movement "Her movements were too repetitive." [P46] 

  Time to establish 
rapport 

"No, I feel it takes a long period of time before 
I can begin to get a sense of closeness with 
someone." [P104] 

  Preference for a 
human companion 

"If I didn't know it was digital I would have felt 
closeness, but due to knowing I felt little 
closeness." [P182] 
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Parent theme Sub-theme Representative quote [Participant ID] 

Program errors Interruptions �«,�IHOW�OLNH�,�ZDV�DEOH�WR�IHHO�D�sense of 
closeness until she started to cut off my 
phrases." [P115] 

  
Repetitions "Not entirely because of glitching and relayed 

responses." [P55] 

  
Timing of responses "Not really, pauses between questions were 

either too long or not long enough." [P181] 

  
Lip sync �7KHUH�ZHUH�WLPHV�ZKHUH«�WKH�OLSV�ZRXOG�EH�

out of sync with the voice." [P109] 

 

7.4.1.1 Physical Characteristics 

3K\VLFDO�FKDUDFWHULVWLFV�GHVFULEHG�DVSHFWV�RI�WKH�GLJLWDO�KXPDQ¶V�DSSHDUDQFH��Two physical 

characteristics of the digital human impacted closeness perceptions. These characteristics 

were the presence of a face and facial characteristics. The absence of a face was a barrier to 

developing feelings of closeness, while a humanlike face helped to facilitate closeness. 

7.4.1.2 Conversation Ability 

Conversation DELOLW\�FRYHUHG�HOHPHQWV�RI�WKH�GLJLWDO�KXPDQ¶V�VSRNHQ�ODQJXDJH�FRQWHQW��

)LYH�DVSHFWV�RI�WKH�GLJLWDO�KXPDQ¶V�FRQversation ability affected closeness. Conversation 

strategies that improved feelings of closeness were providing appropriate responses, asking 

personal questions, and self-disclosure. Conversely, generic responses and a scripted 

conversation reduced closeness. 

7.4.1.3 Rapport Building 

Rapport EXLOGLQJ�GHVFULEHG�DVSHFWV�RI�WKH�GLJLWDO�KXPDQ¶V�ODQJXDJH�RU�EHKDYLRXU�WKDW�

aimed to improve the relationship with the user. Fourteen rapport building strategies 

impacted feelings of closeness with the digital human. Strategies for improving closeness 

were humour, empathy, not being judgemental, relatability, showing understanding, good 
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listening skills, maintaining eye contact, expressing emotions, a warm tone of voice, a 

friendly personality, social presence, and interacting in a private setting. Closeness was 

reduced by repetitive movements, limited facial expression and empathy, and, for some 

participants, feeling as though the interaction was too short to establish a bond. Some 

participants also reported a preference for a human companion irrespective of the digital 

KXPDQ¶V�GHVLJQ. 

7.4.1.4 Program Errors 

Program errors described unintended issues with the digital human program during its 

interactions with people. Four program errors impaired participants ability to develop feelings 

of closeness with the digital human at times. These were interruptions (where the digital 

KXPDQ�LQWHUMHFWHG�WKH�SDUWLFLSDQW¶V�VSHHFK���UHSHWLWLRQV��ZKHUH�SDUWLFLSDQWV�KDG�WR�UHSHDW�WKHLU�

answer), timing of responses (where the digital human did not respond when expected to), 

and issues with lip sync (a mismatch of lip movements to speech). 

7.4.2 Emotional Support 

Seven parent themes and 24 sub-themes described reasons for feeling (or not feeling) 

willing to seek emotional support with the digital human in future. Parent themes, sub-

themes, and representative quotes are presented in Table 5. 

Table 5. Parent Themes, Sub-Themes, and Representative Quotes on Reasons for Feeling (or Not 
Feeling) Willing to Seek Emotional Support with the Digital Human in Future.  

Parent theme Subtheme Representative quote [Participant ID] 

Physical 
characteristics 

Presence of a face "I wasn't able to convey emotional things to a 
blank screen." [P111] 
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Emotional 
intelligence 

Understanding 
emotions 

"No - it wouldn't understand my emotions." [P63] 

  Ability to provide 
emotional support 

"Yes, I think that she would've given me unbiased 
and logical reasoning or helped me map out how I 
was feeling." [P79] 

Conversation ability Appropriate 
responses 

"I think so - she had good responses to my 
answers, often empathetic ones." [P43] 

  Generic responses �«VKH�UHVSRQGV�WR�P\�DQVZHUV�LQ�D�YHU\�JHQHUDO��
non-specific way, which isn't always helpful." 
[P84] 

  Scripted conversation "No, I feel like it is programmed to respond in 
certain ways." [P172] 

 
Personalized 
responses 

"It would not be my first choice [for emotional 
support] as she cannot give personalized support 
at the moment." [P4] 

Rapport building Listening skill "Yes, especially if you just want someone to listen 
to your problems without talking back and making 
it about them." [P54] 

  Empathy "Yes because of the compassion of the digital 
human, I was able to open up about my troubles 
and talk about my issue, and what bothers me, 
etc." [P48] 

 Vocal tone ³7KH�GLJLWDO�KXPDQ�KDG�D�YHU\�FRPIRUWLQJ�YRLFH�± 
YHU\�FDOPLQJ�´ [P102] 

  Facial expression ³«WKH�H[SUHVVLRQV�DUH�YHU\�OLIHOLNH�VR�LW�ZRXOG�
IHHO�OLNH�VRPHRQH�JHQXLQHO\�FDUHG�´ [P37] 

 
Personality ³<HV�± I believe she would be very encouraging 

DQG�VXSSRUWLYH�´ [P112] 

  Understanding ³1R��,�GRQ¶W�WKLQN�VKH�XQGHUVWDQGV�P\�
SUREOHPV«´ [P178] 

  Repeated exposure ³0D\EH�DIWHU�VSHQGLQJ�PRUH�WLPH�WDONLQJ�WR�KHU�´ 
[P137] 

Digital human 
specific support 

Judgement ³<HV��VLQFH�,�NQRZ�WKDW�people, even trained 
professionals, could be judgemental, whereas I 
feel more open about sharing personal things with 
WKH�GLJLWDO�KXPDQ�´ [P11] 

  Privacy ³,W�VHHPV�YHU\�FRQILGHQWLDO�DQG�DOVR�LW�LV�HDVLHU�WR�
WDON�WR�D�VFUHHQ�´ [P67] 
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7.4.2.1 Physical Characteristics 

Only one physical characteristic was reported to affect emotional support seeking with the 

digital human, which was the presence of a face. Some participants reported that having no 

face was a barrier to seeking emotional support with the digital human. 

7.4.2.2 Emotional Intelligence 

(PRWLRQDO�LQWHOOLJHQFH�GHVFULEHG�SHUFHSWLRQV�DURXQG�WKH�GLJLWDO�KXPDQ¶V�DELOLW\�WR�

understand human emotions and appropriately respond to them. Two elements of emotional 

intelligence were reported to affect emotional support seeking with a digital human. These 

ZHUH�SHUFHSWLRQV�RI�WKH�GLJLWDO�KXPDQ¶V�DELOLW\�WR�XQGHUVWDQG�HPRWLRQV�DQG�WKH�GLJLWDO�

KXPDQ¶V�DELOLW\�WR�SURYLGH�HPRWLRQDO�VXSSRUW��3DUWLFLSDQWV�ZKR�EHOLHYHG�WKH�GLJLWDO�KXPDQ�

could understand their emotions and had the capability to provide emotional support were 

  Informational support ³3RVVLEO\�± as a source of facts or something to 
ask questions and refer on to more appropriate 
VHUYLFHV��H�J���KHOSOLQHV��´ [P81] 

  In certain 
circumstances 

³,Q�D�KLJK�VWUHVV�VWDWH�SHUKDSV�ZKHQ�DVKDPHG�WR�
WDON�WR�D�µUHDO¶�SHUVRQ�´ [P101] 

  In the future ³0D\EH�LQ�WKH�IXWXUH��EXW�,�IHHO�OLNH�WKRVH�
FDSDELOLWLHV�DUH�D�ZD\V�DZD\�´ [P103] 

Preference for 
human support 

General preference 
for human support 

³0D\EH�EXW�,¶G�UDWKHU�WXUQ�WR�D�UHDO�KXPDQ�LI�,�
have real problems. Humans have more real 
H[SHULHQFH�´ [P76] 

  Physical touch ³0D\EH�QRW�EHFDXVH�LW�LV�PLVVLQJ�D�SK\VLFDO�
component, e.g., touch, warmth, to contribute to 
VXSSRUW�ZLWK�HPRWLRQV�´ [P27] 

Program errors Interruptions ³1R��LW�FXW�PH�RII�GXULQJ�times I was expressing 
P\�HPRWLRQV�´ [P185] 

  Repetitiveness ³«KHU�UHVSRQVHV�WR�P\�DQVZHUV�ZHUH�TXLWH�VKRUW�
RU�UHSHWLWLYH�´ [P73] 

  Timing of responses ³<HV��LI�VKH�JDYH�PH�PRUH�URRP�WR�VSHDN�´ [P89] 
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willing to solicit emotional support from it in future. Some participants had the belief that a 

digital human could not understand human emotions and as a result, were not willing to seek 

emotional support. 

7.4.2.3 Conversation Ability 

Four DVSHFWV�RI�WKH�GLJLWDO�KXPDQ¶V�FRQYHUVDWLRQ�DELOLW\�LPSDFWHG�HPRWLRQDO�VXSSRUW�

seeking. Participants were more willing to seek emotional support from a digital human that 

gave personalized responses and appropriate answers. Generic responses and a scripted 

FRQYHUVDWLRQ�UHGXFHG�SHRSOH¶V�ZLOOLQJQHVV�WR�VHHN�HPRWLRQDO�VXSSRUW�IURP�WKH�GLJLWDO�KXPDQ. 

7.4.2.4 Rapport Building 

Seven rapport building behaviours improved willingness to seek emotional support from a 

digital human. These were demonstrating empathy, understanding, good listening skills, a 

calming vocal tone, an emotional face, a supportive personality, and repeated exposure 

(either a longer interaction or multiple interactions over a period of time). 

7.4.2.5 Digital Human Specific Support 

Digital human specific support described factors that are unique to seeking support from a 

digital human. Five aspects of digital human support impacted participants willingness to 

seek emotional support��3DUWLFLSDQWV�UHSRUWHG�WKDW�WKH�GLJLWDO�KXPDQ¶V�ODFN�RI�EHLQJ�

judgemental, good privacy, and ability to provide informational support would increase their 

likelihood of asking it for support. Some participants would only ask a digital human for 

support in certain circumstances (e.g., in the absence of human support being available), or in 

the future (once the technology has further developed). 

7.4.2.6 Preference for Human Support 
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Preference for human support described factors that led some participants to prefer 

emotional support from a real human. Several participants explicitly reported a preference for 

receiving emotional support from a human and this reduced their interest in receiving any 

emotional support from a digital human. Other participants reported a desire for physical 

touch while receiving emotional support (e.g., a comforting hug or a hand placed on the 

shoulder), which a digital human cannot provide. 

7.4.2.7 Program Errors 

Three program errors reduced interest in receiving emotional support from the digital 

human in future. These were repetitiveness (where the digital human repeated answers), 

interruptions, and inappropriate timing of responses. 

7.4.3 Positive and Negative Design Features 

The themes from the analyses of the two open ended questions were combined in order to 

make sense of the results and link them to prior research. A total of 26 positive and 28 

negative design features of digital humans were reported to influence perceptions of 

closeness and willingness to seek emotional support. These features pertained to physical 

characteristics and facial, vocal, conversational, and rapport building behaviours. Positive and 

negative design features that were reported in this study are presented in Table 6. 

Table 6. Positive and Negative Design Features of Digital Humans that Affect Closeness Perceptions 
and Willingness to Seek Emotional Support.  
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Features Positive Negative 

Physical characteristics     

     Presence of a face P   

     Humanlike face P   

     No face   N 

     Unreal eyes   N 

Facial behaviours     

     Humanlike facial expression P   

     Emotional facial expression P   

     Appropriate facial expression to user input P   

     Maintained eye contact P   

     Lack of facial expression   N 

     Not returning a smile   N 

     Unreal facial expression   N 

     Lack of spontaneity in facial expression   N 

     Limited eye contact   N 

     Repetitive movements   N 

Vocal behaviours     

     Humanlike voice P   

     Emotional voice P   

     Friendly/ warm/ empathetic tone of voice P   

     Computerised voice   N 

     Monotone/ emotionless voice   N 

     Unreal speech tone/ prosody   N 

Conversation ability     

     Easy to communicate with P   

     Humanlike/ natural responses P   

     Appropriate responses P   

     Responsive P   

     Asking personal questions P   
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     Self-disclosure P   

     Genuine responses P   

     Personalized responses P   

     Bad conversation flow   N 

     Unnatural responses   N 

     Irrelevant responses   N 

     Inappropriate responses   N 

     Lack of spontaneity in responses   N 

     No opportunity for follow-up questions   N 

     Generic responses   N 

     Disingenuous responses   N 

     Scripted talk   N 

Rapport building behaviours     

     Shows understanding P   

     Relatable  P   

     Shared experiences P   

     Shared ideas P   

     Demonstrated listening P   

     Showed empathy P   

     Humour P   

     Friendly/ warm personality P   

     Non-judgemental P   

     Lack of understanding   N 

     Unrelatable   N 

     Lack of human experiences   N 

     Different interests   N 

     Was not listening   N 

     Lack of empathetic cues   N 

     Cold personality   N 

     Interaction too short to establish a bond   N 
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7.5 Discussion 

To our knowledge, this is the first study to investigate reasons for (or against) closeness 

and willingness to seek emotional support with a digital human that uses qualitative data. 

Findings indicate that closeness perceptions were LPSDFWHG�E\�WKH�GLJLWDO�KXPDQ¶V�SK\VLFDO�

characteristics (e.g., presence of a face, a humanlike face), conversation ability (e.g., self-

disclosure, asking personal questions), rapport building strategies (e.g., listening skill, 

empathy), and program errors (e.g., interruptions, repetitions). Similarly, willingness to seek 

emotional support from the digital human in future was affected by physical characteristics, 

conversation ability, rapport building strategies, and program errors��SOXV�WKH�GLJLWDO�KXPDQ¶s 

emotional intelligence (e.g., understanding emotions, ability to provide emotional support), 

aspects of digital human support (e.g., being non-judgmental and private), and for some 

people, a preference for human support (e.g., general preference, desire for physical touch). 

The overlap in reasons for closeness and emotional support seeking in this study fit with 

research showing that exchanges of emotional support is an important element of close 

relationships (Parks & Floyd, 1996), and that perceived support effectiveness is improved 

when people feel closer to the support provider (Rini et al., 2006). However, some variation 

occurred in the themes given these are two distinct yet related constructs. 

Several findings of this study are in line with research on behaviours that contribute to 

closeness perceptions in human relationships. Self-disclosure, shared ideas, feelings of 

warmth, emotional expressiveness, empathy, understanding, and lack of judgement (i.e., 

unconditional support) are reasons for closeness and intimacy in human relationships that 

were also found to contribute to feelings of closeness with a digital human (Parks & Floyd, 

1996; Helgeson et al., 1987; Monsour, 1992; Reis & Shaver, 1988). Moreover, behaviours 

that have been associated with closeness in human relationships that a digital human could 
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not provide sometimes served as barriers to closeness; for example, a lack of physical touch 

(Monsour, 1992). 

Several reasons for closeness in human relationships that have been identified in prior 

research were not reported at all in the present study, and research is needed to understand 

whether these behaviours also affect closeness perceptions with a digital human. For 

example, relational expression (explicitly stating the value of the relationship), respect 

(mutual expressions of admiration), shared interests and activities (such as beliefs or hobbies) 

(Parks & Floyd, 1996), and interdependence (Kelley et al., 1983). It is possible that these 

techniques might not have been mentioned because the digital human did not use these them 

in the conversation. However, several techniques appeared in the data that the digital human 

did not explicitly use (e.g., shared ideas). 

This study also found that closeness with a digital human was affected by some factors 

that would only be applicable to relationships with a technology. These factors included the 

presence of humanlike facial features, scripted conversation, repetitive movements, program 

errors (such as inaccurate lip sync and timing of responses), and whether the user preferred a 

human companion irrespective of how the technology was designed. It is possible that the 

presence of a face and humanlike facial features allow for delivery of social communication 

cues that are important for building close relationships (Bickmore & Picard, 2005); for 

H[DPSOH��D�IDFLDO�H[SUHVVLRQ�RI�HPSDWK\�ZKLOH�KHDULQJ�DERXW�D�FRQYHUVDWLRQ�SDUWQHU¶V�

suffering. Scripted conversation, repetitive movements, and program errors could serve as 

distractions that remind the user their interaction partner was artificial and interrupt the flow 

of the conversation. 

This study supports several findings in prior human-computer interaction research by 

providing further evidence for some agent features that have been identified as affecting the 
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quality of relationships. This study found that many features that have been shown to affect 

similar relationship quality outcomes, such as rapport, may also contribute to feelings of 

closeness towards a computer agent. These features are virtual embodiment (Shameki et al., 

2018), asking personal questions (Romero et al., 2017), self-disclosure (Kang et al., 2012), 

empathic language (Ranjbartabar et al., 2019), humour (Bickmore et al., 2011), emotional 

facial expressions (Cerekovic et al., 2016), maintaining eye contact (Pejsa et al., 2015), 

listening behaviours (Bickmore et al., 2013), realistic movement (Kang & Gratch, 2014), 

personality (Bopp et al., 2019), showing understanding (Lee, Lee et al., 2020), and engaging 

in interactions over time (Ring et al., 2015). The results also identify some new agent features 

to be tested in experimental research looking directly at closeness perceptions. These include 

humanlike facial features, vocal tone, emotional intelligence, appropriate responses, 

relatability, social presence, and errors including interruptions, repetitions, length of pauses, 

and syncing of lip movements to speech. Some of these agent features have been studied in 

relation to social perceptions or behaviours that are associated with closeness. 

Reasons for feeling willing (or not willing) to seek emotional support with a digital human 

fit existing literature showing that people may feel more comfortable disclosing sensitive 

information to an embodied conversational agent if they believe it is less judgmental and 

more private than a human conversation (Pickard et al., 2016; Lucas et al., 2017). Results 

also support research showing that embodied conversational agents who personalize their 

responses to the kind of support the user is seeking are more effective (Kang & Wei, 2018). 

Some participants indicated a general preference for a human companion irrespective of how 

the digital human was designed, and further research is needed to understand the 

characteristics of this group. 

There were several limitations of this study that could affect the generalizability of the 

results. First, participants were predominantly young adult students who were digital natives. 
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It is unclear whether findings would generalize to individuals who are older adults, of lower 

education, and/or who are experiencing illness-related distress and may have unique needs. A 

second limitation was that findings were not analysed by participant demographic 

characteristics (such as age, gender, ethnicity). Therefore, it is not possible to determine 

whether certain agent features were more important to people of particular demographic 

characteristics. Research suggests that there may be gender differences in how closeness is 

developed. Females report closeness in relationships to be more about self-disclosure and 

emotional expressiveness, whereas for males, shared interests and activities may be more 

important (Parks & Floyd, 1996). There may also be differences in what people expect of 

close relationships that are same-sex and cross-sex (Floyd, 1995; Parks & Floyd, 1996). 

Understanding the relationship expectations of different demographic groups may allow for 

more tailored and effective interactions with digital humans. 

The results make several theoretical contributions. Firstly, the results provide support for 

the Computers-are-Social-Actors paradigm, as participants were shown to make social 

judgments of the digital human pertaining to its personality, appearance, and behaviours, and 

these judgments were shown to affect feelings of closeness and willingness to seek emotional 

support from the digital human in future. Secondly, the results provide some supportive 

evidence for aspects of the Theoretical Framework of Embodied Agent-Patient 

Communication, as well as expand this theory (see Figure 26). 
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Figure 26. The Framework of Embodied Agent-Patient Communication.  
Note. Agent features and user outcomes reported in this study are coloured in blue.  

In this study, participants reported several agent features to have affected closeness 

perceptions and willingness to seek emotional support which are in keeping with the 

Framework of Embodied Agent-Patient Communication. Agent features that affected 

outcomes were appearance (presence of a face, human likeness), voice (humanlike), affective 

communication (showed empathy, emotional face and voice), adaptability (returns a smile, 

personalized responses), personality (warm and friendly), instrumental communication 

(ability to provide informational support), verbal and nonverbal communication cues 

(humanlike facial expression, asking personal questions), relationship building behaviour 

(demonstrated listening, humour), information exchange (shared ideas), confidentiality 

(privacy), and social rules for appropriate behaviour (appropriate responses, appropriate 

facial expression to user input). 
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Two design features, emotional intelligence (ability to understand emotions and provide 

emotional support) and program errors, were reported that are not explicitly mentioned in the 

framework. Emotional intelligence could be included as an agent feature in the model. 

Emotional intelligence has been shown to predict perceptions of relationship quality in 

human relationships and may be applicable to relationships with embodied conversational 

agents (Schroder-Abe & Schutz, 2011; Brackett et al., 2005). The program errors reported in 

this study included interruptions, and these were shown to affect feelings of closeness and 

willingness to seek emotional support from the digital human. This finding is in accordance 

with research in doctor-patient communication that has shown that physician interruptions 

negatively impact perceived connection and satisfaction for patients (Zulman et al., 2020; 

Tallman et al., 2007). Another error was that sometimes the participant had to repeat 

themselves, which may suggest that the digital human was not listening properly. This relates 

to research with humans showing that good listening behaviour (involving receptiveness to 

questions and statements) affects patient satisfaction with their physician (Comstock et al., 

1982). The framework could be adapted by specifically adding interruptions, listening and 

emotional intelligence. 

7.5.1 Conclusion 

In conclusion, digital humans developed to serve a role as a virtual support person should 

be carefully designed with features that have been shown to help develop feelings of 

closeness and encourage emotional support seeking. In this study, we found that these 

features may pertain to WKH�GLJLWDO�KXPDQ¶V�physical characteristics, conversational ability, 

rapport building strategies, and emotional intelligence. Some participants reported a 

preference for a human support person irrespective of how the digital human was designed, 

which suggests that a virtual support person may not be of interest to all people to use. 

Results make theoretical contributions in support of the Computers-are-Social-Actors 
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paradigm, and provide preliminary supportive evidence for aspects of the theoretical 

framework of embodied agent-patient communication, as well as suggest areas for expansion 

of the theory. These findings  provide direction for future experimental research to test which 

of these factors are most important to improving feelings of closeness and willingness to seek 

emotional support with a digital human. The results also provide guidance to agent designers 

concerning which features can improve engagement. 
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Chapter 8- A Digital Human for Delivering a Remote Loneliness and Stress 

Intervention to At-Risk Younger and Older Adults During the COVID-

19 Pandemic: A Randomised Pilot Trial.  

8.1 Preface 

     The following two Chapters explore the second aim of this thesis, which was to evaluate 

the feasibility and acceptability of digital humans at delivering psychological interventions.  

     Digital humans are a promising technological solution for delivering psychological 

interventions during a pandemic. All that is required to access a digital human is an internet 

connection and a computer, tablet, or smartphone. Digital humans may be particularly suited 

to deliver psychological support to individuals facing more severe social restrictions during 

the COVID-19 pandemic, such as individuals who were at higher risk of contracting severe 

illness (e.g., older adults, adults with a chronic health condition).  

     Social restrictions are a necessary public health measure to contain disease spread during a 

pandemic, however they have been associated with exacerbations in loneliness and mental 

health symptoms (Bu et al., 2020). Older adults and adults with a chronic health condition 

were already at greater risk of loneliness prior to the pandemic (Victor & Yang, 2011; Deckx 

et al., 2014). As social restrictions prevented physical contact with psychologists during the 

pandemic, technological solutions were necessary to deliver psychological support. However, 

to date, no studies have evaluated the feasibility and acceptability of digital humans at 

delivering psychological treatments.   

     As part of the pandemic response, Soul Machines Ltd published a website where people 

FRXOG�FRQYHUVH�ZLWK�D�GLJLWDO�KXPDQ��³%HOOD´��DERXW�&29,'-19. This included modules 

ZKHUH�SHRSOH�FRXOG�ILQG�RXW�DERXW�1HZ�=HDODQG¶V�&29,'-19 response, remote work, and be 
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linked to healthcare resources (e.g., Healthline). As part of this, positive psychology and 

cognitive behavioural modules were added to help people cope with social isolation and 

stress. 

     A one-week pilot randomised trial with a waitlist control was then conducted to 

investigate the feasibility and acceptability of a digital human for delivering the information 

and exercises. Alongside the modules, the digital human delivered relationship building 

techniques that were identified in the earlier research (Chapters 3 ± 7). This preliminary 

research is some of the first to evaluate responses to using digital humans over a one week 

period during a pandemic. 
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8.2 Introduction 

As a result of the COVID-19 pandemic, many countries around the world adopted a range 

of public health measures to prevent spread of the disease. Precautions included movement 

restrictions and closure of schools and businesses, which resulted in mandatory work from 

home and limits on social activities for many (World Health Organization, 2020). In New 

Zealand, precautions included 2-metre physical distancing between people and a societal 

lockdown that involved staying at home except for essential trips to a supermarket, 

pharmacy, or to seek medical care, with restrictions gradually eased as appropriate (New 

Zealand Government, 2020a). Individuals who were at risk of developing a severe illness 

should they contract COVID-19 were advised to take additional precautions to social distance 

and isolate (New Zealand Government, 2020b). These individuals included older adults over 

the age of 70 and people with an underlying medical condition who may be immune-

compromised. While these additional precautions to isolate are important for preventing 

disease spread to these vulnerable populations, there may be mental health implications of 

strict social distancing, including increased loneliness (Bu et al., 2020). Not to mention, older 

adults and adults with chronic health conditions were at greater risk of loneliness pre-

pandemic (Victor & Yang, 2011; Deckx et al., 2014).  

This study focused on developing and testing a digital human to deliver a psychological 

intervention to mitigate the effects of social restrictions on loneliness in vulnerable 

populations. The following introductory sections describe the importance of treating 

loneliness for improving health outcomes, and summarise previous work on interventions for 

loneliness, focusing on remote delivery using artificial agents. The aims of the study are then 

presented. 

8.2.1 Loneliness and health 
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Loneliness is a subjective psychological state in which an individual perceives a mismatch 

between their actual and desired social relations (Peplau & Perlman, 1982). While brief 

feelings of loneliness can serve as an adaptive motivator to seek social interaction, chronic 

loneliness has been shown to have negative effects on physical and mental health outcomes 

(Valtorta et al., 2016; Hawkley & Cacioppo, 2010). This is because loneliness has been 

associated with feelings of stress (Weiss, 1973), which activate the body's "fight or flight" 

response. The sympathetic nervous system becomes activated and over a prolonged period, 

creates negative downstream effects on the cardiovascular, neuroendocrine, and immune 

systems (Hawkley & Cacioppo, 2003). As a result, chronic loneliness has been associated 

with increased risk of morbidity (such as coronary heart disease, high blood pressure, and 

stroke) (Valtorta et al., 2016) and mortality (Holt-Lunstad et al., 2015). As individuals who 

are at risk of developing severe COVID-19 must adhere to stronger social distancing 

precautions and are at greater risk of loneliness in general, remote interventions are needed to 

help reduce feelings of loneliness in this population. 

8.2.2  Loneliness interventions 

Loneliness can be improved through an array of psychological interventions. These  

typically target one of four areas: changing maladaptive social cognition, increasing social 

support, increasing opportunities for social interaction, or improving social skills (Masi, 

Chen, Hawkley, & Cacioppo, 2011). Psychological interventions for loneliness can be 

delivered in-person or remotely through technology, and both have been shown to be 

effective (Masi, Chen, Hawkley, & Cacioppo, 2011), including for older adults (Poscia et al., 

2018). In-person loneliness interventions have included individual psychotherapy involving 

social cognitive training as part of cognitive behavioural therapy (Chiang et al., 2009), 

mindfulness-based therapies (Cresswell et al., 2012), and social support groups (Collins & 

Benedict, 2006). However, remote interventions may be more suitable for at-risk individuals 
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in isolation as a result of the pandemic. Remote therapies for loneliness have included 

interventions such as internet-based cognitive behavioural therapy (Kall et al., 2020), and 

internet skills training to access online support (Jones et al., 2015). However, research has 

shown that engagement with technology-based interventions is often lower outside of a 

clinical trial context (Rathbone & Prescott, 2017; Christensen et al., 2009).  

8.2.3 Artificial agent interventions 

Some studies have shown that artificial agents, such as robots and conversational agents, 

can be effective and engaging ways to deliver remote psychological interventions. This may 

be because people feel a sense of social presence with artificial agents, which has been 

associated with improved engagement (Heerink et al., 2012; Schuetzler et al., 2018). Social 

robots are technologies with embodiment in a physical hardware form that are capable of 

social interaction and programmed to autonomously interact with their physical environment 

(Hegel et al., 2009). A recent scoping review of the literature on robots that deliver loneliness 

interventions found evidence supporting their use with older adults (Gasteiger et al., 2021). 

Paro, a companion robot in the form of a fluffy baby harp seal, can alleviate feelings of 

loneliness in older adults in rest homes through providing direct companionship in a manner 

akin to a pet (Robinson, MacDonald, Kerse, & Broadbent, 2013). Other robots that have been 

designed to improve loneliness in older adults have included Giraff (a telepresence robot that 

connects users and their families over video call [Niemelä et al., 2019]), MARIO (which 

includes a My Memories function where users can show photographs to others as a 

conversation starter [Barrett et al., 2019]), and SYMPARTNER (which reminds people of 

their upcoming social engagements [Gross et al., 2019]). Social robots may also improve 

loneliness in younger adults (Jeong et al., 2018). Robots have been shown to be effective at 

delivering other kinds of psychological interventions as well (e.g., positive psychology) 

(Jeong et al., 2020).  
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Another type of artificial agent that has shown promise for delivering remote 

psychological interventions are conversational agents. Conversational agents are a type of 

computer agent that must include a dialogue system, and may or may not include a digital 

embodiment or face (Laranjo et al., 2018). Under the umbrella term of conversational agent 

falls technologies such as chatbots, embodied conversational agents, voice assistants, and 

digital humans, amongst others; all of which vary in terms of their on-screen presentation, 

interaction functionalities, production methods, cognitive architecture, and degree of 

sophistication. Research looking at the clinical effectiveness of conversational agents in 

healthcare is relatively limited and more robust methodology is required (Laranjo et al., 

2018). However, some studies have shown that regular interactions with conversational 

agents may help to improve loneliness in older adults. One study found that daily 

conversations with an animal-like, embodied conversational agent over the course of a 

hospital stay significantly improved loneliness in older adults (Bott et al., 2019). Another 

study found that daily interactions over one week with a human-like, embodied 

conversational agent that used a proactive communication strategy improved loneliness and 

happiness in older adults (Ring, Shi, Totzke, & Bickmore, 2015).  

Conversational agents also show promise for delivering psychological techniques to 

improve stress and well-being; outcomes that may be worsened by chronic loneliness. 

Vivibot, a Facebook messenger chatbot that delivers positive psychology exercises over four 

weeks, has been shown to be acceptable and effective for reducing anxiety in young adults 

with a chronic health condition (Greer et al., 2019). Other research has found that a Facebook 

messenger-based chatbot that delivered Cognitive Behavioural Therapy (CBT) exercises, 

such as mindfulness and gratitude activities, improved perceived stress and well-being 

(Williams, 2020). This suggests that conversational agents could be an effective way to 
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deliver psychological support for loneliness-related distress and well-being, however 

additional research is needed. 

Artificial agents may be a particularly engaging way to deliver remote psychological 

interventions, especially to older adult and patient populations who are physically isolated 

during a pandemic. However, it is important to consider cost-effectiveness and scalability 

when choosing an agent; some social robots can cost upwards of USD$6,000 (Hung et al., 

2019). Conversational agents may be a less expensive and more scalable method of 

intervention delivery, given that all a patient needs to access one is a computer, tablet, or 

smartphone along with an internet connection. Conversational agents can be accessed through 

websites or software applications installed on devices that many patients already own.  

8.2.4  Digital humans 

Digital humans are a new type of conversational agent that use artificial intelligence to 

provide social and emotional engagement to users (Sagar et al., 2014). Digital humans differ 

from other conversational agents in that they are modelled off real people using light room 

technology and computer-generated imagery (CGI) animation techniques taken from 

Hollywood film makers (Soul Machines, 2020). This provides digital humans with a very 

lifelike appearance. In addition, digital humans include a complex cognitive architecture that 

is modelled off real humans and involves a digital brain with virtual neurotransmitters to 

influence behaviour (Sagar et al., 2016). )RU�H[DPSOH��ZKLOH�LQ�³KLJK�R[\WRFLQ�PRGH´��GLJLWDO�

humans show attachment and separation distress towards users. Digital humans use live 

neural networks while interacting with people to make classifications of their emotional state, 

and they respond to people using a combination of speech, facial behaviours, and body 

gestures. A digital human may be a particularly promising technology to deliver a remote 

psychological intervention given their enhanced social abilities and scalability; all that users 
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require to access one is a computer and an internet connection. However, as digital humans 

are a relatively new technology, it is unknown whether they are a feasible and acceptable way 

to deliver a remote psychological intervention.   

8.2.5  Present study aims 

This study aimed to investigate whether a digital human was a feasible and acceptable 

method of delivering a remote loneliness and stress intervention to high-risk adults during the 

COVID-19 pandemic. In addition, this study evaluated the feasibility of the methods in 

advance of a future definitive randomised controlled trial. It is anticipated that a digital 

human will be a feasible and acceptable method of intervention delivery, and that the study 

methods will be feasible. Results will inform the design of a randomised controlled trial to 

evaluate the effectiveness of the digital human intervention at reducing loneliness and stress.  

8.3 Methods 

This trial was reported in keeping with the Consolidated Standards of Reporting Trials 

(CONSORT) 2010 statement extension for randomised pilot and feasibility trials (Eldridge et 

al., 2016). Ethics approval was obtained by the University of Auckland Human Participants 

Ethics Committee on 06/07/2020 (approval no. 024752). The trial was prospectively 

registered with the Australia New Zealand Clinical Trials Registry (ANZCTR) on 04/08/2020 

(registration no. ACTRN12620000786998).  

8.3.1 Trial Design 

A randomised pilot trial was conducted involving a parallel, mixed design with a waitlist 

control condition (1:1 allocation ratio). The primary outcomes were feasibility and 

acceptability. Secondary outcomes were relationship quality with the digital human, 

loneliness, stress, COVID-19 distress, positive and negative experiences, and psychological 

well-being. No major changes were made to the methods after commencing the trial. 
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8.3.2 Participants 

30 participants were recruited to take part in a study looking at the feasibility of a digital 

human for delivering well-being information and exercises during the COVID-19 pandemic.  

Participants were adults who were at greater risk of developing severe illness if COVID-

19 were contracted and who were asked by the New Zealand Government to self-isolate to a 

greater degree during the pandemic. This included: (1) adults aged 70 years or older; (2) 

adults aged 18 ± 69 years who had at least one underlying medical condition that increased 

risk of contracting severe COVID-19. The underlying medical condition could have included 

a serious respiratory disease (such as chronic lung disease or moderate to severe asthma), a 

serious heart condition, an immunocompromised condition (such as undergoing cancer 

treatment, smoking-related illness, bone marrow or organ transplantation, haematologic 

neoplasms, immune deficiency, uncontrolled HIV or AIDs, prolonged use of corticosteroids 

and/or other immune weakening medications such as disease-modifying anti-rheumatic 

drugs), a BMI of 40 or higher, diabetes, chronic kidney disease, undergoing dialysis, liver 

disease, and/or pregnancy at the third trimester stage. Participants were required to have 

English fluency, and access to a computer and internet connection at home. Participants who 

were 70 years or older were required to achieve a score of 25 or higher on the Mini Mental 

State Exam (MMSE). Potential participants were excluded if they received a score of 24 or 

lower on the MMSE which would indicate cognitive decline to a moderate or greater degree. 

22 older adult participants (aged 70 years or older) were recruited from five Summerset 

Retirement Village sites around the greater Auckland area. Recruitment methods involved 

presentations to residents about the research, email flyers, and caregiver word of mouth. 

Residents approached the research team if they were interested in participating. An eligibility 

screen involving a mini mental state exam and an informed consent procedure (for those who 
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were eligible) were conducted in-person at the retirement village with a member of the 

research team.  

8 younger adult participants (aged 18 ± 69 years with an underlying medical condition) 

were recruited from a flyer posted to a staff email list at the University of Auckland, in 

addition to targeted Facebook advertising, word of mouth, and from a Summerset Retirement 

Village presentation. Younger adults interested in taking part completed an eligibility screen 

and informed consent procedure online via a survey website (Qualtrics), apart from one 

participant who was recruited from a retirement village presentation. This participant 

completed an eligibility screen and informed consent procedure in-person.  

A recruitment target of 30 participants was set, as a minimum of 12 participants per group 

is recommended for a feasibility study due to precision about the mean and variance (Julious, 

2005), plus to allow for 20% attrition. Recruitment took place between 11/11/2020 ± 

04/03/2021 with a three week break from late December. Recruitment stopped once the quota 

of 30 participants had been reached.  

Data were collected from online questionnaires using Qualtrics, which participants 

completed from their place of residence. For older adult participants, this may have included 

from a Summerset Retirement Village independent living villa or apartment, or from the 

nursing home facility. For younger adult participants, participation took place online from 

their place of residence in the community or the Summerset care home facility. Data 

collection took place between 16/11/2020 ± 11/03/2021. All participants in the study were 

provided with a $30 shopping voucher for their involvement in the research. 

8.3.3 Randomisation 

Participants were randomly allocated into the intervention or waitlist control group by a 

member of the research team (EB) (1:1 allocation ratio). Simple randomisations were 
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performed using a computerised sequence generation software called Research Randomizer. 

Allocations were concealed in sealed, opaque envelopes from the researchers who enrolled 

participants (KL, IP) until after participants were enrolled and allocated an ID code. At this 

point, the researcher was de-blinded to assign participants to conditions and provide 

participants with the appropriate instructions for proceeding in the trial, depending on their 

condition. Participants were de-blinded after their assignment to conditions as part of their 

instructions for proceeding in the trial. Caregivers, if involved, were not informed of 

participants allocations.  

