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Introduction: Avatars are becoming more common in virtual reality, used as a guide, teacher, companion, or mentor through immersive experiences. Special attention needs to be paid to their design to ensure credibility and working alliance, to allow for the optimal delivery of behavior change content.
Methods: We present a new embodied Semi-Autonomous Mentoring Intelligence (SAMI) avatar used in an immersive virtual reality intervention for the self-management of chronic pain. We discuss the research findings that were taken into consideration and guided the design and development of SAMI, such methods to promote working alliance with non-human agents, optimal characteristics of non-human agents, and features of effective “automation”.
Conclusion: We provide a table of considerations and recommendations for researchers involved in designing future virtual reality characters. We provide suggestions on how future research could advance SAMI further for use in pain management and related interventions.
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INTRODUCTION
Chronic pain is a major public health problem. At a population level, back pain alone was the leading global cause of years lived with disability in 2019 (Chen et al., 2021) and conservative estimates predict that 20% of people report disability and distress from untreated pain (Goldberg and McGee, 2011). This population burden is stable across countries (Goldberg and McGee, 2011), and is growing (Fayaz et al., 2016; Eccleston et al., 2018a). There are pharmacological interventions for chronic pain aimed primarily at analgesia which have had limited success (Varassi et al., 2010; Busse et al., 2018). Psychological interventions aimed at promoting self-management of pain and re-engagement in valued life activities (Williams et al., 2020; Fisher et al., 2021) are effective and have been adopted in guidelines as the minimum standard of care (Carville et al., 2021), however, their availability is scarce.
Digital therapeutics have emerged as a potential solution to the problem of scaling effective psychological interventions for chronic pain management (Keefe et al., 2012; Palanica et al., 2020; Trost et al., 2021). There is an opportunity to improve access to treatment by adopting information, communication, and sensing technologies, to improve the quality of those treatments, and to develop novel interventions (Eccleston et al., 2018b). Importantly, if some or all aspects of treatment can be automated, with a shift from an expert human to an expert automated system, then it may be possible to significantly increase the number of people who can be helped. Digital therapeutics can also be used in optimizing the treatment interventions by using novel data collection methods, advanced data analysis and loop-back techniques during and between the specific interventions (e.g., the speed or the difficulty of a conditional challenge), and deep learning. This approach can be also exploited when trying to find an optimal tone and content of communication between the expert automated system and a person using the system (e.g., Ewbank et al., 2020).
Automating advice, education, or therapy is not a new goal. There is a long history of attempts to create autonomous systems, starting with “Eliza” (Weizenbaum, 1966), and more recent attempts such as “A.L.I.C.E” (Wallace, 2009) and Sophia who were created by Hanson Robotics in 2016 (Retto, 2017). Automation is defined as “applications of robotics, artificial intelligence, machine learning, machine vision, and similar emerging and mature digital technologies that will allow human work to be substituted by computer capital” (Willis et al., 2019, p. 2). We know, however, of no attempts to create totally autonomous systems providing advice and instruction for the self-management of chronic pain.
In 2019 we developed a Virtual Reality (VR) intervention for adults (>17 years) with chronic low back pain and a high fear of movement, and we investigated its efficacy and safety in a clinical trial (Eccleston et al., 2022). In the fully immersive environment, patients were guided by a virtual mentor who provided health information and tasks to perform. Although the mentor was introduced as a person, he was lacking an avatar and the material was delivered in the form of audio and written text on screen. Patients reported high levels of satisfaction with the experience, whilst being aware that the mentor was both automatic and was delivered as voice only, text only, or both, so not embodied.
For the next version of this immersive environment and treatment, we aimed to improve the mentor function and appearance for the adults with chronic low back pain. In particular, we decided that the mentor should appear in a form in which the mentor is physically represented, including an animated humanoid form, rather than text or audio alone. From here we set out to design this Semi-Autonomous Mentoring Intelligence (SAMI), a non-human agent who is scripted to engage with a user and guide them on a pain management intervention. SAMI was semi-autonomous in that the mentor communicated a pre-selected script, but could not respond to spontaneous speech or communication from the patient. SAMI needed to be as credible, effective, and as persuasive as possible.
In the absence of a theoretical framework in which to help design SAMI, we conducted several literature reviews to understand aspects core to a positive therapeutic relationship which are summarized here. These fall into three key domains which emerged as particularly important in the design and development of a virtual mentor; i) characteristics and features to support the content, tone and optimal delivery of a pain management intervention, ii) features of effective “automation” in the delivery of expert advice, and iii) methods to promote working alliance with non-human agents.
