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Abstract

:

There has been a lot of interest in digital mental health interventions but adherence to online programmes has been less than optimal. Chatbots that mimic brief conversations may be a more engaging and acceptable mode of delivery. We developed a chatbot, called 21-Day Stress Detox, to deliver stress management techniques for young adults. The purpose of the study was to explore the feasibility, acceptability, and potential efficacy of this low-intensity digital mental health intervention in a non-clinical population of young adults. The content was derived from cognitive behavioural therapy (CBT) and included evidence-informed elements such as mindfulness and gratitude journaling. It was delivered over 21 daily sessions using the Facebook Messenger platform. Each session was intended to last about 5–7 min and included text, animated GIFs, relaxation tracks and reflective exercises. We conducted an open single-arm trial collecting app usage through passive data collection as well as self-rated satisfaction and qualitative (open-ended) feedback. Efficacy was assessed via outcome measures of well-being (World Health Organisation (Five) Well-being Index; WHO-5; and Personal Well-being Measure; ONS4); stress (Perceived Stress Scale–10 item version; PSS-10); and anxiety (Generalized Anxiety Disorder 7-item scale; GAD-7). One hundred and ten of the 124 participants who completed baseline commenced the chatbot and 64 returned the post-intervention assessment. Eighty-one percent were female and 51% were first year students. Forty-five percent were NZ European and 41% were Asian. Mean engagement was 11 days out 21 days (SD = 7.8). Most (81%) found the chatbot easy to use. Sixty-three percent rated their satisfaction as 7 out of 10 or higher. Qualitative feedback revealed that convenience and relatable content were the most valued features. There was a statistically significant improvement on the WHO-5 of 7.38 (SD = 15.07; p < 0.001) and a mean reduction on the PSS-10 of 1.77 (SD = 4.69; p = 0.004) equating to effect sizes of 0.49 and 0.38, respectively. Those who were clinically anxious at baseline (n = 25) experienced a greater reduction of GAD-7 symptoms than those (n = 39) who started the study without clinical anxiety (−1.56, SD = 3.31 vs. 0.67, SD = 3.30; p = 0.011). Using a chatbot to deliver universal psychological support appears to be feasible, acceptable, have good levels of engagement, and lead to significant improvements in well-being and stress. Future iterations of the chatbot should involve a more personalised content.
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1. Introduction


The transition from adolescence to adulthood is characterised by unique social, psychological and health issues (Shanahan 2000). Major life changes, including completing education or training, starting a career or entering an intimate relationship, can trigger or amplify underlying mental health problems, sometimes leading to psychological distress or maladaptive functioning (Patel et al. 2007). It is estimated that up to 75% of lifetime mental health disorders emerge by the age of 24 (Kessler et al. 2005). In particular, anxiety has been singled out as a significant and frequent concern with 12-month prevalence rates of 22.2% in the USA (Kessler et al. 2012), 20% in Australia (Forbes et al. 2017), and 19.4% in New Zealand (Oakley Browne et al. 2006). There is evidence that prevalence of anxiety had been increasing in tertiary students pre-2020 (Xiao et al. 2017), and there are emerging trends of increase in anxiety since the start of the Covid pandemic in 2020 (Huckins et al. 2020; MHA National 2021). Young adults are less likely than their older counterparts to access ‘traditional’ mental health services (Gulliver et al. 2010). If left untreated, mental health difficulties can become chronic, entrenched, and debilitating problems (Gustavson et al. 2018; Kessler et al. 2007; Silfvernagel et al. 2017).



Tertiary students have been the target of several technology-based interventions. A recent meta-analysis found that about half (47%) of the 89 included programmes were effective and 34% were partially effective at reducing symptoms of the targeted disorder (Lattie et al. 2019). However, many of the studies showed high rates of attrition and low sustained usage. One way to boost engagement may be to use existing channels (such as instant messenger) to deliver digital interventions. This could reach people on the platform that is already familiar to them; the content could be broken down into shorter and easier- to-navigate chunks, while, in turn, the interventions might fit better into daily routine and modern habits.



Chatbots are computer programs that simulate conversation usually via a synchronous text-based dialogue. They allow real time engagement at a time and location of choice through what is considered a more natural interaction (Linardon et al. 2019). In a mental health context, chatbots are said to provide an instant service mimicking a counsellor or a peer who is instantly accessible to answer questions, provide advice, and engage in a friendly and supportive manner. Unsurprisingly, a number of chatbots to support mental health have been developed in the last few years (Vaidyam et al. 2019). One of the more popular (in terms of downloads) is Woebot (Fitzpatrick et al. 2017), which was shown to significantly reduce depressive symptoms compared to an active information-only control group with 34 young adults. Similarly, Wysa, is an Artificial Intelligence-enabled, empathetic, text-based conversational mobile mental well-being app (Inkster et al. 2018). In a ‘real-world open trial’, users who engaged with Wysa frequently had significantly higher improvement on depression scores than ‘low-engagers’.