8.3.4 Procedure 

Once enrolled in the study, participants were contacted over email with instructions for 

proceeding in the trial. For nursing home residents, their caregiver was copied into email 

FRPPXQLFDWLRQV�DQG�IDFLOLWDWHG�WKH�SDUWLFLSDQW¶V�LQYROYHPHQW�LQ�WKH�VWXG\�� 

All participants completed an online baseline questionnaire on day one of their 

participation. This assessed demographic characteristics, health status, and psychological 

variables. Next, on day one, participants in the intervention group completed a digital human 

training session with a member of the research team for 30 minutes. For all older adults (plus 

one younger adult participant), this took place in-person at their retirement village or nursing 

home facility. For 7 of 8 younger adults, this took place either in-person at the University of 

Auckland Clinical Research Centre or online over Zoom video conferencing software, 

depending on the lockdown conditions in Auckland. All participants received the same digital 

human training which involved learning how to interact with the digital human and 

completing ³day one´ of their digital human week with the researcher present to answer any 

questions. The researcher ensured WKDW�WKH�GLJLWDO�KXPDQ�VRIWZDUH�ZRUNHG�RQ�WKH�SDUWLFLSDQW¶V�

computer. Participants were provided with a set of written instructions and pictures of the 
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user interface that repeated the content of the training session. For training sessions held over 

Zoom, the screen share feature was used and participants received a pdf copy of the 

interaction instructions. 3 participants were trained over Zoom and 23 participants were 

trained in person.  

Participants were asked to interact with the digital human website for at least 15 minutes 

per day over a one-week period. Participants took part in the intervention independently from 

their place of residence. The daily 15 minutes could include time spent interacting with the 

digital human and doing therapy activities (e.g., a deep breathing exercise). They were asked 

to prioritise completing the mental health and well-being modules before visiting other 

content (see section 8.3.5 µ'LJLWDO�+XPDQ�,QWHUYHQWLRQ¶�IRU�IXUWKHU�GHWDLO�DERXW�WKH�

intervention content and the other conversation topics available). Participants chose to 

interact with the digital human at a time of day that was convenient for them. Participants 

were sent a daily text reminder to engage in the intervention and were informed that they 

could text back to receive technical support if needed.  

On day eight, after the intervention group completed their intervention week, participants 

were emailed a link to a post-intervention questionnaire to be completed online. This assessed 

intervention acceptability and psychological variables. One week later, on day fifteen, 

intervention group participants were emailed a link to an online follow-up questionnaire that 

assessed psychological variables. 

For participants in the waitlist control group, the order of the procedure was slightly 

different. Participants in the waitlist group completed an online baseline questionnaire on day 

one and then waited one week. On day eight, waitlist participants completed a second online 

questionnaire containing only psychological variables. The waitlist group also completed the 

digital human training session and began their intervention week on day eight. On day fifteen, 
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at the end of their intervention week, waitlist participants were emailed a link to the post-

intervention questionnaire which assessed intervention acceptability and psychological 

variables.  

8.3.5 Digital human intervention 

The digital human facilitator was named Bella and she was developed by Soul Machines 

Ltd (Auckland, New Zealand) (see Figure 27). Bella was an autonomously animated human 

who was presented on a website that participants accessed from their personal computer, 

tablet, or smartphone. Bella was modeled to be a young adult female of mixed race (Maori 

and New Zealand European). She was synthesized from visual features of several human 

models (i.e., not modeled off a singular person). Bella was presented in front of a white 

background in a portrait view of her head and shoulders. BeOOD¶V�DSSHDUDQFH��EDFNJURXQG��DQG�

proximity to the screen remained consistent throughout the study.  

Bella functioned autonomously in response to participants language using a finite state 

conversation engine with pre-programmed responses. Bella was programmed to have some 

variation in her language in parts that would not affect her intervention delivery (e.g., 

variations in her greetings each day). Bella spoke using a computer-generated, female voice 

with an Australian accent �µ:DYHQHW�&�- IHPDOH¶�E\�*RRJOe). Participants could communicate 

with Bella in one of three ways: (1) speech; (2) typing; (3) clicking on-screen buttons (where 

present). Bella always responded to participants in speech, however if participants opened the 

messenger window to type, they FRXOG�VHH�D�W\SHG�YHUVLRQ�RI�%HOOD¶V�VSHHFK�DV�ZHOO��VHH�

Figure 27 for an example of the messenger function). If Bella did not understand a 

SDUWLFLSDQW¶V�ODQJXDJH��VKH�ZRXOG�VD\��³,¶P�VRUU\��,�GLGQ¶W�XQGHUVWDQG��&RXOG�\RX�SOHDVH�

repeat or reword your statePHQW"´�RU�VLPLODU��,I�VKH�GLG�QRW�XQGHUVWDQG�DIWHU�D�FRXSOH�RI�

attempts, she would redirect the participant back to her main menu.  
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Bella engaged in humanlike facial and body gestures as she spoke, including blinking, 

maintaining eye gaze, raising her eyebrows, and moving her head or shoulders. She showed 

emotional expressions in her face as she spoke to portray joy and concern, which were pre-

programmed and triggered by phrases she spoke using text-to-speech Emotional Markup 

Language (EML). This involved a process of manually tagging language in her script to elicit 

SDUWLFXODU�IDFLDO�HPRWLRQV�HDFK�WLPH�%HOOD�VSRNH�WKH�SKUDVH��%HOOD¶V�Iacial expressions were 

autonomously generated in real-time using visual computing and neurobehavioural modelling 

techniques (described in greater detail in Sagar et al., 2014; Sagar et al., 2016; Sagar, 2016).  

Bella was designed to deliver several relationship building strategies derived from 

psychology (Parks & Floyd, 1996), and human-computer interaction research (Loveys et al., 

2020). These included engaging in shared activities with the user, mutual self-disclosure, 

showing empathy, expressing the value of the friendship, and being non-judgmental. These 

Figure 27 Bella's user interface when using the messenger function. 
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UHODWLRQVKLS�EXLOGLQJ�VWUDWHJLHV�ZHUH�LQFRUSRUDWHG�LQWR�%HOOD¶V�ODQJXDJH�DW�YDULRXV�SRLQWV�LQ�

the interaction. 

Participants were informed that Bella continuously collected speech and video data during 

their interactions with her in order to communicate (e.g., to hear speech, to make eye 

FRQWDFW���7KLV�GDWD�ZDV�QRW�UHFRUGHG�RU�VDYHG��QRU�ZDV�LW�DQDO\VHG�E\�WKH�UHVHDUFKHUV��%HOOD¶V�

data collection and use process is in keeping with the European Union General Data 

Protection Regulation (GDPR) (Soul Machines, 2021; European Union, 2016).  

8.3.6 Intervention content 

Participants were asked to prioritise visiting the mental health and well-being content that 

Bella offered as part of their daily website visit. This content included evidence-based 

exercises to improve loneliness, stress, and psychological well-being which are described 

below.  

8.3.6.1 Expressing kindness challenge 

The expressing kindness challenge spanned three days and included evidence-based 

strategies to improve loneliness and psychological well-being. The strategies involved 

increasing opportunities for social interaction, strengthening social support, and improving 

social skills, which were practiced as part of two exercises. The exercises were: (1) to make 

contact with an old friend, relative, or someone the participant had not been in touch with for 

a while; and (2) to contact someone to let them know something that the participant 

appreciated about them. The third task involved a positive psychology exercise where the 

participant was asked to make a gratitude list of three things that they were grateful for. Each 

of the three exercises were accompanied by examples to help the participant generate ideas 

(e.g., on day two, the digital human told participants something that she appreciated about 

them as an example of the kinds of things that they could say to someone else). At the end of 
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the module, participants were reminded to continue practicing kindness towards others and 

towards themselves.  

8.3.6.2 Brain and stress module 

The brain and stress module provided psychoeducation about stress and stress awareness. 

The module spanned one visit, and covered how stress affects the body and symptoms that 

are associated with the stress response. Psychoeducation was communicated using verbal 

explanations and diagrams (Figure 28). The module encouraged participants to reflect on the 

sources of stress in their lives, and informed participants of behavioural strategies for stress 

management. These included educating participants about a deep breathing exercise that they 

could practice, and linking participants to the Headspace website (www.headspace.com), 

where participants could access audio recordings of deep breathing and meditation exercises 

for stress management. At the end of the brain and stress module, participants were 

encouraged to visit the mental health tips, which are described in further detail below.  

 

Figure 28 The digital human interface during psychoeducation as part of the brain and stress module. 

http://www.headspace.com/
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8.3.6.3 Mental health tips 

The mental health tips section was comprised of six modules that each focused on a 

separate psychological well-being tip. The tips encouraged social connection, exercise, 

acknowledging feelings, being mindful of anxiety-provoking news media consumption, doing 

activities that elicit positive emotion, and trying out behaviours from a self-care guide.  

8.3.6.4 Other modules  

Participants were able to talk with the digital human about a range of other topics beyond 

mental health and well-being. This included information about the COVID-19 pandemic 

�H�J���1HZ�=HDODQG¶V�DOHUW�OHYHOV��DERXW�WKH�YLUXV��V\PSWRPV�DQG�SUHYHQWLRQ��1HZ�=HDODQG¶V�

Healthline and health support resources), and information regarding business and 

entrepreneurship (e.g., remote work, business support organisations).  

8.3.7 Measures 

Figure 29 depicts the time points at which each measure was administered. Questionnaires 

were administered online using Qualtrics.  
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8.3.7.1  Feasibility  

8.3.7.1.1 Digital human intervention 

Feasibility of the intervention was assessed using observations made by a member of the 

research team (KL) about how the intervention was used (e.g., independently or with the aid 

of a caregiver), and dropout rates and reasons. Observations were also made regarding the 

feasibility of the digital human training methods for younger and older adults, and nursing 

home residents. Instances were recorded where participants refused to receive training 

through a particular delivery method (e.g., video calling).    

8.3.7.1.2 Study methods 

 

Figure 29. Time points for assessments for the intervention group.  
Note. The waitlist control group also received the baseline assessment at T1. However, the 
psychological follow-up was received at T2 and the post-intervention assessment was received at T3. 
PSS-4 = Perceived Stress Scale 4-item, SPANE = Scale of Positive and Negative Experiences. 
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The trial methods were evaluated for feasibility through observations recorded during 

recruitment and data collection by a member of the research team (KL). Observations 

pertained to the success rate of different recruitment strategies for younger and older adult 

participants, and challenges associated with data collection from the online forms that 

participants completed independently from their place of residence.  

8.3.7.2 Acceptability 

8.3.7.2.1 Digital human 

The acceptability of digital human intervention delivery was measured using quantitative 

self-report items and open-ended qualitative questions designed for the study. Behavioural 

engagement data was also collected. The acceptability measures are outlined in further detail 

below: 

8.3.7.2.1.1 Self-report items 

Participants were asked to rate whether they felt Bella was helpful for promoting resilience 

and psychological well-being, whether they felt Bella was helpful (or would have been 

helpful) for improving feelings of loneliness, and whether they would be willing to use Bella 

again in future using a 7-SRLQW�OLNHUW�VFDOH�ZLWK�UHVSRQVH�DQFKRUV��� �³GHILQLWHO\�QR´�± 7= 

³GHILQLWHO\�\HV´��� 

8.3.7.2.1.2 Qualitative responses 

Participants provided written responses to the following open-ended questions: ³:KDW�GLG�

\RX�OLNH�PRVW�DERXW�%HOOD"´ and, ³+RZ�GR�\RX�WKLQN�%HOOD�FRXOG�EH�LPSURYHG"´. These 

questions were intended to provide an overall indication of how acceptable participants 

perceived Bella to be and to identify aspects of the technology that could be improved. 
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8.3.7.2.1.3 Behavioural engagement 

Behavioural engagement with Bella over the week was measured as an indicator of 

acceptability. Participants reported on which days of the week they visited Bella and 

estimated for approximately how long they spent using Bella each day in minutes.  

8.3.7.2.2 Intervention content 

The acceptability of each psychological intervention module was evaluated separately in 

the post-intervention questionnaire using self-report items designed for the study. Participants 

were asked to rate how much they liked the brain and stress module, Headspace (if they 

visited), and the expressing kindness challenge (including each of its three activities) on a 1 

WR���VFDOH�ZLWK�UHVSRQVH�DQFKRUV��� �³QRW�DW�DOO´�± � �³YHU\�PXFK´���3DUticipants also rated 

how beneficial they found the expressing kindness challenge for their well-being, and how 

well they felt the brain and stress module improved their understanding of the stress response 

RQ�D���WR���VFDOH��� �³QRW�DW�DOO´�± � �³YHU\�PXFK´���3DUWLFLSDQWV�ZKR�YLVLWHG�+HDGVSDFH�ZHUH�

asked whether they felt that Headspace was a helpful resource to link to with a dichotomous 

yes/no response option.  

A qualitative question asked participants, ³:HUH�WKHUH�DQ\�SDUWLFXODU�WRSLFV�WKDW�\RX�

would havH�OLNHG�WR�WDON�DERXW�ZLWK�%HOOD�ZKLFK�ZHUH�QRW�DYDLODEOH"´ as part of the post-

intervention questionnaire. Participants provided written responses.  

Self-reported, behavioural engagement data was collected in the post-intervention 

questionnaire on whether participants visited each module, and whether they did the activity 

that the module asked of them.  

8.3.7.3 Relationship quality 
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Relationship quality with the digital human was measured using the 20-item Friendship 

Questionnaire developed by Johanson et al. (2020), however items were adapted to suit a 

digital human. The Friendship Questionnaire has been used in prior research with social 

robots (Johanson et al., 2020). It is comprised of items taken from multiple friendship scales, 

including the McGill Friendship Questionnaire, the McGill Friendship Questionnaire 

Functions scale, the Interactant Satisfaction Survey, and the Acquaintance Description Form-

F2 (described in Johanson et al., 2020). Participants indicated their extent of agreement with 

each item using a 5-SRLQW�/LNHUW�VFDOH�IURP����³VWURQJO\�GLVDJUHH´��WR����³VWURQJO\�DJUHH´���

Responses were summed to derive a total score from 20 to 100, where a higher score 

indicated greater relationship quality. The friendship questionnaire has been shown to have 

good internal consistency reliability in a healthy adult sample when evaluating a social robot 

(a = 0.94) (Johanson et al., 2020). When adapted for use with digital humans, the scale had 

good internal consistency reliability in the present study sample (a = .95). The adapted scale 

has been included in Appendix C.   

8.3.7.4 Loneliness 

Loneliness was measured using the 20-item UCLA Loneliness Scale (Version 3) (Russell, 

1996). Participants rated how often they felt the way described in each statement using a 5-

point scale��5HVSRQVHV�FRXOG�UDQJH�IURP����³QHYHU´��WR����³DOZD\V´���,WHPV�ZHUH�UHYHUVH�

coded where appropriate and responses were summed to derive a total score from 20 ± 80. A 

higher score indicated greater perceived loneliness. This scale was developed with language 

to improve readability and has demonstrated acceptable psychometric properties with older 

adults. This includes good internal consistency reliability (a = .89), discriminant validity with 

social support, and construct validity (Russell, 1996).  
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8.3.7.5 Psychological stress 

Perceived stress was measured using the 4-item Perceived Stress Scale (PSS-4) (Cohen & 

Williamson, 1988), which evaluated the degree of stress participants felt over the past week 

using a 5-SRLQW�VFDOH�IURP���� �³QHYHU´�WR��� �³YHU\�RIWHQ´���Items 2 and 3 were reverse-

coded and all responses summed to form a total score from 0-16. A higher score indicated 

greater perceived stress. Although the psychometric properties of the PSS-10 and PSS-14 

have been shown to be superior, the PSS-4 was chosen as it is a shorter measure of perceived 

stress that reduces participant burden and has adequate internal consistency reliability (Lee, 

2012). 

8.3.7.6 COVID-19 distress 

Worry about contracting COVID-19 was measured using a 1-item scale (Jia et al., 2020). 

7KH�VFDOH�HYDOXDWHG�SDUWLFLSDQWV¶�GHJUHH�RI�worry over the past week on a 4-SRLQW�VFDOH�����³,�

do not worry about getting COVID-��´����³,�RFFDVLRQDOO\�ZRUU\�DERXW�JHWWLQg COVID-��´����

³,�VSHQG�PXFK�RI�P\�WLPH�ZRUU\LQJ�DERXW�JHWWLQJ�&29,'-��´��DQG���³,�VSHQG�PRVW�RI�P\�

time worrying about getting COVID-��´�  

8.3.7.7 Positive and negative affect 

The Scale of Positive and Negative Experiences has two 6-item subscales that measure 

positive emotions (SPANE-P) and negative emotions (SPANE-N) (Diener et al., 2010). The 

subscales measured the extent to which positive or negative emotions were experienced over 

the past week using a 5-SRLQW�VFDOH��� �³YHU\�UDUHO\�RU�QHYHU´�WR�� �³YHU\�RIWHQ RU�DOZD\V´���

For each subscale, responses were summed and a total score derived ranging from 6 to 30. A 

higher score indicated stronger positive or negative affect, depending on the subscale. Affect 

balance scores (SPANE-B) were calculated which indicate WKH�SDUWLFLSDQW¶V�EDODQFH�RI�

positive and negative affect from -24 to 24, where positive scores indicate more positive than 
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negative affect during the period. The scale has good internal consistency (SPANE-B a = .89; 

SPANE-P a = .87; SPANE-N a = .81), and  convergent validity (Diener et al., 2010).  

8.3.7.8 Psychological well-being 

Psychological well-being was measured using the 8-item Flourishing Scale (Diener et al., 

2010). Participants were asked to rate their perceived success across items pertaining to 

different aspects of psychological well-being, including purpose, relationships, self-esteem, 

and optimism, using a 7-SRLQW�/LNHUW�VFDOH�IURP��� �³VWURQJ�GLVDJUHHPHQW´�WR�� �³VWURQJ�

DJUHHPHQW´���5HVSRQVHV�ZHUH�VXPPHG�WR�GHULYH�D�WRWDl well-being score between 8 and 56. 

Higher scores indicated greater well-being. The Flourishing Scale has been shown to have 

good psychometric properties including convergent validity and discriminant validity. It has 

also been shown to have good reliability and validity in a nationally representative New 

Zealand sample (Hone, Jarden, & Schofield, 2014).  

8.3.8 Data analysis 

8.3.8.1 Quantitative data 

Data were analysed using SPSS software (version 27). Missing data were addressed by 

imputing the mean score of the particLSDQW¶V�RWKHU�UHVSRQVHV�WR�WKH�VFDOH�DW�WKH�WLPHSRLQW��)RU�

1-item scales where it was not possible to impute a score, or where the participant did not 

FRPSOHWH�D�IXOO�VFDOH��WKH�SDUWLFLSDQW¶V�GDWD�ZHUH�H[FOXGHG�IURP�DQDO\VLV�RI�WKH�UHOHYDQW�

variable.  

Baseline demographic and psychological variables were calculated for the overall sample, 

and compared between groups using chi square tests and independent samples t-tests. 

Average acceptability and rapport scores were calculated for the overall sample and 

independent samples t-tests were conducted to compare group means. A series of mixed 

factorial analyses of variance (ANOVA) were conducted to evaluate the main and interaction 
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effects of condition and time on psychological outcomes. Data were checked for violations of 

test assumptions. Greenhouse-Geisser adjusted values were reported for data where sphericity 

assumptions were violated (COVID-19 distress, SPANE-P, SPANE-B). Exploratory pairwise 

comparisons with Bonferroni corrections were conducted as follow-up analyses for 

significant or trending effects.  

8.3.8.2 Qualitative data 

Written responses to 3 open-ended questions were analysed using reflexive thematic 

analysis (Braun & Clarke, 2006). Reflexive thematic analysis was chosen as it is theoretically 

flexible and it is suited to answering research questions that require analysis of the content of 

language data. The method was suitable for analysing the qualitative data in this study which 

was comprised of participants opinions and reasons for their opinions. One member of the 

research team (KL) conducted the analysis in keeping with recommendations by Braun & 

Clarke (2006) using the following steps: (1) familiarization with the data; (2) coding; (3) 

generating initial themes; (4) reviewing themes; (5) defining and naming themes; and (6) 

writing results. An inductive approach was taken whereby coding and theme development 

were informed by the content of the data. As part of the theme development in stages 3, 4, 

and 5, themes and subthemes were checked against the original dataset and each other to 

ensure that they were internally coherent (i.e., organized around a clear central concept), 

consistent, and distinctive. Themes and subthemes were split or combined during the review 

process (stage 4) to improve specificity. All coded data for each theme and subtheme were 

collated to assist with results writeup. Data were combined across groups as both received the 

same intervention. 

8.4 Results 
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8.4.1 Participants 

Participants were predominantly female (80%), Caucasian (73%), with high school or less 

education (47%). Half of the sample reported an underlying medical condition (50%). 

Participants reported low levels of loneliness (M = 37.79, SD = 9.90) and stress at baseline 

(M = 3.86, SD = 2.88). Participant characteristics at baseline are reported in Table 7. A 

consort diagram depicts participant flow through the study (Figure 30).  
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Table 7. Participant characteristics at baseline. 

 Total Condition Participant type 

  Intervention Waitlist Younger adult Older adult 

Participants (N) 30 15 15 8 22 

Age (M, SD) 68.20 (18.95) 72.67 (13.79) 63.73 (22.60) 40.50 (15.11) 78.27 (4.61) 

Gender (Female n, %) 24 (80%) 10 (67%) 14 (93%) 7 (88%) 17 (77%) 

Ethnicity:      

     European (n, %) 22 (73%) 10 (66%) 12 (79%) 4 (50%) 18 (82%) 

     MƗori (n, %) 1 (3%) 0 (0%) 1 (7%) 1 (12.5%) 0 (0%) 

     Pacific Peoples (n, %) 2 (7%) 1 (7%) 1 (7%) 1 (12.5%) 1 (18%) 

     Asian (n, %) 2 (7%) 1 (7%) 1 (7%) 2 (25%) 0 (0%) 

Education level:      

     High school or less (n, %) 14 (47%) 4 (27%) 10 (66%) 2 (25%) 12 (55%) 

     Trade qualification (n, %) 5 (17%) 4 (27%) 1 (7%) 2 (25%) 3 (14%) 

     Undergraduate degree (n, %) 5 (17%) 3 (20%) 2 (13%) 1 (12.5%) 4 (18%) 

     Postgraduate degree (n, %) 3 (10%) 1 (7%) 2 (13%) 3 (37.5%) 0 (0%) 

Marital status:      

     Single (n, %) 2 (7%) 1 (7%) 1 (7%) 1 (12%) 1 (5%) 

     Relationship (n, %) 1 (3%) 0 (0%) 1 (7%) 1 (12%) 0 (0%) 

     Married/ living with partner (n, %) 11 (37%) 7 (46%) 4 (27%) 4 (50%) 7 (32%) 

     Separated/ divorced (n, %) 2 (7%) 1 (7%) 1 (7%) 1 (12%) 1 (5%) 

     Widowed (n, %) 11 (37%) 3 (20%) 8 (52%) 1 (12%) 10 (45%) 

Work status:      

     Full-time (n, %) 2 (7%) 1 (7%) 1 (7%) 2 (25%) 0 (0%) 

     Part-time (n, %) 2 (7%) 1 (7%) 1 (7%) 2 (25%) 0 (0%) 

     Retired (n, %) 20 (67%) 10 (66%) 10 (66%) 1 (12%) 19 (86%) 
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 Total Condition Participant type 

  Intervention Waitlist Younger adult Older adult 

     Unemployed (n, %) 3 (10%) 0 (0%) 3 (20%) 3 (38%) 0 (0%) 

Residence type:      

     Care home (n, %) 4 (13.3%) 4 (27%) 0 (0%) 1 (12%) 3 (14%) 

     Independent living at retirement village (n, %) 19 (63.3%) 9 (60%) 10 (66%) 0 (0%) 19 (86%) 

     Community (n, %) 7 (23.3%) 2 (13%) 5 (33%) 7 (88%) 0 (0%) 

Health:      

     Underlying medical condition (n, %) 15 (50%) 8 (53%) 7 (47%) 8 (100%) 7 (32%) 

     Medical condition type:      

          Serious heart condition (n, %) 4 (13.3%) 3 (20%) 1 (7%) 0 (0%) 4 (18%) 

          Immunocompromised condition (n, %) 7 (23.3%) 2 (13%) 5 (33%) 6 (75%) 1 (5%) 

          Diabetes (n, %) 2 (6.7%) 2 (13%) 0 (0%) 0 (0%) 2 (9%) 

          BMI of 40 or higher (n, %) 1 (3.3%) 0 (0%) 1 (7%) 1 (12.5%) 0 (0%) 

          Pregnancy third trimester stage (n, %) 1 (3.3%) 1 (7%) 0 (0%) 1 (12.5%) 0 (0%) 

          Not applicable (n, %) 15 (50%) 6 (47%) 8 (53%) 0 (0%) 15 (68%) 

     Immunocompromised condition:      

          Immune deficiency (n, %) 3 (43%) 1 (50%) 1 (20%) 3 (38%) 0 (0%) 

          Immune weakening medication use (n, %) 2 (29%) 0 (0%) 2 (40%) 2 (25%) 0 (0%) 

          Cancer treatment (n, %) 1 (14%) 1 (50%) 2 (40%) 1 (13%) 0 (0%) 

     MMSE (M, SD) 28.18 (1.59) 27.83 (1.80) 28.60 (1.27) - - 

Psychological:      

     UCLA Loneliness (M, SD) 37.79 (9.90) 36.62 (11.01) 38.80 (9.09) 44.00 (10.47) 35.30 (8.74) 

     PSS4 (M, SD) 3.86 (2.88) 2.69 (2.29) 4.87 (3.02) 5.75 (2.44) 3.10 (2.73) 
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8.4.2 Feasibility 

8.4.2.1 Digital human intervention 

8.4.2.1.1 Digital human training method 

Figure 30. CONSORT diagram of participant flow. 
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Older adults required the digital human training to be completed in-person at their 

retirement village with a member of the research team (KL or IP). This method worked well 

DV�WKH�UHVHDUFKHU�HQVXUHG�WKDW�WKH�VRIWZDUH�ZRUNHG�RQ�WKH�SDUWLFLSDQW¶V�FRPSXWHU�Dnd avoided 

any participant discomfort with using video calling software. One older adult was offered 

training over Zoom video calling software during a lockdown period and refused due to being 

unable to use the software. Only 1 of 22 older adult participants did not have a webcam as 

part of their computer, which was uncovered during in-person training (the digital human 

website requires a webcam to work). To solve this, a webcam was borrowed from the 

retirement village reception and installed by a member of the research team (IP) during the 

training session.  

Younger adult participants were generally able to be trained either in-person from a clinic 

room at the University of Auckland Clinical Research Centre (outside of lockdown periods), 

or online over Zoom video calling software (during lockdown periods). Zoom-based training 

did not appear to impact the effect of the digital human training in younger adults; technical 

support requests were low for younger adults during the study, irrespective of how their 

training was delivered. One younger adult participant who was a nursing home resident 

required in-person digital human training.  

8.4.2.1.2 Dropout  

6 participants withdrew from the study (all older adults). Reasons for withdrawal included: 

(1) The internet Wi-Fi speed at the retirement village location was too slow for the digital 

human website to load properly (n = 2); (2) Cognitive health difficulties which interfered 

with understanding study instructions (n = 1); (3) The participant was too busy to take part 

after enrolment (n = 2); (4) Unable to schedule digital human training (due to a lockdown and 

the participant did not feel comfortable to use Zoom video calling software) (n = 1).  
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8.4.2.1.3 Intervention completion  

24 participants completed the intervention, 22 of whom completed it independently after 

training. 2 participants (1 younger adult, 1 older adult) who were both nursing home residents 

required caregiver assistance to access the website and interact with the digital human.  

8.4.2.2 Study methods 

8.4.2.2.1 Recruitment methods 

The majority of older adult participants were recruited through information sessions held 

at Summerset retirement villages (21 of 22 participants; 96%). One older adult participant 

was recruited through an email flyer sent by a Summerset retirement village staff member to 

residents.  

For younger adults, the most effective recruitment method was by an advertisement to a 

university junk email list (5 of 8 participants; 63%). Facebook advertising and word of mouth 

each resulted in recruitment of one participant, and one was recruited from an information 

session at a nursing home.  

8.4.2.2.2 Assessment delivery method 

Most participants completed assessments online using Qualtrics, without significant issue. 

2 participants reported instances where they were unsure whether their responses had been 

submitted. All 3 nursing home residents were unable to complete assessments independently 

on a website (2 needed assistance to complete the measures and 1 withdrew from the study 

due to cognitive health issues, and was unable to complete any online assessments).  

8.4.3 Acceptability 

8.4.3.1 Digital human 
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Overall, participants reported that the digital human was reasonably helpful for promoting 

resilience and psychological well-being (M = 4.39 out of 7, SD = 1.83), and for improving 

any feelings of loneliness (M = 4.09 out of 7, SD = 1.76). Participants were willing to use 

Bella again in future (M = 4.09 out of 7, SD = 1.98). Younger and older adults rated the 

digital human similarly across the acceptability items and no significant differences were 

found (all ps > .11).  

On average, participants interacted with Bella 6 out of 7 days (M = 6.23, SD = 1.19). 

Participants interacted with Bella for approximately 20 minutes per day (M = 20.20, SD = 

13.95); 5 minutes longer than the 15 minutes per day requested by the researchers. The 

average total interaction time with Bella over one week was 128 minutes (M = 128.33, SD = 

102.77). There were no significant differences between younger and older adults in 

engagement behaviour with the digital human intervention (all ps > .21).  

8.4.3.1.1 Qualitative data 

Participants identified several strengths and limitations of Bella through responses to two 

written, open-ended questions: ³:KDW�GLG�\RX�OLNH�PRVW�DERXW�%HOOD"´ and, ³+RZ�GR�\RX�

think Bella could be improved"´�7KHPHV��VXEWKHPHV��DQG�UHSUHVHQWDWLYH�TXRWHV�DUH�SUHVHQWHG�

below in Tables 8 and 9. Definitions of themes are presented in Appendix C. Overall, 

SDUWLFLSDQWV�OLNHG�DVSHFWV�RI�%HOOD¶V�DSSHDUDQFH��VSHHFK��LQWHUSHUVRQDO�VNLOOV��WKH�

informational support Bella provided, the user experience, and interacting with a new 

technology (see Table 8). Aspects of Bella that participants felt could be improved were the 

human-likeness of her interaction behaviours and voice, and aspects of the conversation 

design (e.g., more personalization and conversation topics) (see Table 9). Some participants 

reported that they felt Bella would be improved with gradual advances in the underlying 

technology (e.g., natural language understanding). Other participants reported that they would 
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have preferred to interact with a real human, and some participants did not request any 

improvements. 

Table 8. Themes, sub-themes, and representative quotes describing what participants liked most about 
Bella 

Themes Subthemes Representative quotes 

%HOOD¶V�DSSHDUDQFH Facial expressions ³+HU�IULHQGO\�VPLOH�´ [106] 

 Humanlike ³,�OLNHG�WKH�µKXPDQ¶�DVSHFWV�RI�KHU�´ [124] 

 Attractive face ³6KH�LV�DWWUDFWLYH�ORRNLQJ�´ [112] 

 Similarity to user ³,�IHOW�LQ�VRPH�ZD\V�YLVXDOO\�UHSUHVHQWHG�E\�

%HOOD�´ [124] 

%HOOD¶V�VSHHFK Gentle voice ³4XLWH�UHOD[LQJ��/LNHG�WKH�VRIW�YRLFH��<RX�FDQ�

KHDU�FRPSDVVLRQ�LQ�KHU�YRLFH�´ [115] 

 Self-disclosure ³,�UHDOO\�DSSUHFLDWHG�KRZ�WKH�FRQYHUVDWLRQ�

ZRXOG�EH�µVRIWHQHG¶�E\�PRUH�SHUVRQDO�VWDWHPHQWV�

IURP�KHU�´ [124] 

 Clear language ³&OHDU�VSHDNLQJ�´�[118] 

%HOOD¶V�LQWHUSHUVRQDO�

skills 

Companionship ³7KDW�VKH�ZDV�WKHUH�´ [117] 

 Non-judgmental ³)HHO�OLNH�\RX�FDQ�WHOO�KHU�MXVW�DERXW�DQ\WKLQJ�

DQG�VKH�ZRXOGQ¶W�EH�VKRFNHG��/LNH�WDONLQJ�WR�D�

SULHVW�LQ�FRQIHVVLRQ´ [115] 

 Friendly personality ³)ULHQGO\�DQG�OLNHDEOH�´�[119] 

 Validating ³1LFH�EHLQJ�WROG�ZKDW�\RX¶UH�IHHOLQJ�LV�QRUPDO�´�

[115] 

 Calm personality ³+HU�FDOPQHVV�´�[125] 

Informational 

support 

Quality resources ³$�JRRG�VHOHFWLRQ�RI�UHVRXUFHV�´ [126] 

 Accessible delivery ³$FFHVVLELOLW\��PRVW�SHRSOH�ZRXOG�ILQG�KHU�

DSSURDFKDEOH�´ [103] 

User experience Interaction modalities ³7KH�GLUHFW�LQWHUDFWLRQ�´ [130] 

 User controls interaction ³$�JRRG�PHGLXP�WKDW�DOORZHG�PH�WR�KDYH�SOHQW\�

RI�FRQWURO�´ [124] 
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 Easy to use ³7KDW�LW�ZDV�HDV\�WR�XVH�´ [127] 

 Overall experience ³(QMR\HG�WKH�µH[SHULHQFH¶�RI�%HOOD�DQG�FHUWDLQO\�

D�KHOSIXO�SHUVRQ�LI�\RX�ZHUH�ORQHO\�´�[111] 

Novel technology Something different ³6RPHWKLQJ�WR�GR�ZLWK�VRPHERG\�WR�WDON�WR�PH��

6KH�ZDV�GLIIHUHQW�´ [104] 

 A new technology ³1HZ�technology is always intriguing, and I had 

KHDUG�RI�%HOOD�EHIRUH�´ [105] 

 

Table 9. Themes, subthemes, and representative quotes describing what participants felt could be 
improved about Bella. 

Themes Subthemes Representative quotes 

Interaction 

behaviours 

More humanlike 

movements 

³7KH�PRYHPHQW�RI�%HOOD�LV�VWLOO�TXLWH�URERWLF�DQG�

her eyes cannot really focus, which makes her 

sometimes not seem very engaged in the 

LQWHUDFWLRQ�´ [125] 

 Ability to touch ³$�VDG�WKLQJ�LV�\RX�FDQ¶W�WRXFK�KHU��0DNH�D�GROO�

RXW�RI�KHU��$�QLFH�FXGGO\�VRIW�GROO�´ [115] 

 More positive emotional 

expression 

³6PLOHV�´ [118] 

Conversation design Extra conversation 

topics 

³$�ZLGHU�UDQJH�RI�VXEMHFWV�´ [101] 

 Greater interactivity ³0RUH�LQWHUDFWLRQ�E\�WDONLQJ�WR�KHU��UDWKHU�WKDQ�

MXVW�D�\HV�RU�QR�´ [107] 

 More personalized 

responses  

³$QVZHUV�QHHG�WR�EH�PRUH�LQGLYLGXDOL]HG��H�J���

welcoming the participant by name and building 

RQ�HDFK�GD\¶V�UHVSRQVHV��´�[112] 

 Regularly update 

information 

³,QIRUPDWLRQ�ZDVQ¶W�DV�XS�WR�GDWH��H�J���FRYLG�

OHYHOV��´�[129] 

 Avoid humanlike 

backstories 

³,�GLGQ¶W�OLNH�WKH�FRPPHQWV�VKH�PDGH�VXFK�DV�µ,�

FRQWDFWHG�P\�IULHQG�WRGD\�¶�,�IRXQG�LW�ZHLUG�WKDW�

she was pretending to be real. I would have 

preferred if it was just accepted as an interface 

that had a good selection of resources that you 
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FRXOG�QDYLJDWH�LQ�DQ�LQWHUHVWLQJ�G\QDPLF�ZD\�´�

[126] 

 Address user by name ³%\�DGGUHVVLQJ�HDFK�SHUVRQ�E\�WKHLU�QDPH��WKDW�

ZD\�ZH�FRXOG�IHHO�LQ�WKH�PRPHQW�´�[116] 

 ,QFRUSRUDWH�XVHU¶V�OLIH�

experience 

³0RVW�ROGHU�SHRSOH��,�DP�����KDYH�PDQ\�\HDUV�

of life experience and perhaps some way could 

be found to take life experience into 

FRQVLGHUDWLRQ�´�[112] 

Robotic speech A more humanlike voice ³3HUKDSV�PD\EH�QRW�VRXQG�VR�URERWLF"�,W�PLJKW�

be hard to achieve but all the inflections and 

warmth that someone would have in their tone 

DQG�GHOLYHU\�ZDV�PLVVLQJ�DQG�,�WKLQN�WKDW¶V�ZKDW�

ZRXOG�KDYH�PDGH�%HOOD�PRUH�HQJDJLQJ�IRU�PH�´ 

[127] 

 Formal speech delivery  ³,PSURYH�SURQXQFLDWLRQ��8VH�FRUUHFW�(QJOLVK�

�QRSH�DQG�\HDK�DUH�QRW�DFFHSWDEOH��´�[105] 

Technology 

advances 

Natural language 

understanding 

³,�WKLQN�JLYHQ�DGYDQFHV�LQ�WHFKQRORJ\�WKLV�ZLOO�

happen anyway. Found the response from her 

XVLQJ�WKH�DXGLR�GLGQ¶W�DOZays work so found it 

HDVLHU�WR�W\SH�WKH�UHVSRQVHV�WR�KHU�´ [102] 

 General technology 

advances 

³,�JXHVV�WHFKQRORJ\�ZLOO�DGYDQFH�DQG�PDNH�

FKDQJHV�EXW�SUHWW\�DPD]LQJ�QRZ�´�[111] 

Preference for a real 

human 

N/A ³3HUVRQDOO\��,�EHOLHYH�WDONLQJ�WR�D�UHDO�person is 

IDU�PRUH�GHVLUDEOH�´ [106] 

No changes N/A ³,�DFFHSW�LW�IRU�ZKDW�VKH�LV��6D\LQJ�WKDW�ZH�DUH�

not all the same, she is different, she is what she 

LV�´ [104] 

 

8.4.3.2 Intervention content 

8.4.3.2.1 Expressing kindness challenge 

22 of 24 participants visited the expressing kindness challenge. Overall, the expressing 

kindness challenge was liked by participants (M = 5.50 out of 7, SD = 1.34), as were the three 

daily challenges of which it was comprised. Participants reported liking reaching out to a 
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friend (M = 5.95 out of 7, SD = 1.13), telling a friend what they appreciate about them (M = 

5.77 out of 7, SD = 1.09), and making a gratitude list (M = 5.71 out of 7, SD = 1.14). 

