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A B S T R A C T

Social robots are increasingly demonstrating effectiveness as low-intensity behavior change agents. Key targets
for these behavioral interventions include daily lifestyle behaviors with significant health consequences, such as
the consumption of high-calorie foods and drinks (‘snacks’). A pilot randomized controlled trial using a stepped-
wedge design was conducted to determine the efficacy of a motivational intervention by an autonomous robot,
to help reduce high-calorie snacks. Twenty-six adults were randomized to receive Immediate or 4-week Delayed
treatment, with assessments at Baseline and Weeks 4 and 8. The treatment comprised motivation enhancement
and self-management training using mental imagery (Functional Imagery Training). A significant condition by
time effect for snack episode reduction was obtained, F(2, 32.06) = 4.30, p = .022. The Immediate condition
significantly reduced snacking between Baseline and Week 4 (d = −1.06), while the Delayed condition did not
(d = −0.08). Immediate participants maintained their improvement between Weeks 4 and 8 (d = −0.18), and
Delayed participants then showed a significant fall (d = −1.42). Overall, ‘Immediate’ participants decreased
their snack episodes by 54% and ‘Delayed’ decreased by 62% from Baseline to Week 8, and an average weight
reduction of 4.4 kg was seen across over the first 2 weeks of treatment. Four weeks after starting the inter-
vention, both conditions had significant increases in perceived confidence to control snack intake for time
duration, specific scenarios and emotional states (d = 0.61 to 1.42). Working alliance was significantly corre-
lated with reduced snack episodes. The pilot's results appear to suggest that the robot-delivered intervention may
be as effective as a human clinician delivering a similar intervention. The robot-delivered pilot achieved similar
snack episode reduction in the first four weeks (FIT-R, 55%) when compared with the human-delivered version
by a trained clinician (FIT-H, 49%).

Overall, the results provide preliminary evidence for an autonomous social robot to deliver a low-intensity
treatment on dietary intake without the need for human intervention. Future trials should extend the deploy-
ment of the robot-delivered intervention protocol to other low-intensity behavioral outcomes.

1. Introduction

1.1. The use case for social robots in healthcare

Social robots are gaining traction to deliver healthcare information,
assessment, and treatment as a supplement to other digital health ser-
vices (Robinson et al., 2019; Lal and Adair, 2014; Drigas et al., 2011).
Social robots that can interact with people hold some unique ad-
vantages for healthcare treatment delivery compared to other digital
modes, such as smartphones, computers, or screen-based avatars e.g. Li

(2015); Saunderson and Nejat (2019). Embodied social robots tend to
elicit more favourable responses from people compared to telepresence
or virtual agents, including higher scores on dimensions such as overall
impression, preference, engagement, helpfulness, appeal and enjoy-
ment (Bainbridge, Hart, Kim, & Scassellati, 2011; Jost, Le Pévédic, &
Duhaut, 2012; Lee, Jung, Kim, & Kim, 2006; Pereira, Martinho, Leite, &
Paiva, 2008; Wainer, Feil-Seifer, Shell, & Mataric, 2007). Interpersonal
benefits linked to embodied robots include higher levels of credibility,
trust, attention, perceived empathy and being able to elicit more de-
scriptive conversational language from people (Fischer, Lohan, & Foth,
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2012; Kwak, Kim, Kim, Shin, & Cho, 2013; Looije, Neerincx, & Cnossen,
2010; Looije, Zalm, Neerincx, & Beun, 2012; Reeves et al., 2003; Seo,
Geiskkovitch, Nakane, King, & Young, 2015; Wang & Rau, 2019). In
relation to characteristics linked to health activities, embodied robots
often receive higher ratings on persuasion, individual likelihood to
accept a recommendation, and better task-related outcomes, including
people being more likely to choose a health bar over a candy bar when
an embodied robot was present with them compared to a virtual agent
(Li, 2015; Bainbridge et al., 2011; Kiesler et al., 2008; Shinozawa et al.,
2005). Collectively, these attributes represent an important set of
characteristics for a digital treatment method in healthcare, if social
robots will begin to take on treatment roles that require strong clinical
expertise and talk-based interpersonal connection, such as robot-de-
livered psychotherapy.

1.2. Social robots, healthcare and robot-delivered psychotherapy

Tests of the health benefits that can be obtained from social robots
have shown some positive effects, but have been restricted to a narrow
range of contexts (Robinson et al., 2019). One line of research has used
animal-like robots primarily in aged care to replicate beneficial effects
of animal-assisted therapy (Abbott et al., 2019). Meta-analysis out-
comes of feasibility and phase 2 RCTs include reduced agitation to-
gether with qualitative evidence reporting a perceived reduction of
loneliness and increased pleasure described by residents, staff and fa-
mily members (Abbott et al., 2019; Jøranson et al., 2015; Moyle et al.,
2017; Moyle et al., 2018). Other studies have used social robots to teach
social skills to children with autism spectrum disorder (Pennisi et al.,
2016; Ismail et al., 2019; Scassellati et al., 2012). These trials have
shown improved social behaviors from robot-delivered training ses-
sions, such as increased gesture recognition, question-asking and par-
ticipation in social interactions (So et al., 2017; Pop et al., 2013;
Huskens et al., 2013). A third application of social robots has been to
health-enhancing behaviors (Robinson et al., 2019; Moerman et al.,
2018), including giving advice about drinking water, assisting the
tracking of calorie intake, or coaching physical exercise sessions
(Fasola, 2014; Fasola and Mataric, 2012; Kidd and Breazeal, 2008;
Powers and Kiesler, 2006; Schrum et al., 2019). However, these trials
have not yet tracked health outcomes across multiple sessions or
timepoints.