Rationale for the Current Study


At the time of this study (2019), no therapeutic chatbots had been developed or evaluated in the New Zealand context. Our objective was to develop tailored content for young adults in this country to reflect local themes and style of communication.



The 21-Day Stress Detox is a self-help digital (Chatbot) intervention that sits on the HABITs (Health Advances Through Behaviour Intervention Technologies) platform – a digital ecosystem developed by the University of Auckland to support co-design, development, and evaluation of digital tools for mental health support (Warren et al. 2020). The chatbot uses Facebook Messenger to deliver a daily content (full description of the content and the delivery methods are included in the Methods section).





2. Materials and Methods


All participants gave their informed consent before taking part in the study. Consent was collected electronically using a secure online study portal. The study was approved on June 18th 2019 by the University of Auckland Human Participants Ethics Committee (protocol number 023234). This trial was prospectively registered with the Australian New Zealand Clinical Trials Registry (https://www.anzctr.org.au/ Trial ID: ACTRN12619001333101).



There was no compensation offered but participants who entered the study were given a chance to win one of five $NZ50 (about US$35) shopping vouchers.



2.1. Study Design


This was an open trial single-arm pilot study to determine the feasibility and acceptability of the 21 Day Stress Detox chatbot. The primary aim of the trial was to assess adherence, engagement, and satisfaction. The secondary objective was to explore changes in well-being, stress, and anxiety from pre- to post-intervention.



2.1.1. Recruitment


Potential participants were recruited from a non-clinical sample of University of Auckland students. The study was advertised directly to students using electronic announcements on a student portal, University research recruitment page, and brief (2 min) in-person (by RW) invitation to the study to a few undergraduate classes. The invitation to the study called for students who self-identified as “stressed” to try a “21-Day Stress Detox”.



Inclusion criteria encompassed being 18–24 years of age, able to read English (implied), and to have access to the internet via a smartphone or device/computer with a Facebook Messenger account. As recruitment was carried out fully online, it was up to each individual participant to deem if they were eligible to participate.




2.1.2. Procedure


The invitation (flyer or email) to study contained a URL link and QR code to the study website with further information, including a Participant Information Sheet and an outline of study procedures. Once a potential participant read this information, they were asked to provide electronic consent and complete baseline assessments using the online portal. It took approximately 10–15 min. Finally, participants were provided with a link to the intervention, which commenced within Facebook Messenger under their account.




2.1.3. Intervention


The 21-Day Stress Detox is a low-intensity psychological intervention designed to provide content in daily instalments to teach and reinforce coping strategies for dealing with stress and anxiety. Week one focused on physiological sensations associated with stress and anxiety (i.e., feelings–represented in the chatbot as  [image: Socsci 10 00416 i001]); week two focused on cognitive appraisal of stress and anxiety (i.e., thinking–represented in the chatbot as  [image: Socsci 10 00416 i002]); and week three focused on behavioural response (i.e., action–represented in the chatbot as  [image: Socsci 10 00416 i003]). Day 22 was ‘content-free’ and consisted of a message prompting the participant to complete the post-intervention assessment. Participants who did not reach that point were sent an email on day 22 and two reminders (a week apart) to complete the post-intervention measures via the online study portal. The chatbot content is based on the cognitive behavioural (CBT) model alongside techniques derived from positive psychology i.e., expressing gratitude (Fava et al. 1998) and scheduling time for pleasant activities (Fuchs and Rehm 1977; Wirtz and von Känel 2017). This is conveyed through motivational quotes, jokes, gratitude journaling, and activities to help form positive habits. A summary of content of the intervention is presented in Table 1.



The persona of the chatbot is a young person who messages the user via Facebook Messenger once a day (at a time chosen by the user) and guides them through a brief (about 3–5 min) daily activity. The interaction is akin to a brief exchange with a friend who checks in and has a helpful tip or an anecdote/story to share. The user can choose to engage or to ignore. If ignored, the chatbot checks in again 24 h later. The messages typically start with “Hi, how are you going today?” which is hypothesised to be an effective way of generating a conversational interaction (Schegloff (1968)).