In this paper we review the evidence for each of these domains and the decisions we took when designing SAMI. This paper is not intended to be an exhaustive description of how best to design a virtual mentor, but is a summary and explanation of some key aspects for researchers and developers to consider when developing virtual mentors in interventions, and is intended as a springboard for others to build upon.
OPTIMAL DESIGN CHARACTERISTICS AND FEATURES OF SAMI
Avatar use is still in its infancy in digital therapeutics. There are examples in the field of pain for the total (Martini et al., 2015) or partial (Hoffman, 2021) representation of the user as a human agent in VR. Outside of pain there are more mature developments on specific uses, such as a self-created avatar to embody the experience of auditory illusion (Alderson-day and Jones, 2018). When designing SAMI, an embodied mentor in a behavior change intervention, we elected to use a non-human avatar for two main reasons. First, in this version we were not able to allow users to choose or personalize SAMI and so, to reduce the likelihood of users finding the mentor irritating or distracting, a mentor with neutral features was necessary. Neutral features were most achievable with a non-human avatar. Second, we were also mindful of the danger of creating a “das unheimliche” (Freud, 2003) experience, known in robotics as an Uncanny Valley Effect (Mori, 1970) (UVE). The UVE describes when a robot or avatar become too human-like, such that an eeriness and sense of discomfort overtakes the sense of familiarity or comfort. Therefore, a non-human avatar was selected in order to reduce the likelihood of the UVE being invoked. Schwind et al. (2018) suggest that focusing on both facial expression and voice, and their congruency in emotion expression is key to avoiding any uncanny experiences (see also Tinwell et al., 2010; Tinwell et al., 2011; Tinwell et al., 2013). Synchronization is key to avoiding reality disruptions, particularly between avatar voice, facial expression, and bodily attitude. Schwind et al. (2018) also recommend using stylized aesthetics and evolved empathic features such as large eyes, symmetric faces, and iconic movements. Human voices are recommended over synthesized voices and keeping any lip movement in line with speech is considered important (Duffy and Pisoni, 1992; Costa et al., 2018). Taken together, we chose to create a stylized avatar with humanoid features (eyes, arms, hands) but with additional features to be used in a “mentor” role in an immersive environment. For example, the ability to move with 6 degrees of freedom in order to create humanlike movements with the aim of avoiding the UVE and increasing affinity and a working alliance with SAMI. Figures 1, 2 show the development process, and Figure 3 the final sketch for SAMI used in the experience.
[image: Figure 1]FIGURE 1 | Sketches to show the development of SAMI
[image: Figure 2]FIGURE 2 | Further sketches to show the development of SAMI.
[image: Figure 3]FIGURE 3 | The final sketch of SAMI.
SAMI was designed with 5 main emotional expressions which can be adapted to the verbal content used in mentoring. These emotional expressions were decided by group consensus of VR app designers and researchers in design and development meetings and after consideration of the literature on therapist traits and attitudes that are linked to a positive working alliance with patients. It was not possible in the development process for this iteration of SAMI to include an exhaustive range of emotions for SAMI to display, and therefore, the most important and common emotions were developed and incorporated into the intervention. Congruency between facial display, voice tone, and physical movements were coded into SAMI’s design to avoid disruption. Table 1 shows the emotional expressions that were used and this can be applied to any future therapeutic mentor.
TABLE 1 | The five main states that are conveyed by SAMI.
[image: Table 1]FEATURES OF EFFECTIVE “AUTOMATION” IN THE DELIVERY OF EXPERT ADVICE
Automation in part or whole is a common goal in digital therapeutics. Automation gives the opportunity for scaling interventions, which brings with it benefits of reducing costs and errors (Haight and Caringi, 2007). There are excellent examples in VR showing how interventions can be delivered successfully, even in the absence of a trained therapist. Sometimes automated digital therapeutic solutions can improve on in-person outcomes. For example, Freeman et al. (2018) investigated the efficacy of an automated VR cognitive intervention for patients with height intolerance, which was guided by an avatar virtual coach (animated using the motion voice capture of an actor) and found that the intervention was highly effective for reducing patients’ fear and more effective than in-person interventions.
All content communicated by SAMI was scripted beforehand, creating a one-size-fits-all model. As discussed above, facial expressions and movements were concordant with the tone of the material. We designed SAMI to be female, as research shows when a preference for the gender of a therapist is given, it is significantly more likely to be for a female (Pikus and Heavey, 1996; Bhati, 2014; Liddon et al., 2018; Seidler et al., 2021). We elected to use a voice actor who is female and a native English speaker. Making SAMI uniform and consistent across all participants ensured that everyone received the same high-quality experience. The opportunities to personalize appearance, gender, and language are vast, and are possible with investment and advances in technology.