Social robots also have emergent potential to facilitate and deliver
low-intensity behavioral interventions that simulate evidence-based
treatments used in routine clinical practice (Robinson et al., 2019;
Moerman et al., 2018). They have been used less often than their digital
counterparts (i.e. virtual avatars and conversational agents), which
have delivered clinical interviews or psychotherapeutic treatment in
depression, anxiety, post-traumatic stress disorder, suicidal behavior
and substance abuse (Provoost et al., 2017; Martínez-Miranda, 2017;
Laranjo et al., 2018; Vaidyam et al., 2019; Gaffney et al., 2019). Social
robot-delivered interventions for children show some positive effects
when used as part of a medical intervention (Moerman et al., 2018;
Trost et al., 2019). This includes a humanoid social robot using dis-
traction to reduce children's perception of pain and distress during a
vaccination session (Beran et al., 2013), and a multi-session, robot-
delivered psychotherapy for child oncology patients reduced their an-
xiety, depression and anger scores (Alemi et al., 2016). Social robots
have been used less often with healthy adult populations. Trials include
a robot-assisted program providing cognitive training sessions to in-
crease memory, attention, and executive function improved the func-
tioning of older adults (Kim et al., 2015), and a social robot delivering a
low-intensity behavioral intervention via a 15-min Motivational Inter-
view to encourage healthy behavior changes, which included increased
physical activity (Galvão Gomes da Silva et al., 2018). This emerging
body of work shows that embodied social robots can assist and lead
health interventions, including ones that provide support, coaching and
guidance for behavior change.

1.3. Clinician-led behavior change interventions

Motivation for behavior change is essential to successful sustained
adoption of functional behaviors (ones that give valued outcomes to
people). Daily selection of actions that promote or undermine health is
driven by the incentives for attaining a behavioral goal, and the per-
son's confidence in reaching it (Bandura, 1986). Desires that underpin a
target behavior such as healthy eating (e.g. increased fitness, reduced
weight) are typically in competition with desires for less healthy targets
such as high-calorie foods. At certain times (e.g. when trying on
clothes), the healthy goal seems most attractive; at others (e.g. when
presented with an attractive cake) the less healthy one swamps our
attention. An important reason for this is that motivational targets that
are proximal in time (such as a high-calorie food) tend to have greater
emotional impact than ones that are more delayed or distal (such as
being more healthy; (Loewenstein and Thaler, 1989).

The intervention strategy that currently has the strongest supportive
evidence in building motivation is Motivational Interviewing MI,
(Miller and Rollnick, 2013; Britt et al., 2004). MI involves establishing a
collaborative and empathic context, where people can feel comfortable
talking about the advantages and possibility of change. Participants
explore their ambivalence around behavior change, with a particular
focus on whether their functional goals are linked to their most highly
valued outcomes. They reflect on functional achievements in the past,
and their implications for their confidence in achieving future success.
If they commit to a functional goal, they are assisted in making plans to
achieve it. Practitioners use reflective listening and ask open questions,
drawing attention to statements that support functional change, sum-
marizing frequently and only providing information or advice with
permission (Miller and Rollnick, 2013).

MI has been applied to a wide variety of health maintenance be-
haviors (Martins and McNeil, 2009). A meta-analysis of 119 MI trials
investigating a variety of behavior change targets found significant
health behavior benefits compared to control conditions (i.e. wait-list
groups or no treatment controls, treatment as usual, or provision of
written materials) (Lundahl et al., 2010). A separate meta-analysis of 11
randomized controlled trials on MI for weight management, healthy
eating and physical activity also showed greater reductions in body
mass compared with control conditions (Armstrong et al., 2011).
However, a systematic review by Morton, et al. (Morton et al., 2015) on
MI for health behavior change with non-clinical populations in primary
care, which included studies on dietary behaviors, showed only 50% of
trials had positive effects on behavior change. Furthermore, average
relative effect sizes in these reviews were small, especially when MI was
compared with active controls.

Several limitations to MI may be associated with its limited impact.
Functional targets often have higher personal value when considered
outside a consumption context, such as a clinic room. However, when
presented with temptations, the more proximal nature of the related
incentives gives them stronger motivational impact when making a
consumption decision. Challenges for maintaining healthy eating in-
volve making the related incentives more salient and emotionally
powerful, and reducing the power of temptations at times when we are
making consumption decisions (Hofmann and Nordgren, 2015). MI
does not attempt to teach participants how to do that. It also relies
heavily on verbal discussion, which is less strongly linked with emo-
tions than is more sensory experiences, including mental imagery
(Pearson et al., 2015).

Mental imagery involves creating a mental representation of an
object, activity or experience, which simulates actual experience, and
carries a similar emotional charge (Pearson and Kosslyn, 2013). Mul-
tisensory imagery has an important influence on desires for a wide
range of motivational targets, including foods, alcohol, cigarettes, and
engaging in sport (Kavanagh et al., 2009; May et al., 2008; Kemps and
Tiggemann, 2007; May et al., 2010). Individuals who want to moderate
their desires or cravings can focus on interfering with the imagery that
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gives them emotional power, using cognitive tasks that compete for the
same working memory capacity, including other mental imagery (May
et al., 2008; Skorka-Brown et al., 2015; Baddeley and Andrade, 2000;
Kavanagh et al., 2005). One important type of competing mental ima-
gery involves images about a more beneficial goal, such as maintaining
a healthy diet. Rehearsing that imagery may not only build motivation
for healthy food consumption, but also blunt the power of other food
cravings, allowing individuals to overcome momentary temptations and
maintain their progress towards long-term health goals.

1.4. A new behavior change intervention

Functional Imagery Training (FIT, (May et al., 2015a)) was created
to address these limitations. This new motivational change approach
was based on extensive theoretical and empirical work, which de-
monstrated the power of mental imagery in desires and motivation
(Kavanagh et al., 2005; May et al., 2015b).

FIT incorporates the spirit of MI in its initial stages, but conducts it
using mental imagery (Kavanagh et al., 2005). This imagery brings
important distal outcomes from functional behaviors into immediate
experience, augmenting their motivational impact. If the person is
committed to making a change, they are then shown how to use mo-
tivational imagery in situations where they are confronted with a
consumption-related decision, allowing that decision to be more ra-
tionally based and less influenced by proximal temptations. Thus, FIT
teaches individuals how to use sensory-rich imagery to build motivation
towards a beneficial goal and deal with problematic craving.