In the event that a participant was distressed and needed additional support, there were ‘risk’ words programmed into the system, which triggered a “more help” module. This included presentation of appropriate helplines and how/where to seek more comprehensive support. Information about extra help, including helplines, was also included at the entry and exit from the study via the portal.



An example of first day interaction (‘meet and greet’) is shown in Figure 1, and further screenshots (Figure 2) illustrate the chatbot’s content and communication style.



The 21-Day Stress Detox is built on “rule-based” programming (Holt-Quick et al. 2021). The majority of the content is in the form of a dialogue based on predetermined ‘quick options’ (e.g., yes/no or ‘tell me more’/’let’s go’) that branch out the conversation along the user-chosen path. The written content is further enhanced using audio clips (relaxation, mindfulness, and guided meditation tracks), GIFs (for humour or metaphor), while reflective exercises, vignettes, brief quizzes, homework (framed as ‘challenges’) are used to present and augment skill acquisition. Gamification strategies are used to sustain motivation using collectible reward badges for each newly acquired skill and for completing each week. Users can also ‘favourite’ their activities and access them through a quick menu. While each day presents new content, there is scope to repeat some activities if needed. The language throughout the intervention is non-clinical and the emphasis is on everyday skills and healthy ways of coping. The chatbot persona has an upbeat and friendly tone, using validating statements to empathise and encourage motivation. Whenever possible, text is reduced and kept simple and non-technical. Jargon is avoided and, instead, more colloquial, youth friendly language is used.




	a.

	
Data Collection









Data was collected and stored electronically (via an online portal) using self-reported (outcomes and satisfaction) and passive (usage) methods. Both quantitative and qualitative data were collected as shown in Table 2.




	b.

	
Outcome measurement









Adherence was captured quantitatively as the number of days a participant interacted with the chatbot. We also measured how many different modules participants accessed. However, the design of the chatbot allowed for flexible use: participants were able to repeat some of the modules as many times as they wished (e.g., listen to relaxation tracks more than once or ‘favorite’ a module and repeat it later). On the other hand, there were also modules that participants could skip (e.g., not complete the gratitude journal). Therefore, there is no objective ‘maximum’ number of modules that can be completed.



Satisfaction with the chatbot was assessed during the intervention (on day 7, 14, and 21) as a brief self-report measure with three options: “lame”, “okay”, or “great”. At post-intervention, participants were asked to complete a measure called the “Chatbot Rating Scale”. This scale was developed for the study with seven questions pertaining to the domains of: ease of use, aesthetic, relevance of content, cultural fit/responsiveness, technical functioning, satisfaction with the experience, and desire to keep using in future. Each item could be rated on a scale from 0 (not at all) to 4 (definitely.) At the end of the Rating Scale, participants were asked to rate the chatbot globally on a scale of 1–10 (1 being ‘Really bad’ and 10 being ‘Amazing’). Free-text feedback was collected about the chatbot by asking the participants to state what they ‘liked most’ and ‘liked least’ about the chatbot, and what suggestions for improvement they had. These were optional questions and could be skipped.



Efficacy was measured using several psychometrically validated outcome measures: the Perceived Stress Scale (PSS-10) (Cohen et al. 1994) is a self-report tool to assess the frequency of thoughts and feelings relating to situations that have occurred recently. Items measure how overwhelming, uncontrollable, and overloaded life feels. The PSS-10 is a short version of the scale, which has been shown to be of equal reliability and validity to the longer version (Cohen et al. 1994), but a lesser burden on participants. PSS-10 is deemed to be a reliable assessment of perceived stress (Cronbach’s alpha 0.89) (Roberti et al. (2006)) and has a good convergent validity with the State Trait Anxiety Inventory (Taylor 2015). It is one of the most widely used psychological instruments for measuring stress (Cohen et al. 1994).



The Generalized Anxiety Disorder 7-item scale (GAD-7) is a valid, brief self-report tool to assess the frequency and severity of anxious thoughts and behaviours over the past two weeks (Spitzer et al. 2006). This has good internal consistency (ρ = 0.85) and convergent validity with other anxiety measures. A score of 10 or greater is used to indicate moderate anxiety (Spitzer et al. 2006).



The World Health Organisation (Five) Well-being Index (WHO-5) (Staehr Johansen 1998) is a self-report five-item measure of subjective happiness made up exclusively of positively-phrased items. It has adequate construct validity for positive mood, vitality, and general interest (Feicht et al. 2013) and is reliable (Cronbach’s α = 0.88; Bech et al. (2003)).