Participants reported that the expressing kindness challenge felt beneficial for their well-

being (M = 5.00 out of 7, SD = 1.95). There were no significant differences between younger 

and older adults in terms of how much they reported to like the expressing kindness challenge 

(M = 5.57, SD = 1.39 vs. M = 5.47, SD = 1.36, t (20) = -.17, p = .869), its activities (all ps > 

.271), or in terms of how beneficial the module felt for well-being (M = 5.57, SD = 1.13 vs. 

M = 4.73, SD = 2.22, t (20) = -.94, p = .361).  

The majority of participants visited all three tasks of the expressing kindness challenge (13 

of 24; 59%). 2 participants (9%) visited only two tasks, and 7 participants (32%) visited only 

one task. Most participants completed the expressing kindness challenge on three consecutive 

days (15 of 24; 68%). One participant completed the challenge in one day, and 6 participants 

(27%) completed the challenge in other ways (e.g., spread over a week).  

Most participants who visited the expressing kindness challenge attempted the activities. 

All 20 participants who visited day one completed the activity (i.e., reaching out to a friend). 

15 out of 16 participants who visited day two completed the activity (i.e., telling a friend 

what they appreciate about them). All 14 participants who visited day three did the activity 

(i.e., make a gratitude list). 

8.4.3.2.2 Brain and stress module 

21 participants visited the brain and stress module. On average, participants reported that 

they liked the brain and stress module (M = 5.52 out of 7, SD = 1.25), and that it improved 

their understanding of the stress response (M = 4.90 out of 7, SD = 1.61). There were no 

significant differences in how much younger and older adults liked the brain and stress 

module (M = 5.71, SD = 1.38 vs. M = 5.43, SD = 1.22, t (19) = -.48, p = .634), nor in how 
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helpful they found the module for improving their understanding of stress (M = 5.43, SD = 

1.13 vs. M = 4.64, SD = 1.78, t (19) = -1.06, p = .303).  

Of the 21 participants who visited the brain and stress module, 18 (86%) reported looking 

at the mental health tips section afterwards to learn about stress management and mental 

well-being. 17 participants (81%) visited Headspace, which is a meditation website that the 

digital human linked to at the end of the brain and stress module (www.headspace.com). Of 

these participants, 6 (35%) tried a deep breathing meditation from Headspace. On average, 

participants reported liking the meditation exercise that they tried (M = 5.33 out of 7, SD = 

1.21). There was no significant difference in how much younger and older adults liked the 

meditation exercise (M = 5.00, SD = 1.41 vs. M = 6.00, SD = .00, t (4) = .94, p = .399). 13 

participants (77%) agreed that Headspace was a helpful resource for the digital human to 

share.  

8.4.3.2.3 Other modules 

Participants visited an average of 9.39 (SD = 5.23) other modules beyond the expressing 

kindness challenge and the brain and stress module (i.e., the mental health modules that the 

researchers asked them to complete in particular). There were no significant differences in 

how many additional modules younger and older adults visited (M = 8.50, SD = 6.37 vs. M = 

9.87, SD = 4.69, t (21) = .59, p = .563).  

8.4.3.2.4 Module visit behaviour 

Appendix C depicts how many participants visited each module. The most popular 

modules were: the brain and stress module, the expressing kindness challenge day one, move 

your body, do things that bring joy, watch what you consume, and the self-care guide. The 

least popular module was COVID-19: Healthline and resources.  

 

http://www.headspace.com/
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8.4.3.2.5 Additional conversation topics 

As part of the post-intervention questionnaire, participants were asked, ³:HUH�WKHUH�DQ\�

particular topics that you would have liked to talk about with Bella which were not 

DYDLODEOH"´. 17 participants responded to the question. 6 participants reported that there were 

no additional topics that they would have liked to talk about with Bella. 11 participants 

described topics pertaining to physical health, mental health, entertainment, New Zealand, 

and other areas as outlined in Table 10. Representative quotes are not presented as 

participants tended to list topics. 

Table 10. Conversation topics that participants would like to talk about with Bella. 

Themes Subthemes 

Physical health 

information 

Information about sleep, information about common medical issues for 

older adults, tips on communicating with doctors, information on when to 

take medicines, assistance with hospital navigation, mobility pass 

information 

  

Mental health 

information and 

exercises 

Information on coping with anxiety and uncertainty, information on 

maintaining work-life balance, completing the mental health tips as 

exercises with Bella 

  

Entertainment Music, laughter 

  

New Zealand Current events, local information 

  

Other ³/RWV´��QRQ-specific) 

 

8.4.4 Relationship quality 

Overall, participants reported a reasonable degree of rapport with the digital human (M = 

66.92 out of 100, SD = 12.63). There was no significant difference in the amount of rapport 
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reported by younger and older adults (M = 68.13, SD = 14.86 vs. M = 66.31, SD = 12.45, t (22) 

= -.30, p = .766).  

8.4.5 Psychological variables 

8.4.5.1 Loneliness 

There was no significant main effect of time (F (2, 40) = .87, p  �������Șp
2 = .04), or condition 

on perceived loneliness (F (1, 20) = .87, p  �������Șp
2 = .04). There was no significant interaction 

effect between time and condition on perceived loneliness (F (2, 40) = .01, p  �������Șp
2 = .00). 

8.4.5.2 Stress 

There was a significant main effect of condition on perceived stress (F (1, 20) = 6.58, p = 

������Șp
2 = .25). The intervention group reported significantly lower stress overall (M = 2.30, 

SE = .77) compared to the waitlist control group (M = 5.09, SE = .77) (Figure 31). 

Exploratory pairwise comparisons revealed that the intervention group reported significantly 

lower stress compared to the waitlist group at baseline (M = 2.36, SE = .77 vs. M = 5.46, SE = 

.77; F (1, 20) = 8.13, p  �������Șp
2 = .29), and at T2 (M = 2.36, SE = .82 vs. M = 5.09, SE = .82; F 

(1,20) = 5.47, p  �������Șp
2 = .22). There was no significant main effect of time (F (2, 40) = .35, p = 

������Șp
2 = .02), or interaction effect between time and condition on perceived stress (F (2, 40) = 

.13, p  �������Șp
2 = .01). 
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Figure 31. Perceived stress (mean scores) between groups over the three time points. Note. Standard 
error bars are depicted (*p <.05). Arrows depict when each group took part in the intervention. 

8.4.5.3 COVID-19 distress 

There was no significant main effect of time (F (1.47, 29.44) = .12, p  �������Șp
2 = .01), or 

condition on COVID-19 distress (F (1, 20) = .03, p  �������Șp
2 = .00). There was no significant 

interaction effect between time and condition on COVID-19 distress (F (1.47, 29.44) = .83, p = 

������Șp
2 = .04). 

8.4.5.4 Positive and negative affect 

There was no significant main effect of time (F (1.44, 28.89) = .93, p  �������Șp
2 = .04), or 

condition on the degree of positive affect reported (F (1, 20) = .45, p  �������Șp
2 = .02). There was 

no significant interaction effect between time and condition on positive affect (F (1.44, 28.89) = 

.26, p  �������Șp
2 = .01).  
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There was no significant main effect of time (F (2, 40) = 1.51, p  �������Șp
2 = .07), or 

condition on the degree of negative affect reported (F (1, 20) = 2.50, p  �������Șp
2 = .11). There 

was no significant interaction effect between time and condition on negative affect (F (2, 40) = 

1.78, p  �������Șp
2 = .08).  

There was no significant main effect of time (F (1.50, 40) = 1.03, p  �������Șp
2 = .05), or 

condition on the balance of positive and negative affect reported (F (1, 20) = 1.28, p  �������Șp
2 = 

.06). There was no significant interaction effect between time and condition on the balance of 

positive and negative affect (F (1.50, 40) = .89, p  �������Șp
2 = .04).  

8.4.5.5 Psychological well-being 

There was a trend towards a significant main effect of condition on psychological well-

being (F (1, 20) = 3.44, p  �������Șp
2 = .15). The intervention group reported greater well-being 

overall (M = 49.00, SE = 1.80), compared to the waitlist group (M = 44.27, SE = 1.80) 

(Figure 32). Exploratory pairwise comparisons revealed a trend towards the intervention 

group reporting greater well-being compared to the waitlist group at baseline (M = 49.27, SE 

= 1.99 vs. M = 43.91, SE = 1.99; F (1, 20) = 3.64, p  �������Șp
2 = .15), and at T3 only (M = 49.46, 

SE = 2.03 vs. M = 43.82, SE = 2.03; F (1, 20) = 3.84, p  �������Șp
2 = .16).  There was no 

significant main effect of time (F (2, 40) = .01, p  �������Șp
2 = .00), or interaction effect between 

time and condition on psychological well-being (F (2, 40) = 1.29, p  �������Șp
2 = .06).  
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Figure 32. Psychological well-being (mean scores) between groups across the three time points. Note. 
Standard error bars are displayed. Arrows depict when each group took part in the intervention. 

8.5 Discussion 

This study found that a digital human was a feasible and acceptable method for delivering 

psychological support to at-risk adults during the COVID-19 pandemic; particularly, for 

younger adults with a health condition and older adults living independently. The 

intervention appeared less feasible for nursing home residents who required caregiver 

assistance to participate, which may have increased caregiver burden and contact.   

Different recruitment and digital human training approaches were required for younger 

and older adults. The results warrant a randomised controlled trial to evaluate the 

effectiveness of the digital human intervention in younger adults with a health condition and 

older adults living independently. Exploratory analyses of the psychological variables did not 

reveal any significant effects. However, this is not unexpected as the pilot trial was not 

powered to detect significant group differences. Furthermore, it is likely that a one-week 
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intervention is not long enough to see effects on these outcomes. An appropriately powered 

randomised controlled trial should be conducted to evaluate the effects of the intervention on 

psychological outcomes, once the intervention has been further developed and expanded 

based on feedback from this pilot trial.  

8.5.1 Integration with Prior Literature 

Few prior studies have evaluated the use of computer agents for delivering loneliness 

interventions to older adults (Gasteiger et al., 2021). The studies that do exist suggest that 

computer agents are acceptable for delivering loneliness interventions to older people, 

according to subjective self-report, qualitative, and behavioural observation data (Ring et al., 

2015; Chi et al., 2017; Vardoulakis, 2012). The results of this study support this existing 

literature. Computer agent interventions for older people also appear promising in terms of 

their effectiveness at reducing loneliness (Bott et al., 2019; Ring et al., 2015). However, the 

literature is too limited to draw any firm conclusions and larger studies with randomisation 

are needed. Several studies describe conversational agents that have been designed to 

improve psychological well-being in older adults, however research is needed to demonstrate 

their acceptability and effectiveness (Kamalia et al., 2020; Curry et al., 2014).  

To the authors knowledge, this is the first study to demonstrate the feasibility and 

acceptability of a computer agent intervention for loneliness in adults with a chronic health 

condition. The results build upon prior research showing that computer agents can be an 

acceptable way to deliver support for psychological well-being (Easton et al., 2019) and to 

reduce anxiety in younger adults with chronic health conditions (Greer et al., 2019). Another 

study found that heavy users of a well-being chatbot, Wysa, reported greater improvements in 

mood compared to low users; although this study was not randomised or controlled (Inkster 

et al., 2018). Psychological techniques from cognitive behavioural therapy and positive 
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psychology (i.e., similar therapeutic strategies to the present intervention) have been shown 

to be acceptable with computer agent delivery (Williams, 2020; Greer et al., 2019). However, 

research is in the early stages, and more randomised, controlled studies are needed in adults 

with chronic health conditions.  

8.5.2 Strengths and Limitations 

Strengths included the randomised pilot trial design which informs future trials. However, 

several limitations affect the generalizability of the results. First, there may have been a 

sample bias whereby participants who volunteered may have been more digitally literate or 

comfortable with using novel technologies. The sample were predominantly Caucasian 

females, therefore it is unclear how well the results would generalize a more diverse 

population. The sample were also relatively low in loneliness and stress at baseline, which 

may limit the ability to show improvements. Even though randomisation was conducted, 

there were significant differences in groups at baseline in some measures, and a larger sample 

will likely eliminate these differences. Changes in and out of lockdown conditions in 

Auckland during the data collection period may have interfered with psychological outcomes 

and degree of engagement in the study. In addition, it is unclear what natural engagement 

with the digital human would be outside of a clinical trial context. Research has shown that 

engagement in e-health interventions is often significantly lower than what is observed in 

trials (Rathbone & Prescott, 2017; Christensen et al., 2009).  

8.5.3 Future Research  

The results suggest several directions for future research. First, a randomised controlled 

trial should be conducted to evaluate the effectiveness of the digital human intervention at 

improving psychological outcomes, including loneliness and stress, in at-risk adults. 

However, it could make sense for a future trial to focus on evaluating intervention 
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effectiveness in younger and older adults separately. This would allow for tailoring of the 

intervention content to the age group (with age-appropriate activities, examples, extra 

conversation topics), as welO�DV�DGDSWLQJ�WKH�GLJLWDO�KXPDQ¶V�GHVLJQ�WR�EH�PRUH�VLPLODU�WR�WKH�

user population (e.g., older adults could interact with an older digital human). Moreover, 

separate trials would allow for more streamlined processes for recruitment and digital human 

training.  

Future research could identify alternative recruitment strategies to achieve a more diverse 

sample that is more representative of the general population. A future trial could also change 

the eligibility criteria to require a moderate or high loneliness score. Individuals higher in 

loneliness at baseline may find the activities more beneficial for well-being and have more 

room to improve their loneliness scores. 

Future research could also look to expand the intervention content. Some participants 

reported having completed all of the intervention modules and additional conversation topics 

before the week finished. The psychological literature on loneliness interventions suggests 

that the most effective intervention strategy is improving maladaptive social cognition 

through cognitive behavioural and mindfulness approaches (Masi et al., 2011; Cacioppo et 

al., 2015; Cresswell et al., 2012). The digital human intervention did not include any 

activities focused on improving maladaptive social cognition related to loneliness, therefore it 

could be updated to include some relevant therapy exercises. The study intervention and 

follow-up time periods should also be extended. Many loneliness interventions take place 

over 4-6 months with weekly sessions that take an hour or more (Masi et al., 2011). 

Therefore, the content needs to be expanded and built upon content from previous successful 

human interventions. 

8.5.4 Conclusion 
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In conclusion, the digital human was found to be a feasible and acceptable way to deliver a 

remote psychological intervention for loneliness and well-being to at-risk older adults and 

younger adults with an underlying health condition during the COVID-19 pandemic. The 

intervention content was acceptable and participants had a high degree of behavioural 

engagement. Suggestions for improvement included additional content, tailoring the 

LQWHUYHQWLRQ�WR�WKH�XVHU¶V�DJH�JURXS��DQG�PDNLQJ�VRPH�FKDQJHV�WR�WKH�GLJLWDO�KXPDQ¶V�GHVLJQ��

The recruitment and data collection methods were feasible for younger and older adults living 

independently, although different recruitment and technology training approaches were 

needed for each group. The intervention and study methods were less feasible for individuals 

in nursing homes. The results support conducting a larger and longer randomised controlled 

WULDO�WR�HYDOXDWH�WKH�LQWHUYHQWLRQ¶V�HIIHFWLYHQHVV�DW�LPSURYLQJ�SV\FKRORJLFDO�RXWFRPHV�LQ�

younger adults with a chronic health condition and older adults living independently.  
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Chapter 9- Comparison of Teletherapy, a Digital Human, and a Self-

Guided Manual for Delivering Cognitive Behavioural Stress 

Management to Healthy Adult Women: A Randomised Pilot Trial 

9.1 Preface 

Study 6 in the previous chapter demonstrated that a digital human was a feasible and 

acceptable way to deliver covid-related information and psychological support to two at-risk 

populations during a pandemic. However, this research is very preliminary and additional 

studies are needed. It is unclear how digital humans compare to other technologies (e.g., 

teletherapy, a self-guided manual) in delivering psychological treatments, including CBT 

based techniques.  

Cognitive Behavioural Stress Management (CBSM) is an extensively researched 

psychological therapy that has been shown to improve stress (Hall et al., 2017), stress 

management skills (Antoni et al., 2006), quality of life (Antoni et al., 2006), and physical 

health markers such as immune function (McGregor et al., 2004; Antoni et al., 2009) and PM 

serum cortisol levels in adult women (Phillips et al., 2008; Cruess et al., 2000). Technology-

based delivery methods may help to expand the reach of CBSM. CBSM has been shown to 

be acceptable (Taub et al., 2020) and potentially effective when delivered by teletherapy 

(Hall et al., 2017). However, research has yet to evaluate its delivery by a digital human or a 

self-guided manual. 

In this study, a randomised pilot trial compared the feasibility and acceptability of a digital 

human, teletherapy, and a self-guided manual for delivering one CBSM session to healthy 

adult women in stress. The therapy involved learning about stress awareness and a deep 

breathing exercise. The digital human delivered relationship building strategies identified in 



Chapter 9 

206 
 

the prior research (Chapters 3 ± 7) alongside the CBSM intervention. The trial methods were 

evaluated for feasibility in preparation for a future randomised controlled trial.  
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9.2 Introduction 

Stress is a common psychological challenge for women with breast cancer. Stress refers to 

a psychological and physiological state of threat in response to a perceived stressor (i.e., a 

challenging event or stimulus)(Antoni & Dhabhar, 2019). Women with breast cancer are a 

group who encounter an array of stressful experiences after diagnosis, including coping with 

the physical effects of treatment, lifestyle adjustments, and working through fears of 

mortality or recurrence (Golden-Kreutz et al., 2005; Annunziata et al., 2010; Costanzo et al., 

2010). Chronic stress has been associated with a range of psychophysiological changes in 

women with breast cancer, including immune dysregulation, increased inflammation, and a 

blunted cortisol response indicative of hypothalamic-pituitary-adrenal (HPA) axis 

dysregulation (Antoni & Dhabhar, 2019; Bower et al., 2007). These physiological changes 

can negatively affect health outcomes for women with breast cancer, such as tumour 

progression and metastasis, remission, and mortality rates (Antoni & Dhabhar, 2019; Antoni 

et al., 2016). In addition, chronic stress has been associated with the onset of mental health 

conditions in cancer patients (Bultz et al., 2011). Psychological interventions can help women 

with breast cancer to build stress management skills and protect against the negative health 

impacts of stress. 

9.2.1 Cognitive Behavioural Stress Management (CBSM) Therapy 

Cognitive Behavioural Stress Management (CBSM) is a 10-week, group-based stress 

management program that has been shown to be effective in adult women with breast cancer. 

CBSM involves cognitive and behavioural exercises, and interpersonal skills training to 

improve stress management (Antoni & Dhabhar, 2019). CBSM has been shown to improve 

psychological and physiological outcomes in women with breast cancer. CBSM has been 

associated with significant improvements in stress (Hall et al., 2017), stress management 

skills (Antoni et al., 2006), mood (Antoni et al., 2001), and quality of life (Antoni et al., 
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2006), as well as PM serum cortisol levels (Phillips et al., 2008; Cruess et al., 2000), 

leukocyte adversity-related gene expression (Antoni et al., 2016), and immune function in 

adult women with breast cancer (McGregor et al., 2004; Antoni et al., 2009). CBSM has been 

shown to be an effective therapy when delivered in-person and in a group format. However, 

alternative methods of therapy delivery are beginning to be explored.   

9.2.2  CBSM with Technology-Based Delivery 

Technology-based delivery methods could help to improve the reach of CBSM, especially 

when access to in-person care is limited (e.g., due to social restrictions during a pandemic, 

cost, living rurally). Research is beginning to show that CBSM delivered through technology 

with human facilitation may improve psychological and physiological outcomes (Steel et al., 

2017; Antoni et al., 2017; Hall et al., 2017; Steel et al., 2016). CBSM delivered by an online 

collaborative care program has been found to improve depression, pain, quality of life, and 

immune markers, IL-6, IL-1b, and NK cell numbers in patients with advanced cancer (Steel 

et al., 2016). The collaborative care program involved an internet-based intervention that was 

supplemented by low frequency, in-person sessions with a human therapist. Another study 

looked at the effectiveness of CBSM delivered by videoconferencing with a human therapist 

(Zhou et al., 2016). In this study, CBSM with a human therapist over video call was shown to 

improve stress to a moderate degree. Similarly, CBSM delivered by a human therapist over 

telephone has been found to improve perceived stress in patients with Chronic Fatigue 

Syndrome (Hall et al., 2017). Although, the effect size was smaller compared to in-person 

group delivery (Hall et al., 2017). CBSM over teletherapy shows promise as an effective, 

remote delivery method. However, this approach to therapy delivery is not particularly 

scalable, and further research is needed in support of its effectiveness in adult women with 

breast cancer.  
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CBSM has yet to be delivered by technology without therapist facilitation, however 

research with other psychological therapies has shown that these technologies may be 

effective. Online cognitive behavioural therapy (CBT) delivered without a therapist has been 

shown to be effective for improving psychological outcomes. Studies have found that 

individual-level, online CBT interventions such as websites (Glozier et al., 2013), computer 

games (Merry et al., 2012), text messaging (Whittaker et al., 2012), and smartphone 

applications (Kinderman et al. 2016) can be effective ways to deliver CBT and reduce 

distress. However, these therapy delivery methods have not been tested in women with breast 

cancer, and computerized forms of therapy delivery can often have lower engagement and 

adherence rates outside of a clinical trial context (Rathbone & Prescott, 2017; Christensen, 

Griffiths, & Farrer, 2009). This could be due to factors such as a lack of social accountability 

or engagement that a human therapist would usually provide.  

9.2.3  Conversational Agents and Digital Humans 

Conversational agents are computer-based dialogue systems that may or may not include a 

digital embodiment (Laranjo et al., 2018). Examples of conversational agents include 

chatbots, voice agents, and embodied conversational agents. Conversational agents are 

increasingly showing promise for delivering psychological interventions because they can 

provide a sense of social presence yet are easily scalable (Heerink et al., 2009). Woebot, a 

chatbot that delivers CBT, has been shown to significantly improve depression symptoms in 

young adults as part of a randomised controlled trial (Fitzpatrick et al., 2017). Another study 

found that a Facebook messenger chatbot that delivered CBT exercises improved stress and 

well-being in young adults (Williams, 2020). Although these findings are promising, research 

is in the early stages and more controlled clinical trials are needed (Provoost et al., 2017).  
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Digital humans are a new type of conversational agent that show promise for delivering 

psychological interventions (Loveys et al., in submission,a). Digital humans have a virtual 

embodiment that is modeled off a real human using a combination of light room technology 

and computer-generated imagery (CGI) techniques used by Hollywood filmmakers (Soul 

Machines, 2020). Digital humans contain an elaborate cognitive architecture that is modeled 

off the human brain with virtual neuroanatomy and neurotransmitters to influence behaviour 

(Sagar et al., 2016). Digital humans make classifications of users emotional states using live 

neural networks. They respond to user input with speech, facial behaviours, and gestures. 

Digital humans may be a promising technology to deliver psychological interventions, given 

their capability for more complex interactions and relationship building (Loveys et al., in 

submission,b).  

An intervention that is delivered by a digital human may be more engaging than a website 

alone, however more scalable and less expensive than video calling with a human therapist. 

Digital humans could be just as engaging as human therapists present via webcam, given 

their ability to deliver humanlike social cues and respond to incoming social data. However, 

research is needed to understand whether a digital human is a feasible and acceptable way to 

deliver CBSM therapy to adult women.  

9.2.4  Present Study  

This pilot trial compares the feasibility and acceptability of three different delivery 

methods for one module of CBSM therapy to healthy adult women experiencing stress: (1) a 

human therapist over video call; (2) a digital human; (3) a self-guided manual. In addition, 

this study investigates the feasibility and acceptability of the methods in preparation for a 

definitive randomised controlled trial. It is hypothesized that the therapy delivery methods 
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and the trial methods will be feasible and acceptable in healthy adult women. The results will 

inform a future randomised controlled trial in women with breast cancer.  

9.3 Methods 

This study has been reported in accordance with the Consolidated Standards of Reporting 

Trials (CONSORT) 2010 statement extension for randomised pilot and feasibility trials 

(Eldridge et al., 2016). Ethics approval was received from the University of Auckland Human 

Participants Ethics Committee on 17/12/2019 (reference no. 024085). The Australia New 

Zealand Clinical Trials Registry provided prospective registration on 28/08/2020 (registration 

no. ACTRN12620000859987).  

9.3.1 Study Design 

A randomised pilot trial was conducted with a parallel, mixed design involving three 

conditions (human teletherapy, digital human, self-guided manual; 1:1:1 allocation ratio). 

The primary outcomes were feasibility and acceptability. The secondary outcomes were 

therapist rapport, trust, perceived stress, relaxation, distress, optimism, and physiological 

stress. There were no significant changes to the trial methods after its commencement.   

9.3.2 Participants 

43 participants were recruited. Inclusion criteria were females 30 years or older with 

English fluency, who self-identified as feeling stressed. Participants were recruited a 

University of Auckland staff email list and research recruitment website, and by word of 

mouth. The eligibility screen took place over email and informed consent was completed 

remotely from a website (Qualtrics).  
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A recruitment target of 36 participants was set (12 participants per group), as 

recommended for pilot trials (Julious, 2005). 7 extra participants were recruited for the 

following reasons: (a) To replace 2 participants who lost contact with the study after 

enrolment (n= 2); (b) To replace 1 participant who was an outlier (n= 1); To account for 4 

participants whose physiological data were not collected due to a sensor error (n= 4). 

Recruitment stopped once the quota of 36 participants with complete data had been met. 

Recruitment occurred between 12/04/2021 ± 14/05/2021. Participants received a $30 

shopping voucher.   

Data were collected on Qualtrics (a survey website) for the baseline, daily stress measure, 

and two-week follow-up, as well for the post-intervention and therapist assessments. The 

post-intervention and therapist assessments took place during the in-person appointment at 

the University of Auckland Clinical Research Centre. Participants completed the other 

assessments from their place of residence. Data were collected between 13/04/2021 ± 

28/05/2021.  

9.3.3 Randomisation  

Participants were randomly allocated to one of the three conditions using a 1:1:1 allocation 

ratio, using Research Randomizer software. The computer-generated randomisations were 

performed by researcher not involved in data collection (EB). The allocations were concealed 

in sealed, opaque envelopes from the researcher who enrolled participants (KL), until after 

participants had enrolled and prior to scheduling their in-person appointment. The researcher 

was de-blinded at this point in order to coordinate booking times between the participant and 

the human therapist, where applicable. Participants remained blinded to their condition until 

immediately before the therapy started.    
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9.3.4 Procedure 

Participants were scheduled to attend a two-hour appointment at the University of 

Auckland Clinical Research Centre with a member of the research team (KL) in a private 

room. At 10AM on the day prior to their appointment, participants were emailed a link to the 

baseline questionnaire to assess demographic characteristics and psychological variables. The 

therapy was delivered on an Apple Macbook Pro laptop (13-inch 2019).  

First, participants received training on how to use the technology in the form of verbal and 

written instructions, and were informed to seek assistance should any technical issues arise. 

Then, the participant was provided an Empatica E4 physiological stress sensor to wear on her 

wrist (approximately 10 minutes from the beginning of the appointment). The researcher 

started the therapy technology and the audio recording, and left the room. The participant 

completed one module of CBSM independently for 60 ± 90 minutes, with a 10-minute break 

at the mid-point. At the end of the therapy, the researcher returned to the room, turned off the 

audio recording, and the participant completed a post-intervention assessment. The therapist 

assessment was only completed by participants in the digital human and human video call 

conditions. The participant was then provided a $30 voucher and homework instructions.    

That evening, participants were emailed a link to a password-protected homework website 

which they were asked to visit over the following two weeks. The website contained two 

educational videos about stress awareness and one video of a deep breathing exercise which 

were each approximately 8 minutes. The videos were produced by the University of Miami as 

part of a prior CBSM program. 

Participants were asked to practice their deep breathing exercise and to complete a stress 

assessment (using a 100mm visual analogue scale (VAS)) each day for two weeks. A link to 

the stress assessment was emailed to participants at 10AM each day for two weeks after their 
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appointment. Two weeks later, they were emailed a link to a follow-up questionnaire which 

evaluated the acceptability of the homework exercises and psychological outcomes. 

9.3.5 Intervention 

Participants received one module of Cognitive Behavioural Stress Management therapy. 

The module was designed for the study and combined content from modules one and two of 

WKH�µ9-SMART Video-Conferenced Stress Management and Relaxation Training for Older 

WRPHQ�ZLWK�%UHDVW�&DQFHU¶�PDQXDO�GHYHORSHG�E\�WKH�8QLYHUVLW\�RI�0LDPL��7DXE�HW�DO���

2020). The first half of the therapy provided information and cognitive exercises to improve 

stress awareness. The second half of the therapy included psychoeducation about the benefits 

of deep breathing relaxation and delivered a deep breathing exercise. The therapy was 

supplemented by a paper manual that contained summary information, stress awareness 

checklists, therapy exercises to improve stress awareness, and a guide to plan deep breathing 

practice. The manual was worked through during the session and participants took the manual 

home.  

The intervention content (including language) was identical across conditions; all that 

varied was the delivery format. 

9.3.5.1 Human Teletherapy 

In the human teletherapy condition, the intervention was delivered over Zoom 

videoconferencing software by a Masters level trainee Health Psychologist. The therapist was 

a young adult female of Caucasian ethnicity (i.e., of similar demographics to the digital 

human). She delivered the therapy from a private room in front of a white background. The 

therapist memorised and read from a script on screen to ensure that the therapy content was 

consistent across conditions. She delivered the deep breathing exercise live to participants. 

During the 10-minute break, the therapist muted her microphone and turned off her camera to 
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be unavailable for social interaction with the participant. The therapist was supervised and 

trained by a senior clinical health psychologist. The therapist was trained to respond to any 

instance of severe distress or suicidal ideation across all conditions, if detected in the audio 

recording data. However, no participants reported experiencing this.  

9.3.5.2 Digital Human 

The digital human facilitator was developed by Soul Machines Ltd (Auckland, New 

Zealand) (see Figure 33���+HU�QDPH�ZDV�³6DP´��DQG�VKH�ZDV�PRGHOOHG�WR�EH�D�\RXQJ�DGXOW�

female of Caucasian ethnicity. She was synthesized from the physical features of multiple 

human models (i.e., she was not a copy of a particular person). Sam was presented on an 

internet browser in front of a beige screen.  

Sam interacted autonomously with participants using a finite state conversation engine that 

had pre-programmed responses. This conversation design enabled greater experimental 

control, as Sam followed a therapy script. Participants were provided with relatively fixed, 

multiple-choice response options throughout the interaction, and Sam tailored her responses 

to participants answers. Participants could interact with Sam using speech, typing, or clicking 

response options on screen. Sam would respond in speech, although a text copy of her speech 

could be viewed if participants opened the messenger window on her interface. Sam spoke 

using a computer-generDWHG�YRLFH�ZLWK�DQ�$XVWUDOLDQ�DFFHQW��µ0LFURVRIW�1DWDVKD�± female 

>QHXUDO@¶���7KH�YRLFH�VRXQGHG�UHODWLYHO\�KXPDQOLNH�DV�LW�XVHG�QHXUDO�QHWZRUNV�WR�LQIRUP�WKH�

VSHHFK�LQWRQDWLRQ��,I�6DP�GLG�QRW�XQGHUVWDQG�D�SDUWLFLSDQW¶V�UHVSRQVH��VKH�ZRXOG�VD\�D�

variation of, ³,¶P�VRUU\��,�GLGQ¶W�XQGHUVWDQG��&RXOG�\RX�UHSHDW�RU�UHZRUG�\RXU�VWDWHPHQW"´ If 

Sam did not understand the participant after two attempts, she would ask participants if they 

would like to move to a different part of the conversation and provided them with a menu of 

areas that they could move to (e.g., stress video, deep breathing exercise).  
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Sam delivered emotional expressions in her face which were compassion, joy, and 

concern. Her emotional responses were pre-programmed using text-to-speech Emotional 

MDUNXS�/DQJXDJH��(0/���7KH�(0/�WULJJHUHG�HPRWLRQDO�H[SUHVVLRQV�LQ�6DP¶V�IDFH�IURP�KHU�

speech content. Sam engaged in humanlike movements over the interaction, such as holding 

H\H�JD]H��H\HEURZ�UDLVHV��KHDG�WLOWV��DQG�VKRXOGHU�PRYHPHQWV��%HOOD¶V�IDFLDO�H[SUHssions and 

body movements were autonomously generated in real-time using a visual computing 

framework and neurobehavioural modelling techniques (Sagar et al., 2014; Sagar et al., 

2016). Sam engaged in rapport building strategies throughout the therapy interaction, 

informed by Parks & Floyd (1996) and Loveys et al., (2020), including emotional 

expressiveness, empathy and compassion (in language and facial expression), being non-

judgmental, and providing praise and support.    

Sam showed illustrations to demonstrate concepts (e.g., the five ways that stress manifests; 

Figure 33), and  delivered a link to a 20-minute video containing information and illustrations 

of how stress affects the body and how stress management techniques can help women with 

breast cancer. Sam also delivered a link to an audio recording of a deep breathing relaxation 

exercise which was approximately 7-minutes in length. The deep breathing relaxation 

exercise was recorded by a Masters level trainee Health Psychologist (different to the human 

teletherapist). The deep breathing relaxation was recorded in a young adult female voice. The 

video and audio recordings were hosted on Dropbox.  

6DP�FRQWLQXRXVO\�FROOHFWHG�DXGLRYLVXDO�GDWD�WR�KHDU�SDUWLFLSDQWV¶�VSHHFK�DQG�VHH�IDFLDO�

expressions. These data were not stored nor analysed by the researchers or Soul Machines 

/WG��3DUWLFLSDQWV�ZHUH�LQIRUPHG�RI�WKLV�SULRU�WR�WKH�LQWHUDFWLRQ��6DP¶V�GDWD�FROOHFWLRQ�SURFHVV�

LV�LQ�NHHSLQJ�ZLWK�WKH�(XURSHDQ�8QLRQ¶V�*HQHUDO�'DWD�3URWHFWLRQ�5HJXODWLRQ��*'35���6RXO�

Machines, 2021; European Union, 2016).  
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9.3.5.3 Self-Guided Manual 

The self-guided manual was hosted on Qualtrics (Figure 34). Information was delivered in 

text alongside illustrations with click through pages, check boxes to answer questions, and a 

link to a deep breathing relaxation audio recording hosted on Dropbox. The self-guided 

manual delivered identical information to the other conditions.  

 

 

 

Figure 33. The digital human interface ("Sam") during part of the conversation where she discusses 
the five ways that stress can manifest. 
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9.3.6 Measures 

9.3.6.1 Feasibility 

9.3.6.1.1  Intervention 

The number of times the researcher provided technical support during the session was 

counted.  Feasibility of the homework was evaluated from two questions (³:HUH�\RX�DEOH�WR�

DFFHVV�WKH�VWXG\�ZHEVLWH�IURP�KRPH"´�and ³:HUH�\RX�DEOH�WR�DFFHVV�WKH�KRPHZRUN�YLGHRV�

IURP�KRPH"´) with a yes/no response option at follow-up.  

9.3.6.1.2  Trial methods 

The number of participants recruited from each method, missing data and issues with 

questionnaire completion were assessed, along with observations of difficulties experienced 

during the study (KL).  

Figure 34. Examples of pages from the self-guided manual interface. 
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9.3.6.2 Acceptability 

9.3.6.2.1  Intervention  

9.3.6.2.1.1 Self-report items post intervention 

Two items evaluated satisfaction with using the resource for improving stress management 

DQG�OLNHOLKRRG�RI�XVLQJ�WKH�UHVRXUFH¶V�VXJJHVWLRQV�LQ�IXWXUH�WR�KHOS�FRSH�ZLWK�VWUHVV��*DUGLQHU�

HW�DO����������5HVSRQVHV�UDQJHG�IURP����µQRW�VDWLVILHG¶���µGHILQLWHO\�QR¶��WR����µYHU\�VDWLVILHG¶���

µGHILQLWHO\�\HV¶���)LYH����PP�9$6�HYDOXDWHG�ZLOOLQJQHVV�WR�SDUWLFLSDWH�LQ�D���-week and 5-

week programme, comfort with doing the therapy alone at home, willingness to complete the 

therapy in a group setting, and comforW�ZLWK�EHLQJ�YLGHR�UHFRUGHG��IURP����µQRW�DW�DOO¶��WR�����

�µGHILQLWHO\¶���+LJKHU�VFRUHV�LQGLFDWHG�JUHDWHU�DFFHSWDELOLW\��� 

Participants rated how engaging they found the therapy session on a 100mm VAS, from 0 

�µQRW�DW�DOO¶��WR������µH[WUHPHO\¶���� 

Participants were asked about their willingness to recommend the therapy to someone that 

they care about in an open-ended question, DQG�UHVSRQVHV�ZHUH�FRGHG�LQWR�µ\HV¶��µQR¶��RU�µLQ�

FHUWDLQ�FLUFXPVWDQFHV¶�� 

9.3.6.2.1.2 Behavioural measures 

The number of participants who completed the session was counted, and participants were 

asked whether they watched each homework video. 