An initial trial of FIT for the reduction of high-energy snacking used
a stepped wedge 2-week delay design and a single treatment session. It
found that participants who received FIT immediately had greater re-
ductions in both the number of snacks and snacking occasions over
2 weeks than did those who received it after that assessment. The de-
layed group then achieved similar reductions over the next 2 weeks
(Andrade et al., 2016). Over the 4 weeks, the sample obtained a 33%
reduction for the number of occasions. More recently, a larger rando-
mized controlled trial on weight control that compared 4 h of FIT or MI
over 3 months demonstrated sustained benefits from FIT (Solbrig et al.,
2019). While MI only gave a reduction of 0.67 kg over a 12-month
period, FIT resulted in a 6.44 kg reduction in weight. These trials in-
dicate that FIT is an emerging but competitive psychotherapeutic in-
tervention with significant impact.

1.5. Behavioral target: high-calorie consumption

High-calorie food consumption is a key health risk factor under-
pinned by behavioral lifestyle choices, which is receptive to motiva-
tional intervention. It is also a key modifiable behavioral determinant
of obesity, high blood glucose, and poor dental and bone health (Hsiao
and Wang, 2013; Malik et al., 2010; Woodward-Lopez et al., 2011;
World Health Organization, 2015). Routine adherence to a healthy diet
aids in preventing and managing serious health conditions, including
cardiovascular disorders, diabetes and cancers (World Health
Organization, 2017). Reduction of high-calorie food intake is therefore
a key goal for interventions that attempt to improve both immediate
and long-term health outcomes.

1.6. Preliminary pilot: human-delivery (FIT-H)

We developed a protocol-based version of the intervention for re-
ducing high-calorie snack intake. This script was tested using a human
clinician to deliver it (FIT-H). This preliminary pilot was to ensure the
creation and delivery of an intervention script using FIT could achieve
behavioral change on its own, prior to the implementation of the robot.
A case series study was conducted with adults (aged 18+) who had
daily access to a smartphone, were snacking at least twice a day on
high-fat or high-sugar foods or drinks, wanted to reduce that type of

snack intake, and had never been diagnosed with an eating disorder.
The intervention was delivered in three 60-min face-to-face treatment
sessions and five 15-min phone sessions, giving a total of approximately
4.25 h of treatment over 12 weeks. Over a 2-month recruitment period,
14 participants began the trial. They were between 20 and 62 years
(M = 38.5, SD = 13.03), and 13 (93%) were female. Eight participants
(57%) provided data at 4 weeks, and seven (50% of those entering the
study) completed assessments at 12 weeks. All those completing post-
baseline assessments showed reductions in snack episodes: Baseline
(M = 14.6, SD = 3.8), 4 Weeks (M = 7.4, SD = 4.4), and Week 12
(M = 5.9, SD = 3.1), giving a 49% reduction between the first 4 weeks
followed by an additional 20% reduction between 4 and 12 weeks.
Using standard deviation units across the whole baseline sample, this
corresponded to a Cohen's d of 1.65 for completers to Week 4, and 1.93
for completers to Week 12. Even though this intervention used a highly
structured script, the results compared very favourably with the pre-
vious results from a manualised but less constrained intervention
(Andrade et al., 2016), even though the earlier study only had 2 rather
than 4-week phases and 3 rather than 14 days of recalled snacking.
These data provided a strong foundation for using a social robot to
deliver a similar script, after some modifications to allow for a social
robot to deliver an intervention. Further details on the design, im-
plementation, treatment scripts and results of this study are at https://
github.com/nrbsn/robofit.

1.7. Aims and hypotheses

The primary study was a pilot randomized controlled trial on the
delivery of FIT by a social robot (FIT-R). It had a stepped-wedge design,
comparing the effects of immediate delivery of FIT-R on enrolment to
the trial (‘Immediate’), with FIT-R that was delayed until 4 weeks after
enrolment (‘Delayed’). The ‘Delayed’ group received an instruction to
self-monitor their snack intake for the initial 4 weeks - a common
strategy seen in control groups in behavioral weight loss trials (Burke
et al., 2011). Outcomes were measured at Baseline, Week 4 and Week 8.
This design was chosen to investigate differential changes over time,
and control for the effects of signing up to a behavior change study and
self-monitoring snack intake.

We hypothesized that:

• From 0 to 4 weeks, the Immediate condition would show a greater
reduction in snack episodes (primary outcome), a greater increase in
motivational thoughts, and a greater reduction in craving after FIT-
R than the Delayed condition.

• From 4 to 8 weeks, the Immediate condition would maintain their
treatment gains, while the Delayed condition (who now received
FIT-R) would display a reduction in snack episodes, an increase in
motivational thoughts, and a reduction in craving after treatment.

The study comprised an initial test of feasibility for a social robot to
deliver a verbal intervention on its own with a clear focus on one be-
havioral target. Accordingly, additional medical assessments were not
included.

2. Methodology

2.1. Participants

Participants were invited to participate using email recruitment to
university staff and students, social media networks, media releases,
networking sites, electronic and physical noticeboard flyers over a
period of 11 months. Participants had to be aged 18 or over, consuming
at least one high-calorie food or drink per day that was not part of their
daily meals. They also must have wanted to reduce that type of snack
intake. They could not screen positive for a disorder on the Eating
Attitudes Test-26 (Garner et al., 1982) or have ever been diagnosed
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with an eating disorder. Participants also needed to complete baseline
assessments and provide contact details. No other exclusion criteria
were applied, and individuals were able to concurrently take part in
other programs or services at their own discretion, since the study had a
clear focus on one specific behavioral component related to the more
multifaceted condition of healthy eating and weight management.

