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Abstract

Background: Positive psychology interventions show promisefor reducing psychosocial distress associated with health adversity
and have the potential to be widely disseminated to young adults through technology.

Objective: Thispilot randomized controlled trial examined the feasibility of delivering positive psychology skillsviathe Vivibot
chatbot and its effects on key psychosocial well-being outcomes in young adults treated for cancer.

Methods: Young adults (age 18-29 years) were recruited within 5 years of completing active cancer treatment by using the
Vivibot chatbot on Facebook messenger. Participants were randomized to either immediate access to Vivibot content (experimental
group) or access to only daily emotion ratings and access to full chatbot content after 4 weeks (control). Created using a
human-centered design process with young adults treated for cancer, Vivibot content includes 4 weeks of positive psychology
skills, daily emotion ratings, video, and other material produced by survivors, and periodic feedback check-ins. All participants
were assessed for psychosocial well-being via online surveys at baseline and weeks 2, 4, and 8. Analyses examined chatbot
engagement and open-ended feedback on likability and perceived helpfulness and compared experimental and control groups
with regard to anxiety and depression symptoms and positive and negative emotion changes between baseline and 4 weeks. To
verify the main effects, follow-up analyses compared changesin the main outcomes between 4 and 8 weeks in the control group
once participants had access to all chatbot content.

Results: Datafrom 45 young adults (36 women; mean age: 25 [SD 2.9]; experimental group: n=25; control group: n=20) were
analyzed. Participants in the experimental group spent an average of 74 minutes across an average of 12 active sessions chatting
with Vivibot and rated their experience as helpful (mean 2.0/3, SD 0.72) and would recommend it to a friend (mean 6.9/10; SD
2.6). Open-ended feedback noted its nonjudgmental nature as a particular benefit of the chatbot. After 4 weeks, participantsin
the experimental group reported an average reduction in anxiety of 2.58 standardized t-score units, while the control group reported
an increase in anxiety of 0.7 units. A mixed-effects models revealed a trend-level (P=.09) interaction between group and time,
with an effect size of 0.41. Those in the experimental group also experienced greater reductions in anxiety when they engaged
in more sessions (z=—1.9, P=.06). There were no significant (or trend level) effects by group on changesin depression, positive
emotion, or negative emotion.

Conclusions: The chatbot format provides a useful and acceptable way of delivering positive psychology skillsto young adults
who have undergone cancer treatment and supports anxiety reduction. Further analysis with alarger sample size is required to
confirm this pattern.

(JMIR Mhealth Uhealth 2019;7(10):€15018) doi: 10.2196/15018
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Introduction

A total of 70,000 adolescents and young adults, aged 15-39
years, are diagnosed with cancer each year, making cancer the
leading cause of disease-related death in young people in the
United States [1]. In addition to this disproportionate disease
burden, there are significant and unique psychosocial needsfor
adolescents and young adults diagnosed with cancer [2].
Adolescents and young adults are most likely to experience
depression, heightened anxiety, distress, and posttraumatic stress
disorder in their first 12-24 months after completing treatment,
which poses significant unmet mental health needsin the period
after cancer treatment [2-4].

Several studies have suggested that 20%-30% of young people
treated for cancer report moderate-to-severe psychological
distress lasting into adulthood [3]. Compared to their siblings,
adol escents and young adults with cancer have reported poorer
overal mental health [5] and aretwice aslikely to report clinical
levels of emotional distress[6-8]. Despite this disproportionate
need, there remains a lack of age-appropriate psychosocial
support for adolescents and young adults after cancer treatment,
which is further complicated by the difficulty reaching this
geographically dispersed population [9]. There is therefore a
need to address the unmet mental health burden experienced by
young peoplewho have been diagnosed with cancer intheinitial
years after treatment.

Advances in the field of positive psychology have shown
promisein addressing the psychological distressassociated with
health adversity [10]. This work is built upon the importance
of positive emotion in the maintenance of psychological and
physical well-being [11] and evidence that positive emotion is
uniquely associated with alower risk of morbidity and mortality
in healthy and chronically ill samples, independent of the effects
of negative emotion [12-15]. Interventionsthat explicitly target
positive emotion show promise for improving health outcomes
in a number of chronic illnesses, including diabetes [16,17],
heart disease[18,19], hypertension [20,21], depression [22,23],
and HIV [24].