9.3.6.2.1.3 Qualitative data 

The post-intervention questionnaire included three open-ended questions that evaluated: 

����ZKDW�SDUWLFLSDQWV¶�IDYRXULWH�DFWLYLW\�ZDV�LQ�WKH�WKHUDS\�VHVVLRQ������ZKDW�SDUWLFLSDQWV�OLNHG�

about the delivery of their therapy session; and (3) how participants think that the delivery of 

their therapy session could be improved. At the follow-up questionnaire, two open-ended 
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questions evaluated which aspects of the homework exercises participants liked and how they 

thought the homework could be improved. 

9.3.6.2.2 Trial methods 

9.3.6.2.2.1 Self-report 

Participants were asked to report how comfortable they felt with being audio-recorded for 

the purpose of informing improvements to the therapy software. Participants responded using 

D����PP�9$6��IURP����µ1RW�DW�DOO¶��WR������µ([WUHPHO\¶��DQG�HODborated on their response in 

writing.    

9.3.6.3 Therapist Relationship 

Rapport and trust with the digital human and human therapists were assessed immediately 

after completing the intervention using the bond subscale from the Working Alliance 

Inventory (WAI; Horvath & Greenberg, 1989) which has good internal consistency (a = .85 - 

.92) and concurrent validity, and has been used previously with embodied conversational 

agents  (Bickmore, Caruso, Clough-Gorr, & Heeren, 2005). Total scores can range from 7 to 

84, where a higher score indicates greater rapport with the therapist. Trust was measured 

XVLQJ�D�9$6��µ,�WUXVWHG�P\�WKHUDSLVW¶�IURP����µQRW�DW�DOO¶��WR������µH[WUHPHO\¶��� 

9.3.6.4 Psychological Outcomes 

9.3.6.4.1 Stress 

The 10-item Perceived Stress Scale (PSS; Cohen & Williamson, 1988) evaluated the 

extent to which events over the past month (at baseline) or past two weeks (at the two-week 

follow-up) were appraised as stressful. Responses could UDQJH�IURP����µQHYHU¶��WR����µYHU\�

RIWHQ¶���The PSS has demonstrated good test-retest reliability (a = >.70), convergent validity 

and divergent validity (Lee, 2012). 
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Present moment stress and relaxation at baseline, post-intervention, and at the two-week 

follow-up assessment were measured using a 100mm VAS IURP����µQRW�DW�DOO¶��WR�����

�µH[WUHPHO\¶���5RELQVRQ�HW�DO�������� 

Participants indicated how stressed they felt each day during the two weeks after their 

DSSRLQWPHQW�XVLQJ�D����PP�9$6�IURP����µQRW�DW�DOO¶��WR������µH[WUHPHO\¶���ZKLFK�ZDV�

delivered by email at 10.00AM. 

9.3.6.4.2 Distress 

Distress was measured at baseline and at the two-week follow-up assessment using a 10-

item composite measure comprised of the anxiety, depression, and anger subscales from the 

Profile of Mood States (POMS) scale (McNair, Lorr, & Droppelman, 1981). These subscales 

have been used to assess distress in prior CBSM research involving adult women (Antoni et 

al., 2001). Participants indicated the extent to which they felt the emotion listed over the past 

month (at baseline) or past two weeks (at the two-week follow-up) using a 5-point scale of 0 

�µQRW�DW�DOO¶��WR����µH[WUHPHO\¶��� 

9.3.6.4.3 Optimism 

Optimism was measured using the Revised Life Orientation (LOT-R) scale at baseline and 

at the two-week follow-up assessment. Total scores could range from 0 to 24, and higher 

scores indicated greater optimism. This scale has been used to measure changes in optimism 

in prior CBSM studies with good internal reliability, test-retest reliability and divergent 

validity with distress and depression (Antoni et al., 2001).  

9.3.6.4.4 Stress Management Skills 

Participants¶ perceived ability to perform the stress management techniques covered in the 

therapy session was measured using two subscales from the Measure of Current Status Scale 

(MOCS; Antoni et al., 2006): relaxation and awareness of tension. Together, the two 
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subscales total five items and responses could UDQJH�IURP����µ,�FDQQRW�GR�WKLV�DW�DOO¶��WR����µ,�

FDQ�GR�WKLV�H[WUHPHO\�ZHOO¶���Stress management skills were evaluated post-intervention and 

at the two-week follow-up. 

9.3.6.4.5 Physiological Stress 

Electrodermal activity, skin temperature, and heart rate variability were collected during 

the session using an Empatica E4, a wrist-worn sensor device. Collection of the physiological 

data began 10 minutes into the appointment (i.e., after a recovery period) and finished at the 

end of the post-intervention assessment.  

Electrodermal activity was automatically processed using a validated tool (Taylor et al., 

2015). The tool removed artifact that may confound the data (e.g., movement). A lower 

number of peaks indicated lower physiological stress. Skin temperature was measured in 

degrees celsius. Higher skin temperature indicated reduced sympathetic arousal (i.e., lower 

physiological stress) (Andrasik & Rime, 2007). Average electrodermal activity and skin 

temperature scores were calculated at: baseline (1 minute of data from the start of the 

recording), pre-deep breathing (1 minute of data from the beginning of the deep breathing 

exercise), and post-deep breathing (1 minute of data before the end of the deep breathing 

section).  

Heart rate variability describes the length of the interbeat interval and indicates the degree 

of sympathetic or parasympathetic arousal (Thayer et al., 2012). Less than 50% of the blood 

volume pulse data were sampled by the Empatica E4, which was insufficient to be analysed. 

9.3.7 Data Analysis 

9.3.7.1 Quantitative Data 
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Data were analysed using IBM SPSS Software (Version 27). Missing data were handled 

by mean imputation. For instances where mean imputation was not possible data were not 

included in analysis. Baseline sample characteristics were calculated for the overall sample, 

and compared between groups using chi-square tests and one-way ANOVA. 

Intervention acceptability, working alliance, and therapist trust were compared between 

groups using one-way ANOVAs. Post hoc tests with Bonferroni correction were planned to 

investigate significant effects. Feasibility and behavioural engagement were compared 

between conditions using chi-square tests.   

A series of mixed factorial ANOVAs were conducted to investigate the main and 

interaction effects of time and condition on psychological and physiological outcomes. Data 

were checked for violations of test assumptions. Greenhouse-Geisser values were reported for 

within-subjects effects where sphericity assumptions were violated (general stress, distress, 

optimism, stress management skills, electrodermal activity, skin temperature). Pairwise 

comparisons with Bonferroni correction were conducted as follow-up tests.  

9.3.7.2 Qualitative Data 

%UDXQ�DQG�&ODUNH¶V��������DSSURDFK�WR�UHIOH[LYH�WKHPDWLF�DQDO\VLV�ZDV�XVHG�WR�DQDO\VH�

written responses to 4 open-ended questions. The methodological steps outlined by Braun 

and Clarke (2006) were carried out by one researcher (KL) as per recommendations. An 

inductive approach was used to generate themes, informed by content of the data. Themes 

were generated separately by condition for therapy and delivery methods, and  for the whole 

sample for the homework. Themes were reviewed to ensure internal coherence and 

distinction from other themes, and combined or split to improve specificity where necessary. 
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9.4 Results 

9.4.1 Participants 

Participants were 38 females (mean age = 43.21, SD = 10.70), of predominantly New 

Zealand European (24; 63.2%) or Asian ethnicity (9; 23.7%). Most participants worked full-

time (12; 71.1%) and were highly educated with a postgraduate (23; 60.5%) or undergraduate 

degree (12; 31.6%). The majority were married or living with a partner (21; 55.3%), or 

otherwise single (8; 21.1%). 11 (28.9%) reported a mental health diagnosis (4 = major 

depression; 5 = generalised anxiety; 2 = depression and anxiety). At baseline, participants 

reported a moderate degree of perceived stress (M = 21.92, SD = 5.23), distress (M = 5.54, 

SD = 2.42), and optimism (M = 14.74, SD = 4.36). There were no significant group 

differences in baseline demographics (all ps >.119) or psychological variables (all ps > .256). 

Table 11 describes the demographic and psychological characteristics. A consort diagram 

depicts participant flow (Figure 35).  

38 of 38 (100%) participants reported living in a private dwelling with internet access. 

Only 6 (15.8%) participants lived alone. All participants had access to a computer at home 

with a microphone and 36 (94.7%) had a webcam.  
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Table 11. Participant characteristics. Note. PSS-10 = Perceived Stress Scale (10-item).  

 Total Condition 

  Self-Guided Manual Digital Human Human Video Call 

Participants (N) 38 14 12 12 

Age (M, SD) 43.21 (10.70) (13.79) (22.60) (15.11) 

Ethnicity:     

     Caucasian (n, %) 24 (63.2%) 8 (57.1%) 8 (66.7%) 8 (66.7%) 

     Asian (n, %) 9 (23.7%) 5 (35.7%) 2 (16.7%) 2 (16.7%) 

     0ƗRUL��Q���� 3 (7.9%) 1 (7.1%) 2 (16.7%) 0 (0.0%) 

     Middle Eastern/Latin 

American/African (n, %) 

1 (2.6%) 0 (0.0%) 0 (0.0%) 1 (8.3%) 

     Other (n, %) 1 (2.6%) 0 (0.0%) 0 (0.0%) 1 (8.3%) 

Education level:     

     High school or less (n, %) 1 (2.6%) 1 (7.1%) 0 (0.0%) 0 (0.0%) 

     Trade qualification (n, %) 2 (5.3%) 1 (7.1%) 1 (8.3%) 0 (0.0%) 

     Undergraduate degree (n, %) 12 (31.6%) 6 (42.9%) 3 (25.0%) 3 (25.0%) 

     Postgraduate degree (n, %) 23 (60.5%) 6 (42.9%) 8 (66.7%) 9 (75.0%) 

Marital status:     

     Single (n, %) 8 (21.1%) 6 (42.9%) 1 (8.3%) 1 (8.3%) 

     Relationship (n, %) 5 (13.2%) 1 (7.1%) 3 (25.0%) 1(8.3%) 

     Married/ living with partner (n, %) 21 (55.3%) 5 (35.7%) 7 (58.3%) 9 (75.0%) 

     Separated/ divorced (n, %) 4 (10.5%) 2 (14.3%) 1 (8.3%) 1 (8.3%) 
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 Total Condition 

  Self-Guided Manual Digital Human Human Video Call 

Work status:     

     Full-time (n, %) 27 (71.1%) 10 (71.4%) 9 (75.0%) 8 (66.7%) 

     Part-time (n, %) 6 (15.8%) 3 (21.4%) 2 (16.7%) 1 (8.3%) 

     Beneficiary (n, %) 1 (2.6%) 1 (7.1%) 0 (0.0%) 0 (0.0%) 

     Unemployed (n, %) 4 (10.5%) 0 (0.0%) 1 (8.3%) 3 (25.0%) 

Health:     

     At least one mental health diagnosis 

(n, %) 

11 (28.9%) 4 (28.6%) 3 (25.0%) 4 (33.3%) 

Psychological:     

     PSS-10 (M, SD) 21.92 (5.23) 20.21 (5.35) 22.50 (5.44) 23.33 (4.74) 
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9.4.2 Feasibility 

9.4.2.1 Intervention 

Figure 35. CONSORT diagram of participant flow through the pilot trial. 
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9.4.2.1.1  Technical Issues 

Delivery method did not significantly affect whether technical support was sought (X2(2, N = 

38) = 2.37, p = .306). Technical support was sought 4 times for the self-guided manual 

(navigation issues) and 4 times for the digital human (frozen or jumped conversation). In the 

human video call condition, there was one video lag issue reported by the therapist, although 

technical support was not sought by the participant.  

9.4.2.1.2  Homework Access 

32 of 36 (89%) participants reported that they were able to access the study website and 

access the homework videos from home.   

9.4.2.2 Trial Methods 

9.4.2.2.1  Recruitment Methods 

Recruitment was from an advertisement to a University staff email list (84.2%), a research 

recruitment website (7.9%), word of mouth (5.3%), and a Facebook advertisement (2.6%).  

9.4.2.2.2  Measurement Tools 

Only 1 participant who had scheduled an appointment did not complete the baseline 

questionnaire. Response rates were reasonably high for the two-week follow-up assessment 

(36 of 38 participants responded; 95%). However, 3 participants did not fill out the majority 

of the follow-up questionnaire. Only 18 of 38 (47%) participants responded to all 13 days of 

the daily stress measure. As a result of the low response rate, this data were not analysed but 

the response rate was noted as an area to improve in a future trial.   

Several participants reported issues completing the Working Alliance Inventory Bond 

Subscale, both in relation to a computer agent and after only one interaction with the human 

WKHUDSLVW��)LYH�SDUWLFLSDQWV�ZDQWHG�D�µQRW�DSSOLFDEOH¶�RSWLRQ�DGGHG��WKUHH�IRU�WKH�GLJLWDO�
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human and two for the real human. The validity and reliability of the scale may therefore 

have been impaired.  

9.4.2.2.3  Computer 

One participant reported difficulty using the laptop, including the scrolling function.  After 

this, the researcher checked that each participant was familiar with the laptop design, and 

demonstrated how to use it. Two participants reported that they would have preferred to use a 

desktop computer with a larger screen and an ergonomic keyboard for comfort.  

9.4.3  Acceptability 

9.4.3.1 Intervention  

9.4.3.1.1  Perceived Acceptability (7-point likert scales) 

There were no significant differences in satisfaction with using an self-guided manual, 

digital human, or human therapist over video call for improving stress management (F(2,35) = 

.95, p = .396, Șp2 = .05). All conditions received good satisfaction ratings (Self-guided 

manual: M = 5.36, SE = .36, 95% CI [4.63, 6.09]; Digital human: M = 5.08, SE = .39, 95% CI 

[4.29, 5.88]; Human video call: M = 5.83, SE = .39, 95% CI [5.04, 6.63]). 

Overall, SDUWLFLSDQWV�LQGLFDWHG�WKDW�WKH\�ZRXOG�EH�ZLOOLQJ�WR�XVH�WKH�WKHUDS\¶V�WHFKQLTXHV�

to cope with stress in the future (M = 6.18, SE = .18, 95% CI [5.82, 6.54]). There was no 

significant effect of delivery method on willingness to use the therapy techniques in future 

(F(2,35) = .01, p = .992, Șp2 = .00; Self-guided manual: M = 6.21, SE = .29, 95% CI [5.62, 

6.81]; Digital human: M = 6.17, SE = .32, 95% CI [5.53, 6.81]; Human video call: M = 6.17, 

SE = .32, 95% CI [5.53, 6.81]).  

9.4.3.1.2  Perceived Engagement (100mm VAS) 
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There were no significant group differences in how engaging participants perceived the 

therapy to be (F(2,35) = .50, p = .610, Șp2 = .03). Overall, each of the therapy delivery methods 

were found to be reasonably engaging (Self-guided manual: M = 75.14, SE = 6.21, 95% CI 

[62.54, 87.75]; Digital human: M = 67.50, SE = 6.71, 95% CI [53.89, 81.11]; Human video 

call: M = 76.08, SE = 6.71, 95% CI [62.47, 89.70]).  

9.4.3.1.3  Alternative Therapy Formats (100mm VAS)  

Overall, participants reported that they would be very comfortable with completing the 

therapy alone from home (M = 87.16, SE = 3.03, 95% CI [81.01, 93.31]). There was a trend 

towards a significant effect of delivery method on comfort with taking part in the therapy 

alone from home, with a moderate to large effect size (F(2,35) = 2.50, p = .097, Șp2 = .13). 

Participants reported feeling most comfortable with using the self-guided manual from home 

by themselves (M = 94.07, SE = 4.98, 95% CI [83.96, 104.18]), and least comfortable with 

video calling a human therapist from home on their own (M = 78.00, SE = 5.38, 95% CI 

[67.08, 88.92]). 

Participants were ambivalent about completing the therapy in a group setting (M = 49.79, 

SE = 6.20, 95% CI [37.17, 62.41]). There was no significant effect of delivery method on 

willingness to complete the therapy in a group setting (F(2,33) = .39, p = .681, Șp2 = .02; Self-

guided manual: M = 56.00, SE = 10.30, 95% CI [35.04, 76.96]; Digital human: M = 50.46, SE 

= 11.20, 95% CI [27.67, 73.24]; Human video call: M = 42.92, SE = 10.72, 95% CI [21.10, 

64.73]).  

Overall, participants were more willing to engage in a 5-week therapy program than a 10-

week program (M = 76.92, SE = 4.60, 95% CI [67.58, 86.26] vs. M = 69.34, SE = 4.51, 95% 

CI [60.19, 78.49]). However, willingness to engage in either program length was relatively 

KLJK��7KHUH�ZDV�QR�VLJQLILFDQW�HIIHFW�RI�GHOLYHU\�PHWKRG�RQ�SDUWLFLSDQWV¶�ZLOOLQJQHVV to 
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participate in a 5-week (F(2,34) = .19, p = .831, Șp2 = .01), or a 10-week version of the therapy 

(F(2,35) = .18, p = .833, Șp2 = .01).  

9.4.3.1.4  Intervention Completion 

Of the 41 participants who attended the session, 39 completed the full session. 2 

participants from the digital human condition did not complete the full therapy. The audio 

recordings of these participants sessions indicate that the participants did not adhere to the 

UHVHDUFKHU¶V�LQVWUXFWLRQV�RQ�KRZ�WR�LQWHUDFW�ZLWK�WKH�GLJLWDO�KXPDQ��QRU�WR�VHHN�KHOS�IURP�WKH�

researcher any time technical issues occurred. As a result, the therapy was not properly 

delivered by the digital human and the deep breathing exercise was skipped.   

9.4.3.1.5  Willingness to recommend the therapy 

When asked, ³:RXOG�\RX�UHFRPPHQG�WKLV�WKHUDS\�VHVVLRQ�WR�VRPHRQH�\RX�FDUH�DERXW"´��

26 of 38 (68.4%) participants responded yes, 9 of 38 (23.7%) of participants responded in 

certain circumstances, and 3 of 38 (7.9%) of participants reported no. A chi-square test 

revealed no significant differences between the therapy delivery methods in whether 

participants were willing to recommend the therapy in future (X2(4, N = 38) = 2.54, p = .637) 

(see Figure 36). 
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Figure 36. Willingness to recommend the therapy by delivery method. 

9.4.3.1.6 Qualitative Feedback 

When asked, ³:KDW�ZDV�WKH�DVSHFW�RI�WKH�WKHUDS\�VHVVLRQ�\RX�OLNHG�WKH�PRVW"�:KDW�ZDV�

\RXU�IDYRXULWH�DFWLYLW\"´, most participants reported that their favourite activity was the deep 

breathing exercise (n= 33). Other participants reported that their favourite activities were 

learning about the appraisal process (n= 5), the effects of stress in the body (n= 4), learning to 

identify stressful situations (n= 3), reading about the effects of stress (n= 2), watching the 

educational video (n= 2), completing the stress symptom checklist (n= 1), and using the 

printed participant manual (n= 1). Several participants reported more than one activity as 

their favourite.  

Participants identified several strengths and weaknesses of the therapy delivery methods 

which were addressed in responses to two open-ended, written questions: ³:KDW�GLG�\RX�OLNH�

about the delivery of your therapy sessLRQ"´ and ³+RZ�GR�\RX�WKLQN�WKH�GHOLYHU\�RI�WKH�

WKHUDS\�VHVVLRQ�FRXOG�EH�LPSURYHG"´ Themes, subthemes, and representative quotes in 
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response to these questions are outlined in Tables 12 and 13. Definitions of the themes are 

presented in Appendix D.  

Table 12. Themes, sub-themes, and representative quotes describing what participants liked about the 
delivery of their therapy session. 

Themes Subthemes Representative quotes 

Human teletherapy condition  

Therapist qualities Calm ³1LFH�DQG�FDOP�WDONLQJ�WKURXJK�WKH�

LQWHUYHQWLRQ�´ [038] 

 Attentive  ³7KH�WKHUDSLVW�ZDV�DWWHQWLYH�´ [037] 

 Calming voice  ³&DOPLQJ�YRLFH�´�[021] 

 Comfortable ³0DGH�\RX�IHHO�FRPIRUWDEOH�´�[030] 

Teletherapy delivery Available remotely ³(YHU\WKLQJ��7KH�IDFW�WKDW�LW�ZDV�RQ�=RRP�

makes me think that I could do it anywhere (i.e., 

at work) and would not waste time changing 

SODFHV�´ [009] 

 No technical difficulties ³1R�GLIILFXOWLHV�ZKLOH�XVLQJ�=RRP�´ [036] 

User experience Delivered by a person ³1LFH�WR�KDYH�D�SHUVRQ�JXLGH�\RX�WKURXJK�WKH�

SURFHVV�´ [024] 

 Ease of use ³,W�ZDV�HDV\�´ [017] 

Therapy content Not too personal ³1RW�GHOYLQJ�WRR�GHHS�´�[026] 

 Practices during session ³'RLQJ�SUDFWLFHV�GXULQJ�WKH�VHVVLRQ�´�[002] 

Digital human condition 

AI delivery Non-judgmental ³1RQ-MXGJPHQWDO�VLQFH�WKHUH�ZDV�QR�KXPDQ�´�

[018] 

 No social pressure ³,W�LV�LQWHUDFWLYH�EXW�PRUH�UHOD[LQJ�WKDQ�IDFLQJ�D�

UHDO�SHUVRQ�´ [032] 

 Humanlike ³6KH�ZDV�TXLWH�KXPDQOLNH��LPSUHVVLYH�IRU�D�

virtual person, and most of the intonation was 

JRRG�´ [031] 
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Themes Subthemes Representative quotes 

 Hold eye gaze ³:KHQ�UHVSRQGLQJ�WR�DQ�DFWXDO�SHUVRQ��\RX�

ZRXOGQ¶W�DFWXDOO\�KROG�WKHLU�JD]H�DV�PXFK�DV�\RX�

GR�ZLWK�DQ�$,��,�OLNHG�WKDW�´ [035] 

 Factual ³7KH�XQHPRWLRQDO�GHOLYHU\�RI�WKH�$,��(YHU\WKLQJ�

ZDV�IDFWXDO�´ [014] 

 Good responses ³,�OLNH�6DP��VKH�UHVSRQGHG�ZHOO�WR�YHUEDO�

DQVZHUV�´ [029] 

 Sam ³7KH�GLJLWDO�KXPDQ�WKHUDSLVW�´�[043] 

User experience Ease of understanding ³,W�ZDV�HDV\�WR�XQGHUVWDQG�´�[008] 

 Ease of use ³(DVH�RI�XVH�´�[001] 

 Speech speed ³6SHHFK�VSHHG�ZDV�JRRG�´ [001] 

 Supporting illustrations ³,�OLNHG�WKH�YLVXDO�DVSHFWV�RI�WKH�VHVVLRQ�DV�

sometimes I found the detailed information a bit 

much to take in, coming from a non-medical 

EDFNJURXQG�´ [014] 

 Interaction options  ³7KDW�\RX�FDQ�DOVR�W\SH�DQVZHUV�FOLFN�RQ�

UHVSRQVHV�´�[019] 

Therapy content Not too personal ³,W�ZDV�QRW�WRR�SHUVRQDO��L�H���GLG�QRW�KDYH�WR�

SURYLGH�DQ\�GHWDLOV�DERXW�P\�OLIH�´�[005] 

 Rich content ³7KH�FRQWHQW�ZDV�ULFK�EXW�QRW�WRR�

RYHUZKHOPLQJ�´�[032] 

Self-guided manual condition 

Self-delivery Privacy ³3ULYDF\��7LPH�WR�UHIOHFW�DQG�OHW�WKH�LQIRUPDWLRQ�

VLQN�LQ�´�[003] 

 Self-paced ³&RXOG�EH�GRQH�DW�\RXU�RZQ�SDFH�´�[028] 

 No social pressure ³,�OLNHG�WKDW�,�FRXOG�WDNH�P\�WLPH�DQG�WKLQN�

about my answers without someone in the room 

PDNLQJ�PH�IHHO�SUHVVXUHG�´�[034] 

User experience User friendly and 

engaging 

³7KH�HOHFWURQLF�SDUWV�ZHUH�XVHU�IULHQGO\�DQG�

HQJDJLQJ��7KH�DXGLR�ZDV�JRRG�´�[027] 

 Illustrations ³7KH�SLFWXUHV�ZHUH�D�QLFH�WRXFK�´�[006] 

 Forms ³,�OLNHG�WKH�SDUWV�WKDW�,�FRXOG�ILOO�RXW�P\�

LQIRUPDWLRQ�LQ�´�[006] 

Therapy content Clear instructions ³,QVWUXFWLRQV�DUH�ZHOO�VHW�RXW�´�[007] 

 Professional  ³3URIHVVLRQDO�DQG�IULHQGO\�´�[004] 
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Themes Subthemes Representative quotes 

 Good explanations ³,W¶V�ZHOO�H[SODLQHG�EHIRUH�FRPSOHWLQJ�WKH�

questions. This makes sure we understand the 

material so that we can provide correct 

UHVSRQVHV�´�[020] 

Environment Quiet room ³$�TXLHW�URRP��FOHDU�VLPSOH�LQVWUXFWLRQV�´�[033] 

 

Table 13. Themes, sub-themes, and representative quotes describing what participants thought could 
be improved about the delivery of their therapy session. 

Themes Subthemes Representative quotes 

Human teletherapy condition  

Delivery style Simplify language ³,W�ZRXOG�EH�KHOSIXO�WR�H[SODLQ�WKLQJV�LQ�PRUH�

everyday terms. Some explanations were quite 

technical, e.g., the information I had to read. Not 

sure all the details added to my understanding of 

VWUHVV�´ [024] 

 Tailor suggestions  ³3HUKDSV�DVNLQJ�PRUH�DERXW�WKH�GLIIHUHQW�VWUHVV�

management techniques already being used so 

could deepen and improve techniques to do 

WKLV�´ [038] 

 Avoid reading script  ³«VRPHWKLQJ�D�OLWWOH�XQQHUYLQJ�DERXW�D�SHUVRQ�

UHDGLQJ�IURP�D�VFULSW�´�[010] 

 In-person delivery ³,Q�SHUVRQ"�2WKHUZLVH�QR�LPSURYHPHQWV�´�[017] 

Therapy content Shorter session ³0DNH�WKH�VHVVLRQ�D�ELW�VKRUWHU�´ [002] 

 Less reading ³%\�FXWWLQJ�RII�WKH�UHDGLQJ�SDUW«´ [002] 

 Option to lie down 

during deep breathing 

³/\LQJ�GRZQ�IRU�UHOD[DWLRQ��GHHS�EUHDWKLQJ�´�

[026] 

Environmental Background music ³6RPHWLPHV�KDYH�PXVLF�PD\EH�´ [025] 

 Desktop computer ³%LJJHU�VFUHHQ�DQG�D�SURSHU�NH\ERDUG�

�HUJRQRPLFV��´ [013] 

No improvement N/A ³1RWKLQJ�LQ�SDUWLFXODU��,�HQMR\HG�D�ORW�WKH�ZD\�

WKH�WKHUDS\�VHVVLRQ�KDSSHQHG�´�[009] 



Chapter 9 

236 
 

Themes Subthemes Representative quotes 

Digital human condition 

Delivery style Simplify language ³&RPPXQLFDWLRQ�DQG�ODQJXDJH�XVHG�FRXOG�

possibly be simpler for the average person to 

GLJHVW�´�[014] 

Therapy content Shorter session ³/RQJ�VHVVLRQ�´ [035] 

 Less information on the 

brain 

³0XFK�OHVV�RQ�KRZ�WKH�EUDLQ�ZRUNV�´ [018] 

 Stress video ± more 

accessible language 

³7KHUH�ZHUH�SDUWV�WKURXJKRXW�WKH�VWUHVV�UHVSRQVH�

explanation video where I thought the language 

could have been more direct and simpler to 

connect to those such as myself with no medical 

EDFNJURXQG�´ [014] 

 Stress video ± more 

engaging delivery 

³,�FDQ¶W�UHDOO\�UHPHPEHU�WKH�>YLGHR@�FRQWHQW�DV�

DW�WKH�WLPH�,�IRXQG�LW�YHU\�GLVHQJDJLQJ�´ [018] 

Digital human design More tailored responses ³0D\EH�PRUH�WDLORUHG�LQIRUPDWLRQ�GHSHQGLQJ�RQ�

the responses to multiple-FKRLFH�TXHVWLRQV�´ 

[005] 

 Slower speech speed 

during explanations 

³0RGXODWLQJ�WKH�VSHHG�EHWWHU��6KH�VSHDNV�TXLWH�

fast which is fine for short or simple 

instructions, but gets a bit much for the more 

GHWDLOHG�H[SODQDWLRQV�´�[031] 

 Improve sync of lips to 

speech 

³9RLFH�DQG�face/lips movements of the digital 

KXPDQ�V\QFKURQL]HG�´ [018] 

 Ability to select 

multiple response 

options 

³6RPH�RI�WKH�TXHVWLRQV�DUH�PXOWLSOH-choice, but 

I only got to click on one option before the 

VFUHHQ�PRYHG�RQ�´ [032] 

Environmental Warmer room ³«LW�JRW�FROG�DV�,�DP�XVHG�WR�PRYLQJ�D�ORW�´�

[035] 

 More comfortable chair ³0RUH�FRPIRUWDEOH�FKDLU«´�[035] 

No improvement N/A ³,�GRQ¶W�WKLQN�LW�QHHGV�LPSURYHPHQW�´�[001] 

Self-guided manual condition 

Delivery style Simplify language ³0D\EH�VLPSOHU�ODQJXDJH"´�[003] 
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Themes Subthemes Representative quotes 

 More interactivity ³,�ZRXOG�SUHIHU�VRPHWKLQJ�PRUH�LQWHUDFWLYH��

perhaps with some reading, some audio, some 

TXHVWLRQQDLUHV��HWF�´�[006] 

 Have a facilitator 

present 

³+DYLQJ�QR�RQH�DURXQG�WR�SURPSW�PH�RU�KHOS�PH�

think through the different stressor situations 

and how I responded could mean that I was 

missing something. Being alone for the delivery 

could make people feel less accountable- maybe 

WKH\�ZRQ¶W�GR�LW�SURSHUO\ RU�UXVK�WKURXJK�LW�´�

[034] 

 In-person deep 

breathing exercise 

³3HUVRQDOO\��,�ZRXOG�OLNH�WR�GR�WKH�EUHDWKLQJ�

exercises with a human, rather than guiding by 

WKH�FRPSXWHU�´�[020] 

Therapy content Less reading ³/HVV�UHDGLQJ�DW�WKH�EHJLQQLQJ�´�[028] 

 More visual components ³,�WKLQN�UDWKHU�WKDQ�VLJQLILFDQW�FKXQNV�RI�

reading, a more visual powerpoint may make 

WKLQJV�HDVLHU�WR�XQGHUVWDQG�´�[041] 

Environmental More comfortable chair ³7KH�FKDLU�ZDV�QRW�SDUWLFXODUO\�FRPIRUWDEOH�´�

[033] 

 Desktop computer ³1RW�RQ�D�ODSWRS�´�[016] 

 Dim lights ³'LPPLQJ�WKH�OLJKWV�PLJKW�´�[007] 

 More comfortable 

environment 

³$�PRUH�FRPIRUWDEOH��OHVV�FOLQLFDO�VHWWLQJ�´�

[028] 

No improvement N/A ³,W�ZDV�ILQH�´�[004] 

 

9.4.3.2 Homework 

9.4.3.2.1  Behavioural Engagement 

Overall, participants were mostly adherent to the homework exercises set (50.0% 

completed all exercises, 40.6% completed some but not all exercises, 9.4% completed none 

of the exercises). There was no significant effect of therapy delivery method on homework 

adherence (X2(4, N = 32) = 2.46, p = .651).  
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Most participants watched homework video one (87.5%), video two (87.5%), and video 

three (81.3%). There were no significant effects of therapy delivery method on whether 

participants watched the homework videos (all ps >.662).  

9.4.3.2.2  Qualitative Feedback 

Participants were asked ³:KDW�GLG�\RX�OLNH�DERXW�WKH�KRPHZRUN�H[HUFLVHV"´ and ³+RZ�GR�

\RX�WKLQN�WKH�KRPHZRUN�H[HUFLVHV�FRXOG�EH�LPSURYHG"´ The themes, subthemes, and 

representative quotes in response to these questions are presented in tables 14 and 15. 

Definitions of the themes are presented in Appendix D.  

Table 14. Themes, sub-themes, and representative quotes describing what participants liked about the 
homework exercises. 

Themes Subthemes Representative quotes 

Breathing exercises A strategy to cope with 

stress 

³,Q�WLPHV�ZKHQ�,�IHOW�PRUH�VWUHVVHG�,�ZRXOG�GR�

WKH�KRPHZRUN�H[HUFLVH��,�WKLQN�LW�KHOSV�´� [007] 

 Helpful to mood ³*RRG�WR�KDYH�WR�VHW�DVLGH�WLPH�WR�GR�VRPHWKLQJ�

JRRG�IRU�PH�DQG�KHOSIXO�WR�P\�PRRG�´ [042] 

 Able to do across 

situations 

³7KH\�ZHUH�VLPSO\�H[SODLQHG�DQG�IOH[LEOH�WR�EH�

DEOH�WR�GR�LQ�D�YDULHW\�RI�VLWXDWLRQV�´ [028] 

 $EOH�WR�GR�LQ�RQH¶V�RZQ�

time 

³,�FRXOG�GR�WKHP�LQ�P\�RZQ�WLPH�DQG�SUHIHUUHG�

ORFDWLRQ�´ [029] 

 Simple  ³7KH\�DUH�UHODWLYHO\�VLPSOH�´�[033] 

Videos Reinforced therapy 

content 

³,W¶V�VLPSOH�DQG�D�TXLFN�UHPLQGHU�RI�ZKDW�,�KDYH�

OHDUQHG�DW�WKH�VHVVLRQ�´�[032] 

 Audio to support deep 

breathing practice 

³,�SDUWLFXODUO\�OLNHG�WKH�EUHDWKLQJ�YLGHR�DV�IRU�

some reason when someone is talking to me and 

telling me how to breathe it seems to work better 

IRU�PH�´�[034] 

 Short length ³7KH�YLGHRV�ZHUH�VKRUW�´��[008] 

Daily stress 

assessment 

N/A ³,�OLNHG�WKH�GDLO\�UHPLQGHU�WR�DVVHVV�P\�OHYHO�RI�

stress, it prompted me to actively work on 

reducing the stress where I could, breathe more 
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deeply, take a break from the computer and 

HQMR\�QDWXUH�WRR�´�[013] 

Experience Increased confidence ³,�IHOW�PRUH�Fonfident in doing the deep 

EUHDWKLQJ�E\�P\VHOI�´�[009] 

 Easy to do ³(DV\�WR�DFFHVV��:DWFKLQJ�YLGHRV�LV�DQ�HDV\�

WDVN�´�[012] 

 A reminder to practice ³,�HQMR\�PLQGIXOQHVV�UHJXODUO\�DQ\ZD\- was a 

JRRG�UHPLQGHU�WR�GR�LW�DOPRVW�HDFK�GD\�´�[003] 

 

Table 15. Themes, sub-themes, and representative quotes describing how participants felt the 
homework exercises could be improved. 

Themes Subthemes Representative quotes 

Videos Update videos ³)HOW�OLNH�WKH�YLGHRV�ZHUH�UHDOO\�ROG�VFKRRO�± in 

WHUPV�RI�WKH�TXDOLW\�´ [008] 

 Remove repeated 

information 

³7KH�YLGHRV�VHHPHG�D�ELW�UHSHWLWLYH�ZKLFK�,�

disengaged from. There was a lot of information 

that was the same as what had already been 

covered ± I understand the need to reiterate the 

learning, but rather than serving as a reminder it 

PDGH�PH�ZDQW�WR�VNLS�WKURXJK�´ [006] 

 Tailor to the local 

cultural context 

³9HU\�86�FHQWULF�± a more culturally appropriate 

YLGHR�ZRXOG�KDYH�EHHQ�JRRG�´ [024] 

 Shorten ³7RR�ORQJ- DGGV�WR�WKH�VWUHVV�RI�ILWWLQJ�WKHP�LQ�´ 

[035] 

 Time delivery ³,�ZRXOG�VXJJHVW�WR�DVN�SHRSOH�WR�ZDWFK�WKH�

video that teaches how to breathe again after a 

week. It might be good to remember how to do 

the breathing and to create a habit of doing the 

GHHS�EUHDWKLQJ�GDLO\�´ [009] 

Content Teach a new stress 

management technique  

³,QWURGXFH�D�GLIIHUHQW�WHFKQLTXH�SHUKDSV"´�[016] 

 Teach how to cope with 

negative thoughts 

³,�WKLQN�WKHUH�FRXOG�KDYH�EHHQ�VRPH�VXJJHVWLRQV�

RQ�KRZ�WR�GHDO�ZLWK�QHJDWLYH�WKRXJKWV�´�[038] 
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Trial methods Send reminders ³,W�ZRXOG�EH�JUHDW�WR�EH�VHQW�D�UHPLQGHU�DERXW�

the videos along with the daily stress level 

checks. I may have watched them more actively 

if I were prompted to (because the link was 

UHDGLO\�DYDLODEOH��´�[126] 

 Ask for video feedback 

immediately after 

watching 

³4XHVWLRQV�UHJDUGLQJ�WKH�H[HUFLVHV�FRXOG�EH�

asked after the participant has finished viewing 

WKHP��ZKHQHYHU�WKDW�LV��´�[016] 

No improvement N/A ³&DQ¶W�VHH�DQ\�LPSURYHPHQWV�± it was easy to 

GR�´�[017] 

 

9.4.3.3 Trial Methods 

9.4.3.3.1  Acceptability of Audio Recording (100mm VAS) 

Overall, participants reported feeling comfortable with being audio recorded during their 

therapy for the purpose of informing improvements to the therapy software (M = 87.98, SE = 

2.92, 95% CI [82.07, 93.90]). There were no significant group differences in perceived 

acceptability of the audio recording, although there was a moderate effect size (F(2, 35) = 2.11, 

p = .137, Șp2 = .11). Participants in the self-guided manual condition reported feeling the most 

comfortable with the audio recording (M = 95.29, SE = 4.79, 95% CI [85.56, 105.01]), 

compared to participants in the digital human (M = 87.83, SE = 5.17, 95% CI [77.33, 98.34]) 

and human video call conditions (M = 80.83, SE = 5.17, 95% CI [70.33, 91.34]). 

