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Abstract

:

In the emergent field of digital therapeutics (DTx), this study examines the impact of virtual agent design on usability and therapeutic outcomes. Emphasizing the virtual agent’s role, our research highlights a marked therapeutic effect tied to the DTx’s developed parameters. Continuous usage, influenced by perceived usefulness, user attitudes, and intrinsic enjoyment, emerges as a crucial determinant for desired outcomes. The study finds anthropomorphism and agent likeability as pivotal factors in enhancing user experience and promoting sustained DTx use. Although focusing on mental health, particularly depression, the implications suggest varied results across DTx types. Given these insights, our findings advocate for a deeper exploration into agent-centric DTx designs, particularly in mental health applications. The nuances of user engagement with these therapeutic tools, especially in treating conditions like depression, demonstrate a diverse range of effects and underscore the importance of personalized approaches in digital therapeutics. This study’s outcomes not only shed light on the significant role of virtual agents but also call for continuous innovation and research in this evolving domain.
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1. Introduction


The application scope of agents, which has enhanced user engagement and provided a better user experience on computers or mobile devices, has steadily expanded [1]. Although some opinions once believed that virtual agents were less effective compared to robots assisting humans, advances in artificial intelligence have transformed this perception. Virtual agents have achieved significant outcomes when integrated into services [2]. Such evolved virtual agents have been expanded across various domains, one of which is digital therapeutics (DTx) [3]. The benefits of utilizing agents have been in reducing human resources traditionally used in retail customer service, especially in building better system engagement with more social interaction [4].



Particularly in DTx, where long-term use and digital therapeutic alliance, which can be referred to as the relationship between DTx and user, are crucial, the importance of agents is accentuated, given the fact that agents can boost digital alliance [5]. Furthermore, in the prevalent digital therapeutics field of mental healthcare, enhancing sociability to foster agent-user relationships and emotional support added a secondary benefit [6]. Numerous prior studies have thus provided insights into the design and role of agents in the digital healthcare field. However, while these agents offer advantages, the tangible impact of their design on therapeutic outcomes, especially over extended periods, was understudied. This gap was especially significant given the difference between standard digital healthcare products and digital therapeutic devices where therapeutic efficacy is paramount. Specifically, the high dropout rate, which can directly influence therapeutic outcomes in the DTx realm, necessitated research into whether improved usability, facilitated by these agents, could mitigate this challenge.



Despite the emphasized importance of agents in digital therapeutics and healthcare, there was a dearth of in-depth studies reflecting the agent’s genuine therapeutic effects and the characteristic necessity for long-term use. The primary aim of digital therapeutics is behavior change, necessitating sustained usage [7]. However, most studies had focused on the initial impact of agents, leaving their long-term impact unexplored and a subject for future research. Moreover, in DTx, where genuine therapeutic outcomes are paramount and valued over mere placebo effects [8], the scarcity of research into the actual therapeutic effects of agents during the therapy process became even more pronounced.



Against this backdrop, our study sought to explore the causality between the design of agents in digital therapeutic devices and their actual influence on behavior change for prolonged usage. The study adopted an exploratory approach to investigate the impact of virtual agents within DTx. Our primary focus was not on hypothesis testing but on gaining insights and enhancing our understanding of the role of agents in DTx. The research was designed to explore the correlations and implications of agent design on user engagement and therapeutic outcomes in a DTx setting, particularly for depression treatment. Through a month-long experiment, we aimed to gather longitudinal data that captured the evolving dynamics between the virtual agents, users, and therapeutic results. This research specifically focused on identifying which characteristics of a virtual agent are correlated with enhanced usability and therapeutic effectiveness in a digital therapeutic device for depression treatment. The study aimed to understand how these inherent attributes of the agent contribute to achieving desired outcomes in the context of treating depression.



The longitudinal data collected during this period was analyzed using a mixed model to understand the significance of variables over time. Furthermore, we employed stepwise regression to identify the most influential variables and agent-related factors that significantly contributed to long-term usage. We anticipated that these methodological approaches would provide deeper insights into the genuine usability between agents and users and the therapeutic efficacy of agents in DTx. Ultimately, our findings aimed to inform and guide future developers of digital therapeutics in designing more effective agents tailored to their therapeutic objectives.