2.2. Materials

2.2.1. NAO Humanoid Robot
The NAO Humanoid Robot (See Fig. 1) from Softbank Robotics

(SoftBank Robotics, 2019) is 58 cm tall. It has 25 degrees of body
movement freedom, tactile sensors, two cameras, directional micro-
phones and a linear inverse pendulum for omnidirectional movement. It
also has an intel ATOM 1.6 ghz CPU, sonar rangefinder, an inertial
board, voice synthesiser, and 48.6 watt-hour battery with 1.5+ battery
life (SoftBank Robotics, 2019). The robot was programmed and run
using the Choregraphe Software Development Kit by Softbank Robotics.
The NAO was selected for this research study because it had a friendly
humanoid and child-like appearance, a simple sensor system for parti-
cipants to use, and had been used in several previous health-related
trials e.g. (Robinson et al., 2019).

2.2.2. Assessment outcomes
All assessments listed below (excluding Body Mass Index) were self-

report measures that were completed online in response to emails that
included links to the surveys. This approach allowed participants to
complete these assessments in their own time to reduce research
burden, and allowed the assessments to both be independent of the
research team and separate from the robot intervention.

2.3. Number of snack episodes (primary outcome)

The number of high-calorie snack episodes was calculated using a
diary-based recall over the previous 2 weeks, which was taken at each
assessment time-point. A high-calorie snack was defined as any high-
sugar or high-fat food or drink that was consumed between regular
meals. High-calorie snack intake is identified as a key risk factor to-
wards obesity and high-blood glucose levels, with promotion to reduce
consumption to improve overall health outcomes well-established in
national health guidelines (World Health Organization, 2015). They are
often consumed instead of more nutritious foods, contain low levels of
essential nutrients, and not considered essential for a healthy diet
(World Health Organization, 2015). Provided examples included, but
were not limited to, sugary soft drinks, doughnuts or buns, con-
fectionery, sweet or savoury pies/crumbles, fruit juice and sugary
muesli bars, but excluding alcoholic drinks (National Health and
Medical Research Council, 2013). For each day, the number and type of
snacks or drinks were recorded for three periods: morning (12:00 am to
12:00 pm), afternoon (12:00 pm to 6:00 pm) and evening (6:00 pm to
12:00 am). Participants were asked to report any snacks they were
unsure about for review. A snack episode was defined as any snacks
consumed in any morning, afternoon or evening period for that time-
frame, regardless of the total number of snacks or drinks. Total possible
snack episodes ranged from 0 to 42 (i.e. 3 time periods by 14 days) with
the final reported outcome listed as an average across the 2-week
period to find a weekly average (i.e. total/2). Total snack episodes re-
presented the primary outcome because it is a metric that is identifi-
able, easy to understand, measurable across multiple individuals, and a
clear behavioral outcome from an intervention designed to initiate
behavior change. This also avoided potential issues with item counts or
quantity assessments conducted by different participants, or with de-
cisions about whether a series of snacks or drinks might constitute
different episodes. Other more technical methods would have provided
more details about dietary quality, but require significantly more time
to train participants to use them correctly before they would have
produced meaningful results, such as calorie counting total energy in-
take ( Johnson, 2002; Shim, 2014).

2.3.1. Motivational and craving cognition
The 13-item Motivation Thought Frequency MTF, (Kavanagh et al.,

2018; Parham et al., 2017; Robinson et al., 2016) scale was used to
measure the frequency of motivational thoughts over the previous week
about their motivation to want to change their high-calorie snack in-
take. Motivation is expected to have a strong influence on health be-
havior change with motivation towards the routine selection of health
foods over high-calorie snacks leading to better health practices and
benefits, both in short and long-term scenarios (Hofmann and
Nordgren, 2015). Confirmatory factor analyses show the MTF as having
four subscales that underpin a variety of motivational cognitions (in-
tensity, incentives imagery, self-efficacy imagery, availability).

The 10-item Craving Experience Questionnaire Frequency CEQ-F,
(May et al., 2014) measured the frequency of cravings or desires to-
wards high-calorie snack intake over the previous week, which can
interfere with motivational cognition for wanting to change high-cal-
orie snack episodes (Kavanagh et al., 2005). The CEQ-F has three
subscales (intensity, imagery, intrusiveness). Both the MTF and CEQ
have items rated from 0 (‘never’) to 10 (‘constantly’). The State Moti-
vation and CEQ Strength (Kavanagh et al., 2018; Robinson et al., 2016)
was also used at each assessment point. Those results are available at
https://github.com/nrbsn/robofit. These scores were presented in the
results as mean items scores for each subscale (i.e. 0–10).

2.3.2. Confidence to Control Snacking (CCS)
The CCS was created for the current study as a measure of self-

efficacy to control snack intake across different time periods, scenarios
and emotional states. It has two subscales, each of 10 items: reported

Fig. 1. NAO Humanoid Robot.
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confidence to control over each of 1–6 days, 1, 2, 3 and 4 weeks (CCS-
Days) and reported confidence to control during emotional states or
specific scenarios, such as feeling angry, bored or if others were having
one (CCS-Situations). All items that are each rated from 0 (‘Not at all
confident’) to 10 (‘Extremely confident’, and subscale scores are re-
ported the average confidence across items within the subscale. The
scale has not yet been tested in other research, but its construction
closely apparels other self-efficacy measures that have established in-
ternal consistency (Kavanagh et al., 1996).

2.3.3. Working Alliance
The Working Alliance Inventory (WAI) by Horvath and Greenberg

(Horvath and Greenberg, 1989) is a self-report measure to assess the
therapeutic alliance between a professional and a patient, a theoretical
approach which has often been investigated to explore its relationship
to psychotherapy and behavior change outcomes (Ardito and Rebellino,
2011). Items are rated on a 7-point Likert scale from 1 (‘never’) to 7
(‘always’) and scores on the therapeutic bond, roles and tasks. ‘Goal’
refers to what the individual wants to achieve from the intervention
with both parties selecting the target of the intervention, ‘Task’ involves
what the individual and treatment agent (in this case, the robot) pro-
pose should be undertaken to reach the goal, and ‘Bond’ refers to at-
tributes of the treatment agent such as trust, acceptance and confidence
(Horvath and Greenberg, 1989). The inventory was completed after the
first robot session. Permission to use the inventory was granted.