Participants were generally okay with being audio recorded, if their privacy was protected. 

Most participants (n= 26) reported that they did not mind being recorded, or that they forgot 

that they were being recorded (n= 3). Only a few participants (n= 4) reported that they felt 

slightly more self-conscious. For example, participant 017 reported, ³,W�PDGH�PH�D�OLWWOH�PRUH�

self-DZDUH�EXW�>LW¶V@�QRW�UHDOO\�D�ELJ�GHDO�´ 3 participants reported that they would have been 

less comfortable had they revealed more personal information during the session.  
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9.4.3.3.2  Daily Stress Measure (100mm VAS) 

3 participants reported that the daily stress measure (a 100mm VAS administered over 

email) during the two-week follow-up period was helpful for improving their stress 

awareness. This feedback was surprising as the measure was not intended by the researchers 

to be a therapeutic exercise. 1 participant reported that she is continuing to monitor her daily 

stress on a 0 to 100 scale after the study and is using this information to inform her self-care. 

Another participant reported that the daily stress measure helped her to see the inaccuracy of 

her perception that she is consistently in a high stress state.  

9.4.4 Therapist Relationship 

9.4.4.1 Therapist Rapport (Working Alliance Inventory Bond Subscale) 

Therapist rapport was significantly greater with the human therapist than with the digital 

human (M = 69.54, SD = 11.66 vs. M = 44.42, SE = 15.22, t(23) = -4.66, p = <.001, d = -1.87, 

95% CI [-2.80, -.90]). The human therapist achieved a good degree of rapport with 

participants, while the digital human achieved a moderate to good degree of rapport. 

However, the results of this measure should be interpreted with a degree of caution as per the 

concerns outlined in section 9.4.2.2.2 �µ0HDVXUHPHQW�7RROV¶��� 

9.4.4.2 Therapist Trust (100mm VAS)  

Participants trusted the human therapist over video call significantly more than the digital 

human (M = 85.23, SD = 18.40 vs. M = 65.42, SD = 28.37, t(23) = -2.09, p = .048, d = -.84, 

95% CI [-1.65, -.01]). 

9.4.5 Psychological Outcomes 

9.4.5.1 State Stress (100mm VAS) 
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There was a large, significant main effect of time on perceived stress (F (2, 62) = 33.02, p = 

<.001��Șp2 = .52). Pairwise comparisons revealed that compared to baseline, participants 

reported significantly lower stress immediately after the therapy session (M = 61.84, SE = 

3.53, 95% CI [54.64, 69.04] vs. M = 28.07, SE = 3.38, 95% CI [21.18, 34.97], F (2, 30) = 

43.14, p = <.001, Șp2 = .74), and at two-weeks follow-up across all conditions (M = 45.43, SE 

= 3.68, 95% CI [37.91, 52.94], F (2, 30) = 43.14, p = .005, Șp2 = .74) (see Figure 37). There was 

also a significant difference between T2 and T3 stress, where participants reported 

significantly less stress at the end of the therapy session compared to two-weeks later (F (2, 62) 

= 43.14, p = <.001, Șp2 = .74).  

There was no significant main effect of condition ()��������� �������S� �������ȘS�� �������

nor was there a significant interaction effect of time and condition on perceived stress (F (4, 

���� ������S� �������ȘS�� ������ 
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Figure 37. Significant improvements in state stress after the therapy session and at two weeks follow-
up. Note. Mean scores and standard error bars are depicted (***p<.001, **p<.01).  

9.4.5.2 State Relaxation (100mm VAS) 

There was a large, significant main effect of time on relaxation (F (2, 60) = 11.47, p = 

�������ȘS�� �������3DLUZLVH�FRPSDULVRQV�VKRZHG�WKDW�RYHUDOO� participants were significantly 

more relaxed at the end of the therapy session compared to baseline (M = 67.17, SE = 4.12, 

95% CI [58.75, 75.58] vs. M = 42.55, SE = 3.54, 95% CI [35.33, 49.77], F (2, 29) = 10.60, p 

 ��������ȘS�� �������DQG�FRPSDUHG�WR�DW�the two week follow-up assessment (M = 49.64, SE 

= 4.40, 95% CI [40.65, 58.63], )��������� ��������S� �������ȘS�� �������VHH�)LJXUH�38).  

7KHUH�ZDV�QR�VLJQLILFDQW�PDLQ�HIIHFW�RI�FRQGLWLRQ��)��������� ������S� �������ȘS�� �������RU�

interaction effect of tiPH�DQG�FRQGLWLRQ�RQ�UHOD[DWLRQ��)��������� �������S� �������ȘS�� ������� 

Figure 38. A significant increase in relaxation after the therapy session. Note. Mean scores and standard 
error bars are depicted (***p<.001, **p<.01). 

9.4.5.3 General Stress (Perceived Stress Scale) 



Chapter 9 

244 
 

There was a large, significant main effect of time on general stress (F (1, 30) = 30.43, p = 

�������ȘS�� �������3DLUZLVH�FRPSDULVRQV�UHYHDOHG�WKDW�RYHUDOO��SDUWLFLSDQWV�UHSRUWHG�

significantly lower general stress at the two-week follow-up compared to baseline (M = 

16.80, SE = 1.20, 95% CI [14.34, 19.25] vs. M = 22.15, SE = .98, 95% CI [20.16, 24.14])  

There was no significant main effect of condition ()��������� ������S� �������ȘS�� �������

nor was there a significant interaction effect between condition and time on general stress (F 

�������� ��������S� �������ȘS�� ������� 

9.4.5.4 Distress (Profile of Mood States) 

There was a large, significant main effect of time on distress (F (1, 30) = 26.28, p = <.001, 

ȘS�� �������3DUWLFLSDnts reported significantly lower distress at the two-week follow-up 

compared to baseline across all conditions (M = 3.89, SE = .44, 95% CI [3.01, 4.78] vs. M = 

5.79, SE = .43, 95% CI [4.92, 6.65]) (see Figure 39). 

There was no significant main effect of condition ()��������� ������S� �������ȘS�� �������RU�

interaction effect of condition and time on perceived distress ()��������� �������S� �������ȘS��

= .10). 
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Figure 39. Significant improvements in distress at the two-week follow-up assessment. Note. Mean 
scores and standard error bars are depicted. POMS = Profile of Mood States (***p<.001).  

9.4.5.5 Optimism (Revised Life Orientation Scale) 

 

There was a large, significant main effect of time on optimism (F (1, 30) = 10.78, p = .003, 

ȘS�� �������3DLUZLVH�FRPSDULVRQV�VKRZHG�WKDW�SDUWLFLSDQWV�UHSRUWHG�VLJQLILFDQWO\�JUHDWHU�

optimism at the two-week follow-up assessment compared to baseline (M = 16.04, SE = .77, 

95% CI [14.48, 17.60] vs. M = 14.60, SE = .80, 95% CI [12.97, 16.23]) (see Figure 40). 
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Figure 40. Significantly increased optimism at the two-week follow-up assessment. Note. Mean scores 
and standard error bars are depicted. LOTR = Revised Life Orientation Scale (**p<.01).  

There was no significant main effect of condition ()��������� �������S� �������ȘS�� �������

or significant interaction effect of condition and time on optimism (F (2, 30) = .22, p = .807, 

ȘS�� ���1).  

9.4.5.6 Stress Management Skills (Measure of Current Status) 

Participants reported high awareness of tension skills at the end of the therapy session (M 

= 6.49, SE = .43, 95% CI [5.61, 7.36]). There was a trend towards a significant main effect of 

time on awareness of tension skills, with a moderate effect size (F (1, 31) = 3.06, p = .090, 

ȘS�� �������3DUWLFLSDQWV�UHSRUWHG�JUHDWHU�DZDUHQHVV�RI�WHQVLRQ�VNLOOV�DW�WKH�WZR�ZHHN�IROORZ-

up assessment (M = 7.21, SE = .45, 95% CI [6.30, 8.13]), compared to immediately after the 

therapy session (M = 6.49, SE = .43, 95% CI [5.61, 7.36]). There was no significant main 



Chapter 9 

247 
 

effect of condition ()��������� ������S� �������ȘS�� �������RU�LQWHUDFWLRQ�HIIHFW�EHWZHen time 

and condition on perceived awareness of tension skills ()��������� ������S� �������ȘS�� ������� 

Participants reported moderate relaxation skills at the end of the therapy session (M = 

4.41, SE = .35, 95% CI [3.70, 5.11]). There was no significant main effect of time (F (2, 31) 

 �������S� �������ȘS�� �������+RZHYHU��WKHUH�ZDV�D�QRQ-significant improvement in the 

overall sample means for relaxation skills between the end of the session and two-week 

follow-up assessments, with a moderate effect size (M = 3.82, SE = .36, 95% CI [3.07, 4.56] 

vs. M = 4.41, SE = .35, 95% CI [3.70, 5.11]). There was no significant main effect of 

condition ()��������� ������S� �������ȘS�� �������RU�LQWHUDFWLRQ�HIIHFW�RI�FRQGLWLRQ�DQG�WLPH�RQ�

perceived relaxation skills (F (2, ���� �������S� �������ȘS�� ������� 

9.4.5.7 Physiological Outcomes 

9.4.5.7.1 Electrodermal Activity 

Analyses revealed a large, significant main effect of time on electrodermal activity (F 

�������������� �������S� �������ȘS�� ����). Pairwise comparisons showed that compared to 

baseline, electrodermal activity was significantly reduced before the deep breathing exercise 

(M = 1.07, SE = .23, 95% CI [.60, 1.55] vs. M = .34, SE = .16, 95% CI [.03, .66], F (2, 30) = 

������S� �������ȘS�� ����) and after the deep breathing exercise across conditions (M = .26, 

SE = .12, 95% CI [.02, 5.0], )��������� �������S� �������ȘS�� ����). There was no significant 

difference in electrodermal activity before and after the deep breathing exercise (p = 1.00) 

(see Figure 41). 
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Figure 41. A significant main effect of time and a trend towards a main effect of condition on 
electrodermal activity. Note. Mean scores and standard error bars are depicted. EDA = Electrodermal 
Activity (**p<.01, *p<.05). 

There was a trend towards a significant main effect of condition on electrodermal activity 

()��������� �������S� �������ȘS�� ����). Pairwise comparisons revealed a trend towards a 

significant difference between the self-guided manual and digital human conditions (F (2, 31) 

 �������S� �������ȘS�� ����) (see Figure 41). Participants in the self-guided manual condition 

had greater electrodermal activity over the therapy session compared to participants who 

received therapy from a digital human (M = .89, SE = .21, 95% CI [.47, 1.31] vs. M = .15, SE 

= .22, 95% CI [-.29, .59]). No other trends or significant effects were found between 

conditions in the electrodermal activity data (all ps >.364). There was no significant 

interaction effect between time and condition on electrodermal activity (F (2.77, 42.94) = 

������S� �������ȘS�� ����).  

9.4.5.7.2 Skin Temperature 
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There was a large, significant main effect of time on skin temperature (F (1.22, 37.86) = 

�������S� ��������ȘS�� �������3DLUZLVH�FRPSDULVRQV�UHYHDOHG�WKDW�FRPSDUHG�WR�EDVHOLQH��

participants had significantly greater skin temperature (i.e., reduced sympathetic arousal) at 

the start of the deep breathing exercise (M = 31.34, SE = .26, 95% CI [30.82, 31.87] vs. M = 

32.77, SE = .29, 95% CI [32.19, 33.36]��)��������� ��������S� ��������ȘS2 = .74) and after the 

deep breathing exercise across all conditions (M = 32.71, SE = .33, 95% CI [32.05, 33.37], F 

�������� ��������S� ��������ȘS�� �������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�VNLQ�

temperature scores before and after the deep breathing exercise (p = 1.00) (see Figure 42). 

 

Figure 42. A significant main effect of time on skin temperature. Note. Mean scores and standard 
error bars are depicted (***p<.001). 

There was no significant main effect of condition (F (2, 31�� ��������S� �������ȘS�� �������

or significant interaction effect of condition and time on skin temperature (F (2.44, 37.86) = 

�����S� �������ȘS�� ������� 
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9.5 Discussion 

This study found that human teletherapy, a digital human, and a self-guided manual are 

feasible and acceptable methods of delivering Cognitive Behavioural Stress Management 

therapy to healthy adult women. A human teletherapist received greater rapport and trust 

ratings than the digital human; although, both conditions received reasonably good ratings. 

All delivery methods resulted in significant improvements in psychological and physiological 

outcomes. Reported suggestions for improvement included simplified language with less 

detail, a more comfortable environment with a desktop computer, and a shorter session. 

The study methods were largely found to be feasible, however a future trial could 

incorporate a practice interaction for the digital human training, change to a rapport measure 

that is more reliable in computer agents, and adopt a different method of delivering at-home 

assessments and reminders to improve response rates (e.g., administer the daily stress 

assessment and survey reminders over text message or from a smartphone application). 

Together, the results support conducting a randomised controlled trial to compare the 

effectiveness of CBSM delivered by human teletherapy, a digital human, and a self-guided 

manual in women with breast cancer. First, however, more therapy modules from CBSM 

need to be developed for these delivery formats. 

9.5.1 Integration with Prior Literature 

The results add to a growing body of literature showing the promise of human teletherapy, 

conversational agents, and self-guided manuals for delivery remote psychological therapies 

(Taub et al., 2020; Provoost et al., 2017; Glozier et al., 2013). The study provides further 

evidence in support of delivering CBSM with a human teletherapist. CBSM delivered by a 

human therapist over video call (Taub et al., 2020; Zhou et al., 2016), telephone (Hall et al., 

2017), and in combination with an online therapy program (Steel et al., 2016; Steel et al., 
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2017) have previously been shown to be acceptable methods of intervention delivery that 

shows promise in terms of effectiveness.  

This study also found that a digital human conversational agent and a self-guided manual 

were feasible and acceptable methods of delivering CBSM to adult women. Participants did 

not experience an uncanny valley effect with the digital human based on the qualitative data 

(i.e., perceived eeriness with noticing non-humanlike, abnormal features on humanlike 

artificial agents; Seyama & Nagayama, 2007). All delivery methods were found to improve 

psychological and physiological outcomes. Despite being novel results in the CBSM 

literature, conversational agents and self-guided manual interventions have been shown to 

improve depression symptoms, stress, and well-being when delivering other types of 

psychological therapies. For example, cognitive behavioural therapy (Fitzpatrick et al., 2017; 

Provoost et al., 2017; Glozier et al., 2013) and positive psychology interventions (Williams, 

2020). 

This study did not find any significant differences in the effectiveness of human 

teletherapy, a digital human, and a self-guided manual at delivering CBSM. All conditions 

improved psychological and physiological outcomes with large effect sizes. It is possible that 

differences in the effectiveness of these delivery methods would emerge with a larger sample 

size. This pilot trial was not powered to detect significant group differences in psychological 

or physiological outcomes; rather, the comparative efficacy of these delivery methods should 

be evaluated as part of a future randomised controlled trial.  

9.5.2 Strengths and Limitations 

A strength of this study was that it used a randomised pilot trial design, which was able to 

demonstrate that: (1) a larger randomised controlled trial with similar methodology would be 

feasible; and (2) human teletherapy, a digital human, and a self-guided manual were feasible 
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and acceptable to healthy adult women, and show promise for improving psychological and 

physiological outcomes as part of a larger trial. However, several limitations of this study 

may have affected the generalisability of the results. The sample population were highly 

educated (e.g., 60.5% of participants had a postgraduate degree and 31.6% had an 

undergraduate degree). The sample were also predominantly Caucasian or Asian ethnicity. It 

is unclear how well the results would generalise to the broader population which is of lower 

education and more diverse. In addition, the sample were moderately stressed at baseline. It is 

unclear whether a highly stressed sample with breast cancer would find the technology 

delivery methods as acceptable or feasible. It is possible that the technology training and 

intervention content might need to be simplified further for acceptability in users who are 

highly stressed or unwell.  

9.5.3 Future Research 

The results of this study indicate several areas for future research. A randomised 

controlled trial should be conducted to compare the effectiveness of human teletherapy, a 

digital human, and a self-guided manual at delivering Cognitive Behavioural Stress 

Management in women with breast cancer. A future trial should adopt a similar methodology 

to the present study, although several changes could be incorporated. A future trial could 

deliver more therapy modules over a longer time period (e.g., 5 weeks), add an additional 

method of digital human training (e.g., a trial interaction), administer a therapist rapport 

measure that is suited for use with computer agents, use a more reliable heart rate variability 

measurement tool (e.g., an electrocardiogram), try alternative recruitment methods to achieve 

a more diverse sample, tailor the intervention content to cultural context, and deliver extra 

reminders or use a different delivery format for the online, home-based assessments to 

improve response rates (e.g., deliver text message reminders, or administer assessments from 

a smartphone application with notifications). These adjustments could improve the feasibility 
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and acceptability of a future randomised controlled trial. A future trial could also make 

adjustments to the therapy, such as reducing the length of each session, simplifying the 

language, and increasing the amount of interactivity involved in each delivery method.  

Little is known about the development of therapeutic relationships with human 

teletherapists and digital humans. Further research is needed to better understand the factors 

that contribute to perceptions of rapport and trust with virtual therapists. Prior literature has 

identified factors that contribute to trust with social robots (e.g., robot personality, reliability, 

appearance, dependability, anthropomorphism, behaviour, communication, error mitigation, 

recognisable intentions, personalisation) (Hancock et al., 2020; Langer et al., 2019). Similar 

factors may be relevant to virtual therapists, however research is needed to investigate this. In 

addition, it is unclear whether online therapeutic relationships are improved in longer therapy 

programs (e.g., programs that are 5 or 10 weeks in length). A longer therapy program could 

also reduce the amount of technical assistance required by users as they build familiarity with 

the technology.   

Lastly, digital humans show promise as a novel delivery method for remote psychological 

therapies. Future research should explore the feasibility, acceptability, and effectiveness of 

digital humans at providing other kinds of psychological interventions in broader populations. 

This includes in varied cultural contexts and in adolescents, younger and older adults. As 

research looking at digital human delivery of health interventions is at its early stages, it is 

unclear which populations digital human interventions are best suited to.   

9.5.4 Conclusion 

A self-guided manual, a digital human, and human teletherapy were feasible and 

acceptable ways to provide one module of Cognitive Behavioural Stress Management therapy 

to healthy adult women. All three delivery methods were shown to improve psychological 
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and physiological outcomes. Overall, the results of this study support the development of 

more modules and a randomised controlled trial to compare the effectiveness of human 

teletherapy, a digital human, and a self-guided manual at delivering CBSM to adult women 

with breast cancer.  

 



Chapter 10 

255 
 

Chapter 10- Discussion 

10.1 Overview 

Technological solutions are needed to address the growing gap in the supply and demand 

of psychological services. Embodied conversational agents, including digital humans, show 

promise for delivering evidence-based psychological treatment in a manner that is engaging 

and acceptable to patients. Digital humans are scalable yet more capable of building 

relationships with patients than many other technologies, as they can engage in verbal and 

non-verbal communication using novel AI techniques. However, there is limited research 

looking at which techniques ECAs, including digital humans, can use to build closer 

relationships with patients.  

This thesis aimed to investigate: (1) techniques for building quality relationships with 

digital humans in psychotherapeutic applications; and (2) the feasibility and acceptability of 

digital humans at delivering psychological treatments. An opinion piece, a systematic review, 

an experimental study (containing three manuscripts), and two randomised pilot trials were 

conducted to investigate the research aims. The contributions of this thesis were: to review 

and synthesize a variety of communication techniques shown to improve relationships with 

ECAs, propose a new theoretical framework of embodied agent-patient communication, 

evaluate the effect of a closeness building technique called emotional expressiveness, and 

investigate the feasibility and acceptability of digital humans for delivering two 

psychological interventions to unique populations.  

This chapter summarises the key findings, integrates these into the broader research 

literature and discusses potential clinical applications. Lastly, limitations of the thesis are 

addressed before the possibilities for future research are outlined.  
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10.2 Summary of Key Findings   

The first aim of this thesis, to explore techniques for building quality relationships with 

digital humans in psychotherapeutic applications, was addressed in Chapters 3 ± 7. Chapter 3 

presented an opinion piece in which the Mammalian Behavioural Triad (Maclean, 1985) was 

proposed as a framework through which relationships could be improved with artificial 

agents. The paper argued that artificial agents that engaged in nurturance, separation distress, 

and play behaviours with patients may be more effective at building relationships. The 

theoretical framework was proposed to guide further experimental research. 

A systematic review (Chapter 4) synthesized the results of 43 studies on techniques for 

improving relationship quality with ECAs. Techniques delivered through language (e.g., self-

disclosure, humour), behaviour (e.g., co-operative behaviour, eye gaze), emotional expression 

(e.g., empathy, happy facial expression), and embodiment (e.g., a virtual face), were shown to 

improve relationship quality. User characteristics impacted the effects of design features in 

some studies. These findings were used to inform a new theoretical framework of embodied 

agent-patient communication. The review highlighted limitations of existing studies, 

including heterogeneity in outcomes, too many techniques studied with little replication of 

findings or theoretical grounding, and concerns about the methodological quality of research. 

The review also found a shortage of studies focused on closeness (n = 5) and healthcare 

applications (n = 9). Some of these limitations were addressed in the following experimental 

study.  

Building upon the opinion piece and review, a large experimental study evaluated the 

effect of emotional expressiveness in a female digital human during a self-disclosure 

interaction on relationships formed. This study built upon existing research by using a large 

sample size, validated outcome measures, and studying both agent design features and user 

characteristics, which is consistent with the framework of embodied agent-patient 
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communication. There were significant interaction effects between user gender and agent 

emotional expression on relationship closeness, psychological, and physiological outcomes 

(Chapter 5). Females reported greater closeness, social support, and caring perceptions with 

an emotional voice digital human, whereas males reported improved outcomes with a neutral 

voice digital human. Males were found to experience greater physiological stress (EDA) 

while interacting with an emotional voice female digital human. In addition, males reported 

less loneliness and stress when interacting with a voice-only black screen, whereas females 

reported less loneliness and stress with a neutral face digital human. Overall, the study found 

that user gender impacts the effect of emotional expressiveness on relationship closeness, 

psychological, and physiological outcomes with a digital human. However, the results may 

have been different had participants interacted with a male digital human and had the 

emotionally expressive face been more pronounced.  

$V�SDUW�RI�WKLV�H[SHULPHQW��SDUWLFLSDQWV¶�ODQJXDJH�GXUing their interaction with the digital 

human was analysed for emotional content using the Linguistic Inquiry and Word Count 

(LIWC) software (Pennebaker et al., 2015; Chapter 6). A digital human with no face and a 

neutral voice was associated with significantly greater negative emotion in language, as 

indicated by linguistic style (i.e., first-person singular pronoun use) and content (i.e., negative 

emotion words). No gender differences were found. The results indicate that designing digital 

humans with a face and an emotional voice may impact emotional responses to the 

technology.  

As research with digital humans is in its early stages, we were interested to investigate 

how people felt towards digital humans on a deeper level. A qualitative content analysis of 

reasons for feeling closeness and willingness to seek emotional support with the digital 

KXPDQ�ZDV�FRQGXFWHG��&ORVHQHVV�ZDV�DIIHFWHG�E\�WKH�GLJLWDO�KXPDQ¶V�SK\VLFDO�

characteristics, conversational ability, use of rapport building strategies, and technical errors 
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(e.g., interruptions). Willingness to seek emotional support from the digital human in future 

was influenced by the same factors plus perceptions of her emotional intelligence, perceived 

strengths of digital human support (e.g., privacy, non-judgmental conversation), and 

preferences for human support. The findings support the theoretical framework of embodied 

agent-patient communication. Additional design features were uncovered that may affect 

relationship building with digital humans (emotional intelligence and program errors) that 

were not identified in the review. The paper proposes that the theoretical framework be 

adapted to incorporate these additional factors.  

The second aim of this thesis was to evaluate the feasibility and acceptability of digital 

humans for delivering psychological interventions, presented in Chapters 8 ± 9. In both 

studies, the digital humans incorporated relationship building techniques from prior literature 

alongside a psychological intervention (Parks & Floyd, 1996; MacLean, 1985; Loveys et al., 

2020; Loveys, Hiko, et al., in submission; Loveys, Sagar, et al., in submission).  

Chapter 8 presented a pilot RCT of a digital human intervention for loneliness and stress 

in at-risk adults (both males and females) during the COVID-19 pandemic. The intervention 

was found to be feasible and acceptable in older adults living independently and in adults 

with a chronic health condition. The intervention was less feasible for nursing home residents 

who required caregiver assistance, and for individuals with low quality internet. Areas for 

improvement included expanding and tailoring the intervention content, and incorporating 

established CBT techniques for maladaptive cognitions about loneliness. The results indicate 

that digital humans show promise for delivering psychological interventions and support 

further trials. Limitations of this study included the many modules available making the 

findings non-specific to available content, and the lack of an active control group. 
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The results of the experimental study (Chapter 5) found effects of user gender for building 

close relationships with a female digital human. Therefore, women in particular may benefit 

from interventions with a female digital human who has an emotionally expressive face. 

Healthy adult women who self-identified as feeling stressed were included in the second pilot 

RCT, based on a structured, evidence-based stress reduction program (Chapter 9). The study 

builds on the first pilot RCT by also collecting physiological data. Participants were 

randomly allocated to receive one session of Cognitive Behavioural Stress Management 

therapy, delivered either by a digital human, a human therapist over video call, or an 

electronic manual. The delivery methods were found to be equally feasible and acceptable. In 

addition, each delivery method was found to significantly improve psychological and 

physiological stress outcomes with large effect sizes. No significant differences were found 

between the delivery methods in effectiveness, although the study was not powered to detect 

these effects. A larger randomised controlled trial is warranted to investigate the effectiveness 

of a digital human in comparison to a human teletherapist and an electronic manual. The 

results provide evidence in support of digital humans as a feasible and acceptable technology 

for delivering Cognitive Behavioural Stress Management. However, a critical next step is to 

develop more CBSM modules to deliver the full intervention. 

Overall, these studies advance knowledge of techniques ECAs could use for building close 

relationships and delivering psychological interventions, and identify the importance of 

considering user gender. The results inform further development and testing of interventions, 

and highlight future areas of research.   

10.3 Integration into the Broader Literature 

10.3.1 Relationship Building Techniques for Digital Humans in Psychotherapeutic 

Applications 
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This research found that several design features influence relationship quality with 

embodied conversational agents, including language content and ability (e.g., self-disclosure, 

asking personal questions, relatability, humour, non-judgment, personalised and non-scripted 

responses), appearance (e.g., presence of a face, human-likeness, similarity to user), 

behaviour (e.g., listening, eye contact, humanlike movements), affective communication 

(e.g., emotional expressiveness, empathy, vocal tone), and program errors (e.g., interruptions, 

pause lengths).  

Several relationship building techniques that have been shown to improve closeness in 

human relationships were found to apply to relationships with ECAs, including digital 

humans. These were aspects of language (e.g., self-disclosure, understanding, lack of 

judgment, shared ideas), and affective communication (e.g., emotional expressiveness, 

empathy, feelings of warmth) (Parks & Floyd, 1996). Techniques from the Mammalian 

Behavioural Triad including nurturance (e.g., empathy, non-judgment, listening), and play 

(e.g., humour) were also shown to improve relationships with ECAs (MacLean, 1985). 

Although, research is needed on the effect of separation distress in ECAs. Closeness building 

techniques from human relationships that digital humans could not engage in sometimes 

served as barriers to closeness; for example, physical touch (Monsour, 1992).  

The research also found that closeness with an ECA was influenced by factors that are 

XQLTXH�WR�WHFKQRORJ\�UHODWLRQVKLSV��7KHVH�LQFOXGHG�DVSHFWV�RI�WKH�(&$¶V�DSSHDUDQFH��H�J���WKH�

presence of humanlike features, the presence of a face), vocal characteristics (e.g., human-

likeness), program errors (e.g., pause lengths, inaccurate sync of lips to speech), and the 

XVHU¶V�DWWLWXGH�WRZDUG�FRPSXWHU�DJHQW�WHFKQRORJLHV��7KH�SUHVHQFH�RI�D�IDFH�DQG�KXPDQOLNH�

facial features are necessary for ECAs to deliver many of the social cues that contribute to 

human relationship building (Bickmore & Picard, 2005). Whereas program errors and an 

artificial voice may remind users that the ECA is not real and serve as a distraction to 
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relationship building. Communication errors in human interactions may also impair 

relationship building; albeit human relationships are more limited to errors pertaining to 

understanding and timing of responses (Paek, 2003; Li et al., 2008).   

The findings support the Computers are Social Actors theory, which predicts that people 

respond to computers that provide social cues in a similar manner to how they would another 

human (Reeves & Nass, 1996). According to CASA and its supporting literature, humanlike 

social norms, judgments, and behaviours apply to interactions with computers that provide 

social cues (Nass & Moon, 2000; Nass & Lee, 2001; Moon et al., 2016). The results of this 

research indicating that humanlike techniques for developing relationship closeness apply to 

relationships with ECAs, including digital humans. 

Another key finding of the research was that user characteristics may impact the effect of 

relationship building techniques with ECAs. Results from the systematic review in Chapter 4 

indicated that responses to design features can vary based on user characteristics (e.g., 

demographics, psychological variables). Similarly, the experimental study in Chapter 5 found 

WKDW�JHQGHU�LPSDFWHG�WKH�HIIHFW�RI�D�GLJLWDO�KXPDQ¶V�HPRWLRQDO�H[SUHVVLYHQHVV�RQ�UHODWLRQVKLS�

closeness, psychological and physiological outcomes.  

Similar gendered responses to emotional artificial agents have been found in robotics 

literature. Females have been shown to feel closer to emotional robots than males, who felt 

closer to less emotional robots (Kory-Westlund, 2019). Research with computer agents has 

found similar results. Agents that used affective support in language achieved greater rapport 

with girls (Burleson & Picard, 2007). Whereas for boys, agents that used task-oriented 

language achieved higher rapport. These results are in keeping with psychological literature 

indicating that emotional expressiveness is an important aspect of close female relationships 

that is less important in male relationships (Parks & Floyd, 1996; Burleson, 2003; Floyd, 
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1995). The findings suggest that gender differences in closeness building techniques between 

humans may also apply to relationships with ECAs, including digital humans. Therefore, 

WDLORULQJ�DQ�(&$¶V�UHODWLRQVKLS�EXLOGLQJ�WHFKQLTXHV�WR�JHQGHU�PD\�improve how effectively it 

develops closeness.  

10.3.2 Digital Humans for Delivering Psychological Interventions 

Digital humans were shown to be a feasible and acceptable technology for delivering 

psychological therapies to adults with mild to moderate distress in older adults of both male 

and female gender living independently, adults with a chronic health condition, and healthy 

adult women. Digital human interventions delivered in both longitudinal (one-week) and 

brief (one-off) formats received promising results. The pilot trials presented in this thesis 

were the first to evaluate the use of digital humans for delivering psychological interventions. 

Although, these findings contribute to a growing body of literature showing the promise of 

computer agent technologies for delivering psychological therapies (Provoost et al., 2017).  

Findings from the first pilot trial in Chapter 8 indicate that digital human delivery of a 

loneliness and well-being intervention was feasible and acceptable for use in older adults 

living independently. These findings build upon limited prior literature demonstrating that 

computer agents may be acceptable methods of therapy delivery for older adult loneliness 

(Vardoulakis, 2012; Ring et al., 2015; Chi et al., 2017; Gasteiger et al., 2021; Bott et al., 

2019). Digital humans were also found to be a feasible and acceptable way to deliver a 

loneliness and well-being intervention to adults with chronic health conditions. Computer 

agent well-being interventions have shown promising results in terms of acceptability (Easton 

et al., 2019; Williams, 2020; Greer et al., 2019) and preliminary effectiveness in adults with 

chronic illness (Greer et al., 2019; Inkster et al., 2018), however prior to the present research, 

the acceptability of computer agent interventions for loneliness had yet to be studied in this 
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population. The results provide promising, preliminary evidence in support of computer 

agents as an acceptable way to deliver a loneliness intervention to adults with chronic illness.   

Results from the second pilot trial (Chapter 9) provide further evidence to support the use 

of teletherapy (Taub et al., 2017), ECAs (Provoost et al., 2017), and self-guided manuals 

(Glozier et al., 2013) for delivering evidence-based CBSM. Each technology was found to be 

feasible and acceptable for delivering one 90-minute therapy session to healthy adult women. 

This supports previous research on the acceptability of CBSM delivered by a human therapist 

over video call (Taub et al., 2020) and telephone (Hall et al., 2017), and in combination with 

a web-based program (Steel et al., 2016; Steel et al., 2017). ECAs and self-guided manuals 

had yet to be evaluated for delivering CBSM therapy prior to the present research, however 

the results are promising and support further testing of these delivery methods.  

CBSM delivered over teletherapy has been found to improve perceived stress in Chronic 

Fatigue patients (Hall et al., 2017), while a web-based collaborative care program with a 

human therapist was shown to improve depression symptoms, pain, quality of life, and 

immune markers such as IL-6 and IL-1b in women with breast cancer (Steel et al., 2017). The 

current research builds upon these findings by presenting preliminary, supportive evidence of 

the effectiveness of CBSM delivered through teletherapy. The preliminary evidence of 

effectiveness for CBSM delivered by a digital human and self-guided manual that was 

provided by the present research is novel. However, computer agents and self-guided 

manuals have been shown to improve psychological outcomes when delivering cognitive 

behavioural therapy in other research (Fitzpatrick et al., 2017; Provoost et al., 2017; Glozier 

et al., 2013).  

In both pilot trials (Chapters 8 ± 9), the digital humans delivered relationship building 

techniques alongside a psychological intervention. The relationship building techniques were 
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informed by the psychological literature (Parks & Floyd, 1996), plus the systematic review 

and qualitative data presented in Chapters 4 and 7. In Chapter 8, thH�GLJLWDO�KXPDQ��³%HOOD´��

engaged in mutual self-disclosure, showed empathy, expressed the value of the relationship, 

engaged in shared activities, maintained eye gaze, and was non-judgmental. These strategies 

ZHUH�LQFRUSRUDWHG�LQWR�WKH�GLJLWDO�KXPDQ¶V�ODQguage and facial behaviours where applicable 

(e.g., expressing empathy and concern in the face), as informed by the literature. The 

inclusion of shared activities may be particularly helpful for building closeness with males 

(Parks & Floyd, 1996), although further research is needed.  

,Q�WKH�VHFRQG�SLORW�5&7��WKH�GLJLWDO�KXPDQ��³6DP´��XVHG�WHFKQLTXHV�VXFK�DV�VKRZLQJ�

emotional expressiveness, providing praise and support, being non-judgmental, and 

expressing empathy and compassion. For Sam, emotional expressiveness was chosen to suit a 

female sample in particular, and was similarly informed by prior literature.   

Existing research has incorporated relationship building strategies to ECAs in other 

healthcare applications. Bickmore and colleagues have conducted research on the use of 

Relational Agents in healthcare roles such as a coach for exercise (Bickmore et al., 2009), 

healthy eating (Bickmore et al., 2013), and psychiatric medication adherence (Bickmore et 

al., 2010b), as well as a companion for older adults (Ring et al., 2015). Relational agents 

incorporate verbal and non-verbal communication techniques to build relationships (e.g., 

empathic language, self-disclosure, humour, expressing liking the user, reference to shared 

ideas, and head nods, eye gaze, hand gestures, eyebrow raises, and closeness to the screen) 

(Bickmore & Picard, 2005). Although, the relational agent research has not investigated 

gender differences in response to these relationship building techniques. 

The relational agents used in prior studies by Bickmore and colleagues contained a simple 

cartoon-like animation of a human and did not include artificial intelligence. Relational 
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agents have generally been shown to build rapport with patients, even if the effectiveness of 

their interventions can vary. They have been shown to be acceptable in patients with major 

depression (when providing hospital discharge information) (Bickmore et al., 2010a), and in 

people with schizophrenia (when providing education about schizophrenia) (Puksar et al., 

2011). The research of this thesis builds upon the literature by showing that digital humans 

(which have more sophisticated AI and are more humanlike than relational agents) that 

incorporate relationship building techniques are an acceptable way to deliver psychological 

therapies for loneliness, well-being, and stress in a variety of populations.  

10.4 Clinical Implications 

The findings of this thesis have clinical implications pertaining to the delivery of 

psychological treatments. The results indicate that digital humans, a new form of ECA, show 

promise for delivering psychological therapy to adults with mild to moderate distress. Digital 

humans were found to be feasible and acceptable to healthy adult women, adults with chronic 

health conditions, and older adults living independently in a retirement village. These 

findings suggest that digital humans could be used to deliver remote psychological 

interventions to a variety of populations. These are important findings that present digital 

humans as a promising technological solution for improving access to evidence-based mental 

health treatment, however further research is needed.  

One population for whom digital humans were found to be feasible and acceptable were 

at-risk adults during the COVID-19 pandemic, including to older adults in retirement villages 

and adults with chronic health conditions. This population were at greater risk of loneliness 

prior to the pandemic (Victor & Yang, 2011; Deckx et al., 2014), and were required to 

physically isolate to a greater extent during (World Health Organization, 2020; New Zealand 

Government, 2020b). Although social distancing is a necessary public health precaution, it 
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has been shown to have negative mental health implications, including exacerbations in 

loneliness (Bu et al., 2020). Loneliness has been associated with increased risk of physical 

and mental morbidity (e.g., stroke, coronary heart disease, major depressive disorder; 

Valtorta et al., 2016; Lee et al., 2021), and may place additional burden on healthcare systems 

(Cacioppo et al., 2014; Gerst-Emerson & Jayawardhana, 2015). Therefore, further 

development and testing of digital humans for this population is warranted.  

Preliminary evidence was found to support the effectiveness of digital human delivery of 

one session of Cognitive Behavioural Stress Management therapy in adult women. This was 

shown to lower psychological and physiological stress, distress and improve relaxation and 

optimism, with large effect sizes. Moreover, psychological benefits were observed two weeks 

later.  