In the area of adolescent and young adult cancer survivorship,
there is evidence that several persona resources have been
shown to mitigate negative and promote positive psychosocial
outcomes among young peopl e treated for cancer [25-27]. For
example, the Promoting Resilience in Stress Management
(PRISM) intervention was designed to promote resilience coping
skills in adolescents and young adults with a cancer diagnosis.
A pilot trial demonstrated the feasibility of an in-person PRISM
intervention with this population [28], and aclinical trial testing
the efficacy of the PRISM skillsintervention compared to usual
care among adol escents and young adults after cancer treatment,
aged 12-25 years (N=100), showed statistically significant
improvements  in  patient - reported  resilience  and
cancer - specific quality of life, aswell asreduced psychological
distress [29]. Secondary analyses showed additional value of
benefit finding and hope among those who got PRISM with
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moderate-to-large effect sizes [30]. Interventions targeting
resilience and positive emotion have the potential to support
mental health needs among young people treated for cancer.

Depression is common among young people with cancer [31],
and interventions based on increasing positive emotion have
been shown to relieve symptoms of depression in a
meta-analysis[23]. Psychological interventionsthat specifically
target depression in people with cancer have shown some
efficacy but tend to be underutilized by younger adults [31].
Anxiety isalso common among young peoplewith cancer, with
effective treatments either not availablein the settingsin which
adolescents and young adults with cancer receive treatment or
not offered by referring clinicians. [31]. In the absence of
trestmentsthat support adolescents and young adults after cancer
treatment, there is a need to fill the gap.

Digital health interventions may extend the reach and impact
of positive psychology skillsinterventions among young people
treated for cancer. Within the vast array of digital intervention
platforms, fully automated conversational agents (“chatbots”)
have the distinct advantage of being perceived as accessible to
youth [32] and can deliver a structured set of content that can
simulate the content experienced by real-life conversation (eg,
with a supportive friend).

The literature on the use of chatbots to stimulate conversation
about health or to actually change health behavior is emerging.
For example, Bickmore et a [33] demonstrated that acarefully
designed health-related conversationa agent could establish a
therapeutic relationship with adults attempting to increase
exercise. A review of 14 chatbotsin health care found that their
useisdtill rarerelativeto other areas[34]. Further, most studies
designed to eval uate these chatbots were quasi-experimental in
design and lack outcome measures that were clear health
indicators. The notable exception was the trial evaluating the
Woebot chatbot, which found a significant reduction in
depression symptoms after 2 weeks of use in college students
seeking mental health support [35]. More research is needed to
understand whether chatbots are associated with changes in
health behaviors and emotional distressin specific populations
and through varied mediaincluding social media.

Building on evidence-based interventionsin thefield of positive
psychology and using a human-centered design approach,
Hopelab (San Francisco, CA) created a chatbot called Vivibot,
delivered over Facebook messenger, to address psychosocial
needs of young people treated for cancer. The purpose of this
feasibility study was to evaluate engagement and usability of
the Mivibot chatbot. An additional goa was to evaluate the
preliminary effects of positive psychology skills delivered
through Vivibot on key psychosocia well-being outcomes in
young adultstreated for cancer. Outcomeswere compared across
two conditions: 4 weeks of Mivibot exposure (experimental
group) or access to daily emotion ratings through Facebook
Messenger with access to the full Vivibot chatbot after 4 weeks
(control group).
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Our hypotheses were as follows: (1) After 4 weeks, exposure
to Vivibot would result in decreased depression, anxiety, and
negative emotions and increased positive emotions compared
to the control condition. (2) Among the treatment group, greater
engagement in chatbot lessons would be associated with better
outcomes.

Methods

Study Design

Thiswas a4-week pilot randomized controlled trial evaluating
feasibility, usability, and initia efficacy of the Vivibot chatbot.
At 4 weeks, control participants were given full access to the
content in the experimental condition. An 8-week follow-up
survey thusallowed for validation of the main outcome analyses
in the control group.

Participants and Recruitment

Participants were young adults, aged 18-29 years, consistent
with the devel opmental literature[36] and thefield of oncology
[4]; English literate; and reported having a cancer diagnosisand
completing treatment for cancer within 5 years of starting the
study. They also had to have accessto Facebook Messenger for
the study duration (either through a Facebook or Instagram
account). Participants were excluded if they did not meet age
or cancer diagnosis or treatment requirements or were unable
to access Mivibot through Facebook Messenger. They were not
excluded based on the type of cancer diagnosis.