The Personal Well-being Measure (ONS4) (Tinkler and Hicks 2011) is a four-item self-report measure consisting of four independent items (i.e., there is no composite score): life satisfaction (‘Overall, how satisfied are you with your life nowadays?’); worthwhile (‘Overall, to what extent do you feel that the things you do in your life are worthwhile?’); happiness (‘Overall, how happy did you feel yesterday?’); and anxiety (‘On a scale of where 0 is not at all anxious and 10 is completely anxious, overall how anxious did you feel yesterday?’). Each item is answered on a scale from 0 to 10 where 0 is ‘’not at all’ and 10 is ‘completely”. As a personal well-being measure, it has been applied to large non-clinical populations via representative surveys. The ONS4 was recently recommended as a preferred measure of personal well-being when a limited number of items can be administered (VanderWeele et al. 2020).




	c.

	
Data analysis









The clinical outcomes were summarised for all participants at baseline using descriptive summaries. Levels and changes in the outcome measures were summarised as means and standard deviations. Pre-post mean change scores were calculated for each clinical outcome. Paired sample t-tests were used to assess statistical significance. Changes in the outcome measures were tested using paired t-tests and summarised as means with 95% confidence intervals. Associations between gender, ethnicity, and baseline GAD-7 score, and changes in the outcome measures were tested using a 1-way ANOVA.



Participant responses to open-ended questions were analysed qualitatively using a pragmatic general inductive approach to qualitative analysis. This was guided by the procedure outlined by Thomas (2006), with qualitative content analysis building understanding from observation rather than hypothesis testing. This method focuses on understanding the perspectives of participants responding to specific evaluation questions (Patton 2002). Content was analysed in relation to the question: “Is the chatbot acceptable to the participants?”, with each response being read closely multiple times to derive initial categories that related to this research question. Related content was pulled out and grouped into sub-themes, which fed into common themes. RW read and re-read each response and created the initial coding framework. This was discussed and cross-checked on a sample of responses by KS.






3. Results


3.1. Participants


Recruitment took place at the University of Auckland (New Zealand) between October 7, and November 15, 2019 coinciding with the end of the second semester and the exam period. Participant flow is shown in Figure 3.



Participants were predominantly female, most identified as NZ European or Asian and over half were in their first year of university. Demographics are presented in Table 3.



Baseline clinical characteristics of the sample presented in Table 4 were suggestive of psychological distress on various domains. Participants exhibited moderate stress levels (against a population mean score of 14.2 (SD = 6.2) (Cohen et al. 1994). Subjective well-being scores were within ‘medium’ for satisfaction, life worth, and happiness scores (ONS4-1, ONS4-2 and ONS4-3, respectively) while anxiety scores (ONS4-4) were high (Benson et al. 2019). A WHO-5 score below 50 is suggestive of poor emotional well-being and possible depression (Topp et al. 2015)



At baseline, Cronbach alpha coefficient for WHO-5 was 0.888; for PSS-10, 0.849; and for GAD-7, 0.831. At post-intervention, the figures were 0.872, 0.853, and 0.853 respectively.




3.2. Engagement and Adherence to the Chatbot


On average, participants adhered to the programme for 11 days out of the total 21-day programme (M = 11.3, SD = 7.8). Thirty participants (27.3%) adhered fully, completing all 21 days (and/or up to day 22 which was content-free); 15 (13.6%) completed between 15–20 days; 11 (10%) completed between 10–14 days; 23 (20.9%) did 5–9 days; and 25 (22.7%) did between two and four days of content. Six (5.5%) discontinued after day one. Adherence rates are shown in Figure 4.




3.3. Acceptability


3.3.1. Quantitative Outcomes


Over 90% of participants who gave a chatbot rating during the programme rated their experience as “Okay” or “Great” (Figure 5).



Glitch-free interface, ease of use, and aesthetic appeal were rated highest on a satisfaction scale (Table 5).



Overall, the chatbot received a mean rating of 6.61 (SD = 1.78) out of 10 (median = 7). Distribution of ratings is included in Figure 6.




3.3.2. Qualitative Feedback


Fifty-six participants provided free-text feedback about the chatbot at post-intervention in response to two questions:




	
“What did you like most about the chatbot?” (most liked).



	
“What did you like least about the chatbot?” (most disliked).








Free text responses were analysed using Thomas (2006) general inductive approach. Consequently, we grouped the comments into four key themes related to connection with the chatbot, convenience, and technical nature.