2. Digital Therapeutics for Mental Health


The digital healthcare market continues to expand, driven by the benefits of delivering effective treatments at a more affordable cost than traditional medical services and better accessibility [7]. As the technology evolved, a new market, officially termed ‘Digital Therapeutics’ (DTx), has emerged, identified by their products that have undergone Food and Drug Administration (FDA) clinical trials to validate their efficacy [9]. Unlike conventional digital healthcare services, DTx values usability and emphasizes proven therapeutic efficacy, requiring clinical validation [10]. As the significance of DTx continues to grow, an interesting observation is its profound impact on a particular sector: mental healthcare. A recent study highlighted that most DTx available in the market today primarily focus on mental health [11]. The increase in such DTx applications is believed to be largely influenced by the global pandemic, which has highlighted the pressing need for effective mental health management solutions [12].



When aiming to treat mental healthcare, especially through digital interventions rather than pharmaceuticals, Cognitive Behavioral Therapy (CBT) is frequently employed [13]. CBT assists patients in understanding their thoughts, emotions, and behaviors and is a technique used for treating various psychological disorders such as insomnia, anxiety, and depression [14]. Depression, in particular, is a prevalent condition where CBT, especially the efficacy proposed by Beck, is well-recognized [15]. Another non-pharmaceutical intervention for depression is Mindfulness Meditation. Unlike traditional meditation, mindfulness has a specific program and guidance for provision [16]. Furthermore, with its clear outcome in stress relief, Mindfulness Meditation is actively used for mental illnesses, including depression [17].



Given the growing importance of mental health management and the potential of digital therapeutics, digital intervention methods like CBT have become increasingly significant [18]. Especially for conditions like depression, where continuous monitoring and timely interventions can make a marked difference, DTx can provide an added advantage [19]. In the context of depression treatment within digital healthcare, approaches like mindfulness and CBT are frequently employed due to their proven efficacy [20,21].



Incorporating these methods in our study not only ensures a stable therapeutic effect but also aligns with the most active DTx approaches, enabling us to offer a more direct perspective on the current state of the art. Therefore, this research deems it appropriate to focus on DTx agent design, specifically targeting mental health and, more precisely, depression treatment. Providing CBT and mindfulness as therapeutic content within the therapeutic agent is a fitting strategy for our research objectives.




3. Virtual Agent in Digital Therapeutics


3.1. Agent Effect


The form of virtual agents and their potential have evolved due to advancements in computer technology, leading to enhanced graphics and more lifelike embodied forms [22]. Additionally, the evolution of natural language processing (NLP) allows these agents to engage in seamless conversations [23]. As a result, there is an increasing expectation for the broader application of virtual agents. In the realm of digital therapeutics, where trust and patient engagement are of paramount importance, the presence of virtual agents has become indispensable [24]. In light of these developments, harnessing the capabilities of agents in DTx is not just beneficial—it is imperative for the future of patient care.



When a virtual agent takes an embodied form, it enhances both spatial and social presence compared to agents that assist in just voice or text format, effectively improving the user experience [25]. Moreover, these agents are capable of non-verbal communication, offering a feeling comparable to face-to-face conversations. This provides a more organic experience for users [26]. Given these enhanced experiences, such agents are finding applications in digital therapeutics, especially in treatments for conditions like autism, where there is a pronounced need to address the lack of social interactions. Additionally, since embodied agents possess an actual form, there is an added potential to adjust their appearance according to the desired objective, heightening expectations in terms of usability [27]. Furthermore, employing agents can enhance user experience, therefore increasing the acceptability of therapeutic interventions [28].



In DTx for mental health, conversational agents are believed to inquire about one’s daily mood and provide cognitive behavior therapy, potentially resulting in more effective treatment outcomes [29]. For instance, Woebot, designed for depression, utilizes NLP technology to offer a conversational agent. It has been reported that its effectiveness in treating symptoms of depression and anxiety was notably higher compared to control groups without the conversational agent [30]. Furthermore, in cases related to mental health, patients or users often need to share private information about themselves. It is suggested that they felt more comfortable and less burdened sharing personal stories with an agent compared to a real person [31]. Moreover, forming rapport, which traditionally refers to the therapeutic relationship between a doctor and a patient, is crucial in mental health. Given the absence of a real person in a digital format, it is posited that having an agent can be advantageous in establishing this necessary relationship [32]. In mental health scenarios, various interactions are essential through user engagement. Experts suggest that when an agent is embodied, it can provide a wider range of interactions, therefore enhancing therapeutic outcomes [33].