Stress is a widespread, common psychological problem that increases risk of physical and 

mental morbidity (Steptoe & Kivimaki, 2012; Booth et al., 2015; McEwen, 2004). Chronic 

stress has been associated with increased risk of coronary heart disease (Steptoe & Kivimaki, 

2012), stroke (Booth et al., 2015), and a variety of psychiatric conditions including major 

depressive disorder and generalised anxiety disorder (McEwen, 2004). Stress management 

interventions delivered remotely by a digital human may expand access to evidence-based 

psychological therapies that improve coping and help to reduce the risk of more serious 

health concerns. This is an especially promising result given how scalable and readily 

accessible digital human technologies are; all that is required for patients to access one is a 

computer and an internet connection.   

Stress is also a common psychological challenge for patients who are coping with a 

significant physical illness. For example, women with breast cancer have been shown to 

experience significant stress from fears of death, body image concerns, and pain (Stanton & 
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Snider, 1993; Spencer et al., 1999; Harris et al., 2017). Patients with head and neck cancer 

have been shown to experience significant stress about treatment due to the disfigurement or 

changes in function it may cause (List & Bilir, 2004). Psychological interventions, such as 

Cognitive Behavioural Stress Management and mindfulness meditation, have been shown to 

reduce distress in cancer patients (Antoni et al., 2006; Boyle et al., 2017). For individuals 

who are unable to seek care from a psychologist, or who need support when a psychologist is 

not available, a digital human could be a feasible alternative for accessing psychological 

support to aid in coping. Further research is needed to support the use of digital humans in 

patient samples, including in patients with more severe distress. Although, preliminary 

research in healthy populations and populations in distress of moderate to low severity are 

promising.  

This thesis uncovered some unique benefits of receiving psychological therapy from a 

technology without human facilitation that may have implications for treatment seeking. In 

Chapter 9, participants reported several benefits to digital humans and self-guided therapy 

that would not be applicable to treatment with a therapist. These benefits included a lack of 

social pressure during the therapy, a lack of social judgment, being able to work through the 

therapy at their own pace, and in the case of the digital human condition, being able to hold 

eye gaze for longer than would be appropriate with a real human. Similar results have been 

found in research with simulated humans in virtual reality-based therapy for US veterans 

(Rizzo & Shilling, 2017). It is possible that patients who wish to complete therapy without 

social pressure and in their own time might prefer a technology-mediated therapy (e.g., a self-

guided manual, a digital human). Patients with social anxiety or who are particularly time-

pressured may find psychotherapeutic technologies more accessible. 
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10.5 Limitations and Future Research 

The research identified techniques for improving relationship quality with digital humans, 

as well as evaluated the feasibility and acceptability of digital humans in psychotherapeutic 

applications using robust methodology. However, there were limitations that may have 

affected the generalisability of the findings. Although limitations of the individual studies are 

discussed in each Chapter, the current section outlines the overall limitations of the body of 

research. 

Firstly, the techniques that were identified for enhancing closeness with ECAs (or digital 

humans in particular) were grounded in experimental research. This includes research 

synthesized as part of the systematic review and the experiment conducted in Chapters 5 ± 7. 

Experimental research allows for investigation of relationship building techniques in a 

controlled environment with minimal confounds. However, a trade-off is that the results have 

reduced ecological validity. It is therefore unclear whether the relationship building 

techniques would be as effective in a naturalistic setting. In addition, the relationship building 

techniques were mostly studied as part of one-off interactions in a laboratory. It is possible 

that certain techniques may be more effective at promoting longer-term relationships and 

engagement with ECAs. Additional research is needed to evaluate relationship building 

WHFKQLTXHV�ZLWK�(&$V�LQ�PRUH�QDWXUDOLVWLF�HQYLURQPHQWV��H�J���IURP�SDUWLFLSDQWV¶�KRPHV��DQG�

as part of longer-term interactions.  

Moreover, all conditions in the experimental study involved self-disclosure with an ECA. 

Therefore, it can only be concluded that emotional expressiveness is a beneficial relationship 

building technique with females during self-disclosure conversations. Research should 

evaluate emotional expressiveness in interactions without self-disclosure.  
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Another limitation of the research is that the relationship building strategies were 

identified from studies conducted in healthy populations. It is unclear whether patient 

populations would respond similarly to these techniques. Illness features such as cognitive 

decline or physical disability (e.g., sight or hearing impairment) would likely reduce the 

effectiveness of certain relationship building strategies in ECAs (e.g., engaging in shared 

activities and ideas, or emotional expressiveness). It is also possible that patient populations 

may place differential importance on particular relationship building techniques in 

comparison to healthy populations. For example, expressing empathy and compassion may 

be of more value to patient populations, who may be more distressed than the average person 

(Bellet & Maloney, 1991). Conversely, techniques such as engaging in shared activities may 

be less appealing to certain patients due to the degree of cognitive effort and energy involved. 

Research is needed to identify what are appropriate relationship building techniques for 

ECAs working with patient populations. This includes identifying appropriate techniques for 

ECAs to build relationships in specific patient groups, given their unique needs. 

The digital humans in this research were shown to build a good degree of closeness and 

rapport with participants, however it is unknown whether computer agents can form the same 

amount of closeness with people as other humans can. Although the CBSM therapy script 

and delivery approach was similar between the human teletherapist and the digital human 

facilitator in Chapter 9, participants still reported higher relationship quality with the human 

teletherapist. It is possible that this difference is attributable to a reliability issue with the 

rating scale (discussed in Chapter 9). However, it is also possible that people might not 

experience as high a relationship quality with computer agents. Another consideration is that 

the digital human technology is constantly evolving with updates to the underlying artificial 

intelligence, animations, and dialogue systems. As digital humans improve, the degree of 

social closeness that they can build with people may also improve.  
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Current measures of closeness may not be appropriate if computer agents are not capable 

of achieving maximum scores (e.g., if people cannot form an equal degree of closeness 

between humans and computer agents). Additional research is needed to explore this 

measurement issue in more depth through experimental studies comparing human and 

computer agent relationships, and through studies that investigate the psychometric properties 

of human relationship scales in computer agents. It may be necessary to develop a new 

relationship quality scale that is specific to computer agents. A maximum score on a revised 

scale may provide a more appropriate target by which to evaluate relationship building 

strategies in computer agents.   

Research is needed to investigate the ethical implications of digital human relationships. 

Studies with social robots have shown that people may become distressed when a robot is 

removed, and may be deceived into believing the robot is real if they are cognitively impaired 

(Gasteiger et al., 2021). Similar effects may be found with digital humans. 

A further limitation of the current research is that there was a lack of demographic 

diversity in the sample populations from the randomised pilot trials (Chapters 8 ± 9). In the 

first pilot, participants were predominantly Caucasian older adult women. In the second pilot, 

participants were mostly Caucasian or Asian women with a postgraduate level education. In 

reality, the broader population is more diverse and it is unclear whether digital human 

psychotherapy would be as feasible or acceptable in other ethnic groups (e.g., New Zealand 

0ƗRUL�RU�3DFLILF�3HRSOHV��RU�LQ�JURXSV�RI�ORZHU�HGXFDWLRQ��)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�

investigate the feasibility and acceptability of digital human psychotherapy in other ethnic 

groups, in addition to evaluating whether the relationship building strategies of the digital 

human are effective in these groups. This is especially important given that indigenous 

populations have the poorest health outcomes on many indices, yet their access to mental 

healthcare is significantly lower than that of other ethnic groups (Mental Health & Addiction 
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Inquiry, 2018). These research steps are necessary before the feasibility or acceptability of 

digital human psychotherapy could be extrapolated to broader populations. Digital humans 

intended to deliver psychological therapies would need to be tailored not only to the patient 

SRSXODWLRQ�EXW�WR�WKH�SDWLHQW¶V�GHPRJUDSKLFV��H�J���FXOWXUH��WR�LPSURYH�DFFHSWDELOLW\��6LPLODU�

research would be required to support the use of digital humans in ethnic minorities of other 

countries as well.  

Another limitation pertaining to the sample populations were that participants from the 

randomised pilot trials were of moderate to low stress at baseline. Although some participants 

reported a mental health diagnosis (e.g., major depressive disorder, generalized anxiety 

disorder), the samples were not exclusively comprised of individuals with a particular mental 

health diagnosis. The broader literature is increasingly gaining evidence to support the 

acceptability of computer agent interventions in populations with a mental health diagnosis, 

particularly in populations with mood or anxiety disorders (Fitzpatrick et al., 2017; Provoost 

et al., 2017). However, additional research is needed to replicate the results of this research in 

populations with different mental health diagnoses that range in severity.  

The research from this thesis that investigated relationship building techniques with ECAs 

was exploratory in nature. More experimental research is needed to test the assumptions of 

the theoretical framework of embodied agent-patient communication, (Loveys et al., 2020). 

As part of testing the framework, experimental research should investigate the interaction and 

main effects of ECA design features (e.g., relationship building behaviours, language, 

appearance), user characteristics (e.g., demographics, psychological variables), and use 

context (e.g., virtual therapist, information assistant) on relationship quality and patient health 

outcomes. As the research is in its early stages, many design features, user characteristics, 

and use contexts have yet to be tested. Experimental research is also needed to replicate the 
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findings from prior human-computer interaction studies to build the evidence in support of 

relationship quality techniques in ECAs.  

Lastly, the pilot randomised studies provide evidence that digital humans may be a 

feasible and acceptable way to deliver psychological treatments in several populations. 

Research is now needed to expand the therapies using more elaborate AI techniques and 

additional treatment modules, and to evaluate the effectiveness of digital human 

psychotherapy, including in comparison to human-facilitated therapy and other forms of 

technology in randomised controlled trials. The effectiveness of digital human therapy in 

more diverse patient populations should also be explored.  

10.6 Conclusions 

In conclusion, this thesis identified techniques for improving relationship quality with 

ECAs, and evaluated the feasibility and acceptability of digital humans at delivering 

psychological treatments. An opinion piece, a systematic review, an experimental study, and 

two randomised pilot trials were conducted to investigate these aims.  

A key finding was that a variety of techniques can enhance relationship quality with an 

(&$��LQFOXGLQJ�WKH�(&$¶V�ODQJXDJH�FRQWHQW�DQG�DELOLW\��EHKDYLRXU��DIIHFWLYH�FRPPXQLFDWion, 

appearance, and a combination of these techniques. However, user characteristics and use 

context can impact the effect of relationship building techniques on outcomes. Emotional 

expressiveness was found to be an effective closeness building technique with a female 

GLJLWDO�KXPDQ��EXW�RQO\�LQ�IHPDOH�XVHUV��7KHVH�ILQGLQJV�VXJJHVW�WKDW�WDLORULQJ�DQ�(&$¶V�

closeness building strategies to user characteristics and use context is important for ensuring 

effectiveness.  

Another key finding was that digital humans were a feasible and acceptable way to deliver 

psychological interventions to three different populations. Although a promising result, future 
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research is needed to replicate the findings in a diverse patient population and to evaluate the 

effectiveness of a digital human intervention in a larger randomised controlled trial.  

Digital humans offer exciting new ways to expand the delivery of psychological 

interventions to people who have limited access to human care. This preliminary research has 

demonstrated their potential for use. As the technology improves, their capabilities will 

expand, and they are likely to become even better at delivering psychological interventions. 

However, it is critical that digital humans use evidence-based techniques and that their 

effectiveness is robustly evaluated before they are adopted more widely.  
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Search strategy for EMBASE 

Search title, abstract, keywords only 

�³HPERGLHG�DJHQW´�25�³HPERGLHG�FRQYHUVDWLRQ�DJHQW´�25�³HPERGLHG�FRQYHUVDWLRQ�

LQWHUIDFH�DJHQW´�25�³HPERGLHG�VRFLDO�DJHQW´�25�³HPERGLHG�YLUWXDO�DJHQW´�25�

³HPERGLHG�FRPSDQLRQ�DJHQW´�25�³HPERGLHG�FRPSXWHU�DJHQW´�25�UHODWLRQDO�DJHQW´�25�

³HPSDWKLF�DJHQW´�25�³FRQYHUVDWLRQ�DJHQW´�25�³LQWHUIDFH�DJHQW´�25�³DQLPDWHG�DJHQW´�

25�³FRPSXWHU�DJHQW´�25�³HPRWLRQ�DJHQW´�25�³H[HUFLVH�DJHQW´�25�³PRWLYDWLRQ�

DJHQW´�25�³YLUWXDO�DJHQW´�25�³YLUWXDO FKDUDFWHU´�25�³YLUWXDO�KXPDQ´�25�³YLUWXDO�

FRDFK´�25�³YLUWXDO�DGYLVRU´�25�³YLUWXDO�VSHFLDOLVW´�25�³YLUWXDO�GLDORJ�DJHQW´�25�

³YLUWXDO�GLDORJXH�DJHQW´�25�DYDWDU�25�³H-KHDOWK�DGYLVRU´�25�³HKHDOWK�DGYLVRU´��$1'�

�³VRFLDOFORVH´�25�UDSSRUW�25�ERQG�25�Lntimacy OR relationship OR friend* OR 
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Study characteristics and results 

Study 
citation 

Study 
size 
(N) 

Study 
Design 

Population Intervention Design feature Intervention 
Descriptor(s) 

Comparator(s) Outcome(s) Setting Assessment 
Timing 

Publication 
Type 

Effect size  Mean (SD) 

Alotaibi & 
Rigas (2012) 

48 Experiment 
(within-
subjects) 

Adult (18 ± 
55 years); 
general 
public; 
gender not 
reported 

A-CRM (Avatar-
enhanced 
multimodal 
platform with text, 
graphics, visual 
special effects, 
speech, facial 
expressions) 

A face Humanlike, 
male, young 
adult, white-
skinned 

M-CRM 
(Multimodal 
with speech, 
earcons, & 
auditory icons); 
V-CRM (Text 
with graphics) 

Cognitive trust 
(5-item scale: 
trustworthiness, 
attractiveness, 
needs 
anticipation, 
impartiality of 
advice, personal 
interest) 

Shopping 
website 

Immediately 
post 
interaction 

Conference 
paper 

Cognitive trust: A-
CRM vs. M-CRM: 
t(47) = 7.7* 
A-CRM vs. V-
CRM: t(47) = 5.4* 
M-CRM vs. V-
CRM: t(47) = 2.1* 

Mean scores 
not reported. 
A-CRM 
received higher 
trust ratings 
than M-CRM 
and V-CRM. 
M-CRM 
received higher 
trust ratings 
than V-CRM.  

Andrist, 
Mutlu, & 
Gleicher 
(2013) 

24 Experiment 
(Between-
subjects) 

Young adult 
(18 ± 28 
years); 
university 
students/staff; 
50% female  

Good timing 
virtual agent (eye 
gaze informed by 
observation of 
human dyads) 

Eye gaze 
behaviour 

Humanlike, 
female, 
young adult, 
white-
skinned 

Static gaze 
virtual agent (no 
gaze aversions); 
bad timing 
virtual agent 
(reverse timing 
to good timing 
condition) 

Thoughtfulness 
(4-item scale: 
thoughtfulness, 
creativity, 
disclosure, 
naturalness); 
Degree of self-
disclosure (word 
count) 

Job interview Immediately 
post 
interaction 

Conference 
paper 

Degree of self-
disclosure:  
GT vs. BT: F = 
4.48* 
GT vs. SG: F = 
4.25*;  
No significant effect 
on thoughtfulness. 

Mean scores 
not reported. 
GT resulted in 
more self-
disclosure than 
BT and SG.  

Bergmann, 
Eyssel, & 
Kopp (2012)  

80 Experiment 
(within- and 
between-
subjects) 

Adult (19 ± 
48 years); 
university 
students/staff; 
63.8% female 

Humanlike 
appearance and 
gestures present 
virtual agent  

Humanlike 
appearance, 
gesture 
behaviour  

Humanlike, 
male, child, 
white-
skinned; 
robotlike, 
male, white 
coloured  

Humanlike 
appearance and 
no gestures; 
robotic 
appearance with 
gestures; robotic 
appearance 
without gestures 

Warmth (8-item 
scale: pleasant, 
sensitive, 
friendly, helpful, 
affable, likeable, 
approachable, 
sociable) 

Education about 
a building 

Immediately 
post 
introduction 
(T1), 
immediately 
post 
interaction 
(T2) 

Conference 
paper 

Warmth 
(appearance*time of 
measurement): 
F(1,76) = 12.10***. 
Ratings of warmth 
decreased for the 
robotlike agent 
between T1 and T2. 
No significant 
difference in 
warmth ratings post 
interaction.  

Warmth (T1): 
RGP vs. RGA 
vs. HGA vs. 
HGP: 5.15 
(1.21) vs. 4.56 
(1.09) vs. 4.25 
(1.14) vs. 4.05 
(1.18).  

Bickmore & 
Cassell 
(2001) 

31 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
university 
students/staff, 
42% female 

Small talk and 
task-oriented 
dialogue virtual 
agent REA 

Small talk 
language 

Humanlike, 
female, 
adult, white-
skinned 

Task-oriented 
dialogue only 
virtual agent 
REA 

Trust 
(Individualized 
Trust Scale; 
Wheeless & 
Grotz, 1977); 
Knowledge of 
user (1-item); 

Real estate Immediately 
post 
interaction 

Conference 
paper 

Trust (small 
talk*personality): 
F(1,44) = 5.0*; 
Knowledge of user 
(small 
talk*personality): 
F(1,44) = 4.4*; 

Mean scores 
not reported. 
For extroverts, 
ST resulted in 
higher ratings 
of trust, 
knowledge of 
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Desire to work 
with REA again 
(1-item); Interest 
in the interaction 
(1-item); 
Engaging (1-
item); Success of 
the interaction (1-
item) 

Success in the 
interaction (small 
talk*personality): 
F(1,44) = 5.4*; No 
other significant 
effects.  

the user, and 
success of the 
interaction. For 
introverts, TO 
received higher 
ratings on 
knowledge of 
the user and 
success of the 
interaction. No 
significant 
effect of ST on 
trust ratings of 
introverts.  
  

Bickmore, 
Pfeifer, & 
Schulman 
(2011) 

1,607 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
general 
public, 
gender not 
reported 

Relational Tinker 
(employs 
relational 
strategies during 
conversation) 

Empathic 
language, small 
talk, self-
disclosure, 
reference to 
common 
ground 
information, 
reference to 
shared values 
and beliefs, 
humour, use of 
user name in 
greeting, 
emotional facial 
expression 

Robotlike, 
female, 
adult, 
white/grey 
coloured  

Non-relational 
Tinker 
(interaction with 
absence of 
relational 
strategies) 

Closeness (1-
item); 
Engagement (n of 
conversations); 
Desire to 
continue 
interacting (1-
item) 

Museum Immediately 
post 
interaction 

Conference 
paper 

Closeness: t(1603) 
= 3.44***; 
Engagement: 
t(1605) = 4.41***;  
Desire to continue 
interacting: t(1604) 
= 5.22*** 

(R vs. NR) 
Closeness: 3.00 
vs. 2.79 (1.19); 
Engagement 
1.13 vs. 1.09 
(0.34);  
Desire to 
continue 
interacting: 
4.04 vs. 3.74 
(1.09) 

Bickmore & 
Schulman 
(2009) 

24 Experiment 
(between-
subjects, 
longitudinal) 

Older adult 
(55 ± 75 
years), 
general 
public, 71% 
female 

Variable language 
(variable dialogue 
structure and 
language across 
situations) 

Variable 
language 

Humanlike, 
female, 
adult, dark-
skinned 

Non-variable 
language (same 
dialogue 
structure and 
language in all 
situations) 

Desire to 
continue 
interacting (1-
item) 

Exercise At end of 
each 
interaction 
daily 
(between 40 
± 120 days) 

Conference 
paper 

No significant effect 
on desire to 
continue interacting.  

- 

Bickmore, 
Mauer, & 
Brown 
(2009) 

8 Experiment 
(within-
subjects, 
longitudinal) 

Young adult 
(19-23 years), 
university 
staff/students, 
100% male 

Context aware 
agent (Positive 
reinforcement or 
exercise summary 
statements) 

Context 
awareness 
language 

Humanlike, 
female, 
adult, dark-
skinned 

Non-aware agent 
(absence of 
context aware 
statements) 

Closeness (1-
item); Working 
Alliance 
Inventory (bond 
subscale); 
Perceived caring 
of agent; 
Perceived 

Exercise  Once at end 
of day for 8 
days 

Journal 
paper 

Closeness: F(1,4) = 
8.6*; No significant 
effects for working 
alliance, perceived 
caring, helpfulness, 
or trustworthiness. 

Mean scores 
not reported. 
Context aware 
agent received 
higher 
closeness 
ratings than 
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helpfulness of 
agent; Perceived 
trust in agent 

non-aware 
agent. 

Bickmore, 
Vardoulakis, 
& Schulman 
(2013) 
(Experiment 
one) 

29 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
general 
public, 
gender not 
reported 

ID Tinker 
(Recognizes 
return users) 

User 
identification 

Robotlike, 
female, 
adult, 
white/grey 
coloured 

Non-ID Tinker 
(does not 
recognize return 
users) 

Closeness (1-
item); Desire to 
interact again (1-
item) 

Museum Immediately 
post 
interaction 
 

Journal 
paper 

No significant 
effects for closeness 
and desire to 
interact again. 

- 

Bickmore, 
Vardoulakis, 
& Schulman 
(2013) 
(Experiment 
two) 

1,607 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
general 
public, 
gender not 
reported 

Relational Tinker 
(employs 
relational 
strategies during 
conversation) 

Empathic 
language, small 
talk, self-
disclosure, 
reference to 
common 
ground 
information, 
reference to 
shared values 
and beliefs, 
humour, use of 
user name in 
greeting, 
emotional facial 
expression 
 

Robotlike, 
female, 
adult, 
white/grey 
coloured 

Non-relational 
Tinker 
(interaction with 
absence of 
relational 
strategies) 
 

Closeness (1-
item); Desire to 
interact again (1-
item); 
Engagement (n of 
interactions; 
interaction 
length) 

Museum Immediately 
post 
interaction 

Journal 
paper 

Closeness: t(1603) 
= 3.44***;  
Desire to interact 
again: t(1604) = 
5.22***; 
Engagement (n of 
interactions): 
t(1605) = 2.65**; 
Engagement 
(interaction length): 
t(1605) = 4.41*** 

(R vs. NR) 
Closeness: 3.00 
vs. 2.79;  
Desire to 
interact again: 
4.04 vs. 3.74;  
Engagement (n 
of interactions): 
1.13 vs. 1.09; 
Engagement 
(interaction 
length): 5.76 
vs. 4.95. 

Bickmore & 
Picard 
(2005) 

84 Experiment 
(between-
subjects, 
longitudinal) 

Adult, mean 
age not 
reported, 
general 
public, 
gender not 
reported 

Relational agent 
Laura (exercise 
advisor agent with 
relational 
strategies during 
intervention 
delivery) 

Social dialogue, 
empathic 
language, meta-
relational 
communication, 
humour, 
continuity 
behaviors, use 
of user name in 
greeting, 
politness 
strategies, 
immediacy 
behaviour (head 
nods, eye gaze, 
closeness to 
screen, 

Humanlike, 
female, 
adult, dark-
skinned 

Non-relational 
agent Laura 
(exercise advisor 
agent with 
absence of 
relational 
strategies during 
intervention 
delivery); control 
condition 
(standard 
behavioral self-
management 
intervention and 
psychoeducation) 

Working 
Alliance 
Inventory (bond 
subscale); 
Closeness (1-
item); Desire to 
interact again (1-
item); 
Relationship 
quality (choice of 
sentimental or 
brief farewell) 

Exercise Once daily 
for one 
month, 
follow-up 
assessment 
two weeks 
post 
intervention 

Journal 
paper 

Working Alliance 
Inventory (bond 
subscale) post 
intervention: t(57) = 
2.26**; Closeness: 
No significant 
effect; Desire to 
interact again: T(53) 
= 1.83*; 
Relationship 
quality: T(54) = 
2.80*** 

(R vs. NR) 
Working 
Alliance 
Inventory 
(bond subscale) 
post 
intervention: 
4.64 (1.00) vs. 
4.33 (0.95); 
Desire to 
interact again: 
2.62 (1.05) vs. 
2.04 (0.88); 
Relationship 
quality: 0.69 
(0.47) vs. 0.35 
(0.49). 
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eyebrow raises, 
hand gestures) 

Brave, Nass, 
& 
Hutchinson 
(2005) 

96 Experiment 
(between-
subjects) 

Young adult, 
mean age not 
reported, 
students, 
gender not 
reported 

Empathy-only 
emotional 
expression 

Empathic 
emotion (text 
and facial 
expression), 
self-oriented 
emotion (text 
and facial 
expression) 

Photograph 
of a human 
face, gender-
matched to 
participant, 
young adult, 
random 
ethnicity 
allocation 
(Caucasian, 
Asian, 
Hispanic)  

No emotion, self-
only emotion, 
self and empathic 
emotional 
expression 

Caring (5-items); 
Trustworthiness 
(4-items); Felt 
supported (5-
items) 

Blackjack game Immediately 
post 
interaction 

Journal 
paper 

Caring: F(1,88) = 
61.07***;  
Trustworthiness: 
F(1,88) = 6.55**;  
Felt supported: 
F(1,88) = 9.73** 

Mean scores 
not reported. 
EO received 
highest ratings 
of caring, 
trustworthiness, 
and felt 
supported.  

Sidner, 
Bickmore, 
Nooraie, 
Rich, Ring, 
Shayganfar, 
& 
Vardoulakis 
(2018) 

44 Experiment 
(between-
subjects) 

Older adult 
(55 ± 91 
years, M = 
66), lived 
alone, < 3 
PHQ-2, able 
to engage in 
physical 
activity 
(PAR-Q), 
gender not 
reported 

Virtual agent 
Karen 

Virtual 
embodiment 

Humanlike, 
female, 
adult, white-
skinned; 
robot with 
humanlike 
face, white 
body 

Reeti Robot, 
control (no 
agent) 

Working 
alliance; Social 
agent rating; 
Engagement 
(total sessions, 
total time used, n 
of days used) 

Older adult 
companionship 

After 
interacting 
for 30 days 

Journal 
paper 

No significant 
difference for 
working alliance, 
social agent rating, 
or engagement.  

- 

Cerekovic, 
Aran, & 
Gatica-Perez 
(2017) 

33 Experiment 
(within-
subjects) 

Young adult 
(18 ± 43 
years, M = 
26.7), 
university 
students, 85% 
Caucasian, 
42% female 

Cheerful Poppy 
(happy facial 
expressions)  

Happy facial 
expression 

Humanlike, 
female, 
adult, white-
skinned; 
Humanlike, 
male, adult, 
white-
skinned 

Sad Obadiah 
(sad facial 
expressions) 

Human-Agent 
Rapport 
Questionnaire 
(HARQ); Self-
disclosure (word 
count) 

Companionship Immediately 
post 
interaction 

Journal 
paper 

Rapport: t(32) = - 
6.31*;  
Self-disclosure: 
t(32) = - 3.65*** 

(CP vs. SO) 
Rapport: 3.36 
(0.83) vs. 2.35 
(0.69);  
Self-disclosure: 
310.24 
(109.19) vs. 
275.18 (112.3) 

Cerekovic, 
Aran, 
Gatica-Perez, 
Park, Salah, 
Lee, 
Morency, 
Sheikh, & 
Cucchiara 
(2014) 

33 Experiment 
(within-
subjects) 

Young adult 
(18 ± 43 
years, M = 
26.7), 
university 
students, 85% 
Caucasian, 
42% female 
 

Cheerful Poppy 
(happy facial 
expressions) 

Happy facial 
expression 
 

Humanlike, 
female, 
adult, white-
skinned; 
Humanlike, 
male, adult, 
white-
skinned 
 

Sad Obadiah 
(sad facial 
expressions) 
 

Perception of 
Interaction scale 
(15-items: 
Quality of 
interaction, 
degree of rapport 
subscales) 

Companionship Immediately 
post 
interaction 

Conference 
paper 

(CP vs. SO) Degree 
of rapport 
(agent*personality): 
Agreeable 
participants: r =.44* 
vs. r =.47**. 
Extroverted 
participants: r =.44* 
vs. r =.58**, 
Neurotic 
participants: r 

Mean scores 
not reported. 
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=.45** vs. r = .40*; 
Quality of 
interaction 
(agent*personality): 
Extroverted 
participants: r =.36* 
vs. r =.44*, 
Neurotic 
participants (Poppy 
only): r =.37*, 
Conscientious 
participants 
(Obadiah only): r 
=.41* 

Chattaraman, 
Kwon, 
Gilbert, & Li 
(2014) 

50 Experiment 
(between-
subjects) 

Older adult 
(50 ± 89 
years, M = 
70.5), general 
public, 98% 
Caucasian, 
50% female 

Visual presence 
(Virtual agent 
with face, text, 
and speech) 

A face Humanlike, 
female, 
adult, tan-
skinned 

No visual 
presence (Agent 
without a face. 
Text and speech 
only) 

Perceived social 
support (7-item); 
Trust (11-item; 
trust ability 
subscale) 

Shopping 
website 

Immediately 
post 
interaction 

Journal 
paper 

Perceived social 
support: F(1,46) = 
8.13**;  
Trust (ability 
subscale): F(1,46) = 
14.38*** 

(VP vs. NVP) 
Perceived 
social support: 
3.84 vs. 3.19; 
Trust (ability): 
4.35 vs. 3.53 

Chattaraman, 
Kwon, 
Gilbert, & 
Ross (2019) 

121 Experiment 
(between-
subjects) 

Older adult 
(61 ± 89 
years, M = 
71.2), general 
public, 49% 
female, 93% 
Caucasian 

Virtual agent with 
social-oriented 
language (speech 
and text; involves 
social- and task-
oriented language) 

Social-oriented 
interaction style 

Humanlike, 
male, adult, 
white-
skinned 

Virtual agent 
with task-
oriented 
language (speech 
and text) 

Social outcomes 
(engaging 
personality, trust 
ability, trust 
integrity); 
Perceived 
information 
overload 

Shopping 
website 

Immediately 
post 
interaction 

Journal 
paper 

Engaging 
personality: t(118) 
= -2.22*;  
Trust (ability*user 
internet 
competency): 
F(1,113) = 3.97*;  
Trust 
(integrity*user 
internet 
competency): 
F(1,113) = 5.20*;  
No significant 
interaction effect for 
perceived 
information 
overload.  

(SO vs. TO) 
Engaging 
personality: 
3.58 (0.91) vs. 
3.21 (0.92);  
No significant 
effect for trust 
ability.  
Trust 
(integrity*high 
user 
competency): 
3.98 (.15) vs. 
3.53 (.13);  
Perceived 
information 
overload*low 
user 
competency: 
2.45 (.14) vs. 
1.98 (.16) 

Lisetti, 
Amini, 

81 Experiment 
(between-
subjects) 

Young adult, 
mean age not 
reported, 

Empathic virtual 
counsellor (facial 
expressions 

Delivery 
modality, 
empathy 

Humanlike, 
adult, user 
choice of 

Non-empathic 
virtual counsellor 
(neutral facial 

Heerink (2009) 
acceptance of 
assisting social 

Counselling for 
alcohol misuse 

Immediately 
post 
interaction 

Journal 
paper 

(E vs. NE, E vs. T) 
Perceived 
sociability: X2 = 

(E vs. NE vs. 
T) Perceived 
sociability: 
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Yasavur, & 
Rishe (2013) 

university 
students, 
gender not 
reported  

appropriate to 
conversation 
content, empathy, 
verbal reflective 
listening, nodding, 
head posture 
mimicry, 
politeness) 

(appropriate 
facial 
expressions, 
verbal 
reflective 
listening, active 
listening 
behaviour) 

gender and 
ethnicity 
(Hispanic, 
Caucasian, 
African 
American). 
Default was 
a Caucasian 
adult female. 

expression, no 
empathy, no 
reflection on user 
answers, ignores 
user emotion); 
Text-only 
(delivers 
'ULQNHU¶V�&KHFN�
Up therapy on 
text-only 
webpage).  

artificial agents 
(Perceived 
sociability 
subscale; 
Intention to use 
subscale; 
Perceived 
enjoyment 
subscale; 
Perceived 
usefulness; Trust 
subscale; Anxiety 
subscale; Social 
influence 
subscale); 
Bartneck (2008) 
Godspeed 
questionnaire 
(Perceived 
safety) 

36.57***, X2 = 
17.58***;  
Intention to use: X2 
= 6.41**, X2 = 
16.67***;  
Perceived 
enjoyment: X2 = 
24.40***, X2 = 
26.83***;  
Perceived 
usefulness: X2 = 
10.13***, X2 = 
5.88**;  
Trust: X2 = 
13.08***, X2 = 
5.7**;  
Perceived safety: 
X2 = 11.44***, X2 
= 10.54***;  
No significant 
effects on 
interaction anxiety 
or social influence.  

0.80 (.87) vs. -
0.07 (.97) vs. 
0.26 (.98);  
Intention to 
use: 0.80 (.89) 
vs. 0.12 (.89) 
vs. -0.45 
(1.02);  
Perceived 
enjoyment: 
0.99 (.63) vs. 
0.31 (.97) vs. 
0.39 (.88);  
Perceived 
usefulness: X2 
= 0.68 (.88) vs. 
0.02 (1.08) vs. 
0.24 (.97);  
Trust: 0.88 
(.82) vs. 0.12 
(.93) vs. 0.27 
(.99);  
Perceived 
safety: 1.39 
(.95) vs. 0.79 
(1.11) vs. 0.82 
(1.21).  

Creed & 
Beale (2012) 

50 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
university 
staff/students 
and general 
public, 58% 
female 

Emotionally 
expressive virtual 
nutrition coach 
(happy, warm, 
neutral, 
concerned) 

Emotional 
expression 
(Facial 
expression, 
speech rate and 
pitch) 

Humanlike, 
female, 
adult, white-
skinned  

Unemotional 
virtual nutrition 
coach (neutral 
face and voice) 

Caring (5-items); 
Trustworthiness 
(4-items); Felt 
supported (5-
items) 

Nutrition 
coaching 

Immediately 
post 
interaction 

Journal 
paper 

Caring: F(1,48) = 
4.48*;  
No significant 
effects for 
trustworthiness or 
felt supported 

Mean scores 
not reported. 
Emotional 
agent was rated 
more caring 
than the 
unemotional 
agent.  

Gilani, 
Sheetz, 
Lucas, & 
Traum 
(2016) 

60 Experiment 
(within-
subjects) 

Adult, mean 
age not 
reported, 
general 
public, 37% 
female 

Virtual human 
embodiment and 
identity with first-
person storytelling 
perspective 

Storytelling 
perspective 

Humanlike, 
male, young 
adult, white-
skinned 

Virtual human 
embodiment and 
identity with 
third-person 
storytelling 
perspective 

Rapport (9-
items); Ancillary 
rapport (6-items); 
Sharing personal 
information (2-
items).  

Companionship Immediately 
post 
interaction 

Conference 
paper 

Ancillary rapport: 
F(1,53) = 4.44*; 
Sharing personal 
information: 
F(1,53) = 6.88**; 
Trend towards 
significant effect on 
rapport.  

(1stP vs. 3rdP) 
Ancillary 
rapport: 3.41 
(.12) vs. 3.10 
(.12);  
Sharing 
personal 
information: 
3.92 (.12) vs. 
3.65 (.12).  
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Griffiths, 
Eyssel, 
Philippsen, 
Pietsch, 
Wachsmuth 
(2015) 

40 Pilot study 
(between-
subjects) 

Young adult 
(19 ± 29 
years, M = 
23.8), 
university 
staff/ 
students, 50% 
female 

Friendly virtual 
agent (friendly 
greeting, 
directions, 
farewell language) 

Friendliness 
(language) 

Robotlike, 
male, green 
colour 

Neutral virtual 
agent (brief 
greeting, 
directions, 
farewell 
language) 

Warmth (4-
items) 

Finding 
directions 

Immediately 
post 
interaction 

Conference 
paper 

Did not report on 
statistical 
significance of 
results.  

(F vs. N) 
Warmth: 5.11 
(1.14) vs. 4.61 
(1.14) 

Hoegen, 
Lucas, van 
der Schalk, 
& Gratch 
(2018) 

108 Experiment 
(between-
subjects) 

Adult (18 ± 
68 years, M = 
35), general 
public, 59% 
female 

Virtual agent with 
facial expression 
mimicry and 
contingency 
(copies user facial 
expressions) 

Mimicry of 
user facial 
expressions, 
contingency of 
responses 

Humanlike, 
male, adult, 
white-
skinned 

Virtual agent 
with opposite 
facial expression 
to user 
with/without 
contingency; 
virtual agent 
with facial 
expression 
mimicry without 
contingency 

Rapport  3ULVRQHU¶V�
dilemma game 

Immediately 
post 
interaction 

Conference 
paper 

No significant effect 
on rapport.  

- 

Kang & 
Gratch 
(2011) 

57 Experiment 
(between-
subjects) 

Adult (M = 
30.68), 
general 
public, 53% 
female 

Virtual agent with 
high self-
disclosure 

Degree of self-
disclosure  

Humanlike, 
gender-
matched to 
participant, 
adult, white-
skinned 

Virtual agent 
with low self-
disclosure; 
virtual agent 
with no self-
disclosure 

Social attraction 
(6-items); Co-
presence (14-
items); Intensity 
of self-disclosure  

Counselling Immediately 
post 
interaction 

Conference 
paper 

Social attraction: 
F(2,54) = 5.48**; 
Co-presence: 
F(2,54) = 8.79***; 
Intensity of self-
disclosure: F(2,54) 
= 10.73*** 

(H vs. L vs. N) 
Social 
attraction: 4.31 
(1.51) vs. 4.10 
(1.91) vs. 2.62 
(1.68);  
Co-presence: 
4.75 (1.20) vs. 
4.06 (1.05) vs. 
3.32 (.89);  
Intensity of 
self-disclosure 
means not 
reported. Users 
disclosed a 
medium level 
of personal 
information 
when 
interacting with 
a virtual agent 
with high self-
disclosure. No 
other 
significant 
effects for self-
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disclosure 
intensity. 