2.3.4. Weight and Body Mass Index (BMI, secondary outcome)
Weight and Body Mass Index (BMI, [kg/m2]) were assessed in each

robot treatment session using the same set of scales. Participants were
asked to remove their shoes and other items of heavy clothing, such as
coats or jackets to increase the likelihood of taking an accurate be-
tween-session reading. Since the time-frame between the two robot
sessions was very short (2 weeks) and weight measurements were not
mandatory, BMI was a secondary outcome measure only.

2.4. Robot-delivered intervention

2.4.1. Design
The timeline for delivery of FIT-R is shown in Table 1. In recognition

that much of the effect in the human pilot study appeared to be from
the initial sessions, the number of sessions was reduced from eight to
three and the total contact time from 4.25 to 2.25 h, FIT-R had two face-
to-face sessions with the robot at Week 1 and Week 3 post-baseline
(2 × 60 min), and a pre-recorded video session delivered online at
Week 2 (1 × 15 min). Instead of additional booster sessions, partici-
pants in the Immediate group, received a weekly text-message reminder
(< 160 standard characters) from Week 4, to encourage them to con-
tinue imagery practice until their final assessment point in Week 8.

2.5. Intervention design and content

2.5.1. Functional imagery training delivered by a social robot (FIT-R)
Delivery of FIT by the robot was similar to the human-therapist

version (FIT-H). Both scripts used an encouraging and collaborative
approach, supporting whichever snack reduction goal the individual
chose, and there was substantial re-use of wording. However, based on

observations in the human-therapist study, the robot intervention script
gave an additional explanation of mental imagery. Adaptation to the
robot delivery also required that some previously open-ended questions
be delivered in a branched format, to ensure the accuracy of the robot's
response. The robot intervention content was written, reviewed and
approved by trained clinical psychologists with extensive experience in
large-scale behavior change interventions.

FIT-R had a largely linear script with a series of nodes that parti-
cipants progressed through using a sensor touch or basic oral branching
points (i.e. Yes/No). All segments were custom-animated and aural
pronunciation was selected to closely represent a natural, realistic and
collaborative conversation with the robot. Individual face-to-face ses-
sions with the robot were conducted in a private room without others
present, to maximise the likelihood of disclosure and participation in
treatment. Sessions were monitored using a wireless router and ob-
served by a researcher to allow expeditious responses to any error or
accident. However, the robot was not designed to wait for any com-
mands or prompts by the researcher (i.e. no Wizard-of-Oz control was
used). The full human and robot therapist intervention scripts, in-
cluding content differences, can be seen at https://github.com/nrbsn/
robofit.

Initially, all participants completed a brief practice session to be-
come familiar with the robot, including use of the sensors and responses
to basic verbal prompts. This segment provided a validation check on
their ability to navigate through the session on their own. Each parti-
cipant then received an identical intervention with the only minor
customization, such as their name and pre-scripted feedback at desig-
nated branching points (e.g. their reported confidence number for
making a change). Participants were asked to answer open-ended
questions aloud (i.e. how did that imagery exercise make you feel?),
although their verbal responses were not recorded or analysed. The
omission of changes to the script based on answers to open-ended
questions was because these questions can elicit an infinite number of
possible responses, and because natural language processing by social
robots remains an emergent field of work and is not yet sufficiently
error-free for clinical applications. The decision not to directly respond
to each individual answer reduced the likelihood of errors, the com-
plexity of the session, or other inaccurate responses that could have
undermined perceived trust or confidence in the robot session, or the
treatment content. The fixed script intervention design also increased
the ability to systematically draw conclusions about the impact of its
content, and was similar to other forms of digital programs (Oosterveen
et al., 2017). Given the static nature of the program, the robot-delivered
intervention could not fully implement FIT, but it did approximate and
simulate the content as well as a linear, fixed dialogue is able to do.

2.5.2. Session 1-Robo-FIT (60 min)
Session 1 commenced with the robot introducing itself as ‘Andy’,

provided information about the session agenda, and general mental
imagery psychoeducation. The robot elicited practice of positive ima-
gery, and provided a rationale for the intervention. Then, participants
described the positives and downsides about their current snack intake,
and created mental imagery about a time that was worse than usual,
followed by that problem disappearing, and others praising them for
making a change. If they wanted to work on their snack intake, they
were asked to identify a potential goal. Otherwise, if they declined, the
session would conclude. They imagined reaching that goal for a week,
the outcomes that would give them, rated their confidence in reaching
that goal, and imagined how they would do it. They added imagery
about how they would address challenges, and a specific occasion in the
next week when they could use that idea, and reported whether their
confidence had risen. The session concluded with them summarizing
out loud what they wanted to do, why, how they would do it, and asked
to practise the imagery at home.

Table 1
Pilot RCT timeline.

Month 1 Baseline Week 1 Week 2 Week 3 Week 4
Immediate Assessment Session 1 Video Session Session 2 Assessment
Delayed Assessment – – – Assessment
Month 2 Week 5 Week 6 Week 7 Week 8
Immediate Reminder Reminder Reminder Assessment
Delayed Session 1 Video Session Session 2 Assessment
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2.5.3. Session 2-Robo-FIT online video (15 min)
A 15-min pre-recorded video was provided as a short booster ses-

sion. It involved the robot delivering a piece to camera monologue with
further information and guided technique rehearsal to support the in-
tervention content. The robot asked participants to reflect on their
progress over the week, and elicited imagery about an occasion in the
week when they resisted having a high-calorie snack. They refined
imagery about their plans for the next week, recalled a time in the past
when they had yielded to temptation, and imagined choosing an al-
ternative snack or doing something else. Participants were only able to
access the video session once to avoid receipt of multiple top-up ses-
sions, and the video session did not contain any customised content or
personalisation, instead using a neutral greeting to open and close the
session.