Theme 1: Participants most frequently commented about content in their feedback. They reflected on skills which they had learned or were reminded of, or how the chatbot stimulated their interest in learning new information. The positive reactions feedback (i.e., in response to the “most liked” question) typically gave details of specific modules perceived as helpful or enjoyable. Participants also frequently commented on the visual communication tools, for example, that the emojis and GIFs made the content more engaging and easier to relate to. However, negative feedback tended to be more general and often mentioned lack of personal relevancy, such as:


“I think Stress Detox reinforces the skill set I am already learning through therapy,”



(most liked)






“The use of GIFs kept it interesting.”



(most liked);






“Some of the things it talked about weren’t relevant to me or my current situation,”



(most disliked); and






“I didn’t relate with the language, maybe it would be better to have a language choice,”



(most disliked).







Theme 2: Users often commented on a perceived connection with the chatbot (or lack thereof). From a positive perspective, this related to a sense of alliance or even friendship that developed from the daily chats. Conversely, the negative feedback sometimes mentioned that an exchange with a chatbot may highlight feelings of loneliness or disconnection. Others felt that the chatbot was not able to understand them and they felt talked down to. The following are examples of positive and negative comments:


“I liked its friendly, outgoing nature. It was a positive addition to my day and made me feel validated,”



(most liked);






“Like talking to a friend.”



(most liked);






“Sometimes I wish I could be talking to a real person through text because it’s overwhelming to ring someone or talk face to face with them. Having a robot to talk to is nice but it kind of makes you feel alone sometimes,”



(most disliked); and






“It didn’t listen to my preferences, and it seemed patronizing at times,”



(most disliked).







Theme 3: A great deal of feedback centered on the convenience associated with using a chatbot. Frequent comments included the ease of use, accessibility, and being able to set the time of the exchanges to fit into one’s day. Interestingly, comments were often polarised with some people liking the daily ‘chats’ and others finding it repetitive and constricted, such as:


“I can use it at any time after 8. I can pause and come back to it,”



(most liked);






“I liked how it prompted you to use every day.”



(most liked);






“Having to do it every day felt like a chore,”



(most disliked); and






“Time consuming sometimes,”



(most disliked).







Theme 4: Finally, a substantial amount of feedback reflected on the technical nature. On the one hand, positive comments related to the chatbot design, interactivity, and availability through the Messenger platform. On the other hand, participants wished for more technical capability e.g., to be able to type their own responses (instead of using predetermined options) and a more nuanced range of responses back from the chatbot, for example:


“How interactive it was,”



(most liked);






“How realistic it is,”



(most liked);






“The responses were very limited, you couldn’t really say much,”



(most disliked); and






“The same old questions every day,”



(most disliked).









3.4. Clinical Efficacy


There was a statistically significant improvement pre- to post-intervention on the WHO-5, with a mean change of 7.38 (SD = 15.07; p < 0.001), and a mean change of 1.77 (SD = 4.69; p = 0.004) on the PSS-10. These changes equate to effect sizes (ES) of 0.49 and 0.38, respectively. None of the other outcome measures showed a significant change from baseline to post-intervention, as shown in Table 6.



Post-hoc analyses showed no significant differential effects of the chatbot based on gender or ethnicity on any of the clinical outcomes.



Those with clinically elevated symptoms (at or above cut-off of 10 on GAD-7) at baseline (n = 25) had a significantly greater reduction in anxiety symptoms at post-intervention than those (n = 39) below the cut-off score on GAD-7 (F(1, 63) 0.67, p = 0.01). There were no other differences between pre-post change scored between the two subgroups (as shown in Table 7).





4. Discussion


4.1. Principal Findings


We have demonstrated that delivering a time-limited universal stress management intervention in the form of a Facebook Messenger chatbot is feasible, acceptable, and relatively engaging for young adults. Our evidence-based content was successfully delivered using brief daily ‘chats’; close to a third of users completed the whole programme and over 40% completed over two thirds of the intervention. There were encouraging clinical outcomes of reduced stress and improved subjective well-being with good effect sizes. Qualitative feedback highlighted the helpful nature of the content, convenience, and ease of use. Some found the daily use fun while for some it was too prescriptive. Comments also suggested the need to personalise content and improve the conversational interface.




4.2. Comparisons with Prior Work


Tertiary students are known to experience psychological distress and too often not have access to appropriate support (Mojtabai et al. 2011; Ollendick et al. 2018). This study strengthens current evidence that there is a demand for digital interventions in this population; recruitment was more rapid than expected, with over 100 students registering on the study portal within the first three weeks of recruitment. Our approach of using non-clinical language and content conceptualised as a lifestyle programme may have helped to reduce barriers to seek help. Promoting mental health initiatives in a way that avoids stigmatisation is important to achieve wider access.