Automation has limitations. Critically, SAMI is unable to predict, plan for, avoid, or manage risk, which is why we have labelled SAMI as semi-autonomous. Risk needs to be managed outside of the experience (e.g., Abd-Alrazaq et al., 2020). Critically, users need to explicitly be made aware that the mentor is automated (Kretzschmar et al., 2019). However, technology is available that is able to measure the impact on the user (e.g., facial expression, success in cognition, measured amount of stress and/or pain, how many seconds the user is engaged With the avatar), which can inform an optimization loop-back. We were not able to utilize this technology in this version. SAMI was also only designed in one language and there was no chance for personalization in this version. SAMI had a limited set of responses, was scripted, and could not interpret and respond to the user in the program, nor could SAMI address the user by name. As highlighted above, future versions are likely to involve more options for the user to design a mentor they find more relatable, increasing working alliance.
METHODS TO PROMOTE WORKING ALLIANCE WITH SAMI IN PAIN MANAGEMENT
Important to engagement on any behavior change intervention, is the working alliance between user and mentor. Working alliance, also referred to as the therapeutic alliance, is the collaborative relationship between a mentor and client where there is a consensus and willingness on both sides to work together to achieve a positive outcome for the client (Bordin, 1979; Horvath and Greenberg, 1989). Strong working alliance has consistently been found to be a predictor of improved outcomes (Horvath et al., 2011; Fuertes et al., 2017). For example, a systematic review by Lakke and Meerman (2016) reported that when chronic musculoskeletal pain patients perceived a strong working alliance during treatment, this was associated with reduced pain severity and pain interference, and an improvement in physical functioning. Furthermore, Kinney et al. (2020) reported that the stronger the working alliance, the more likely patients were to see an improvement in pain outcomes for chronic musculoskeletal pain patients participating in physical therapy. For our purposes it is important to ensure that a working alliance can be built and maintained between SAMI and the user.
Working alliance can be formed between a human and a virtual agent or an online program, similar to that of working alliances between a human user and human mentor (Heim et al., 2018). Working alliance can be measured in digital therapeutics using validated measures such as the Virtual and Augmented Reality (WAI-VAR) (Miragall et al., 2015). In exploring patient-therapist relationships, Bordin (1979) established three core features of a successful alliance: (a) agreement on goals, (b) consensus on tasks that lead to goals, and (c) a clear or explicit bond by using a language of relationships (see also Horvath and Greenberg, 1989; Tryon et al., 2018). In the build process we adopted a principle of designing for optimal working alliance by checking the script for potential ruptures in alliance: every user had an opportunity to choose/rank goals from a wide selection of goals, which were reinforced by SAMI. SAMI encouraged each patient to re-assess goals regularly and a range of tasks were introduced to achieve the higher order goal. In addition to the emotional congruency and empathic content discussed above, non-verbal immediacy behaviors such as hand gestures, facial expressions, eye contact, nodding, smiling, and facing towards the patient were also optimized within available parameters (Tickle-Degnen and Gavett, 2003; Bickmore et al., 2005). Alternately, defensive stances such as crossed arms, asymmetrical arm postures and facing away from the user were never used (Pinto et al., 2012).
DISCUSSION
We built an avatar for use in a VR immersive rehabilitation solution for adults with chronic pain who want to return to valued activity and improve function. SAMI was created, guided by three dominant considerations: optimization of non-human avatar features (including empathy and likeability), automation, and design for optimal working alliance. Table 2 summarizes the key features we considered important, but is not an exhaustive list of features and should be used as a starting point for future virtual mentor design used for therapeutic purposes, within the context and constraints of the intervention being designed or delivered. Age-relevant adjustments should also be considered; for example, we designed SAMI to be a virtual mentor for adults, but there may be child or adolescent-specific design features also important to consider.
TABLE 2 | Semi-autonomous design considerations.
[image: Table 2]Next generation pain management solutions will need to see a shift in expertise from individual practitioners to systems (Khirasaria et al., 2020; Rejula et al., 2021). To provide solutions at scale, some level of automation will be necessary. SAMI is described here as a case study in the attempt to design for scalability. Our next steps are empirical. First, we will explore the acceptability, usability, and tolerance for SAMI over a long rehabilitation time-period. Second, we will qualitatively explore working alliance and ruptures in working alliance, to reduce any dissonance. And finally, we will explore features of SAMI that can appear repetitive or “automatic” which can unhelpfully appear depersonalizing.
There is scope for SAMI to evolve as technology and research advances. The field needs a theoretical framework to aid the efficacy and effectiveness of virtual mentors, to outline which features are most important in developing and sustaining positive interactions with patients. Potential improvements are in making SAMI more attentive to the user by increasing opportunities for personalization. Further, we aim to explore natural language processing attempts to create opportunities for SAMI to be responsive to users, rather than following a script. And finally, we will collect naturalistic use data on the features of SAMI’s behavior to improve her credibility, likeability, and effectiveness in delivering or guiding users through an immersive experience.
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Recommendations