Based on the aforementioned studies, it is evident that virtual agents hold significant promise in enhancing the experience and outcomes in digital therapeutics. Through advanced NLP technologies and embodied interactions, these agents not only facilitate more meaningful engagements but also bridge the gap in personal connections often lacking in digital platforms. In our research, we anticipate that integrating such sophisticated virtual agents will pave the way for a more holistic, patient-centric approach in DTx, especially in the realm of mental health. The integration of advanced technology with the interactive capabilities of agents has the potential to redefine how patients experience digital care.




3.2. Agent Design


To maximize the efficacy of agents, it is essential to design them appropriately, considering the objectives of human-agent interaction. When the agent is embodied, understanding the impact of its appearance is especially essential to ensure a beneficial user experience [34]. One of the most frequently mentioned elements related to agent design is anthropomorphism, which refers to the attribution of human characteristics or behaviors to non-human entities or objects. When agents interact with users, their human-like qualities become prominent, and it is possible to enhance trust and expect higher user engagement [35].



However, one study compared humanoid and zoomorphic (animal-like) agents’ effect in a mental health context. The findings revealed that users had a more enjoyable experience with the zoomorphic agents, leading to a higher intention for continued use [36]. From these results, it becomes evident that the significance of anthropomorphism does not necessarily imply that the agent must take on a human form. Instead, what aligns more with the traditional concept is that agents should behave in a human-like manner. Therefore, in designing an agent suitable for our experiment, we felt it was fitting to incorporate elements where the agent speaks like a human while adopting a zoomorphic appearance.



Moreover, a study employing embodied conversational agents for health assessments found no significant difference based on the agent’s gender [37]. In light of this, we considered it appropriate for the agent’s voice to resemble that of a child, which is gender-neutral and hard to discern. Furthermore, according to one study, while the intricacy of an agent’s design did not significantly impact motivation, the effect of the agent was maximized when its design resembled the user [38]. However, users tend to select agents that might not necessarily be the most beneficial for them [39].



Based on these considerations, our research aim is not to determine which agent design is the most effective but rather to identify the specific characteristics of agents that support the long-term use of digital therapeutics and contribute to therapeutic outcomes. Consequently, it seemed appropriate not to offer a choice of agents for our study.





4. Implementation


4.1. Therapeutic Program


Drawing from the insights of the studies reviewed earlier, our experiment endeavors to design a digital therapeutics (DTx) mobile application specifically targeted at treating depression. We incorporated an embodied virtual agent within this application to assess its impact on the treatment process. With the assistance of clinical psychologists, we devised a therapeutic program that, over a month, aids users in identifying their emotions and the associated thoughts, pinpointing any cognitive distortions. We further crafted content rooted in cognitive behavior therapy (CBT) principles to assist users in discerning the core beliefs potentially leading to these distorted thoughts. This content guides users in rectifying misaligned automatic thoughts and core beliefs, equipping them with functional and adaptive cognitive patterns that create less emotional distress and more helpful behaviors.



The program starts with fundamental breathing exercises, setting the groundwork for deeper meditation practices. As users transition to relaxation meditation and body scan exercises, they are also introduced to guided meditation content specifically aligned with the principles of CBT. Over a month, users will delve into 24 CBT-focused sessions and 17 meditation modules. Throughout this journey, the virtual agent offers consistent guidance—introducing activities, monitoring users’ progress, and providing timely feedback. Once users complete the cycle, the program encourages them to repeat the sessions from the beginning.




4.2. Agent Implementation


Drawing insights from previous research and understanding user preferences, we chose a zoomorphic agent design inspired by the Pembroke Welsh Corgi, specifically that of a dog. In the case of the Pembroke Welsh Corgi, it was judged that it would be familiar to people as a livestock herding dog since ancient times, and its cute appearance and small body shape made it suitable for the design of the agent in the smartphone. This agent was crafted in 3D using Maya 2024.01 by Autodesk (San Francisco, CA, USA), a decision driven by the software’s advanced capabilities and user-friendly interface for complex animations. To bring the agent to life and ensure dynamic interactions, we integrated specific animations using the same software.