2.5.4. Session 3-Robo-FIT (60 min and 30-min semi-structured interview)
Session 3 commenced with a session overview and proposal of

agenda. Participants again reflected on any changes in their snacking
and re-rated their confidence. They practised imagery about further
actions they could take when tempted to have a high-energy snack or
drink in the next week, and if a recent challenge to their control were to
recur. They re-rated their confidence in maintaining control and re-
flected on whether it had changed. They practised imagery about pre-
paring for a future challenge, maintaining control, and how good they
would then feel. They were encouraged to practise similar imagery at
home, and set reminders to practise using their phone.

A 30-min semi-structured interview was conducted at the end of
their final robot session by a member of the research team, which was
their first substantial interaction with the researcher since commencing
the program. Detailed results of the qualitative interview will be ana-
lysed and reported in depth in a separate publication.

2.6. Procedure

Human research ethical approval was obtained (HREC
#1500000934). Participants provided informed consent online, and
whether they met eligibility criteria. They completed the EAT-26 and
baseline assessments, including demographic characteristics. Ineligible
participants were given feedback, offered healthy eating and eating
disorder information, and contact details for any questions. Eligible
participants were randomized into the Immediate or Delayed condition
through an automated computer program using random permutations
of the digits 1–2 and 1–4 with no stratification. This random permu-
tation set was undertaken to minimise differences in numbers between
conditions and avoid guessing of likely future allocations by the re-
searcher who determined eligibility. Immediate commenced treatment
from Baseline to Week 4, with text reminder follow-up until Week 8,
and the Delayed group commenced treatment from Week 4 to Week 8.

2.7. Statistical analyses

Outcomes were analysed using the full randomized sample (i.e. in-
tention- to-treat). Linear mixed models (IBM™ SPSS Version 23) as-
sessed changes over three time points: Baseline, Week 4 and Week 8. An
autoregressive relationship between an individual's repeated data with
a single-time lag provided best fit. Condition and time were fixed effects
with participants as a random effect. Restricted maximum likelihood
was used for estimation. Effect sizes of contrasts between conditions
used Cohen's d, reported in standard deviation units across conditions
at Baseline. Preliminary analyses checked for outliers and assumptions
of normality and distribution, and all assumptions were met. Any
missing data from snack episode reports were substituted by prorating.
For example, a participant who reported data for 10 out of 14 days and
had 5 snacking episodes, prorating gave a score of 7 (for the 14 days).
No significant differences were found when conducting all statistical
analyses using the raw or prorated data, leading to the prorated data

reported in the final analysis below due to its likelihood to more closely
represent their behavior over the last two weeks. Correlations with
changes in snack episodes used baseline snack episodes minus episodes
immediately post-intervention (i.e. Immediate at 4 weeks and Delayed
at 8 weeks).

3. Results

3.1. Baseline data

A total of 122 participants commenced the survey: 104 provided
consent, and 83 fulfilled initial eligibility criteria. Only 33 (42%)
completed the baseline measures, and 26 submitted their contact details
and therefore randomized into conditions. In the final sample, most
participants were female (n = 18, 69%) and were aged from 19 to
69 years (M = 37, SD = 13.47). The sample had high levels of edu-
cation: 10 (38%) had an undergraduate degree, and 7 (27%) had a
postgraduate degree. The rest of the sample had completed Grade 12
(n = 8, 31%) or a trade (n = 1, 4%). Most were employed (part-time:
n = 12, 46%; full-time: n = 13, 50%), had partners (n = 16, 61%), or
were single (n = 8, 31%). Only two (8%) were separated or divorced.
Most were born in Oceania (n = 23, 89%), two from the United States
and one from Europe. The conditions received an equal number of al-
locations across Immediate (n = 13) and Delayed (n = 13) treatment.
There were no significant differences between conditions on any de-
mographic characteristics or other baseline assessments. At Session 1,
BMI average was high (M = 30.66, SD = 10.50,
Range = 17.38–53.11).

3.2. Intervention involvement and retention

In the treatment sessions, all participants gave descriptive answers
out loud to each question, and appeared to attempt the imagery seg-
ments. None declined to work on snack intake as their main goal or
withdrew involvement during treatment sessions. All live sessions were
completed within the recommended timeframes of 60 min. Components
within sessions were completed at a different pace between individual
participants, depending on the extent of discussion required to identify
their individual goal, discuss their reasons for change, or talk through
ideas for their treatment plan.

The 4-week assessment was completed by 19 of the 26 participants
who were randomly allocated to conditions (73%), and the 8-week
assessment was completed by 16 (62%). Everyone who completed the
8-week assessment had completed all previous assessments. Completion
rates for the Immediate group (n = 13, Session 1 = 100%, Video
1 = 84.6%, Session 2 = 76.9%, All Sessions = 76.9%). Completion
rates for the Delayed group (n = 13, Session 1 = 76.9%, Video 1
61.5%, Session 2 = 76.9%, All Sessions = 61.5%).

3.3. Snack episodes

A significant condition by time effect for snack episode reduction
was found, F(2, 32.06) = 4.30, p = .022 (See Fig. 2). Pairwise com-
parisons revealed no significant differences between allocated condi-
tions at Baseline, F(1, 45.09) = 0.009, p = .924, or Week 8, F(1,
50.24) = 0.284, p = .596, but found significant differences at the key
assessment in Week 4, F(1, 51.35) = 6.31, p = .015. The Immediate
condition had a significant fall in snack episodes from Baseline to Week
4 (F(1, 30.24) = 11.18, p= .002, d=−1.06), and this was maintained
between Weeks 4 and 8 (F(1, 25.92) = 0.273, p= .605, d=−0.18). In
contrast, the Delayed condition had no significant change between
Baseline and Week 4 (F(1, 28.93) = 0.08, p = .785, d = −0.08), but
fell significantly between Weeks 4 and 8 (F(1, 27.58) = 17.46,
p < .001, d = −1.42). Reductions in snack episodes in the robot-
delivered version: Immediate Baseline (M = 10.92, SD = 4.68) with
4 Weeks (M = 5.39, SD = 3.02) and Week 8 (M = 5.06, SD = 3.42)
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and Delayed Baseline (M = 11.08, SD = 4.65) with 4 Weeks
(M = 10.85, SD = 4.25) and Week 8 (M = 4.25, SD = 2.64). In the
first four weeks of treatment, the sample reduced by 55%. The Im-
mediate group reduced by 51% in the first 4 weeks, followed by a 6%
reduction between 4 and 8 weeks (overall reduction = 54%). The
Delayed group reduced by 2% in the first 4 weeks, followed by 61%
decrease between 4 and 8 weeks (overall reduction = 62%).