Kang & 
Gratch 
(2014) 

171 Experiment 
(between-
subjects) 

Adult (M = 
32.98), 
general 
public, 52% 
female 

Virtual agent with 
high behavioural 
realism 
(breathing, eye 
blinking, posture 
shifts, head nods) 
and high self-
disclosure (all 
questions 
proceeded with an 
autobiographical 
computer back 
story) 

Degree of 
behavioural 
realism, degree 
of self-
disclosure  

Humanlike, 
gender-
matched to 
participant, 
adult, white-
skinned 

High behavioural 
realism virtual 
agent with low or 
no self-
disclosure (low 
self-disclosure: 
only first three 
questions were 
preceded by a 
personal back 
story; no self-
disclosure: no 
personal stories 
provided); Low 
behavioural 
realism virtual 
agent with high, 
low, or no self-
disclosure (low 
behavioral 
realism: 
breathing, eye 
blinking, posture 
shifts, but no 
head nods); 
audio-only agent 
with high, low, 
or no self-
disclosure  

Rapport (12-
items); Social 
attraction (6-
items); Person 
perception scale 
(21-items); Self-
reported self-
disclosure (1-
item); Verbal 
self-disclosure (n 
of words spoken) 

Counselling Immediately 
post 
interaction 

Journal 
paper 

No significant 
effects on rapport, 
social attraction. 
Person perception - 
Likeability (Degree 
of self-disclosure): 
F = 6.98***;  
V self-disclosure 
(medium): F = 
7.53***;  
V self-disclosure 
(low): F = 6.17**;  
SR self-disclosure 
(Degree of 
behavioural 
realism): F = 4.62*; 
V self-disclosure 
(medium): F = 
6.67** 

(HSD vs. LSD 
vs. NSD) 
Likability: -
1.24 (1.20) vs. 
-0.79 (1.10) vs. 
-0.47 (.99);  
V self-
disclosure 
(medium): 
33.23 (17.68) 
vs. 23.47 
(12.49) vs. 
29.09 (12.42);  
V self-
disclosure 
(low): 2.89 
(1.60) vs. 3.89 
(2.13) vs. 2.96 
(1.24);  
(HBR vs. LBR 
vs. AO) SR 
self-disclosure: 
6.16 (1.65) vs. 
6.91 (1.18) vs. 
6.84 (1.46);  
V self-
disclosure 
(medium): 
33.75 (17.76) 
vs. 24.88 
(10.78) vs. 
27.16 (15.82).  

Kang, 
Gratch, 
Wiederhold, 
& Riva 
(2012) 

40 Experiment 
(between-
subjects) 

Adult (M = 
31 years), 
general 
public, 50% 
female 

Virtual agent that 
self-discloses 
humanlike back 
stories 

Self-disclosure 
of humanlike 
back stories 

Humanlike, 
gender-
matched to 
participant, 
adult, white-
skinned 

Virtual agent that 
self-discloses 
computer back 
stories 

Virtual Rapport 
Scale (co-
presence, rapport; 
23-items); Verbal 
self-disclosure 
amount; Level of 
intimacy in self-
disclosure 

Counselling Immediately 
post 
interaction 

Conference 
paper 

Virtual rapport 
(humanlike back 
stories): F(1,18) = 
5.14*;  
Verbal self-
disclosure 
(humanlike back 
stories): F(1,18) = 
4.60*;  
Intimacy in self-
disclosure 

Virtual rapport 
(humanlike 
back stories, 
high vs. low 
user anxiety): 
4.56 (1.07) vs. 
3.21 (1.55);  
Verbal self-
disclosure 
(humanlike 
back stories, 
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(humanlike back 
stories): F(1,18) = 
4.18*.  
No significant 
effects for 
computerlike back 
stories.  

high vs. low 
user anxiety): 
12.98 (2.43) vs. 
9.75 (4.10);  
Intimacy in 
self-disclosure 
(human back 
stories, high vs. 
low user 
anxiety): 31.79 
(6.39) vs. 23.42 
(11.08) 

Kang, Phan, 
Bolas, & 
Krum (2016) 
(Experiment 
one) 

43 Experiment 
(between-
subjects) 

Adult (M= 35 
years), 
general 
public, 49% 
female 

Virtual agent with 
a realistic 
animated video 
background of an 
outdoor scene  

Realistic 
background 

Humanlike, 
gender-
matched to 
participant, 
adult, white-
skinned 

Virtual agent 
with a featureless 
grey background 

Virtual Rapport 
Scale (co-
presence, rapport; 
23-items); Social 
Attraction Scale 
(6-items) 

Companionship Immediately 
post 
interaction 

Conference 
paper 

Social attraction: 
F(1,39) = 7.03*.  
No significant 
effects for virtual 
rapport. 

(RB vs. FB) 
Social 
attraction (male 
vs. female, 
realistic 
background): 
5.74 (1.56) vs. 
3.80 (1.79); 
(male vs. 
female, 
featureless 
background): 
4.77 (1.77) vs. 
5.60 (1.70) 

Kang, Phan, 
Bolas, & 
Krum (2016) 
(Experiment 
two) 

19 Experiment 
(within-
subjects) 

Adult (M = 
32 years), 
general 
public, 53% 
female 

Virtual agent at 
Skype call three 

Repeated 
interaction 

Humanlike, 
gender-
matched to 
participant, 
adult, white-
skinned 

Virtual agent at 
Skype call one 

Partner 
perception 
(Compassion; 1-
item) 

Companionship Immediately 
post 
interaction 
one and 
three 

Conference 
paper 

Compassion: t(18) 
= -2.35* 

(Call 1 vs. 3) 
Compassion: 
5.05 (1.31) vs. 
5.42 (1.50)  

Kramer, 
Lucas, 
Schmitt, & 
Gratch 
(2018) 

79 Experiment 
(between-
subjects) 

Adult (18 ± 
70 years, M = 
35.26), 
general 
public, 52% 
female 

Virtual agent with 
socially 
responsive 
behaviour (non-
verbal feedback 
including head 
nods and smiles) 

Responsive 
non-verbal cues 

Humanlike, 
female, 
adult, white-
skinned 

Virtual agent 
without socially 
responsive 
behaviour 
(randomized 
posture shifts 
and eye blinking) 

Rapport scale 
(23-items); 
Social 
connectedness 
questionnaire 
(specific 
connectedness 
subscale, 14-
items) 

Companionship Immediately 
post 
interaction 

Journal 
paper 

No significant effect 
on rapport or social 
connectedness.   

-  

Kulms, 
Kopp, & 
Kramer 
(2014) 

80 Experiment 
(between-
subjects) 

Young adult 
(19 -34 years, 
M = 24.91), 
general 

Virtual agent with 
humour and 
cooperative 
behaviour 

Humour, 
cooperative 
behaviour 

Humanlike, 
male, adult, 
white-
skinned 

Virtual agent 
with no humour 
and cooperative 
behaviour; 

Perceptions of 
Rapport (18-
items) 

3ULVRQHU¶V�
Dilemma Game 

Immediately 
post 
interaction 

Conference 
paper 

Rapport (humour): 
F(1,76) = 9.56**;  

(H vs. NH) 
Rapport 
(experiences of 
awkwardness): 
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public, 55% 
female 

Virtual agent 
with humour and 
selfish 
behaviour; 
Virtual agent 
with no humour 
and selfish 
behaviour 

Rapport 
(cooperation): 
F(1,76) = 4.88* 

-0.33 (.15) vs. 
0.34 (.15); (C 
vs. S)  
Rapport 
(positivity): 
0.25 (.16) vs. -
0.24 (.15) 

Kulms, 
Kramer, 
Gratch, & 
Kang (2011) 

72 Experiment 
(between-
subjects) 

Adult (19 ± 
59 years), 
general 
public, 56% 
female 

Virtual agent 
female with high 
gaze (eye contact 
held most of the 
conversation) 

Eye gaze 
behaviour, 
gender 

Humanlike, 
male or 
female, 
adult, white-
skinned 

Virtual agent 
female with low 
gaze (eye contact 
only a few times 
while listening to 
the participant); 
Virtual agent 
male with high 
gaze; Virtual 
agent male with 
low gaze 

Networked 
Minds 
Questionnaire 
(Empathy, 
mutual 
awareness, 
attention 
allocation, 
mutual 
understanding, 
behavioural 
interdependence); 
Person 
perception (26-
items); Intimacy 
of responses 
(word count) 

Companionship Immediately 
post 
interaction 

Conference 
paper 

Person perception 
(positive 
evaluation) (agent 
gender): F(1,67) = 
5.67*;  
(Negative 
evaluation) (eye 
gaze): F(1,67) = 
3.78*;  
Intimacy of 
responses (eye 
gaze): U = 496.50*.  
Results not reported 
on Networked 
Minds 
Questionnaire.  

Person 
perception 
(Positive 
evaluation) (FA 
vs. MA): 0.29 
(1.01) vs. -0.28 
(.93);  
(Negative 
evaluation) 
(HG vs. LG): -
0.27 (.98) vs. 
0.19 (.88); 
Intimacy of 
responses (HG 
vs. LG): 40.71 
vs. 32.39.  

Liew & Tan 
(2016) 

80 Experiment 
(between-
subjects) 

Young adult, 
mean age not 
reported, 
students, 
gender not 
reported 

Virtual agent with 
extroversion 
(faster speech rate, 
larger pitch range; 
frequent smiles; 
expansive head 
gesture)  

Degree of 
extroversion 
(speech, 
behaviour) 

Humanlike, 
male, adult, 
appearance 
not reported 

Virtual agent 
with introversion 
(slower speech 
rate, calm vocal 
tone; neutral 
facial expression; 
low head 
animation) 

Willingness to 
trust agent (1-
item) 

Education Immediately 
post 
interaction 

Conference 
paper 

Willingness to trust 
(Agent extroversion 
* participant 
extroversion): 
F(1,76) = 6.38* 

(EA+EP vs. IA 
+ EP): 3.40 
(.82) vs. 4.80 
(2.09). 
No other 
significant 
effects. 

Ochs, 
Pelachaud, & 
McKeown 
(2017) 

242 Experiment 
(within-
subjects) 

Adult (M = 
30 years), 
general 
public, 65% 
female 

Virtual agent with 
polite and amused 
smiles  

Smiling 
behaviour 

Humanlike, 
male or 
female, 
adult, white-
skinned 

Virtual agent 
with no smiling; 
Virtual agent 
with polite 
smiles (only 
smiles when 
delivering a 
greeting); Virtual 
agent with 
amused smiles 
(only smiles 
while delivering 

Interpersonal 
stance 
(Spontaneous, 
stiff, cold, warm, 
boring, 
enjoyable; 6-
items) 

Companionship Immediately 
post 
interaction 

Journal 
paper 

Interpersonal stance 
(smile type): Effect 
size not reported* 

Mean scores 
not reported. In 
comparison to 
no smiling, 
amused, polite, 
and both types 
of smiling 
increased 
perceptions of 
agent warmth. 
No smile 
increased 
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a response to the 
riddle) 

perceptions that 
the agent was 
cold and 
boring. Both 
smiling types 
increased 
perceptions of 
agent warmth 
over polite 
smiles alone.  

Novick & 
Gris (2014) 

20 Pilot study 
(within- and 
between-
subjects) 

Adult, mean 
age not 
reported, 
general 
public, 
gender not 
reported. 

Virtual agent at 
second interaction 
with amplified 
nonverbal 
relational cues 

Repeated 
interaction 

Humanlike, 
female, 
adult, white-
skinned, life 
size  

Virtual agent at 
first interaction 
with baseline 
nonverbal cues; 
Virtual agent at 
second 
interaction with 
baseline 
nonverbal cues 

Rapport (Acosta 
& Ward, 2011; 
12-items) 

µ(VFDSH�IURP�D�
FDVWOH¶�JDPH 

Immediately 
post each 
interaction 
(day one, 
day two) 

Conference 
paper 

No significant effect 
on rapport.  

- 

Novick, Gris, 
Camacho, 
Rayon, & 
Gonzalez 
(2017) 

55 Experiment 
(between-
subjects  

Adult, mean 
age not 
reported, 
general 
public, 
gender not 
reported. 

Virtual agent with 
high gesture 
amplitude 

Gesture 
amplitude 

Humanlike, 
female, 
adult, white-
skinned, life 
size 

Virtual agent 
with low gesture 
amplitude 

Rapport 
(Emotional 
connection, 
mutual 
understanding, 
physical 
connection) 

µ(VFDSH�IURP�D�
castlH¶�JDPH 

Immediately 
post each 
interaction 
(day one, 
day two) 

Conference 
paper 

Rapport (mutual 
understanding): 
Effect size not 
reported* 

(H vs. L): 3.42 
vs. 3.73. SDs 
not reported.  

Partala, 
Surakka, & 
Lahti (2004) 

8 Experiment 
(within-
subjects) 

Young adult 
(19 ± 31 
years, M = 
23.1), 
university 
students, 63% 
female 

Virtual agent with 
personal physical 
proximity level 
(simulated 84cm 
from participant) 
and positive 
language 

Physical 
proximity, 
affective 
language 

Humanlike, 
female, 
adult, white-
skinned 

Virtual agent 
with intimate 
(40cm), social 
(244cm), or 
public (457cm) 
level physical 
proximity, with 
positive, neutral, 
or negative 
messages. 

Intimacy (1-
item); Preferred 
proximity level 
(1-item) 

Companionship Immediately 
post each 
speech 
message 

Conference 
paper 

Intimacy (message 
category): F(2,14) = 
32.4***; (P vs. 
Neu): t(7) = 5.9***, 
(Neg vs. Neu): t(7) 
= 6.5***;  
Preferred proximity 
level: Statistical 
significance not 
reported. 63% of 
participants 
preferred personal 
level proximity, 
37% of participants 
preferred social 
level.  

Mean scores 
not reported. 
Positive and 
negative 
messages were 
rated as more 
intimate than 
neutral 
messages. No 
significant 
difference 
between 
positive and 
negative 
messages in 
intimacy.  

Qiu & 
Benbasat 
(2008) 

168 Experiment 
(within- and 

Adult, mean 
age not 
reported, 

Virtual agent with 
a human voice 

A face, 
humanlike 
voice  

Humanlike, 
gender-
matched to 

Virtual agent 
with an artificial 
text-to-speech 

Social presence; 
Trust; Intent to 
use  

Shopping 
website 

Immediately 
post 
interaction 

Journal 
paper 

Social presence 
(embodiment): 
F(1,162) = 5.871*; 

Social presence 
(only mean 
difference 
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between-
subjects) 

university 
staff/ 
students, 
gender not 
reported 

participant, 
adult, 
ethnicity-
matched to 
participants 

voice or text 
only; No face 
agent with a 
human voice, 
text-to-speech 
voice, or text 
only.  

(voice type): 
F(2,162) = 
11.495**; 
Social presence 
mediated the effect 
of embodiment and 
voice type on trust: 
R2 = 0.154***; 
Trust partially 
mediated the effect 
of social presence 
on usage intentions: 
R2 = 0.547** 

scores 
reported) (TO 
vs. HV): -
0.650**,  
(TTSV vs. 
HV): -
0.893***. No 
other mean 
scores reported. 

Qiu & 
Benbasat 
(2005)  

72 Experiment 
(within- and 
between-
subjects) 

Young adult 
(M = 23 
years), 
university 
staff/students, 
53% female 

Virtual agent with 
an artificial text-
to-speech voice 
plus text 

A face, 
humanlike 
voice 

Humanlike, 
male, adult, 
white-
skinned 

Virtual agent 
with an artificial 
text-to-speech 
voice only or text 
only; No face 
agent with a text-
to-speech voice 
plus text, text-to-
speech voice 
only, or text 
only. 

Social presence 
(7-items); Flow 
(10-items) 

Shopping 
website 

Immediately 
post 
interaction 

Journal 
paper 

Flow (voice type): 
F(2,66) = 3.376*. 
No significant effect 
of an avatar face or 
humanlike voice on 
social presence.  

Mean scores 
not reported. A 
TTS voice 
received 
highest flow 
ratings.  

Ranjbartabar, 
Richards, 
Bilgin, & 
Kutay (2019) 
 

63 Experiment 
(within- and 
between- 
subjects) 

Young adult 
(M = 27 
years), 
university 
students, 62% 
female 

Empathic virtual 
therapist (social 
dialogue, self-
disclosure, 
inclusive 
pronouns, 
empathy for the 
user, greeting, 
farewell rituals, 
sharing 
knowledge) 

Empathic 
language 

Humanlike, 
female, 
adult, dark-
skinned 

Neutral virtual 
therapist 
(absence of 
empathic cues) 

Rapport 
(Character 
interpersonal 
attraction, task 
attraction, social 
attraction, 
credibility, 
believability; 20-
items) 

Counselling Immediately 
post 
interactions 
(first, 
second) 

Journal 
paper 

Rapport: t(61) = 
4.01*** 

(NVT 1st vs. 
EVT 1st) 
Rapport (only 
mean 
difference 
scores 
reported): 3.27 
(-4.66) vs. 1.4 
(-4.35).  

Richards & 
Bransky 
(2014)  

10 Experiment 
(within- and 
between- 
subjects) 

Young adult 
(M = 28.4), 
general 
public, 50% 
female 

A virtual agent 
with complete 
recall of task or 
social information 
provided by the 
user in a previous 
session. 

Memory recall  Humanlike, 
female, 
adult, white-
skinned 

A virtual agent 
with a mix of 
total loss of 
recall, partial 
recall, or 
incorrect recall 
of task or social 
information 
provided by the 

Trust (1-item) Real estate Immediately 
post 
interactions 
(3 
interactions 
on different 
days, at 
least 4 days 
between 

Journal 
paper 

No significant effect 
on trust. 

- 
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user in a 
previous session. 

each 
session) 

Romero, 
Zhao, & 
Cassell 
(2017): 
Experiment 1 

228 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
conference 
attendees, 
gender not 
reported. 

Virtual agent with 
social reasoning 
(self-disclosure, 
acknowledgement, 
praise, question 
elicitation self-
disclosure, 
reference to 
shared 
experiences, 
adhere to social 
norm, violation of 
social norm) 

Social 
reasoning  

No 
description 
reported 

Virtual agent 
without social 
reasoning  

Rapport (1-item) Recommendation 
agent at Annual 
Meeting of the 
Champions 
conference 

Immediately 
post 
interaction 

Conference 
paper 

Rapport: F(2, 156) 
= 4.52** 

(SR v. NSR): 
Rapport: 5.65 
(.40) vs. 3.17 
(.60) 

Shamekhi, 
Liao, Wang, 
Bellamy, & 
Erickson 
(2018) 

40 Experiment 
(between-
subjects) 

Adult, mean 
age not 
reported, 
employees at 
IT company/ 
students, 40% 
female 

Virtual agent with 
a body 

Embodiment Humanlike, 
female, 
young adult, 
white-
skinned 

Virtual agent 
with voice only.   

Rapport (5-
items); Trust (2-
items) 

Group decision-
making 
assistance (hiring 
staff) 

Immediately 
post 
interaction 

Conference 
paper 

Rapport: B = 0.93*; 
Trust: B = 0.80* 

(E vs. VO) 
Rapport: 5.57 
(.62) vs. 4.64 
(1.34);  
Trust: 5.22 
(0.84) vs. 4.42 
(1.07)  

Stevens, 
Pinchbeck, 
Lewis, 
Luerssen, 
Pfitzner, 
Powers, 
Abrahamyan, 
Leung, & 
Gilbert 
(2016): 
Experiment 1 

40 Experiment 
(within- and 
between-
subjects) 

Young adult 
(18 ± 35 
years, M = 
23.33), 
psychology 
students, 
100% female 

Virtual agent with 
mimicry 
behaviour (mimics 
user nod or brow 
raise in 
approximately 
same location in 
sentence) 

Mimicry of 
facial behaviour 
(nod, brow 
raise) 

Humanlike, 
male, older 
adult, white-
skinned 

Virtual agent 
without mimicry 
behaviour  

Engagement (1-
item); Desire to 
interact with 
again (1-item) 

Education Immediately 
post 
interaction 

Journal 
paper 

No significant effect 
on engagement and 
desire to interact 
again. 

- 

Stevens, 
Pinchbeck, 
Lewis, 
Luerssen, 
Pfitzner, 
Powers, 
Abrahamyan, 
Leung, & 
Gilbert 
(2016): 
Experiment 2 

40 Experiment 
(within- and 
between-
subjects) 

Young adult 
(17 - 35 
years, M = 
19.20), 
psychology 
students, 83% 
female 

Virtual agent with 
expressive facial 
gestures (smiling, 
winking, rolling 
eyes) 

Expressive 
facial gestures 

Humanlike, 
male, older 
adult, white-
skinned 

Virtual agent 
without 
expressive facial 
gestures 

Engagement (1-
item)  

Education Immediately 
post 
interaction 

Journal 
paper 

Engagement: effect 
size not reported* 

Mean scores 
not reported. 
An expressive 
face was rated 
as more 
engaging than a 
neutral face 
when telling a 
story about a 
place. No 
significant 
difference 
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when the agent 
was telling a 
story about a 
person.  

Takashima, 
Omori, 
Yoshimoto, 
Itoh, 
Kitamura, & 
Kishino 
(2008): 
Experiment 1 

67 Experiment 
(within- and 
between-
subjects) 

Young adult 
(18 ± 20 
years), 
psychology 
students, 63% 
female 

Virtual agent with 
18 blinks per 
minute 

Blinking 
behaviour 

Humanlike, 
male or 
female, 
adult, tan-
skinned 

Virtual agent 
with 9, 12, 24, or 
36 blinks per 
minute 

Friendliness  No context Immediately 
post 
interaction 

Conference 
paper 

Friendliness: 
F(4,264) = 3.80***; 
Significant 
interaction between 
blink rate and avatar 
gender though 
effect size and p 
value not reported. 

Mean scores 
not reported. 18 
blinks per 
second 
received 
highest 
friendliness 
ratings for 
female avatars, 
and lowest 
friendliness 
ratings for male 
avatars. Low 
blink rates 
were rated low 
in friendliness 
across genders. 

Takashima, 
Omori, 
Yoshimoto, 
Itoh, 
Kitamura, & 
Kishino 
(2008): 
Experiment 2 

69 Experiment 
(within- and 
between-
subjects) 

Young adult, 
mean age not 
reported, 
university 
students, 54% 
female 

Virtual agent with 
18 blinks per 
minute and 
favourable 
appearance 

Blinking 
behaviour, 
favourable 
appearance 

Humanlike, 
male or 
female, 
adult, white-
skinned, 
favourable 
appearance; 
Humanlike, 
male or 
female, 
child, white-
skinned, 
unfavourable 
appearance 

Virtual agent 
with 9, 12, 24, or 
36 blinks per 
minute with or 
without 
favourable 
appearance 

Friendliness No context Immediately 
post 
interaction 

Conference 
paper 

Friendliness: (Blink 
rate) F(4,272) = 
6.04***, 
(Blink rate*avatar 
gender) F(4,272) = 
3.03*. Effects of 
favourable 
appearance not 
reported 

Mean scores 
not reported. 
Blink rates of 
18 and 24 
blinks per 
minute 
received higher 
friendliness 
ratings, 
especially for 
females.  

Pejsa, 
Andrist, 
Gleicher, & 
Mutlu 
(2015): 
Experiment 2 

20 Experiment 
(within-
subjects) 

Young adult 
(19 ± 65 
years, M = 
27.8), general 
public, 50% 
female 

Virtual agent with 
affiliative gaze 
(head turned 
towards the 
participant, gazed 
at map out of a 
corner of the eye) 

Eye gaze 
behaviour 

Humanlike, 
gender 
androgynous, 
adult, white-
skinned 

Virtual agent 
with referential 
gaze (head 
turned towards 
the map, only 
glanced at 
participant); 
virtual agent 
with both 
affiliative and 

Rapport (6-item); 
Trust (2-item); 
Engagement (6-
item) 

Education Immediately 
post 
interaction 

Journal 
paper 

Rapport: 
(R vs. A): F(1,69) = 
13.25***, 
(R vs. B): F(1,69) = 
7.95**; 
Trust:  
(R vs. A): F(1,69) = 
8.63**, 
(R vs. B): F(1,69) = 
5.55*; 

Mean scores 
not reported. 
Referential eye 
gaze received 
lower ratings 
on rapport, 
trust, and 
engagement 
than affiliative 
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referential gaze; 
audio-only agent 
without 
embodiment on 
screen 

Engagement: 
(R vs. A): F(1,69) = 
14.53***,  
(R vs. B): F(1,69) = 
17.16*** 
 

and both types 
of eye gaze. 

Putten, 
Hoffman, 
Klatt, & 
Kramer 
(2011) 

81 Experiment 
(between-
subjects) 

Young adult 
(18 ± 30 
years, M = 
23.19), 
university 
staff/ 
students, 53% 
female 

Virtual agent with 
reciprocal self-
disclosure and 
wordiness 
(provides 
introduction 
statement prior to 
question delivery) 

Reciprocal self-
disclosure, 
wordiness 

Humanlike, 
male, adult, 
white-
skinned 

Virtual agent 
with reciprocal 
self-disclosure 
and taciturn 
language; virtual 
agent without 
self-disclosure 
and wordy or 
taciturn language 

Perception of the 
virtual 
interviewer (37-
items); 
Perception of the 
interaction (3-
items); Degree of 
self-disclosure 
(intimacy of 
information via 
rater coding) 

Companionship Immediately 
post 
interaction 

Conference 
paper 

Positive perception 
(wordiness): 
F(1,81) = 5.19*;  
Pleasant interaction 
(wordiness): 
F(1,80) = 4.08*; 
Degree of self-
disclosure 
(wordiness)(feelings 
disclosure): F(1,81) 
= 7.74**. No 
significant effects 
on demographics, 
sex, or person 
disclosure.  

Positive 
perception 
(wordiness): 
(W vs. T) 0.28 
(0.91) vs. -0.21 
(0.98); 
Pleasant 
interaction 
(wordiness): (w 
vs. T) 2.06 
(0.97) vs. 2.18 
(0.91); 
Degree of self-
disclosure 
(feelings): (W 
vs. T) 4.00 
(0.91) vs. 2.80 
(0.92); 
 

Von der 
Putten, 
Kramer, 
Gratch, & 
Kang (2010) 

83 Experiment 
(between-
subjects) 

Adult (18 ± 
65 years, M = 
37.27), 
general 
public, 51% 
female 

Virtual agent with 
high behavioural 
realism 
(breathing, eye 
blinking, posture 
shifts, back-
channeling head 
nod, 
understanding 
head nod) 

Degree of 
behavioural 
realism  

Humanlike, 
female, 
adult, white-
skinned 

Virtual agent 
with low 
behavioural 
realism (only 
breathing, eye 
blinking, and 
posture shifts) 

Rapport (29-
items; Feelings 
and self-
efficiency, 
rapport and 
connection, 
evaluation of 
listener, attention 
allocation); 
Person 
perception (26-
items); Empathy 
(4-items); Mutual 
understanding (3-
items); Mutual 
awareness (2-
items); Degree of 
self-disclosure 
(word count; 
observer rating) 

Companionship Immediately 
post 
interaction 

Journal 
paper 

Degree of self-
disclosure (word 
count): F(1,83) = 
7.348**;  
No other significant 
effects reported. 

(HBR vs. LBR) 
Person 
perception 
(negative low-
dominance);  
Mutual 
awareness;  
Word count: 
226 (221) vs. 
119 (112);   
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Appendix B: Chapter 5-7 Forms 

Ethics Committee Approval Letter 

Participant Information Sheet 

Participant Consent Form 

Questionnaire 

Relationship Closeness Induction Task 
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Getting close to digital humans 

Participant Information Sheet 

You are invited to take part in a study investigating social closeness with a digital human. A 
digital human is a computer agent similar to an avatar, made by Soul Machines, a New Zealand 
based technology company. To participate in this study, you must be aged 18 years or over 
and speak fluent English.  

This project is run by Kate Loveys, a PhD Candidate in the Department of Psychological 
Medicine at University of Auckland, and supervised by Professor Elizabeth Broadbent from 
the Department of Psychological Medicine at University of Auckland (supervisor) and 
Associate Professor Mark Sagar from the Laboratory for Animate Technologies at University 
of Auckland and Soul Machines (co-supervisor).  

It is important to read this document carefully so that you can make an informed decision 
about whether you would like to participate.  

Purpose of the study: This study aims to investigate whether humans can feel socially close 
to a digital human.  

Eligibility: We are recruiting 100 males and 100 females aged 18 years and over who speak 
fluent English. Approximately 45-minutes is required to complete the study at University of 
�ƵĐŬůĂŶĚ͛Ɛ��ůŝŶŝĐĂů�ZĞƐĞĂƌĐŚ��ĞŶƚƌĞ͘� 

What would happen if you chose to participate? 

If you choose to participate in this research, you will be asked to come to the University of 
Auckland to complete one 45-ŵŝŶƵƚĞ�ƐĞƐƐŝŽŶ�Ăƚ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƵĐŬůĂŶĚ͛Ɛ��ůŝŶŝĐĂů�ZĞƐĞĂƌĐŚ�
Centre. You will be randomized to interact with a digital human who will either show her face 
or not, and speak with a specific vocal tone, as we are interested in how audiovisual cues 
affect the development of social closeness. 

Questionnaires 
During this session, you will be asked to complete two brief questionnaires that together 
collect information about demographics, health, stress, mood, social support, and 
perceptions of the digital human.  
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Physiological Measures 
You will also be asked to wear an Empatica E4 tracker on your wrist, which collects data on 
pulse volume, galvanic skin response (a change in electrical resistance of the skin), and skin 
temperature. These are indicators of physiological stress and relaxation. You will be required 
to wear this device for the entire duration of the session.  

Social Closeness Conversational Task 
You will take part in a task that will help you to get to know a digital human for 15 minutes. 
During this time, your interaction will be video-recorded. Video data will be securely stored 
at University of Auckland, the researcher will sign a confidentiality agreement, and data will 
be labelled with an ID code, not your name. Data will be analyzed in aggregate by computer 
software to count language and behaviour indicative of the success of the interaction. It will 
also be annotated for behaviours. 

Your rights as a participant: Participation in this study is entirely voluntary (your choice). If 
you choose to participate, you can change your mind at any time without giving a reason and 
without any negative consequences. You can withdraw from the study at any time and 
withdraw any data traceable to you until up to 2 weeks after you have finished the study. 
Whether or not you participate in this study will not affect your relationship with the 
researchers. You will be given a copy of this document to keep.  

Compensation: You will receive a $20 Westfield gift voucher at the end of the session as 
compensation for agreeing to participate in this research. You will receive this irrespective of 
whether you withdraw during the study.  

Risks and discomforts: The procedures outlined in this protocol are completely non-invasive 
and have been performed in other research settings.  

Data storage: All data (questionnaires, physiological data, and video recordings) will be 
securely stored in electronic format by the researcher at University of Auckland. A copy of de-
identified data will also be stored at Soul Machines and held in a secure, encrypted server. 
�ŽŶƐĞŶƚ� ĨŽƌŵƐ� ǁŝůů� ďĞ� ƐƚŽƌĞĚ� ŝŶ� Ă� ůŽĐŬĞĚ� ĨŝůŝŶŐ� ĐĂďŝŶĞƚ� ŝŶ� ƚŚĞ� ƌĞƐĞĂƌĐŚĞƌ͛Ɛ� ŽĨĨŝĐĞ� Ăƚ� ƚŚĞ�
University of Auckland, and will be kept for a period of six years. If a third party data processor 
is used for annotation and/or transcription, data will be sent to the third party processor via 
a secure, encrypted channel, held by the third party processor in a secure, encrypted server, 
and deleted following completion of transcription and/or annotation.  

Confidentiality: All personal information will remain strictly confidential and no material that 
could personally identify you will be used in any report on this study. Participant names will 
only appear on the consent form, which will be coded with a participant identification number 
so that your identity is kept confidential on all questionnaire, physiological, and video data 
files. After completion of the study, all confidential data, including computer data files, will 
be kept for a minimum period of six years to allow for publication and re-analysis, after which 
time it will be securely and confidentially disposed of. Research publications and 
presentations from the study will not contain any information that could personally identify 
you. We will publish the results but not the data itself. The purpose the data is collected is to 
investigate the research question, publish results in a journal paper and/or presentation, and 
Soul Machines may use the data to improve emotion detection software.  
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Results: A summary of the results of this study in non-academic language will be sent to you 
if you wish. As it takes some time to analyze the results of studies, it may be more than a year 
after your participation that you receive this information.  

Technology confidentiality: We hope that you will enjoy your participation iŶ�ƚŚĞ�͞'ĞƚƚŝŶŐ�
�ůŽƐĞ�ƚŽ��ŝŐŝƚĂů�,ƵŵĂŶƐ͟�ƐƚƵĚǇ�;ZĞƐĞĂƌĐŚͿ�ďĞŝŶŐ�ĐŽŶĚƵĐƚĞĚ�ďǇ�^ŽƵů�DĂĐŚŝŶĞƐ�>ŝŵŝƚĞĚ͘�tĞ�ĚŽ�
ask that you do not discuss your experiences during the Research with anyone. As this 
ƌĞƐĞĂƌĐŚ�ĨŽƌŵƐ�ƉĂƌƚ�ŽĨ�^ŽƵů�DĂĐŚŝŶĞƐ͛�ǁŽƌůĚ�ůĞĂĚŝŶŐ�ƌĞƐĞĂƌĐŚ�ƉƌŽŐram, we are insisting that 
you do not engage in media interviews or discussion, or blog or make any other form of 
account of your experience, including on your own social media. Accordingly, before you take 
part in the Research, we ask that you sign the acknowledgments related to technology 
confidentiality outlined in the consent form. It is a condition of your participation in the 
Research that you accept the acknowledgments outlined below. If you do not wish to sign the 
acknowledgments, you are free to withdraw from the Research. If you have any questions, 
please email privacy@soulmachines.com. You will be asked to acknowledge and agree to the 
following: 

A. I will not make any video and/or audio recordings or take any photographs of the 
Research or my participation in the Research. 

B. I will not publish any articles (including any video and/or audio content) or make or 
authorize any public comments relating to or referring to the Research or my 
participation in the Research. 

C. I do not work for or contribute to any media organization. 

D. I have had the opportunity to ask questions and have them answered to my 
satisfaction. 

We appreciate the time you have taken to read this information. If you have any questions 
please contact: 

Kate Loveys 
PhD Candidate, Department of Psychological Medicine, 
The University of Auckland 
Private Bag 92019, Auckland 1142 
Email: k.loveys@auckland.ac.nz | Phone: +64 9 923 4340 Ext. 84340 
 
Alternative contacts: 
Associate Professor Elizabeth Broadbent, Department of Psychological Medicine, 
The University of Auckland 
Private Bag 92019, Auckland 1142 
Email: e.broadbent@auckland.ac.nz  
Phone: (09) 3737599 Ext. 86756 

 
Associate Professor Mark Sagar, 
Soul Machines 
106 Customs Street West 
Auckland 1010 
Email: mark@soulmachines.co.nz  

mailto:privacy@soulmachines.com
mailto:k.loveys@auckland.ac.nz
mailto:e.broadbent@auckland.ac.nz
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Head of Department: 
Professor Sally Merry, Department of Psychological Medicine,  
The University of Auckland 
Email: s.merry@auckland.ac.nz 
Phone: (09) 923 6981 

 
For any concerns regarding ethical issues you may contact: 
The Chair, 
The University of Auckland Human Participants Ethics Committee, 
The University of Auckland, 
Research Office, 
Private Bag 92019, 
Auckland 1142. 
Telephone 09 373-7599 ext. 83711. 
Email: ro-ethics@auckland.ac.nz  

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 
COMMITTEE ON 01/11/2018 FOR 3 YEARS. Reference Number 022191. 

 

 

  

mailto:s.merry@auckland.ac.nz
mailto:ro-ethics@auckland.ac.nz
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Getting close to digital humans 
 

Participant Consent Form 
This form will be kept for 6 years in accordance to university policy 

Who will be running this research? 
Soul Machines Limited, a New Zealand company, in conjunction with the University of 
�ƵĐŬůĂŶĚ͘� ^ŽƵů� DĂĐŚŝŶĞƐ� ŚĂǀĞ� ďƵŝůƚ� Ă� ͞sŝƌƚƵĂů� EĞƌǀŽƵƐ� ^ǇƐƚĞŵ� ĂŶĚ� �ŵďŽĚŝĞĚ� �ŽŐŶŝƚŝǀĞ�
/ŶƚĞƌĨĂĐĞ͟�ǁŚŝĐŚ�ǁĞ�ĐĂůů�Ă�ĚŝŐŝƚĂů�ŚƵŵĂŶ͘�dŚĞ�ůĞĂĚĞƌƐ�ŽĨ�ƚŚŝƐ�ƌĞƐĞĂƌĐŚ�ĂƌĞ�WƌŽfessor Elizabeth 
Broadbent (supervisor), Associate Professor Mark Sagar (co-supervisor), and Kate Loveys (PhD 
Candidate).  
 
The session process: 
My participation in this study is voluntary and I understand it will take me approximately 45 
minutes. I am aged 18 years or over. I understand I will participate in a social closeness 
conversational task with a digital human. During this time, I will wear a tracker on my wrist to 
record my heart rate, temperature, and galvanic skin response. I will complete two 
questionnaires, which will include questions about my mood, stress level, social support, 
health, and demographics. During the interaction, my responses will be video-recorded. 
 