In the application, users can interact with the agent via typing or voice. The voice interactions leverage state-of-the-art Speech-to-Text (STT) technology, ensuring seamless and natural communication. We utilized Unity 2021.3.18f1 for the overall system development, given its compatibility and efficiency in integrating various elements of the application. For a visual representation, illustrations of the embodied virtual agent, as well as screen samples of the therapeutic content, can be seen in the subsequent Figure 1.





5. Methodology


5.1. Experiment Setting


To validate the effectiveness of the developed DTx and agent, we conducted an experiment involving 70 participants at Sungkyunkwan University, all of whom reported feeling symptoms of depression over the past two weeks. Participants were provided with the specially developed application and encouraged to use it freely over a month, with the recommendation of accessing it at least once every two days. Any technical issues, such as questions about application usage or networking connection errors, were swiftly resolved by our technical support team, ensuring uninterrupted participation and use of the application throughout the study.



Participants were required to make three visits over the month: an initial visit at the commencement of the experiment, a second visit two weeks after that, and a final visit at the month’s conclusion. Given the therapeutic nature of the DTx and to monitor changes in depression-related symptoms, participants were asked to complete the Patient Health Questionnaire (PHQ-9), often used to assess the degree of depression, comprised of nine questions, during each visit. The Institutional Review Board of Sungkyunkwan University approved and oversaw this study for safety and ethical considerations.




5.2. Questionnaire


Our study’s primary objective was to investigate how the virtual agent affects the usability and therapeutic outcomes of digital therapeutics (DTx). Beyond utilizing the previously mentioned Personal Health Questionnaire (PHQ-9), which assesses users’ depression levels [40], we also conducted surveys to gauge participants’ perceptions of the agent and the application’s usability.



First, we utilized a Godspeed measurement, specifically developed for human-robot interaction, to understand users’ views on the agent [41]. Though this study employed a virtual agent instead of a robot, the chosen measurement tool has been frequently applied in scenarios of interaction with virtual agents, making its use justifiable in this context [42].



As for the usability survey, considering that DTx is a new technology and applicable to healthcare, we incorporated the technology acceptance model (TAM) and added the perceived enjoyment variable [43]. Numerous studies have highlighted the significant influence of ‘perceived enjoyment’ on the intent for continued use. Given the expectation that interactions with the agent should be enjoyable, we deemed this variable pertinent [44].



Given the crucial role of credibility in DTx, we used the source credibility measurement to administer another survey. This aimed to evaluate the credibility of therapeutic content offered through interactions with the agent [45].



Although participants completed these questionnaires during all three visits, the source credibility measurement was conducted only during the second and third visits. We made this decision not only because a user’s perception of credibility often evolves with continued use of the application [46] but also because it was deemed impractical for participants to experience the content during their first visit fully.



To summarize, for the interaction with the agent, we assessed variables like anthropomorphism (ANTH), likeability (LIKE), animacy (ANI), perceived intelligence (PI), and perceived safety (PS). These were assessed through five questions derived from the tools developed by Bartneck [47]. For the technology acceptance model, we measured perceived usefulness (PU), perceived ease of use (PEOU), perceived enjoyment (PENJ), attitude (ATT), and intention to use (ITU) or continuous use (CU) after the first visit. These domains were constructed based on prior research and assessed through three distinct questions. Finally, for source credibility, the domains of competence (COMP), goodwill (GOOD), and trustworthiness (TRUST) were measured. The questions for these domains, consisting of five for COMP and six each for GOOD and TRUST, were developed by McCroskey & Teven [48].



To answer these queries, this study will gather data via experiments, and the subsequent analysis will employ mixed model and stepwise regression methodologies using the lme4 package in R Version 4.3.0.





6. Results


A total of 70 participants were initially enrolled in this study, consisting of 38 females and 32 males, aligning with prior research indicating a higher prevalence of depression among females [49]. The participants were predominantly university students with an average age of 23 years. However, during the month-long study period encompassing three scheduled visits, 4 participants withdrew. Specifically, one participant expressed an inability to continue due to personal reasons, and three were no-shows on the second visit. Consequently, data from the first visit involved all 70 participants, but the second and final visits included only 66 participants. It is important to note that the analysis was conducted using data exclusively from the 66 participants who consistently engaged with the application throughout the study. The dropout of participants is believed to be primarily influenced by their academic commitments, a consideration inherent to the university student population from which the sample was drawn. This attrition rate and its potential impacts on the study outcomes have been carefully considered in our analysis.