Recruitment was conducted through Facebook advertising (67%
of final sample), survivorship organizations (15%), and direct
email after a potential participant expressed interest at a
conference or event (17%). Enrollment was managed entirely
through the Vivibot chatbot. During the recruitment period, once
auser opened the chatbot interface for thefirst time, he/shewas
automatically asked four screening questions to determine
eligibility. Those eligible and interested were sent an
identification code and link to the study consent survey.

Study Procedure

The Ethical and Independent Review Services [37] board
approved al study procedures. Following completion of the
baseline assessment, participants were instructed to return to
Vivibot and indicate that they completed the baseline survey.
The chatbot then randomized users 1:1 to one of two groups:
(1) immediate access to the full Mvibot chatbot content
(experimental group) or (2) access to daily emotion ratings
through Facebook Messenger with delayed full access to the
full Vivibot chatbot only after 4 weeks (control group).

Online assessments through Qualtrics software (Salt Lake City,
UT) were administered at baseline and weeks 2, 4, and 8.
Participantsreceived US $20 Amazon gift cardsfor completing
each survey (atotal of US $80 possible compensation). After
4 weeks, the control group participants were given accessto all
of the Vivibot content. After 8 weeks, participation in the study
was compl ete, but all participants were informed that they could
continue to use the chatbot product as much or aslittle asthey
desired.
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Intervention Conditions

Vivibot

MVivibot is a chatbot designed to deiver prewritten and
automatically delivered material to users online via a decision
tree structure. Before study enrollment, users were explicitly
told that they are chatting with an automated system (not a

person) and periodically reminded of this throughout study
participation.

MVivibot delivers a cognitive and behavioral intervention to
increase positive emotion developed by Moskowitz et a (eg,
[24]). The intervention was originally based on the Stress and
Coping theory and the Broaden-and-Build theory of positive
emotion and focused on the teaching and practice of eight
positive psychological skills: noticing and acknowledging
positive events, savoring positive events, gratitude, positive
reappraisal, acts of kindness, mindfulness, personal strengths,
and attainable goals. Rationale for inclusion of each of the
positive emation skills is provided elsewhere [38]. This core
intervention was adapted for the chatbot format by creating
seven conversational teaching lessons and seven practicelessons
that were repeated three timesto create 28 days of content. The
eight skills were covered in seven lessons by combining
acknowledging and savoring positive eventsinto onelesson set.

Before launching the pilot trial, Hopelab conducted formative
work through interviews and focus groups with adol escents and
young adults treated for cancer to refine content for the chatbot
format and inform adaptation for delivery to a young userbase
with ashared experience of cancer treatment. Upon compl etion
of the focus groups, text was tailored based on their specific
suggestions, and video and other content produced by young
adults who were treated for cancer was incorporated directly
into the chatbot. Vivibot additionally incorporated six daily
emotion ratings (described in the Measures section) and periodic
check-ins on participants’ satisfaction with their interactions
with the chatbot. The content is outlined in Multimedia
Appendix 1, and sample user experience content is in
Multimedia Appendix 2.

Control

Control participants received delayed access to the full Vivibot
chatbot. Those randomized to this group were given a message
within the chatbot saying that their access to the full content
would be delayed by 4 weeks. During thistime, they were asked
to report daily emotion ratings but received no other chatbot
content. A set of six participants in the control condition
encountered a technical error after the 2-week survey. This
resulted in accessto the full chatbot content at 2 weeks instead
of the full 4 weeks. These six participants have been excluded
from reported analyses to test outcomes at 4 weeks across a
clean sample.

Measures
Chatbot Feasibility/Acceptability

Engagement With the Chatbot

Full conversational history with the chatbot was examined by
session. An interaction was considered a session if there was
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engagement with the bot lasting at |east two user inputs within
5 minutes and a break no longer than 5 minutes. The total
number of sessions was calculated as the count of all sessions
for an individual user, and the total interaction time with the
chatbot was defined as the total time from the start to the end
of asession summed acrossall sessions. In addition, an engaged
session was defined as any session that included, at minimum,
acompletion of the 6-item emotion rating. |dentifying engaged
sessions was important because some interactions deemed
sessions included only a participant receiving a notification to
check-in and then responding that they were not available to
talk. These sessions therefore did not include meaningful
interactionswith the chatbot content. Defining engaged sessions
as requiring a user to progress to daily emotion rating
completion allowed for comparisons of engaged sessions in
both experimental and control groups.