Present alist of pre-selected goals to the participant and ask users to rank the goals in order of their priority. This should be
undertaken at the beginning of the intervention. There should be a unique, positive, and relevant response to each goal that s
selected in order to create a feeling of agreement with the user on their goals

Convey a positive body language by having open arms, facing towards the user, using animated facial expressions and
reguiar eye contact, nodding and smiling to help create a bond between the user and VR mentor

Include at least 5 main states: serious, playful, neutral, surprised, and empathetic

Female s reported as the preferred sex for a mentor, but personaization of male or female would be optimal

Designed to be moderately like a human

Al emotions should be conveyed in detail and be congruent throughout the facial expression, (e.g., *surprise”, should be
conveyed with both movement at the upper and lower parts of the face, such as a dropped jaw, an open mouth with
movement in the eyelids to open wide and a raised eyebrows and forehead (Tinwel et al., 2011)). Mentor shouid have
animated eyes which move and biink regularly (e.g., when giving task instructions, she should biink 9 times per minute; and
when introducing herself to a user or when being playful, she should blink approximately 18 times per minute (Takashima et
al,, 2008))

Speech should be well synchronized with lip movements, and should have a human voice rather than a synthetic voice
Speech should be automated and use a voice actor reading from a script. To prevent users finding SAMI too robotic and
unresponsive/unengaging, there should be utterances That are said when certain options are selected by users on the hand-
held controler. This will give sers the feeling that they are being observed and responded to

Recommendations for safety are:

1. Users should be informed that they are talking to an avatar

2. Automated messages can encourage the user to seek human support

3. Over-reliance can be prevented by automated warings or actions

4. Emergency can trigger an automated signposting for support
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State

Serious
Neutral
Surprise
Playful

Empathetic

Context that state is conveyed in

When delivering game instructions and when information about health behavior and chronic pain is being defivered
When information about health behavior and chronic pain is being delivered

‘When participants achieve a personal best in an intervention task, SAMI will be surprised

When participants are completing a task or navigating the virtual world, SAMI willbe playful on the side-iines by undertaking
activities such as yoga

When participants select their worries and fears from a pre-selected list, SAMI wil react with empathy
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