Preliminary validation was essential to confirm the DTx’s therapeutic effects before analyzing the agent’s influence. Initial PHQ-9 measurements indicated a depression level with a mean of 10.166 (SD = 4.334). After a month of using the application, the mean dropped to 5.742 (SD = 3.935). A t-test was conducted to determine the significance of this change, yielding a p = 4.381 ×   10  − 12    (t = 8.464). In addition to this, an effect size was measured using Cohen’s d, which resulted in a value of 1.04186. This Cohen’s d value, being greater than 1.0, indicates a significantly large effect size. Typically, a Cohen’s d value of 0.2 is considered small, 0.5 medium, and 0.8 large [50]. Therefore, our result suggests a substantial therapeutic impact of the DTx. The detailed results are in Table 1, and the boxplot of participants’ PHQ-9 scores can be found in Figure 2. With this manipulation, the study further analyzes how participants’ perceptions of the agent’s unaltered characteristics influence the therapeutic effect.



Before the main analysis, we ensured the survey’s data reliability by performing a Cronbach’s alpha test. All items exhibited a reliability coefficient above 0.70, indicating acceptable internal consistency. However, a confirmatory factor analysis (CFA) was still conducted to ensure that each item effectively represented its intended construct. Items with standardized factor loadings below 0.65 were identified and removed to improve the analysis’s accuracy. Specifically, the discarded items were: one from PEOU, ANTH, LIKE; two from ANI, PI, PS; three from GOOD, and two from TRUST.



6.1. Mixed Model Analysis


The primary focus of this research was to determine the effect of variables associated with the agent and its usability on the duration of digital therapeutics (DTx) device usage over time. Given that our data were longitudinal, spanning multiple points in time, we adopted a mixed model analysis. This approach allowed us to measure both ‘Fixed effects’, which remain consistent across the entire sample, and ‘Random effects’, which account for variations within specific entities or groups [51]. Our goal was to discern how the overall DTx experience influenced the most pivotal determinant of therapeutic efficacy: sustained usage.



The random effect per participant yielded a SD of 0.2542. This indicates a minimal variance in continued usage perspectives among participants. The intercept in the fixed effect registered a p-value of 0.943833 (t = 0.071), pointing to a minor inter-participant variation. Such results reinforce the feasibility of analyzing the interplay between the variables measured. Notably, significant effects were evident from PU with a p-value of 7.56 ×   10  − 11    (t = 7.266), ATT with a p-value of 0.001 (t = 3.201), and PENJ with a p-value of 0.019 (t = 2.361). The respective estimates for these variables were 0.71304, 0.458635, and 0.38615. This underscores that shifts in PU have the most pronounced influence on variations in CU. Detailed results from the mixed model analysis can be referenced in Table 2.



In this section, we conducted a mixed model analysis to examine the primary factors in our research model, which include the agent, technology acceptance, and source credibility, all within the context of sustained usage of DTx. Our analysis revealed significant fixed effect variables, particularly PU, PENJ, and ATT. These findings underscore the pivotal role of these variables in maximizing the sustained usage of digital therapeutics.




6.2. Stepwise Regression


Following the mixed model analysis, we confirmed the significance of PU, ATT, and PENJ in determining the prolonged use of DTx. Our next focus was to intensively study the agent’s impact, our research’s core subject. Using stepwise regression, we aimed to pinpoint the specific agent attributes influencing each of the main variables (PU, ATT, and PENJ). The data for this examination was averaged over the three visits, representing a month of user interaction.



Before delving into the results, it is essential to understand the Akaike Information Criterion (AIC). AIC is a measure used to compare and select models. In general, a model with a lower AIC is preferable as it suggests a better fit to the data while penalizing for model complexity [52]. Therefore, through our stepwise regression process, our goal was to achieve a model with a minimized AIC value.



6.2.1. PU (Perceived Usefulness)


The starting AIC value stood at −69.2. Through successive removal of variables ANI, LIKE, and PS, only ANTH and PI remained, lowering the AIC to −73.85. Among these, ANTH was the only significant influencer of PU, with p = 0.00414 (t = 0.3117).