Chatbot Feedback

At the completion of each skill in the experimental group, users
were asked to rate how helpful they found the lesson of the day
onascalefromO (“not really”) to 3 (“yes, very”). Mean ratings
across all lessons were calculated for each participant (agiven
participant could have more than onerating). Participantsin the
experimental group were also given periodic opportunities to
provide open-ended feedback about the chatbot program. On
the seventh interaction, participants were specifically asked
“How likely would you be to recommend Mivibot to afriend?’
(rated on a scale from 0 to 10) and “Why did you give that
score?’ These questions were used to assess how much
participants enjoyed the chatbot and what they found particularly
valuable or not valuable.

Well-Being Outcomes

Anxiety and Depression Symptoms

Anxiety and depression symptoms were measured by
assessments from the Pati ent-Reported Outcomes M easurement
Information System (PROMIS) initiative [39]. PROMIS
measures are listed as“ emerging measures’ for further research
by the American Psychiatric Association and published in the
Diagnostic and Statistical Manual of Mental Disorders - fifth
edition [40]. Anxiety symptoms were measured by the 4-item
PROMIS Emotional Distress-Anxiety, Short Form [39]. This
measure has demonstrated clinical validity in patients with
chronic health conditions including cancer [41] as well as
pediatric patients [42]. Depression symptoms were measured
by the 4-item PROMIS Emotional Distress-Depression, Short
Form [39], which captures self-reported depression symptoms,
and performs similar to legacy measures (Beck Depression
Inventory, Center for Epidemiological Studies Depression) in
adults diagnosed with cancer [43]. Both PROMIS measures
asked participants to indicate the frequency of symptoms over
the past 7 days on afive-point response scale (0-4). Item scores
were summed to obtain the total raw score, which was then
converted to aT score (mean 50, SD 10). The ranges are as
follows: anxiety: t=40.3-81.6 and depression: t=41.0-79.4. The
cutoffs on both scales are as follows: mild, t=55; moderate,
t=60; and severe, t=70 [44].
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Positive and Negative Emotions

Two-week retrospective reports of positive and negative
emotions were measured with the modified version of the
Differential Emotions Scale, which includes additiona items
to measure positive emotion [45]. Positive emotions included
10 items scored from O (“not at al”) to 4 (“most of the time”),
with ranges from 0 to 40. Negative emations included 9 items
scored similarly (range: 0-36). Additionally, daily prompts for
emotion ratings were triggered in the chatbot in both the
experimental and control conditions. Six discrete emotions
(happy, excited, content, worried, irritable/angry, and sad) were
rated on a scale from O (“not at all”) to 8 (“extremely”).
Multimedia Appendix 3 presents a depiction of this measure.
Responses from the three positive and three negative emotion
itemswere each averaged to make asingle positive and negative
emotion score (range: 0-24) for each time period of interest
(daily for daily prompts and at each 2- and 4-week surveys).

Demographics
Demographics included year of birth, gender, year of cancer
diagnosis, year of treatment completion, treatment institution,

basic work/school status (full-time, part-time, none), ethnicity,
highest level of education, and current city of residence.

Analyses

Chatbot Engagement

Means and SDs were reported for time spent on all sessions.
Within the experimental group, means and SDs for chatbot
feedback were reported based on the measures described above.
Open-ended feedback was evaluated, and quotes were selected
to exemplify prominent themes.

Well-Being Outcomes

Well-being outcomes were assessed using a series of multilevel
mixed-effects linear models for intention to treat. Multilevel
model s were used because they accommodate missing dataand
nonindependence in observations. For each construct (anxiety,
depression, positive/negative emotions), a separate mixed-effects
model was used to evaluate the difference in magnitude of
change from baseline to week 4 follow-up assessment as a
function of intervention condition (experimental vscontrol) and
the interaction of time by condition. Each model was evaluated
on the basis of statistical significance (P<.05) of theinteraction
term. Given the pilot nature of thetria, in casesin which the P
value approached significance, effect sizes were also examined
for strength and clinically meaningful differences in main
OUtCOMES across groups.