I have read and understood the Participant Information Sheet, I have understood the nature 
of the research, and I know why I have been selected. I have had an opportunity to ask 
questions and I have had them answered to my satisfaction. 
 

x I agree to take part in this research. 
x I understand that taking part in this research is voluntary (my choice). 
x I understand that participation will take approximately 45 minutes. 
x I understand that I will be video recorded during the social closeness conversational 

task. My video data will be labelled with an ID code, not my name. Video recordings 
transcribed by the researcher will be kept completely confidential.  

x I understand that my data will be de-identified and securely stored at University of 
Auckland for a period of 6 years after which they will be destroyed. A copy of de-
identified data will also be stored at Soul Machines and held in a secure, encrypted 
server.  
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x If a third party data processor is used for annotation and/or transcription, data will be 
sent to the third party processor via a secure, encrypted channel, held by the third 
party processor in a secure, encrypted server, and deleted following completion of 
transcription and/or annotation.  

x I understand that I am able to withdraw from the study at any time without giving a 
reason. I can withdraw any data traceable to me up to 2 weeks after completing the 
study, in which case the data will be securely destroyed.  

x I understand that the overall results may be published in a scientific journal but will 
not include any information that could identify me.  

x I agree to the terms related to technology confidentiality. Specifically, I acknowledge 
and agree that I will not make any video and/or audio recordings or take any 
photographs of the research or my participation in the research. I will not publish any 
articles (including any video and/or audio content) or make or authorize any public 
comments relating to or referring to the research or my participation in the research. 
I do not work for or contribute to any media organization. 

x I am not aware of any reason why I should not participate in this research.  
x I am aware that as a result of taking part in this study, I will be given a $20 Westfield 

gift voucher as compensation. 
x  
x  

EĂŵĞ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͗ 
 
^ŝŐŶĂƚƵƌĞ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͗͘͘͘͘��ĂƚĞ͙͙͙͙͙͙͙͙͙͙͗͘ 
 
I wish to receive a copy of the results of this research Yes / No 
 
Please provide an email address if you wish to receive a summary of the results:  
 
__________________________________________________________________ 
 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE 
ON 01/11/2018 FOR THREE YEARS. Reference Number 022191. 
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Getting close to digital humans 
 

Baseline Questionnaire 
 

 
This questionnaire is designed to gather information on your 

demographics, feelings, and mood. 
 

All of the information you provide is confidential to the researchers and 
will only be used for the purposes of this study. 

 
For all questions, there are no right or wrong answers. An answer is 

correct if it is true for you. Please choose the response that best 
corresponds to your experience. 

 
Thank you for your participation in this study. 
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Section One: Demographics Questionnaire 
 

This first section will ask about your demographic characteristics. Please answer the 
following questions by providing the answers that best correspond to you.   

 
1. Age: _____ 

 
2. Gender (circle one):  Male / Female / Diverse / Prefer not to divulge 

 
3. Ethnicity (tick all that apply): 

O New Zealand European 
O Maori 
O Pacific Islander 
O Asian* 
O Other* 

 
*Please specify: ___________________________________ 
 

4. Education level (tick one): 
O High school or less 
O Some undergraduate or trade school 
O Undergraduate degree (e.g. BA, BSc) 
O Postgraduate degree (e.g. MSc, PhD)  

 
5. Occupation (tick that which applies): 

O University student 
O University academic staff 
O University administrative staff 
O Other* 

 
*Please specify: ____________________________________ 
 

6. Marital status (tick one): 
O Single 
O Relationship  
O Married/ living with partner 
O Separated/ divorced/ widowed 
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Appendix C: Chapter 8 Forms 

Ethics Committee Approval Letter 

Participant Information Sheet 

Participant Consent Form 

Questionnaire 

Adapted Friendship Scale 

Qualitative Theme Definitions Table 

Module Visit Behaviour Table 
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A Digital Human for Kindness and Stress Information During the COVID-19 Pandemic: A 
Feasibility Study 

 
Participant Information Sheet 

 
You are invited to take part in a study looking at the feasibility of a digital human for delivering 
kindness and stress information during the COVID-19 pandemic. The digital human in this 
study is made by Soul Machines Ltd, a New Zealand based technology company. A digital 
human is a computer-based animation of a human that has artificial intelligence. To 
participate in this study, you must speak fluent English and either be an adult aged 70 years 
or older, or an adult aged 18 years or older with an underlying medical condition that 
increases risk of severe illness should COVID-19 be contracted.   
 
This project is run by Kate Loveys, a PhD Candidate in the Department of Psychological 
Medicine at University of Auckland, and supervised by Professor Elizabeth Broadbent from 
the Department of Psychological Medicine at the University of Auckland, and Associate 
Professor Mark Sagar from the Laboratory for Animate Technologies at the University of 
Auckland. Mark Sagar is the CEO of Soul Machines Ltd (an artificial intelligence company), 
which supports Kate Loveys with a PhD stipend and contracts Elizabeth Broadbent for 
consultancy work.  
 
It is important to read this document carefully so that you can make an informed decision 
about whether you would like to participate.  
 
Purpose of the study: This study aims to evaluate the feasibility of a digital human for 
delivering kindness and stress information during the COVID-19 pandemic.   
 
Eligibility: We are recruiting at least 30 adults aged 70 years or older, or aged 18 years or 
older with at least one of the following underlying medical conditions: A serious respiratory 
disease (such as chronic lung disease or moderate to severe asthma), a serious heart 
condition, an immunocompromised condition (such as undergoing cancer treatment, 
smoking-related illness, bone marrow or organ transplantation, haematologic neoplasms, 
immune deficiency, uncontrolled HIV or AIDs, prolonged use of corticosteroids and/or other 
immune weakening medications such as disease-modifying anti-rheumatic drugs), a BMI of 
40 or higher, diabetes, chronic kidney disease, undergoing dialysis, liver disease, and/or a 
pregnancy at the third trimester stage. Participants must have English fluency and, if aged 70 
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years or older, must receive a score of 25 or higher on the mini mental state examination 
prior to enrolment.  
 
What would happen if you chose to participate? 
If you choose to participate in this research, we will first ask you to complete a 10-minute 
online questionnaire about your demographic characteristics and health status. You will then 
be required to interact with a digital human online for at least 15-minutes daily over a one-
week period. At the end of the week, we will ask you to complete a second online 
questionnaire that should take about 20 minutes. This questionnaire will ask you to evaluate 
the digital human and report on how you are feeling.  
 
Digital Human 
As part of this study, you will be asked to interact with a digital human on a daily basis for one 
week. During week, you will be required to participate in the kindness module module and 
the stress module, and then you will have the choice to complete other activities with the 
digital human. Some modules provide psychoeducation or activities pertaining to promoting 
mental health and social well-being. Some of the other activities you can engage in with the 
digital human include finding out information about COVID-19, New Zealand history, 
business, or remote work.  
 
Your rights as a participant: Participation in this study is entirely voluntary (your choice). If 
you choose to participate, you can change your mind at any time without giving a reason and 
without any negative consequences. You can withdraw from the study at any time and 
withdraw any data traceable to you until up to 2 weeks after you have finished the study. You 
will be given a copy of this document to keep.  
 
Compensation: You will receive a $30 shopping voucher at the end of the study as 
compensation for agreeing to participate in this research. You will receive this irrespective of 
whether you withdraw during the study.  
 
If you were injured as a result of this study, you would be eligible to apply for compensation 
from ACC just as you would be if you were injured in an accident at work or home. This does 
not mean that your claim will automatically be accepted. You will have to lodge a claim with 
ACC, which may take some time to assess. If your claim is accepted, you will receive funding 
to assist in your recovery. If you have private health or life insurance, you may wish to check 
ǁŝƚŚ� ǇŽƵƌ� ŝŶƐƵƌĞƌ� ƚŚĂƚ� ƚĂŬŝŶŐ� ƉĂƌƚ� ŝŶ� ƚŚŝƐ� ƐƚƵĚǇ� ǁŽŶ͛ƚ� ĂĨĨĞĐƚ� ǇŽƵƌ� ĐŽǀĞƌ͘� /Ĩ� ǇŽƵ� ƌĞƉŽƌƚ�
experiencing extreme loneliness or stress at the end of the study, the researchers will provide 
you with information on further mental health support for you to access which includes 
helplines.   
 
Risks and discomforts: The procedures outlined in this protocol are completely non-invasive 
and have been performed in other research settings.  
 
Data storage: All data will be securely stored in electronic format by the researcher at the 
University of Auckland. A copy of de-identified summary data will also be stored at Soul 
Machines and held in a secure, encrypted server. Consent forms will be stored in a locked 
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ĨŝůŝŶŐ�ĐĂďŝŶĞƚ� ŝŶ�ƚŚĞ�ƌĞƐĞĂƌĐŚĞƌ͛Ɛ�ŽĨĨŝĐĞ�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƵĐŬůĂŶĚ�ĂŶĚ�ǁŝůů�ďĞ�ŬĞƉƚ�ĨŽƌ�Ă�
period of six years. All data will be destroyed after a period of six years.  
 
Confidentiality: All personal information will remain strictly confidential and no material that 
could personally identify you will be used in any report on this study. Your name will only 
appear on the consent form, which will be coded with an identification number so that your 
identity is kept confidential on all data files. After completion of the study, all confidential 
data, including computer data files, will be kept for six years to allow for publication and re-
analysis, after which time it will be securely and confidentially disposed of. Research 
publications and presentations from the study will not contain any information that could 
personally identify you. We will publish the results but not the data itself. The purpose the 
data are collected is to investigate the research question, publish results in a journal paper 
and/or presentation, and improve the digital human software. During the interactions, the 
digital human will continuously collect speech and video data in order to communicate with 
you, however this data is not recorded or saved and will not be analysed by the researchers 
Žƌ�^ŽƵů�DĂĐŚŝŶĞƐ�>ƚĚ͘�dŚĞ�ĚŝŐŝƚĂů�ŚƵŵĂŶ͛Ɛ�ĚĂƚĂ�ĐŽůůĞĐƚŝŽŶ�ĂŶĚ�ƵƐĞ�ƉƌŽĐĞƐƐ�ŝƐ�ŝŶ�ŬĞĞƉŝŶŐ�ǁŝƚŚ�
the General Data Protection Regulation (GDPR).  
 
Results: A summary of the results of this study in non-academic language will be sent to you 
if you wish. As it takes some time to analyze the results of studies, it may be more than a year 
after your participation that you receive this information.  
 
Technology confidentiality: We hope that you ǁŝůů�ĞŶũŽǇ�ǇŽƵƌ�ƉĂƌƚŝĐŝƉĂƚŝŽŶ�ŝŶ�ƚŚĞ�͞���ŝŐŝƚĂů�
Human for Kindness and Stress Information During the COVID-19 Pandemic: A Feasibility 
^ƚƵĚǇ͟�;ZĞƐĞĂƌĐŚͿ�ďĞŝŶŐ�ĐŽŶĚƵĐƚĞĚ�ďǇ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�ŽĨ��ƵĐŬůĂŶĚ�ĂŶĚ�^ŽƵů�DĂĐŚŝŶĞƐ�>ŝŵŝƚĞĚ͘�
We do ask that you do not discuss your experiences during the Research with anyone. As this 
ƌĞƐĞĂƌĐŚ�ĨŽƌŵƐ�ƉĂƌƚ�ŽĨ�^ŽƵů�DĂĐŚŝŶĞƐ͛�ǁŽƌůĚ�ůĞĂĚŝŶŐ�ƌĞƐĞĂƌĐŚ�ƉƌŽŐƌĂŵ͕�ǁĞ�ĂƌĞ�ŝŶƐŝƐƚŝŶŐ�ƚŚĂƚ�
you do not engage in media interviews or discussion, or blog or make any other form of 
account of your experience, including on your own social media. Accordingly, before you take 
part in the Research, we ask that you sign the acknowledgments related to technology 
confidentiality outlined in the consent form. It is a condition of your participation in the 
Research that you accept the acknowledgments outlined below. If you do not wish to sign the 
acknowledgments, you are free to withdraw from the Research. If you have any questions, 
please email privacy@soulmachines.com. You will be asked to acknowledge and agree to the 
following: 
 

a. I will not make any video and/or audio recordings or take any photographs of the 
Research or my participation in the Research. 

b. I will not publish any articles (including any video and/or audio content) or make or 
authorize any public comments relating to or referring to the Research or my 
participation in the Research. 

c. I do not work for or contribute to any media organization. 
d. I have had the opportunity to ask questions and have them answered to my 

satisfaction. 
 
We appreciate the time you have taken to read this information. If you have any questions 
please contact: 

mailto:privacy@soulmachines.com
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Kate Loveys 
PhD Candidate 
Department of Psychological Medicine 
The University of Auckland 
Private Bag 92019, Auckland 1142 
Email: k.loveys@auckland.ac.nz  
 
Alternative contacts: 
Professor Elizabeth Broadbent     
Department of Psychological Medicine    
The University of Auckland      
Private Bag 92019, Auckland 1142     
Email: e.broadbent@auckland.ac.nz       
 
Associate Professor Mark Sagar 
Auckland Bioengineering Institute and Soul Machines Ltd 
106 Customs Street West 
Auckland 1010 
Email: m.sagar@auckland.ac.nz 
 
Acting Head of Department: 
Associate Professor Phillipa Malpas 
Department of Psychological Medicine  
The University of Auckland 
Email: p.malpas@auckland.ac.nz   
Telephone: (09) 923 3775 
 
For any concerns regarding ethical issues you may contact: 
The Chair 
The University of Auckland Human Participants Ethics Committee 
The University of Auckland 
Research Office 
Private Bag 92019, Auckland 1142 
Email: humanethics@auckland.ac.nz  
Telephone: (09) 373 7599 ext. 83711 
 
 
 

Approved by the University of Auckland Human Participants Ethics Committee on 
06/07/2020 for 3 years. Reference no. 024752. 

 

 

  

mailto:k.loveys@auckland.ac.nz
mailto:e.broadbent@auckland.ac.nz
mailto:m.sagar@auckland.ac.nz
mailto:p.malpas@auckland.ac.nz
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A Digital Human for Kindness and Stress Information During the COVID-19 Pandemic: A 
Feasibility Study 

 
Participant Consent Form 

This form will be kept for 6 years in accordance with university policy 
 
 
Who will be running this research? 
The University of Auckland in conjunction with Soul Machines Limited, a New Zealand artificial 
ŝŶƚĞůůŝŐĞŶĐĞ� ĐŽŵƉĂŶǇ͘� ^ŽƵů�DĂĐŚŝŶĞƐ�ŚĂǀĞ�ďƵŝůƚ� Ă� ͞sŝƌƚƵĂů�EĞƌǀŽƵƐ� ^ǇƐƚĞŵ�ĂŶĚ��ŵďŽĚŝĞĚ�
�ŽŐŶŝƚŝǀĞ�/ŶƚĞƌĨĂĐĞ͟�ǁŚŝĐŚ�ǁĞ�ĐĂůů�Ă�ĚŝŐŝƚĂů�ŚƵŵĂŶ͘�/Ŷ�ƚŚŝƐ�ƐƚƵĚǇ͕�Ă�ĚŝŐŝƚĂl human will deliver 
kindness and stress information. The leaders of this research are Professor Elizabeth 
Broadbent (supervisor), Associate Professor Mark Sagar (co-supervisor), and Kate Loveys (PhD 
Candidate).  
 
I have read and understood the Participant Information Sheet, I have understood the nature 
of the research, and I know why I have been selected. I have had an opportunity to ask 
questions and I have had them answered to my satisfaction. 
 

x I agree to take part in this research. 
x I understand that taking part in this research is voluntary (my choice). 
x I understand that participation involves interacting with a digital human for at least 15 

minutes daily for one week (a minimum of 1 hour 45 minutes total over one week). I 
will also be required to complete two online questionnaires that will take 
approximately 30 minutes total.  

x I understand that my data will be de-identified and securely stored at the University 
of Auckland for a period of 6 years after which they will be destroyed. A copy of de-
identified summary data will also be stored at Soul Machines and held in a secure, 
encrypted server.  

x I understand that I am able to withdraw from the study at any time without giving a 
reason. I can withdraw any data traceable to me up to 2 weeks after completing the 
study, in which case the data will be securely destroyed.  

x I understand that the overall results may be published in a scientific journal but will 
not include any information that could identify me.  
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x I understand that during the interactions, the digital human will continuously collect 
speech and video data in order to communicate with me, however this data will not 
be recorded or saved, and will not be analysed by the researchers or Soul Machines 
Ltd.  

x I agree to the terms related to technology confidentiality. Specifically, I acknowledge 
and agree that I will not make any video and/or audio recordings or take any 
photographs of the research or my participation in the research. I will not publish any 
articles (including any video and/or audio content) or make or authorize any public 
comments relating to or referring to the research or my participation in the research. 
I do not work for or contribute to any media organization. 

x I am not aware of any reason why I should not participate in this research.  
x I am aware that as a result of taking part in this study, I will be given a $30 shopping 

voucher as compensation. 
 
EĂŵĞ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͗ 
 
^ŝŐŶĂƚƵƌĞ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͗͘͘͘͘��ĂƚĞ͙͙͙͙͙͙͙͙͙͙͗͘ 
 
DŽďŝůĞ�ŶƵŵďĞƌ͗�͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙ 
 
I wish to receive a copy of the results of this research (circle one): Yes / No 
 
Please provide an email address if you wish to receive a summary of the results:  
 
͙͙͙͙͙͙͙͙͙͙͙͙͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 
 
 

Approved by the University of Auckland Human Participants Ethics Committee on 
06/07/2020 for three years. Reference no. 024752. 
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A Digital Human for Kindness and Stress Information 
During the COVID-19 Pandemic: A Feasibility Study 

 
Baseline Questionnaire 

 
This questionnaire is designed to gather information on your 

demographics and how you have been feeling.  
 

All of the information you provide is confidential to the researchers and 
will only be used for the purposes of this study.  

 
For all questions, there are no right or wrong answers. An answer is 
correct if it is true for you. Please choose the response that best 

corresponds to your experience.  
 

Thank you for your participation in this study. 
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Section One: Demographic Information 
 
This section will ask about your demographic characteristics. Please answer the 
following questions by providing the answers that best correspond to you. 
 
1. Age: ______ 

 
2. Ethnicity (tick all that apply): 

O European 
O Maori 
O Pacific Peoples 
O Asian 
O Middle Eastern/ Latin American/ African 
O Other ethnicity* 

 
*Please specify:________________________________________ 
 
3. Education level (tick one): 

O High school or less 
O Trade qualification 
O Undergraduate degree (e.g. BA, BSc) 
O Postgraduate degree (e.g. MSc, PhD) 

 
4. Marital status (tick one): 

O Single 
O Relationship 
O Married/ living with partner 
O Separated/ divorced 
O Widowed 

 
5. Work status (tick one): 

O Full-time 
O Part-time 
O Retired 
O Beneficiary 
O Unemployed 

 
Section Two: Mental Health Status 
 
1. Please list any mental health diagnoses you currently have: 
___________________________________________________________________ 
Section Three: COVID-19 Risk 
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This section will ask some questions about your risk of developing a severe illness 
should you contract COVID-19. Please answer the following questions to indicate 
what is true for you. 
 
1. Do you have any of the following medical conditions? (Please tick all that apply) 
 

O A serious respiratory disease (such as chronic lung disease, moderate to 
severe asthma) 

O A serious heart condition 
O An immunocompromised condition (if yes, please tick those that apply): 
O Cancer treatment 
O Smoking-related illness 
O Bone marrow or organ transplantation 
O Haematologic neoplasms 
O Immune deficiency 
O Uncontrolled HIV or AIDs 
O Prolonged use of corticosteroids and/or other immune weakening medications 

such as disease-modifying anti-rheumatic drugs 
O A BMI of 40 or higher 
O Diabetes 
O Chronic kidney disease 
O Undergoing dialysis 
O Liver disease 

 
2. Are you a resident of an aged care facility?  Yes / No 
 
3. Are you a pregnant woman in her third trimester? Yes / No 
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Section Five: Experiences of the Pandemic 
 
Now we are going to ask you about your experiences of the pandemic.  
 
Please read the following statements carefully and then select the one which best 
describes how you have felt over the past two weeks.  
 

O I do not worry about getting COVID-19. 
O I occasionally worry about getting COVID-19. 
O I spend much of my time worrying about getting COVID-19. 
O I spend most of my time worrying about getting COVID-19. 
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Qualitative theme definitions 
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Appendix D: Chapter 9 Forms 

Ethics Committee Approval Letter 

Participant Information Sheet 

Participant Consent Form 

Questionnaire 

Qualitative Theme Definitions 
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Delivery Techniques for Cognitive-Behavioural Stress Management: A Feasibility Study 
 

Participant Information Sheet 
 
You are invited to take part in a study comparing different ways to deliver Cognitive-
Behavioural Stress Management. The delivery methods being compared in this study include 
an electronic self-help book, a human therapist via video call, and a digital human. A digital 
human is a computer-based animation of a human that has artificial intelligence. The digital 
human in this study is made by Soul Machines Ltd, a New Zealand based technology company. 
To participate in this study, you must be a female aged 30 years or over, speak fluent English, 
and self-identify as going through a period of stress at the moment.  
 
This project is run by Kate Loveys, a PhD Candidate in the Department of Psychological 
Medicine at University of Auckland, and supervised by Professor Elizabeth Broadbent from 
the Department of Psychological Medicine at the University of Auckland, and Associate 
Professor Mark Sagar from the Laboratory for Animate Technologies at the University of 
Auckland. Co-Investigators are Professor Michael Antoni from the Center for Psycho-
Oncology Research at the University of Miami and Dr. Liesje Donkin from the Department of 
Psychological Medicine at the University of Auckland. Mark Sagar is the CEO of Soul Machines 
Ltd (an artificial intelligence company), which supports Kate Loveys with a PhD stipend and 
contracts Elizabeth Broadbent for consultancy work.  
 
It is important to read this document carefully so that you can make an informed decision 
about whether you would like to participate.  
 
Purpose of the study: This study aims to evaluate the feasibility of Cognitive-Behavioural 
Stress Management therapy delivered by an electronic self-help book, a digital human, and a 
human therapist over video call.   
 
Eligibility: We are recruiting 36 females aged 30 years and over who speak fluent English and 
self-identify as feeling stressed.  
 
What would happen if you chose to participate? 
If you choose to participate in this research, you will be asked to complete an online 
ƋƵĞƐƚŝŽŶŶĂŝƌĞ� ĂŶĚ� ƚŚĞŶ� ĂƚƚĞŶĚ� Ă� ŽŶĞ� ŚŽƵƌ� ϰϱ�ŵŝŶƵƚĞ� ƐĞƐƐŝŽŶ� Ăƚ� hŶŝǀĞƌƐŝƚǇ� ŽĨ� �ƵĐŬůĂŶĚ͛Ɛ�
Clinical Research Centre in Grafton. You will be randomly assigned to complete one session 
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of Cognitive-Behavioural Stress Management therapy with an electronic self-help book, a 
digital human, or a human therapist over video call. The face-to-face session will involve 
participating in one therapy session for up to 90 minutes, plus completing a questionnaire for 
fifteen minutes. The therapy session involves learning about stress awareness and a deep 
breathing exercise. In the two weeks after your face-to-face session, you will be required to 
do some homework exercises, a brief daily stress assessment (one question daily online), and 
one follow-up questionnaire online. These should take a total of one hour to complete over 
the two weeks.  
 
Questionnaires 
Prior to your therapy session, you will be required to complete an online questionnaire that 
collects information about your demographic characteristics, mental health, stress, and stress 
management skills.  
 
At the end of the therapy session, you will be asked to fill out a second questionnaire that 
looks at stress, stress management skills, and your opinions on the therapy session. If you 
interacted with a therapist (digital or human), you will be asked your opinions about them.  
 
During the two weeks after your therapy session, you will be contacted daily over email to fill 
out a stress questionnaire (one question) that should take one minute each day to complete. 
 
Two weeks after your therapy session, you will be contacted over email to complete one ten-
minute follow-up questionnaire that will ask about stress, stress management skills, and your 
opinions on the homework exercises.    
 
Physiological Measures 
You will be asked to wear a sensor device on your wrist during the therapy session which will 
collect data on physiological indicators of stress, including: heart rate, skin temperature, and 
electrodermal activity (changes in electrical resistance of the skin). You will be required to 
wear this device for the entire duration of the session.  
 
Cognitive-Behavioural Stress Management (CBSM) 
You will take part in one module of Cognitive-Behavioural Stress Management therapy. 
Cognitive-Behavioural Stress Management (CBSM) is typically a 10-week stress management 
programme that involves cognitive, behavioural, and interpersonal skills training. CBSM has 
been shown to be effective for improving stress, stress management skills, mood, quality of 
life, and immune function in adult women. Research has found CBSM to be effective when 
delivered by technology. The therapy session you will complete as part of this study will 
involve learning about and practicing two stress management skills: stress awareness and 
deep breathing relaxation.   
 
Audiovisual Data 
During the therapy session, your interaction will be audio-recorded for the purpose of 
recording any technical errors from either of the three technologies used in this study. Audio 
data will be de-identified and labelled with an ID code, not your name. All data will be kept 
confidential to the researchers, who will sign a confidentiality agreement. If you interact with 
a human therapist over video call or a digital human as part of this study, audiovisual data will 
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be collected by either the videoconferencing or digital human software to allow for 
communication. However, this data will not be stored nor analysed in any way.   
 
Your rights as a participant: Participation in this study is entirely voluntary (your choice). If 
you choose to participate, you can change your mind at any time without giving a reason and 
without any negative consequences. You can withdraw from the study at any time and 
withdraw any data traceable to you until up to 2 weeks after you have finished the study. 
Whether or not you participate in this study will not affect your relationship with the 
researchers. You will be given a copy of this document to keep.  
 
Compensation: You will receive a $30 Westfield gift voucher at the end of the session as 
compensation for agreeing to participate in this research. You will receive this irrespective of 
whether you withdraw during the study.  
 
If you were injured as a result of this study, you would be eligible to apply for compensation 
from ACC just as you would be if you were injured in an accident at work or home. This does 
not mean that your claim will automatically be accepted. You will have to lodge a claim with 
ACC, which may take some time to assess. If your claim is accepted, you will receive funding 
to assist in your recovery. If you have private health or life insurance, you may wish to check 
ǁŝƚŚ�ǇŽƵƌ�ŝŶƐƵƌĞƌ�ƚŚĂƚ�ƚĂŬŝŶŐ�ƉĂƌƚ�ŝŶ�ƚŚŝƐ�ƐƚƵĚǇ�ǁŽŶ͛ƚ�ĂĨĨĞĐƚ�ǇŽƵƌ�ĐŽǀĞƌ͘� 
 
Risks and discomforts: The procedures outlined in this protocol are completely non-invasive 
and have been performed in other research settings.  
 
After your therapy session, a psychologist will check for reports of extreme distress or suicidal 
ideation. If this is detected during your therapy session, you will be contacted by the 
psychologist as soon as possible with recommendations for further care (e.g., hotlines, your 
GP doctor).  
 
Data storage: All data (questionnaires, physiological, and audio data) will be securely stored 
in electronic format by the researcher at the University of Auckland. A copy of de-identified 
summary data will also be stored at Soul Machines and held in a secure, encrypted server. 
Consent forms will be stored in a locked filing cabinet in the researcheƌ͛Ɛ� ŽĨĨŝĐĞ� Ăƚ� ƚŚĞ�
University of Auckland and will be kept for a period of six years. All data will be destroyed 
after a period of six years. If a third-party data processor is used for annotation and/or 
transcription, data will be sent to the third-party processor via a secure, encrypted channel, 
held by the third-party processor in a secure, encrypted server, and deleted following 
completion of transcription and/or annotation.  
 
Confidentiality: All personal information will remain strictly confidential and no material that 
could personally identify you will be used in any report on this study. Your name will only 
appear on the consent form, which will be coded with an identification number so that your 
identity is kept confidential on all questionnaire, audio, and physiological data files. After 
completion of the study, all confidential data, including computer data files, will be kept for 
six years to allow for publication and re-analysis, after which time it will be securely and 
confidentially disposed of. Research publications and presentations from the study will not 
contain any information that could personally identify you. We will publish the results but not 
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the data itself. The purpose the data is collected is to investigate the research question, 
publish results in a journal paper and/or presentation, and improve the digital human 
therapist software.  
 
Results: A summary of the results of this study in non-academic language will be sent to you 
if you wish. As it takes some time to analyze the results of studies, it may be more than a year 
after your participation that you receive this information.  
 
Technology confidentiality: tĞ�ŚŽƉĞ�ƚŚĂƚ�ǇŽƵ�ǁŝůů�ĞŶũŽǇ�ǇŽƵƌ�ƉĂƌƚŝĐŝƉĂƚŝŽŶ�ŝŶ�ƚŚĞ�͞�ĞůŝǀĞƌǇ�
Techniques for Cognitive-�ĞŚĂǀŝŽƵƌĂů� ^ƚƌĞƐƐ�DĂŶĂŐĞŵĞŶƚ͗� �� &ĞĂƐŝďŝůŝƚǇ� ^ƚƵĚǇ͟� ;ZĞƐĞĂƌĐŚͿ�
being conducted by the University of Auckland, the University of Miami, and Soul Machines 
Limited. We do ask that you do not discuss your experiences during the Research with anyone. 
�Ɛ�ƚŚŝƐ�ƌĞƐĞĂƌĐŚ�ĨŽƌŵƐ�ƉĂƌƚ�ŽĨ�^ŽƵů�DĂĐŚŝŶĞƐ͛�ƌĞƐĞĂƌĐŚ�ƉƌŽŐƌĂŵ͕�ǁĞ�ĂƌĞ�ŝŶƐŝƐƚŝŶŐ�ƚŚĂƚ�ǇŽƵ�ĚŽ�
not engage in media interviews or discussion, or blog or make any other form of account of 
your experience, including on your own social media. Accordingly, before you take part in the 
Research, we ask that you sign the acknowledgments related to technology confidentiality 
outlined in the consent form. It is a condition of your participation in the Research that you 
accept the acknowledgments outlined below. If you do not wish to sign the 
acknowledgments, you are free to withdraw from the Research. If you have any questions, 
please email privacy@soulmachines.com. You will be asked to acknowledge and agree to the 
following: 
 

a. I will not make any video and/or audio recordings or take any photographs of the 
Research or my participation in the Research. 

b. I will not publish any articles (including any video and/or audio content) or make or 
authorize any public comments relating to or referring to the Research or my 
participation in the Research. 

c. I do not work for or contribute to any media organization. 
d. I have had the opportunity to ask questions and have them answered to my 

satisfaction. 
 
We appreciate the time you have taken to read this information. If you have any questions 
please contact: 
 
Kate Loveys 
PhD Candidate 
Department of Psychological Medicine 
The University of Auckland 
Private Bag 92019, Auckland 1142 
Email: k.loveys@auckland.ac.nz  
 
Alternative contacts: 
Professor Elizabeth Broadbent     
Department of Psychological Medicine    
The University of Auckland      
Private Bag 92019, Auckland 1142     
Email: e.broadbent@auckland.ac.nz       

mailto:privacy@soulmachines.com
mailto:k.loveys@auckland.ac.nz
mailto:e.broadbent@auckland.ac.nz
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Associate Professor Mark Sagar 
Auckland Bioengineering Institute and Soul Machines Ltd 
106 Customs Street West 
Auckland, 1010 
Email: m.sagar@auckland.ac.nz 
 
Professor Michael Antoni      
Center for Psycho-Oncology Research    
The University of Miami      
Miami FL, United States 33136     
Email: mantoni@miami.edu        
 
Dr. Liesje Donkin 
Department of Psychological Medicine 
The University of Auckland 
Private Bag 92019, Auckland 1142 
Email: l.donkin@auckland.ac.nz 
 
Acting Head of Department: 
Associate Professor Phillipa Malpas 
Department of Psychological Medicine  
The University of Auckland 
Email: p.malpas@auckland.ac.nz  | Telephone: (09) 923 3775 
 
For any concerns regarding ethical issues you may contact: 
The Chair 
The University of Auckland Human Participants Ethics Committee 
The University of Auckland 
Research Office 
Private Bag 92019, Auckland 1142 
Email: humanethics@auckland.ac.nz | Telephone: (09) 373 7599 ext. 83711 
 
 
 

Approved by the University of Auckland Human Participants Ethics Committee on 
17/12/2019 for 3 years. Reference no. 024085. 

 

  

mailto:m.sagar@auckland.ac.nz
mailto:mantoni@miami.edu
mailto:l.donkin@auckland.ac.nz
mailto:p.malpas@auckland.ac.nz
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Delivery Techniques for Cognitive-Behavioural Stress Management: A Feasibility Study 
 

Participant Consent Form 
This form will be kept for 6 years in accordance with university policy 

 
Who will be running this research? 
The University of Auckland, in conjunction with the University of Miami and Soul Machines 
>ŝŵŝƚĞĚ͕�Ă�EĞǁ��ĞĂůĂŶĚ�ĂƌƚŝĨŝĐŝĂů� ŝŶƚĞůůŝŐĞŶĐĞ�ĐŽŵƉĂŶǇ͘�^ŽƵů�DĂĐŚŝŶĞƐ�ŚĂǀĞ�ďƵŝůƚ�Ă�͞sŝƌƚƵĂů�
EĞƌǀŽƵƐ� ^ǇƐƚĞŵ� ĂŶĚ� �ŵďŽĚŝĞĚ� �ŽŐŶŝƚŝǀĞ� /ŶƚĞƌĨĂĐĞ͟� ǁŚŝĐŚ� ǁĞ� ĐĂůů� Ă� ĚŝŐŝƚĂů� Śuman. The 
leaders of this research are Professor Elizabeth Broadbent (supervisor), Professor Michael 
Antoni, Associate Professor Mark Sagar (co-supervisor), Dr. Liesje Donkin, and Kate Loveys 
(PhD Candidate).  
 
I have read and understood the Participant Information Sheet, I have understood the nature 
of the research, and I know why I have been selected. I have had an opportunity to ask 
questions and I have had them answered to my satisfaction. 
 

x I agree to take part in this research. 
x I understand that taking part in this research is voluntary (my choice). 
x I understand that participation involves completing one face-to-face therapy session 

that will take approximately one hour 45 minutes. I will also be required to complete 
homework exercises online, a brief daily stress assessment, and one follow-up 
questionnaire in the two weeks after the face-to-face session (an extra one hour in 
total).  

x I understand that I will be audio recorded during the therapy session. My audio data 
will be de-identified and labelled with an ID code, not my name. Audio recordings will 
be kept completely confidential.  

x I understand that a psychologist will check my therapy session content for reports of 
extreme distress or suicidal ideation. If this is detected, I will be contacted by the 
psychologist with recommendations for further care.  

x I understand that my data will be de-identified and securely stored at the University 
of Auckland for a period of 6 years after which they will be destroyed. A copy of de-
identified summary data will also be stored at Soul Machines and held in a secure, 
encrypted server.  



Appendices 

369 
 

x If a third party data processor is used for annotation and/or transcription, data will be 
sent to the third party processor via a secure, encrypted channel, held by the third 
party processor in a secure, encrypted server, and deleted following completion of 
transcription and/or annotation.  

x I understand that I am able to withdraw from the study at any time without giving a 
reason. I can withdraw any data traceable to me up to 2 weeks after completing the 
study, in which case the data will be securely destroyed.  

x I understand that the overall results may be published in a scientific journal but will 
not include any information that could identify me.  

x I agree to the terms related to technology confidentiality. Specifically, I acknowledge 
and agree that I will not make any video and/or audio recordings or take any 
photographs of the research or my participation in the research. I will not publish any 
articles (including any video and/or audio content) or make or authorize any public 
comments relating to or referring to the research or my participation in the research. 
I do not work for or contribute to any media organization. 

x I am not aware of any reason why I should not participate in this research.  
x I am aware that as a result of taking part in this study, I will be given a $30 Westfield 

gift voucher as compensation. 
 
EĂŵĞ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͗ 
 
^ŝŐŶĂƚƵƌĞ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͗͘͘͘͘��ĂƚĞ͙͙͙͙͙͙͙͙͙͙͗͘ 
 
DŽďŝůĞ�ŶƵŵďĞƌ͗�͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙ 
 
I wish to receive a copy of the results of this research (circle one): Yes / No 
 
Please provide an email address if you wish to receive a summary of the results:  
 
͙͙͙͙͙͙͙͙͙͙͙͙͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 
 
 

Approved by the University of Auckland Human Participants Ethics Committee on 
17/12/2019 for three years. Reference no. 024085. 
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Delivery Techniques for Cognitive-Behavioural Stress 
Management: A Feasibility Study 

 
Baseline Questionnaire 

 
This questionnaire is designed to gather information on your 

demographics and how you have been feeling.  
 

All of the information you provide is confidential to the researchers and 
will only be used for the purposes of this study.  

 
For all questions, there are no right or wrong answers. An answer is 
correct if it is true for you. Please choose the response that best 

corresponds to your experience.  
 

Thank you for your participation in this study. 
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Section One: Demographic Information 
 
This section will ask about your demographic characteristics. Please answer the 
following questions by providing the answers that best correspond to you. 
 
1. Age: ______ 

 
2. Ethnicity (tick all that apply): 

O European 
O Maori 
O Pacific Peoples 
O Asian 
O Middle Eastern/ Latin American/ African 
O Other ethnicity* 

 
*Please specify:________________________________________ 
 
3. Education level (tick one): 

O High school or less 
O Trade qualification 
O Undergraduate degree (e.g. BA, BSc) 
O Postgraduate degree (e.g. MSc, PhD) 

 
4. Marital status (tick one): 

O Single 
O Relationship 
O Married/ living with partner 
O Separated/ divorced 
O Widowed 

 
5. Work status (tick one): 

O Full-time 
O Part-time 
O Retired 
O Beneficiary 
O Unemployed 

 
Section Two: Mental Health Status 
 
1. Please list any mental health diagnoses you currently have: 
___________________________________________________________________ 
Section Three: Household Composition 
 
This section will ask some questions about your living situation. Please provide the 
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correct responses for you. 
 

1. Do you live alone? (Tick one): 
O Yes 
O No 

 
2. In what kind of property do you live? (Tick one): 

O Private dwelling 
O Residential care 
O Other (please specify): ___________________________________________ 

 
3. Do you have internet access at home? (Tick one): 

O Yes 
O No 
O Unsure 

 
4. Do you have access to a computer or computer tablet (e.g. ipad) at home? (Tick 
one or more): 

O Yes, computer 
O Yes, computer tablet 
O No  
O Unsure 

 
5. If you DQVZHUHG�³\HV´�WR�TXHVWLRQ����GRHV�\RXU�FRPSXWHU�RU�FRPSXWHU�WDEOHW�KDYH�
a webcam? (Tick one): 

O Yes 
O No  
O Unsure 

 
���,I�\RX�DQVZHUHG�³\HV´�WR�TXHVWLRQ����GRHV�\RXU�FRPSXWHU�RU�FRPSXWHU�WDEOHW�KDYH�
a microphone? (Tick one): 

O Yes 
O No 
O Unsure 
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Qualitative theme definitions 
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