Our engagement rates compare well to other well-being chatbots described in literature (Gardiner et al. 2017; Greer et al. 2019). A little less than a third (27.3%) completed the full programme and 40.9% completed over half the intervention. It is evident that the intensity of engagement with our chatbot varied across the sample. The usage pattern appears to follow a bimodal distribution previously observed in a study by Inkster et al. (2018) of the chatbot Wysa suggesting there are ‘low’ and’ high’ engagers in these types of interventions. This may be due to users tailoring the programme to their needs, which is an important part of the acceptability model of digital well-being tools. While online interventions have been sometimes singled out as having poor adherence (Fleming et al. 2018), it is worth noting that adherence to traditional face-to-face therapy varies a lot and is less than optimal. A large review by Swift and Greenberg (2012) showed that at least one in five clients drop out of therapy prematurely. Others suggest that no more than a third of patients return after the first session (Barrett et al. 2008).



Studies on chatbots to date have reported fairly high satisfaction and user acceptability (Inkster et al. 2018). Our study is no exception, with almost two thirds rating their overall satisfaction as high (7/10 or more). Written feedback provided plentiful examples of how much some enjoyed the content, connection with the chatbot, and ease of access. This resonates with the studies by Fitzpatrick et al. (2017) and Inkster et al. (2018) which also reported that chatbots were convenient and that people empathise with conversational agents. Interestingly, we found certain aspects of the chatbot to be polarising, with participants often commenting on the same thing with opposite opinions. Clearly, one size does not fit all and what is engaging to one person can be off-putting to another. Future chatbot developers should aim to increase customisation and to personalise as many elements of the delivery as possible, based on user preference.



We have found evidence of partial efficacy, similar to a number of other chatbots (Carey et al. 2016). While we found a reduction in stress and significant increase in subjective well-being, there was no change in anxiety symptoms. This may be explained by the fact that the chatbot was promoted as a stress management programme and offered universally. Overall, our participants had relatively low anxiety levels at the start of the study (as expected in a non-clinical sample); however, those who had elevated symptoms experienced a significant reduction compared to those with no clinical symptoms. This reinforces the merits of universal delivery of mental health interventions as it is able to capture at-risk subgroups while enhancing the well-being of a broader population. It is worth noting that the study period targeted a time of year when we would expect to see an increase in anxiety and stress due to the pressure of end-of -year exams. It is possible that the 21-Day Stress Detox chatbot helped to keep anxiety levels at bay.




4.3. Strengths and Limitations of the Study


One of the key successes of this project is that we have built a custom-design chatbot capable of delivering support related to stress and well-being to young adults in a form that is acceptable to them. This has been achieved in a short amount of time at a low cost and could be replicated for different populations. Feedback from users suggests that non-clinical content and delivery style (friendly style/tone, jokes, metaphors, GIFs, and motivational quotes) increased accessibility to the therapeutic content. Our findings demonstrate that evidence-based content can be delivered using conversational chatbots to offer first tier of psychological support.



As with all studies, there are a number of limitations. Firstly, as this was an open single-arm, uncontrolled study, our conclusions about efficacy need to be made with caution. Future studies should include a comparison arm or even account for the possible placebo effect. Follow up is also recommended to establish the longer-term impact of the intervention. Furthermore, implementing interventions in the ‘real world’ differs from the experimental stage and thus time will tell how effective chatbots are once available to the public. The evidence to date suggests that they are popular and well-liked so the interest and investment in this technology is warranted



Finally, our study was carried out in one university located in a large urban centre in New Zealand. As is often the case, we had an over-representation of females and the ethnic makeup of the sample does not match the greater NZ society (in particular we had an under-representation of Māori and Pacific Island students). Consequently, our results may not generalise to other contexts, and further exploration needs to include a more diverse range of users.





5. Conclusions and Future Directions


In 2020, over 2.5 billion people worldwide owned a smartphone (Rowland et al. 2020). Potentially, each of these devices provides the opportunity to connect with and deliver brief well-being support to many for whom any mental health support would otherwise be out of reach. Despite increasing interest in digital well-being tools from service users and providers, there remains uncertainty over how best to utilise technology to deliver care (Rowland et al. 2020). Our study demonstrated that there is a place for innovative technology, such as chatbots, in providing access to universal well-being support. Our low-intensity, time-limited intervention was delivered via a chatbot using an existing Messenger service that fitted well into daily habits of young adults. Future work should include greater emphasis on more customizable content and sophisticated/adaptive conversational interface.