To validate results, we separately modeled changesin primary
outcomeswithin the control condition only to examine changes
in primary outcomes from the 4-week survey (when the control
condition received access to the intervention) to the 8-week
follow-up (which allowed for a possible 4 week intervention
window, similar to that of the experimental group). This model
did not include any condition or interaction term.

To examine the relationship between chatbot engagement and
well-being outcomes, we used mixed-effects models to
separately model each outcome as a function of the number of
engaged sessions between baseline and follow-up, intervention
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condition (experimental vs control), and the interaction of
engaged sessions and condition.

Results

Retention

In total, 51 participants completed a baseline assessment and
were randomized to astudy condition (experimental group: 25;
control group: 26; Figure 1). After excluding 6 control
participants who were erroneously given access to chatbot
content at 2 weeksinstead of 4 weeks, the final analytic sample
comprised 45 participants. The rate of follow-up survey
completion was 73% (33/45) at 2 weeks, 73% (33/45) at 4
weeks, and 58% (26/45) at 8 weeks. We noted differences by

Figure 1. Participant recruitment and flow through the Vivibot pilot trial.

Further screening

Greer et a

group, with higher rates of survey completion in the control
group, reaching statistical significanceinweek 8 (2 weeks: 80%
in the control group, 68% in the experimental group, x% 0.8,
P=.37; 4 weeks. 85% in the control group, 64% in the
experimental group, x2 2.5, P=.12; 8 weeks: 75% in the control
group, 44% in the experimental group, X% 4.28, P=.04).

Participant Characteristics

Demographic information for the 45 participants included in
the final analysis is presented in Table 1. Participants were
mostly femal e (36/45, 80%), with an average age of 25 (SD 2.9;
range: 19-29 years). Participants were on average 2.7 (SD 2.0)
years postdiagnosis and 1.6 (SD 1.3) years postcompletion of
active cancer treatment.

| Study interest ! N=56 . Access o general
i request A :.: chatbot content and
N=118 : ¢ no further study
“““““ I \....Involvement __ .
Not eligible T
Final screening N=8
N=62 _ -
N=6 outside of treatment window
N=3 outside of age range
Consent Abandoned
N=53 7 N=2
Baseline survey
N=51
:"E:perlrrlerltal group! | Control group | Excluded due to early
| Access to full chatbot | | Daily Mood ratings | &ccess to full chatbot
i content P anly content by technical
N=25 P N=20 ! error
. P "._ ' N=6
2 week survey 2 week survey
=17 (68%) N=16 (80%)
4 week survey 4 week survey
N=16 (64%) N=17 (85%)
 Access to full chatbot
content
8 week survey 8 week survey
N=11 (44%) N=15 (75%)

E Study is complete

http://mhealth.jmir.org/2019/10/e15018/

RenderX

JMIR Mhealth Uhealth 2019 | val. 7 | iss. 10 | €15018 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Table 1. Demographic data of participants.
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Demographic Experimental (n=25) Control (n=20) Total (N=45)
Age (years), mean (SD) 25(3.1) 25(2.9) 25(2.9)
Gender, n (%)
Male 4(16) 5(25) 9(20)
Female 21(84) 15 (75) 36 (80)
Education, n (%)
Less than high school 0(0) 2(10) 2(4)
High school graduate/General Educational Development 3 (12) 2(10) 5(11)
Some college 8(32) 9 (45) 17 (38)
2-year college degree 2(8) 1(5) 3(7)
4-year college degree 10 (40) 5(25) 15(33)
Master’s degree 2(8) 1(5) 3(7)
School/work status, n (%)
I’'m still figuring out my next move 5(20) 3(15) 8(18)
I’m going to school and/or work part time 9(36) 4 (20) 13 (29)
I’m going to school and/or work full time 11 (44) 13 (65) 24 (53)
Ethnicity, n (%)
White/Caucasian 19 (76) 18 (90) 37(82)
Hispanic or Latino 1(4) 2(10) 3()
Black or African American 3(12) 0(0) 3(7)
Asian or Pacific Islander 1(4) 0(0) 1(2
Prefer not to answer 1(4) 0(0) 1(2
Treatment history, mean (SD)
Years postdiagnosis 2.7(1.8) 2.8(2.3) 2.7(2.0)
Years posttreatment 1.5 (1.4) 1.8(12) 1.6 (1.3)

Chatbot Engagement

During the 4 active weeks of the study, the experimenta group
spent an average of 73.8 (SD 52) min across an average of 12.1
(SD 7.1) engaged sessions chatting with Mivibot. The control
group spent an average of 27.13 (SD 15.8) min acrossan average
of 18.1 (SD 8.6) engaged sessions completing the 6-item
emotion ratings only.