6.2.2. PENJ (Perceived Enjoyment)


Starting with an AIC value of −92.78, the model was simplified by removing variables ANI, PI, and PS, preserving ANTH and LIKE, resulting in an AIC of −98.74. Both variables significantly influenced PENJ, with ANTH having a p-value of p = 0.000644 (t = 3.592) and LIKE recording p = 0.011103 (t = 2.617).




6.2.3. ATT (Attitude)


Beginning with an AIC of −86.1, the model streamlined by eliminating variables PS, ANI, and PI, leaving just ANTH and LIKE. This adjustment led to an AIC of −90.28. Both variables proved influential; however, LIKE had a slightly stronger impact with p = 0.0149 (t = 2.505). This analysis results also can be found in Table 3 below.



Through our stepwise regression analysis, we thoroughly investigated the influence of agent attributes, such as ANTH and LIKE, on our primary variables: PU, ATT, and PENJ. This systematic approach enabled us to identify the specific agent-related factors that significantly affect these critical dimensions of technology acceptance. Our research findings offer valuable guidance for agent design within DTx. When striving to enhance users’ perceptions of usefulness, enjoyment, and attitude towards DTx, our study provides actionable insights into the essential agent attributes that should be taken into consideration. This knowledge will allow designers to make informed decisions on optimizing agent characteristics, ultimately leading to improved user experiences.






7. Discussion


Our study ventured into the relatively unexplored field of digital therapeutics (DTx), emphasizing the influence of a virtual agent on usability and therapeutic outcomes—a synergy suggested by prior research [6]. Through a month-long longitudinal study, we provided concrete data on how the agent’s design features correlate with therapeutic efficacy and usability. Before delving into the specific impacts of these design characteristics, we validated the effectiveness of our application as a DTx by observing changes in the PHQ-9 scores. This initial success not only confirmed the therapeutic potential of our application but also established the reliability of the subsequent usability and agent-related data analyzed.



In accordance with the existing literature emphasizing the importance of usability in DTx [7], our study specifically identified which aspects of usability substantially influence therapeutic effectiveness. Through mixed model analysis, we substantiated that perceived usefulness, user attitudes—encompassing both positive and negative attitudes towards the application—and the perceived enjoyment experienced by users are critical for the therapeutic impact. These findings align with our literature review, highlighting the importance of these variables in enhancing both usability and effectiveness in DTx. Future endeavors in this domain should, therefore, consider these variables as pivotal in strengthening the dual aims of usability and therapeutic efficacy.



Evaluating the impact of agent design elements on these identified key components of usability, we found anthropomorphism to be a particularly significant influencer, especially in amplifying perceived usefulness. Both anthropomorphism and the agent’s likeability played a role in cultivating a favorable attitude toward the application. The sensation of anthropomorphism had a notably strong impact on users’ enjoyment, with likeability also making a significant contribution. These insights emphasize that for DTx to reach its full therapeutic potential, sustained usage, supported by perceived usefulness, positive attitude, and user enjoyment, is essential. The roles of anthropomorphism and likeability are crucial in strengthening these foundational elements.



Although previous proposals have suggested the integration of agents in DTx [3], research detailing how these agents influence usability and, ultimately, therapeutic effectiveness has been limited. This study, therefore, holds significant value in proposing a concrete path through which agent design impacts these outcomes. Going beyond mere suggestions for the inclusion of agents, our research provides specific insights into which design aspects can have particular effects, especially within the context of DTx. We believe the value of our study lies in its ability to offer concrete guidance on how agents should be designed within DTx environments, informed by our experimental data.



In this study, we identified key variables such as anthropomorphism and likeability, which are crucial for agent design in DTx to enhance its effectiveness. Although the study spanned a month and involved participants using the application in their daily lives, it is important to acknowledge the limitation of not being able to control all external factors. However, the analysis yielded clear correlations with appropriate effect sizes and p-value validations, supporting the findings within the scope of our research objectives. Despite these limitations, the results provide valuable insights for future DTx applications. Further research is needed to pinpoint specific design elements that effectively augment these qualities. Although our research primarily focused on mental health, particularly depression, we acknowledge the potential for varying results across different types of DTx. Given the burgeoning field of digital therapeutics, continued research in diverse applications is imperative.