One of the major challenges for researchers is to keep up with the rapid pace of technology. For example, since completing this study, Facebook changed its policy regarding daily notifications from chatbots, prompting us to move our intervention from Facebook Messenger to a native app. While, traditionally, the next step would be to establish clinical efficacy, doing it in a randomized controlled trial setting risks falling behind technology even further. Assessing utility and impact in the ‘real world’ may yield valuable insights more quickly. Unlike some interventions, our chatbot system allows for rapid iteration of content and, therefore, we can evolve and optimize it quickly in response to user feedback. It is apparent that, in the future, content should be more personalisable to suit individual needs and communication styles. Work is also required on the conversational interface to make it more adaptive and sophisticated for increasingly discerning audiences.
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Figure 1. Screenshot of day one onboarding with “Aroha”, the Stress Detox chatbot persona. 
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Figure 2. Screenshots of: (a) day four Stress Psychoeducation module; (b) day ten Reality Check module; (c) day thirteen Perspective module. 
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Figure 3. Flowchart of the participants through the trial. 
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Figure 4. Days completed of the 21 Day Stress Detox programme. (Day 22 was ‘content-free’ and consisted of a message prompting the participant to complete the post-intervention assessment.) The average number of completed modules was 19.3 (SD = 15.3). Twenty-six percent (n = 31) completed between 30 and 51 modules and 23% engaged with fewer than five modules. One participant accessed different modules 73 times (completing several modules more than once) during the programme. 
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Figure 5. Participant rating for chatbot at three timepoints during the 21-Day Stress Detox programme. Day 7, n = 34; day 14, n = 24; day 21, n = 15. 
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Figure 6. Satisfaction rating post intervention (N=64). 
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Table 1. Summary of content of the 21-Day Stress Detox Chatbot.
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Focus

	
Day

	
Module






	
Week 1:

Feelings  [image: Socsci 10 00416 i001]

	
1

	
Onboarding (‘meet & greet’)




	
SMART Goal




	
Gratitude Journal introduced




	
2

	
Subjective Stress Rating




	
Breathe Taster




	
Goal Setting




	
3

	
Stress Sensations




	
Calm Breathing




	
4

	
Stress Psychoeducation




	
Focusing Game




	
5

	
Cognitive Triad




	
Progressive Muscle Relaxation (PMR)




	
6

	
Sleep Psychoeducation




	
Self-Care Psychoeducation




	
7

	
Know Your Anxiety




	
Meditation




	
Gratitude Journal Review




	
Week 2:

Thinking  [image: Socsci 10 00416 i002]

	
8

	
Downloading the Positives




	
9

	
Stink Thoughts




	
10

	
Reality Check




	
11

	
Challenging Thoughts




	
12

	
Brainstorming




	
13

	
Perspective




	
14

	
Recap




	
Week 3:

Actions  [image: Socsci 10 00416 i003]

	
15

	
STEPS




	
16

	
Stairwell of Stress




	
17

	
Assertiveness




	
18

	
Conflict Resolution




	
19

	
Pleasant Activity Part1




	
20

	
Pleasant Activity Part 2




	
Communication Skills




	
21

	
Recap of modules




	
Gratitude Journal Review




	

	
22

	
Outboarding
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Table 2. Summary of measures used in the study.
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Measure

	
Time Point




	
Baseline

	
Day

	
Post-Intervention

	
Passively Throughout




	
7

	
14

	
21






	
Quantitative

	
Demographics

	
 [image: Socsci 10 00416 i004]

	

	

	

	

	




	
WHO-5

	
 [image: Socsci 10 00416 i004]
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ONS4

	
 [image: Socsci 10 00416 i004]
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PSS-10
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GAD-7
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Chatbot use (engagement)
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Chatbot satisfaction

	

	
 [image: Socsci 10 00416 i004]

	
 [image: Socsci 10 00416 i004]

	
 [image: Socsci 10 00416 i004]

	

	




	
Chatbot Rating Scale
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Qualitative

	




	
Likes and dislikes
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Suggestions for improvement
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Overall review
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Table 3. Demographic characteristics of participants at baseline (n = 124).
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Percentage * (Number)






	
Age

	
18–20

	
46% (53)




	
21–23

	
47% (54)




	
Over 24

	
7% (8)




	
Gender

	
Female

	
81% (87)




	
Male

	
16% (17)




	
Transgender

	
1% (1)