Per ceived Helpfulness and Open-Ended Feedback.

On average, participants in the experimental group rated their
experience of chatting with Vivibot as helpful, with an average
rating of 2.03/3 (SD 0.72; range: 0-3). They were also likely to
recommend Vivibot to afriend, with an average rating of 6.9/10
(SD 2.6; range: 0-10). When asked why they were likely or
unlikely to recommend Vivibot to afriend, participantsremarked
on the utility and nonjudgmental nature of talking to an
automated agent:

When going through treatment it was hard not to bum
out my friends talking about treatments and life. My
whole perspective changed. And this is a way to
openly talk about those changes and you present great
paths to take those thoughts rather than trying to

http://mhealth.jmir.org/2019/10/e15018/

internalize or facethose awkward conversationswith
healthy friends.

Additional themes related to having a shared experience with
others who had undergone cancer treatment and being able to
just “vent”:
Because asweird asit istalking to a robot, it's nice
to vent and be able to see otherswith cancer talking
and speaking out about how they coped or felt during
their treatment. Seeing that I’mnot alone and having
someone guide meto find the positivesin my life now
isreally helpful.

Participants also particularly enjoyed the positive psychology
content itself:

You give me new perspectives on things and help me

set goals for myself and find things to be thankful for.

| also like the lessons you share.. like looking for the
good in bad situations or setting the goals to do
random acts of kindness.

Participants who gave lower ratings of Vivibot wereless specific
in their feedback:

| just haven't found it very helpful.
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This bot kind of makes me feel like I’m being talked
at rather than talking with.

Vivbot is annoying.

Full quotes from participants can be found in Multimedia
Appendix 5.

WEell-Being Outcomes

Anxiety and Depression Symptoms

At baseline, both experimental and control groups presented
with moderate level s of anxiety (experimental group: mean 64.5
[SD 6.1]; control group: mean 62.6 [SD 7.9]; threshol d=60) and
mild levels of depression (experimental group: mean 60.1 [SD
7.4]; control group: mean 59.0 [SD 9.2]; threshol d=60).

Participants in the experimental group reported a greater
reduction in anxiety than the control group at atrend level of
statistical  significance and small-to-moderate effect size
(experimental reduction of 2.58 t-score units vs control of 0.7
units; z=-1.70; Cohen d=-0.41; P=.09; Table 2). Both
experimental and control groups showed slight decreases in
depressive symptom ratings with no evidence of a condition by
time interaction (experimental reduction=1.83; control
reduction=1.38; z=0.30; Cohen d=0.09; P=.77).

To validate theresults, apost hoc analysis of the change between
4 weeksand 8 weeksin the control group (N=17), after receiving
access to the full 28-day chatbot content, revealed a similar
magnitude drop in anxiety symptoms (2.72 standardized points)
and a statistical trend (P=.13). Asin the experimental group,
there was no significant reduction in depression in this
subsample (Multimedia Appendix 4 presents for full results at
8 weeks).

Greer et a

Anxiety Symptoms by Engagement

When using engaged sessions to predict anxiety outcomes (as
opposed to timepoint aone), there was a stronger trend-level
relationship for group by engaged sessionsinteraction (z=—1.9,
P=.06). There was no such trend for depression outcomes
(z=-0.60, P=.55).

Positive and Negative Emotions

Both the experimental group and the control group showed a
similar magnitude decrease in negative emotion in retrospective
emotion ratings from baseline to week 4 (mean difference:
experimental group: —0.31, control group: —0.23), with no
significant or trend-level interaction by group for negative
emotion at 4 weeks (z=0.23; Cohen d=-0.01; P=.97). This
pattern was al so reflected in the daily emotion ratings recorded
in the chatbot, which showed a significant decrease in negative
emotion reporting (z=—2.44; P=.02), but no significant
interaction between groups (z=—0.74; P=.46).