3.4. Frequency of motivational cognitions

No significant effects were found on the MTF subscales for either
condition by time (intensity: F(2, 37.29) = 0.14, p = .871, self-efficacy
imagery: F(2, 35.06) = 0.90, p = .417, incentives imagery: F(2,
35.52) = 0.92, p = .407, availability: F(2, 34.25) = 0.83, p = .446) or
time (intensity: F(2, 37.29) = 0.15, p = .858, self-efficacy imagery: F
(2, 35.06) = 0.65, p = .531, incentives imagery: F(2, 35.52) = 0.49,
p = .616, availability: F(2, 34.25) = 1.31, p = .282). The average
scores at baseline were moderately high even before commencing
treatment (Intensity M= 7.8, SD = 1.8; Self-efficacy Imagery M= 6.2,
SD = 2.78; Incentives Imagery M = 6.8, SD = 2.27; Availability
M = 6.7, SD = 2.46). This would have left little room for further in-
crease, since the cognitions were not either expected or intended to be
constantly experienced throughout the day and may have already been
at a peak for the individual which prompted their self-referral into the
study. There were no significant correlations found between changes in
pre-to-post treatment snack episodes and changes in the frequency of
motivational cognitions.

3.5. Frequency of craving cognitions

The condition by time effect for craving imagery was statistically
significant (F(2, 35.81) = 5.25, p = .010). The Immediate condition
had a moderately large reduction in craving imagery from Baseline to
4 weeks (F(1, 33.77) = 6.86, p = .013, d = −0.89), while absolute
values appeared to rise for the Delayed condition (F(1, 32.47) = 3.75,
p = .062, d = 0.63). From 4 to 8 weeks, the Immediate condition re-
mained stable, (F(1, 29.43) = 0.001, p = .972, d = 0.01), but craving
imagery for the Delayed participants had an apparent but non-sig-
nificant fall (F(1, 31.11) = 3.77, p = .061, d = −0.71). While the
condition by time effect for craving intensity fell short of the 0.05 level
of significance (F(2, 36.93) = 2.56, p = .091), a similar pattern of
mean scores was found to those of craving imagery (See Fig. 3). Over
the first 4 weeks, the fall in the Immediate condition gave Cohen's
d = −0.76, while the Delayed condition had d = 0.34. From Weeks 4
to 8, the Immediate condition had a further apparent fall of d = 0.55,

while the Delayed condition fell by d = 1.53. No significant effects for
time by condition (F(2, 38.03) = 1.76, p = .186) or time (F(2,
38.03) = 0.92, p = .407) were seen for the intrusiveness of craving
cognitions.

3.6. Confidence to control snacking

There was a significant condition by time effect for CCS-Situations
(F(2, 32.54) = 6.66, p = .004, See Fig. 4). The Immediate condition
had a significant increase in average confidence over the first 4 weeks
(F(1, 32.39) = 14.65, p < .001, d = 1.13), as did the Delayed con-
dition to some extent (F(1, 31.47) = 7.33, p = .011, d = 0.76). From
Weeks 4 to 8, the Immediate condition maintained their improvement
(F(1, 29.75) = 0.42, p = .522, d = −0.20), while the Delayed con-
dition had a further substantial increase (F(1, 30.86) = 20.46,
p < .001, d = 1.42).

On CCS-Days, there was no condition by time effect (F(2,
34.59) = 2.40, p = .106), but there was a significant increase in
average confidence over time (F(2, 34.59) = 6.67, p= .004). However,
only the Immediate condition showed a statistically significant im-
provement from Baseline to 4 weeks (F(1, 32.97) = 4.35, p = .045,
d = 0.73, vs F(1, 31.71) = 3.29, p = .079, d = 0.61). As in CCS-
Situations, from 4 to 8 weeks the Immediate group maintained its im-
provement (F(1, 32.97) = 0.33, p = .572, d = −0.22), while the
Delayed condition had a significant increase (F(1, 30.41) = 6.04,
p = .020, d = 0.93).

3.7. Weight and Body Mass Index (BMI)

Participants were weighed during the two face-to-face sessions only,
so no comparisons between conditions could be tested or follow-up data
obtained. Despite the brevity of the 2-week interval between these
sessions, participants achieved an average weight reduction of 4.4 k
(Session 1: N = 21,M = 85.24, SD = 28.26, Range = 48.20 to 153.50;
Session 2: N = 20, M= 80.84, SD = 25.48, Range = 47.25 to 151.25).
A reduction in mean BMI was also seen, from 30.66 (SD = 10.50,
Range = 17.38 to 53.11) to 28.77 (SD = 9.34, Range = 17.17 to
52.34).

3.8. Working Alliance Inventory

The WAI subscales correlated positively with snack episode reduc-
tion from pre-to-post treatment (Task: r = 0.71, p = .001; N = 17;
Bond: r = 0.67, p = .003; N = 17; Goal: r = 0.75, p < .001; N = 17).