	
None of these

	
2% (2)




	
Ethnicity **

	
NZ European

	
45% (48)




	
Asian

	
41% (44)




	
Māori

	
6.5% (7)




	
Other

	
4.7% (5)




	
Pacific

	
2.7% (3)




	
Stage at university

	
1st year

	
51.2% (63)




	
Other undergraduate

	
46.3% (57)




	
Post-graduate

	
2.4% (3)








* Some participants deleted their demographic data from the registration portal, so total n ≠ 124. ** Prioritised ethnicity was used. This is a method where individuals are classified into one ethnic group, in a prioritised order as follows; Māori, Pacific Peoples, Asian, Middle Eastern/Latin American/African (MELAA), Other, European (Ministry of Health 2017).
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Table 4. Clinical characteristics at baseline (N = 124).
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Mean Score

	
Min

	
Max

	
Possible Range




	
M

	
SD






	
WHO-5

	
42.23

	
19.09

	
4

	
84

	
0–100




	
PSS -10

	
22.02

	
6.43

	
4

	
40

	
0–40




	
ONS4-1

	
6.10

	
2.21

	
0

	
10

	
0–10




	
ONS4-2

	
6.82

	
2.05

	
0

	
10

	
0–10




	
ONS4-3

	
5.64

	
2.36

	
0

	
10

	
0–10




	
ONS4-4

	
5.73

	
2.45

	
0

	
10

	
0–10




	
GAD-7

	
8.73

	
2.71

	
1

	
21

	
0–21
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Table 5. Mean ratings on the Chatbot Rating Scale [range between 0 (not at all) to 4 (definitely) collected at post-intervention (day 22).
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Chatbot Rating Scale Item

	
Participant Rating out of 4

(N = 64)




	
M

	
SD






	
I thought it was helpful.

	
2.47

	
1.04




	
I thought it was easy to use.

	
3.25

	
0.84




	
I thought it was fun.

	
2.36

	
1.07




	
I thought it reflected my culture.

	
2.05

	
1.15




	
I thought it was nice to look at.

	
2.77

	
0.89




	
I thought it worked smoothly (e.g., without crashing).

	
3.17

	
1.00




	
I would like to keep it on my device.

	
2.00

	
1.18











[image: Table] 





Table 6. Paired sample t-tests for each outcome measure (n = 64).
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Paired Differences

	
Effect Size

	
t

	
df

	
p




	
M

	
SD

	
SE

	
95% CI




	
Lower

	
Upper






	
WHO−5

	
−7.38

	
15.07

	
1.88

	
−11.14

	
−3.61

	
0.49

	
−3.91

	
63

	
<0.001




	
PSS−10

	
1.77

	
4.69

	
0.59

	
0.59

	
2.94

	
0.38

	
3.01

	
63

	
0.004




	
ONS4−1

	
−0.23

	
1.49

	
0.19

	
−0.61

	
0.14

	
0.16

	
−1.26

	
63

	
0.21




	
ONS4−2

	
−0.14

	
1.38

	
0.17

	
−0.49

	
0.20

	
0.10

	
−0.82

	
63

	
0.42




	
ONS4−3

	
−0.05

	
2.74

	
0.34

	
−0.73

	
0.64

	
0.02

	
−0.14

	
63

	
0.89




	
ONS4−4

	
0.06

	
2.81

	
0.35

	
−0.64

	
0.77

	
0.02

	
0.18

	
63

	
0.86




	
GAD−7

	
0.20

	
3.45

	
0.43

	
−0.66

	
1.07

	
0.06

	
0.47

	
63

	
0.64
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Table 7. One-way ANOVA between change in clinical outcome and baseline anxiety on GAD-7.
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WHO-5 Change

	
ONS4-1 Change

	
ONS4-2 Change

	
ONS4-3 Change

	
ONS4-4 Change

	
GAD-7 Change

	
PSS Change




	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD






	
GAD-7 < 10

(N = 39)

	
6.67

	
14.89

	
0.13

	
1.26

	
0.33

	
1.38

	
−0.33

	
3.06

	
−0.08

	
3.18

	
0.67

	
3.30

	
−1.54

	
4.58




	
GAD-7 ≥ 10

(N = 25)

	
8.48

	
15.59

	
0.40

	
1.80

	
−0.16

	
1.34

	
0.64

	
2.08

	
−0.04

	
2.17

	
−1.56

	
3.31

	
−2.12

	
4.94




	
p-value

	
0.64

	
0.48

	
0.16

	
0.17

	
0.96

	
0.01

	
0.63
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