Both the experimental group and control group showed almost
no change in retrospective positive emotion ratings from
baselineto week 4 (mean difference: experimental group: 0.04,
control group: —0.08). Interestingly, the daily emotion ratings
reported directly in the chatbot showed a significant main effect
of time for increased positive emotion across groups (z=3.56;
P=.002). Further, there was a significant interaction by group
(z=—2.07; P=.04); however, this effect was in the opposite
direction from our hypothesis, as the control group showed
greater increases in positive daily emotion ratings reported
directly in the chatbot, compared to the experimental group.

Table 2. Results for well-being outcomes (anxiety, depression, positive emotion, and negative emotion) across conditions and for experimental by

control interactions.

Condition Baseline, mean (SD) Week 4, mean (SD) Difference of means Interaction effect size P value
Anxiety -0.41 .09
Experimental 64.5 (6.1) 61.9 (7.7) 258
Control 62.6 (7.9) 63.3 (5.5) 0.7
Depression 0.09 77
Experimental 60.1 (7.4) 58.2 (8.8) -1.83
Control 59.0 (9.2) 57.7 (6.1) -1.38
Negative emation -0.01 .97
Experimental 1.8(0.7) 15(0.9) -0.31
Control 1.9(0.7) 1.6 (0.6) -0.23
Positive emotion 0.07 .82
Experimental 2.4(0.8) 25(1.0) 0.04
Control 2.3(0.9) 2.3(0.8) -0.08
Discussion to connect with a positive psychology intervention. Qualitative

Principal Findings

responses supplemented findings from traditional metrics of
user engagement such as the number of times Vivibot was
accessed and the length of timein sessions. Feedback indicated

High engagement and positive ratings of Vivibot suggest that a - 5, oyerg| positive response to the chatbot and guided developers

chatbot provides auseful and acceptableformat for young adults

http://mhealth.jmir.org/2019/10/e15018/
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content once the study was completed. Further development of
this tool and potentially combining it with other
person-to-person psychosocial interventions may enhance
engagement even further.

Overall, positive psychology skills, delivered by a chatbot, were
perceived as helpful and nonjudgmental by young adults who
had undergone cancer treatment. Positive emotion, when
stimulated through skills-based interventions, is thought to
influence health outcomes, both directly and through the
mediating influence of factors including changing health
behaviors, improving physiological functioning, and increasing
resources that influence health [15,46]. Possible mechanisms
through which a positive psychology intervention could be
influencing anxiety in young peoplewho have undergone cancer
treatment include increasing feelings of support and socia
control, which are influenced by positive emotion [47] and
potentially poor after cancer treatment. Talking to a
nonjudgmental “robot” could also have increased participants
receptivity to learn skills to manage stress, which is another
core mediator of the health effects of positive emotion [15].
Additional work should be done to understand the effects of
individual positive emotion intervention skills and to link skill
building to subsequent long-term health impacts. The experience
of a bot-based intervention as nonjudgmental shows promise
for future study using this format with young people.

Based on previouswork with positive psychol ogy interventions
[46], we hypothesized that engagement with Vivibot would
result in improved psychological well-being in the form of
reduced depression and anxiety symptoms and more positive
and fewer negative emotions. Engagement with Vivibot was
associated with areduction in anxiety symptoms. Although not
significant, the effect size for the main anxiety analysis of .41
inthispilot trial was small to moderate by Cohen [48] standards.
Further, it was comparable to that found in a meta-analysis of
psychosocial support for cancer (effect size=0.42) [49] and a
positive psychology intervention for caregivers (effect
size=0.33) [50]. After converting to a common scae
(Multimedia Appendix 6), the change we saw in the General
Anxiety Disorder-7 items equivalent scores from baseline to 4
weeks in the treatment group (reduction of 1.82 points) was
greater than that found in trials testing the Woebot chatbot
(reduction of 0.7 points over 2 weeks [35]) and the X2Al
Artificial Intelligence tool Tess (reduction of 1.4 points over 4
weeks) [51]. Thus, Vivibot is associated with, at a minimum, a
comparablereduction in anxiety symptoms as other psychosocia
interventions for people with cancer and similar digital health
tools available on the market for general populations.