In conclusion, our study not only underscores the importance of agent design in enhancing DTx’s usability and effectiveness but also provides a foundational blueprint for incorporating these elements into future DTx solutions. By utilizing longitudinal data in a domain where evidence of long-term usage is limited, our findings pave the way for more comprehensive and actionable approaches in the evolving landscape of digital therapeutics.




8. Conclusions


Our exploration into the realm of digital therapeutics (DTx) has shed light on the significant interplay between virtual agent attributes and the therapeutic outcomes and usability of DTx. The findings confirm the centrality of continuous usage for therapeutic results, with usability being a prime predictor. Moreover, attributes like anthropomorphism and likeability crucially influence user attitudes and perceived enjoyment, further driving sustained DTx use. These insights not only underscore the importance of agent design in future DTx interventions but also emphasize the need for continued research in this rapidly evolving domain. As we advance, pinpointing specific design elements that enhance agent attributes and expanding research across diverse health domains in DTx will be pivotal for crafting more effective digital therapeutic solutions.
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Figure 1. Screenshot of the developed DTx application interface. 
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Figure 2. Visualization of changes in PHQ-9 scores over visits using a box plot. 
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Table 1. Comparison of PHQ-9 scores across visits using t-test.
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PHQ-9

	
Paired t-Test






	

	
Mean

	
Sd

	
Difference

	
t

	
p-Value

	
t

	
p-Value




	
1st Visit

	
10.166

	
4.334

	

	

	

	

	




	
2nd Visit

	
7.530

	
4.272

	
−2.636

	
5.640

	
3.9 ×   10  − 7   

	

	




	
3rd Visit

	
5.742

	
3.935

	
−1.787

	

	

	
4.206

	
8.1 ×   10  − 5   











 





Table 2. Mixed Model Results for Random and Fixed Effects.
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	Groups
	
	Variance
	Std.Dev.
	
	
	





	Random Effects
	SubjectID
	(Intercept)
	0.0646
	0.2542
	
	



	
	Residual
	
	0.2383
	0.4882
	
	



	Groups
	
	Estimate
	Std. Error
	df
	t value
	Pr (>|t|)



	Fixed Effects
	
	
	
	
	
	



	
	(Intercept)
	0.222197
	0.617027
	76.663595
	0.360
	0.719755



	
	PU
	0.442904
	0.123171
	116.998073
	3.596
	0.000475 ***



	
	PEOU
	−0.044708
	0.080634
	85.641294
	−0.554
	0.580710



	
	PENJ
	0.274263
	0.116143
	115.244807
	2.361
	0.019884 *



	
	ATT
	0.458635
	0.143274
	116.966013
	3.201
	0.001763 **



	
	COM
	0.044850
	0.077301
	113.841321
	0.580
	0.562925



	
	GOOD
	−0.003506
	0.094045
	96.229423
	−0.037
	0.970341



	
	TRUST
	−0.026790
	0.104166
	107.199793
	−0.257
	0.797530



	
	ANTH
	−0.040561
	0.082591
	116.917753
	−0.491
	0.624272



	
	LIKE
	−0.284325
	0.163218
	100.589169
	−1.742
	0.084567



	
	ANI
	0.077089
	0.090734
	115.284178
	0.850
	0.397302



	
	PI
	−0.031954
	0.089334
	112.556949
	−0.358
	0.721246



	
	PS
	0.056754
	0.109577
	89.992023
	0.518
	0.605772



	
	time3
	−0.089453
	0.090598
	59.719444
	−0.987
	0.327449







Statistical Significance: 0 “***” 0.001 “**” 0.01 “*”.













 





Table 3. Stepwise Regression Results.
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	Estimate
	Std. Error
	Pr (>|t|)





	PU ∼ ANTH
	0.3117
	0.1048
	0.00414 **



	PU ∼ PI
	0.2303
	0.1413
	0.10823



	PENJ ∼ ANTH
	0.31829
	0.08862
	0.000644 ***



	PENJ ∼ LIKE
	0.41700
	0.15937
	0.011103 *



	ATT ∼ ANTH
	0.20861
	0.09377
	0.0297 *



	ATT ∼ LIKE
	0.42243
	0.16863
	0.0149 *







Statistical Significance: 0 “***” 0.001 “**” 0.01 “*”.
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