4. Discussion

This pilot randomized controlled trial revealed that a pre-pro-
gramed social robot can autonomously deliver a behavior change in-
tervention translated from an evidence-based psychotherapeutic pro-
gram. Individuals reduced the total average number of snack episodes
after completing the social robot intervention without any human in-
volvement. The robot-delivered pilot achieved similar snack episode
reduction in the first four weeks (FIT-R, 55%) when compared with the
human-delivered version by a trained clinician (FIT-H, 49%). Overall
reductions were seen in the frequency of craving imagery, showing that
treatment techniques did help to some extent to blunt the impact of
craving episodes. Significant increases in motivational cognition fre-
quency were not found, although motivations were already moderately
high at the start of the intervention. A significant treatment effect on
perceived confidence to control snack intake across specific situations
and emotional states was seen, and while the condition by time effect
was not significant for confidence in the number of days of adherence, a
rise in confidence across conditions was observed, and there was a si-
milar pattern of results within treatment groups to those for CCS-
Situations. Participants rated the robot highly on working alliance
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subscales after the first session, and before they started experiencing
personal benefits from treatment, and significant positive correlations
were found between snack episode reductions and working alliance,
including the personal ‘bond’ between the social robot and the in-
dividual. Overall, despite its small sample size, this pilot study provided
strong initial support for use of a social robot to conduct a motivational
interview using an imagery-based intervention.

4.1. Clinical implications

This study has significant implications for clinical practice.
Behavioral interventions using FIT have now been shown to support
behavior change for diet and weight reduction in multiple studies, in-
cluding the trials using human therapists by Andrade et al. (2016) and
by Solbrig et al. (2019). In the current paper, we report effects of a
closely scripted version of FIT delivered by a human therapist over a
longer period of time (FIT-H), and then a robot-delivered adaptation of
that intervention (FIT-R). These results appear to suggest that a robot
delivering an imagery-based intervention may be as effective as a
human clinician delivering a similar intervention. They also suggest
that the rigid translation of a psychotherapeutic intervention can
achieve significant results, despite the loss of fidelity to the full treat-
ment that this entails. In particular, the provision of detailed psy-
choeducation, a methodized set of goal-setting steps, and guided ima-
gery training may be sufficient to initiate change for those who are

willing and capable of making changes. Furthermore, teaching people
to use imagery-based techniques in their own time, and the provision of
motivational encouragement to continue its use, may have substantial
impact from the first session alone. Continuous follow-up might best be
offered to those who are experiencing difficulties with imagery-based
techniques, require additional motivational support, have experienced
a recent setback, or wish to rehearse specific session techniques again,
such as generating ideas for change.

Results of the current study are also relevant to an understanding of
therapeutic alliance. While alliance was predictive of a reduction in
snacking episodes, this alliance was with a robot that was unable to
provide highly personalised and empathetic healthcare treatment. The
substantial extent of alliance with the robot that was seen in this study
is inconsistent with the view that a therapeutic alliance can only be
attained with a human clinician. Participants reported high task
alignment for their chosen goal, perceived support for the intervention
direction, and a sense of connection, trust and acceptance with their
robotic therapist. A social robot may therefore be capable of providing
essential common and specific factors for psychotherapeutic interven-
tions, by eliciting a perceived sense of relational connection and pro-
viding a personally relevant and effective intervention (Ardito and
Rebellino, 2011). Given the high level of control that robotic therapists
provide over both the content of the intervention and the nature of the
interaction, they offer an exciting and hitherto unparalleled opportu-
nity to tease apart common and specific factors in psychotherapies

Fig. 3. Craving frequency reduction across 8 weeks.

Fig. 4. Confidence to control snack intake across 8 weeks.
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(Mulder et al., 2017).
In summary, the current study illustrates that a digital intervention

program that supports self-guided change and teaches techniques that
can be rehearsed beyond the conclusion of the session may have a
significant impact, particularly when imagery-based techniques are
included. Such an approach could enable psychological interventions to
have substantial reach and potential cost-effectiveness if it were taken
to scale, given its potential to supplement or substitute for face-to-face
sessions with practitioners (Provoost et al., 2017; Laranjo et al., 2018).

4.2. Strengths and limitations

Strengths of the pilot included its use of a stepped wedge design,
which allowed a replication of treatment effects in a wait-list condition.
While a wait-list control is subject to expectancy confounds, it provides
a sound basis for later trials that provide additional control. Limitations
include its focus on periods of snack episodes rather than changes in
total energy consumption, which would have given a more detailed
insight into overall food intake patterns, albeit at the trade-off of in-
creasing effort and time commitment to complete the intervention
(Johnson, 2002; Shim et al., 2014). The lack of a differential impact
from the intervention on the frequency of motivational cognitions and
the lack of a relationship between motivational cognitions and snacking
frequency cast doubt on our proposed mechanism of effects for FIT-R,
although as noted, these cognitions were already quite frequent at
baseline. A further limitation included the pilot's short duration, which
precluded a test of maintained effects of an impact on sustained re-
ductions in weight or snack episode frequency, although our study
provides a direct pathway into such a trial. The relatively long time
required to recruit the sample may reflect on the acceptability of the
robot treatment, and additional strategies may have been needed, such
as an introductory session with the robot. Some participants did not
complete the initial questionnaire, including filling out its high-calorie
diary-recall segment. For a subset of this group, volunteering and at-
tempting to complete the diary-recall segment may have allowed them
to realistically determine that treatment was not required, but others
may have withdrawn at that point because it was seen as onerous.
Abbreviation of the assessments together with a rationale for each
measure and feedback on progress through the assessments may in-
crease their completion in future trials. Among participants who did
completed the initial assessment, all but 3 (12%) attended at least one
intervention session, and moderately high retention in treatment and
subsequent assessments was obtained, while leaving room for further
improvement (e.g. through more assertive follow-up).

4.3. Future directions

The current research extends the range of potential health appli-
cations of social robots beyond well-established target areas e.g. de-
mentia, autism spectrum disorder, (Robinson et al., 2019) to encompass
health maintenance for a major modifiable risk behavior (World Health
Organization, 2017). This study raised the possibility of social robots
delivering a range of similar interventions for other health behavior
targets, such as blood glucose monitoring for diabetes management.
While further research that replicates and extends the current results in
larger scale trials is necessary to build greater confidence in its ac-
ceptability and impact, the current study provides a solid basis for that
research program.
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