Among those who used Mivibot, depression symptomswere not
reduced compared to those who only completed daily emotion
ratings. The active nature of the control condition in this trial
could have accounted for this. The emotion rating control on
its own appeared to carry some benefits for participants (rating
emotions was associated with decreased negative emotion and
increased positive emotion). Additionally, anecdotally, some
users remarked on how completing the emotion ratings was
helpful to them when asked why they would be willing to refer
Vivibot to afriend (eg, “ Thisishelpful to review your feelings’
and “1 like the daily check in questions because it reminds me

http://mhealth.jmir.org/2019/10/e15018/
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to check in with myself on how | am feeling and think about
why my answers might change from day to day;” Multimedia
Appendix 5). Thisis consistent with the literature showing that
emotion labeling itself can contribute to beneficial emotion
regulation in response to negative events [52]. Of note, the
depression symptom reduction, when converted to the Patient
Health Questionnaire - 9 items equivalent, in the experimental
group in our tria (1.5 points over 4 weeks) was comparable to
that reported in the trial of the X2Al tool (0.9 points over 4
weeks) [51]. Since both the experimental group and the control
group experienced the same emotion rating exercise, it is
possible that the emotion ratings themselves carried the benefit
of reductionsin negative emotion, increasesin positive emotion,
and reductionsin depression reported herein both experimental
and control conditions. Further studies using a control group
that did not engage in emotion labeling would be needed to
more fully identify the mechanisms behind these effects.

This work extends findings showing promise for
technol ogy-enabled solutionsto address mental health problems.
Internet-based interventions have been shown to work at least
as effectively as face-to-face intervention in improving mental
health across arange of conditions. In addition to opportunities
to scaleinterventions, online delivery offers self-pacing and the
ability to incorporate practices into daily life, thereby
transcending geography, time, and space [53]. Our work further
suggests the chatbot interface, which is less costly than a
human-delivered intervention, is a promising format to deliver
psychosocial interventions to young adults. Mivibot included
many features found to be associated with positive outcomes
in internet-based interventions for depression among
adolescents, including surface credibility, esthetics, and content
appeal to the specific population; appropriate reduction of
content compared to that in traditional interventions; and use
of self-monitoring [54]. Acceptance of this positive psychology
intervention is therefore not surprisingly consistent with the
broad acceptance found for online-based interventions for
depression and anxiety among adolescents [55].

Further, thiswork contributes to the growing body of literature
showing promise for interventions delivered via social media
in supporting short-term symptom improvement and behavior
change among young adults. Most work in this area hasfocused
on health behaviors such as smoking cessation [56] and physical
activity among young people with cancer [57]; this study
provides early evidence that social media—mediated intervention
can be harnessed to reduce mental health symptoms. Additional
randomized trials are needed to strengthen conclusions for this
particular intervention and for thisfield in abroad sense.

Limitations

There are several limitations to this study that weaken the
generalizability of these findings and motivate further
investigations. First, this was a small pilot study that was not
powered to detect significant effects in the psychological
outcomes measured. Dueto therelatively small population size
and heterogeneity of treatment facilities, it isdifficult toidentify
and recruit adolescents and young adults who had completed
treatment for cancer for research studies. Our results need to be
replicated in a sample large enough to reliably detect a
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moderate-sized effect between groups. Second, this study was
limited to participants willing and able to access Vivibot via
Facebook Messenger. Although Facebook Messenger had the
advantage of being widely accessibleto this population and has
almost full saturation among young adultsin the United States
[58], it ispossible that participants did not wish to engage with
Facebook Messenger in light of the controversy surrounding
the privacy policies of Facebook during the study period. Other
platforms, including WhatsApp and smartphone apps, should
be considered in future adaptations of Vivibot. A third limitation
was that neither the type nor stage of cancer was considered in
the analyses. Dueto the unique developmental and psychosocial
needs of young people who have been treated for cancer, this
investigation collapsed across cancer diagnoses to focus on a
moretargeted agerange. It is possiblethat patientswith different
types of cancers would react differently to the intervention

Greer et a

content of Vivibot; futurework with alarger sasmple size should
investigate this aspect further.

Conclusions

The Mivibot chatbot was engaging to users and resulted in
anxiety reduction comparableto that found in the literature with
digital health interventions targeting anxiety and depression.
Given their short duration, non—artificial intelligence-based
content-delivery system results, and ease with which it could
be delivered in Facebook Messenger or other chat platforms,
chatbots are promising for supporting the mental health needs
of young people with cancer at avulnerabletimein their lives.
The randomized design of this trial extends the promising
findings of other positive psychology interventions delivered
online [59] and gives confidence that the effect size seen with
anxiety is worthy of follow-up. In addition to a larger tria,

future research should consider whether the tool is as effective
when delivered to other populations or platforms.
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