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Abstract 
This experimental study evaluates the suitability of a social robot for inducing behavior 
change, where the robot serves as a behavior change coach. Using a simulation of the social 
robot Haru developed by the Honda Research Institute, this study measured the effect of the 
robot’s emotional expressions and behaviors on behavior change and the perceived quality of 
the session. 
 
The method for behavior change employed is the ‘Tiny Habits’ approach developed by (Fogg 
2019), which assumes that behavior can be changed if a) the behavior to be changed is 
broken down into a tiny habit, b) this habit is anchored in the person’s everyday life, and c) 
every success is celebrated. Based on these principles, a scripted dialogue was created to 
coach participants in a session in which they chose a behavior they wanted to change 
themselves. 
 
The experiment proceeded with altogether 30 participants. In the experimental condition, the 
dialogue between participant and the robot simulator was interspersed with emotional 
expression and behaviors such as dancing, bowing and vocalizing. The control condition 
utilized the same setup with the robot simulator and provided participants with the same 
guidance, but without emotional expression. 
 
Our results reveal a positive effect of emotional behavior on most of the measured variables. 
Compared to the baseline, the participants in the emotional condition had a higher motivation 
to change their behavior, felt more confident in applying the behavior change method, 
confirmed that they would think differently about behavior change and rated the quality of 
the lesson higher. 
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1 Introduction 
In this paper, we want to find out whether a simulated robot can function as a persuasive 
technology that effectively supports people in their attempt to acquire a new habit and to 
what extent emotional expression by the robot facilitates the retention of the habit. 
 

1.1 Behavior Change – Tiny Habits Method 
Individual habitual behavior is a frequently repeated, learned behavior with a high degree of 
automaticity (Orbell and Verplanken 2010). It is also stably cued in context such that there is 
a link between a certain context and certain response (Gardner, 2015). The Tiny Habit 
method by BJ Fogg (2019) used for our behavior change coaching experiment, builds on 
these principles. The core of the model consists of three elements: a) the tiny habit itself, b) 
an anchor moment, and c) a celebration. 
 
According to Fogg (2019), people often fail to change their behavior because they 
overestimate the level of their motivation and willingness to change; while a high aspiration 
or a final goal is essential, it is difficult to reach the final aspiration without regularly 



repeating it – which, according to his experience, is often too demanding. Fogg’s response to 
this potential issue is to break down the habit into a simplified version of the aspiration (e.g. 
the aspiration to run every day can be broken down into taking on running shoes). Individuals 
who would like to acquire a new behavior should create a habit which they can perform every 
day, does not take longer than 30 s, and only requires little effort. 
 
The second pillar of the Tiny Habit method, the anchoring, helps to firmly incorporate the 
tiny habit into everyday life. Another routine, already firm in an individual’s daily routines, is 
employed to anchor the new tiny habit. 
 
The third element is the celebration. By intentionally creating positive emotions, participants 
are rewarding the completion of their small steps and thus strengthening the position of tiny 
habits in the individuals’ everyday life. 
 
This potential effect of emotional experience on behavior change and habit retention was 
suggested also by Bargh and Morsella (2009). Moreover, in interactive storytelling, the 
display of emotional expression has been found to be important element for memory 
retention, and of the quality of the storytelling itself (Bavelas et al. 2002). 
 
The current paper explores to what extent a one-time coaching session with the Tiny Habits 
method using a simulated social robot may lead to behavior change and what role emotional 
displays play in the retention of the new habit. 
 

1.2 Robots as a Persuasive Technology 
Previous work on robots as persuasive technologies is sparse, and none of the studies 
addressing persuasion target habit formation and longterm behavior change. For instance, 
Andrist et al. (2013) and (2015) investigate the effects of different speaking styles and find 
that robots that use persuasive speaking styles are more persuasive than robots that don’t. 
Similarly, Fischer, Niebuhr et al. (2020) show that robots’ speech characteristics influence 
the degree to which people follow their advice. Winkle et al. (2019) studied the effects of 
certain persuasive messages and document several effects. Ham et al. (2015) detect 
interaction effects on robot persuasiveness between robot speech and accompanying gestures, 
and Fischer, Langedijk et al. (2020) show that the effectiveness of persuasive messages by 
robots is influenced by mutual gaze. These studies confirm that robots that use persuasive 
signals may actually serve as persuasive technologies. 
 
Previous work on emotional expression in robots has mostly focused on identifying the 
emotions expressed given the special robot morphologies and limited modalities for 
emotional expression (Fischer, Jung et al. 2019). Jung (2017) argues that emotional 
expression is socially required in social interactions. However, in Fogg’s ‘Tiny Habit’ 
behavior change method, emotional expression plays a specific role, namely it is taken to 
reinforce habit formation. This particular role of emotional expression has not previously 
addressed in human-robot interaction research. 
 

2 Case Study: Emotional Expression in Behavior Change Coaching 
Our study aims to explore the effects of emotional expression in behavior change coaching by 
a social robot, focusing on the perceived quality of the lesson. Furthermore, we analyze the 
effects of the method on retention and motivation to change behavior by means of a 
questionnaire administered at least 10 days after the session. 
 



2.1 Method 
To measure the effect of emotional expression on the quality of the lesson and residual 
willingness to change behavior, two experimental conditions – experimental, i.e. emotional, 
and control – were created. In both conditions, we used the same script, presenting the Tiny 
Habit coaching session by the simulation of a social robot Haru from the Honda Research 
Institute in Tokyo. In both scenarios, the robot uses the same synthesized voice; however, in 
the experimental condition, the robot uses emotional expression, whereas in control condition 
2 it does not. In both conditions, the robot behavior was controlled by a wizard operator (cf. 
Riek 2012). 
 

2.2 Experimental Setup 
The script that presents participants with the Tiny Habit method was created and divided into 
five sections. The core of the script, consisting of 66 utterances, explains the basics of the 
Tiny Habit method and is used to guide participants through the session. Furthermore, 82 
additional utterances were created to give the robot operator the possibility to react to the 
most common questions, help participants to return to the core of the script and move forward 
in the session. These utterances were created based on extensive pilot testing and used in 
order to ensure a smooth interaction; however, on average only 3–4 of these specific 
utterances were used in each interaction, so that the interactions remain largely comparable. 
 
In the experimental condition, the robot’s behavior is enriched with emotional expression by 
means of behaviors other than speech, such as dancing, smiling, bowing or vocalizing, which 
were used 34 times per interaction, thus prolonging the average time to complete the core of 
the session from 15 to 17 min. In all other respects, the robot's behavior was identical across 
conditions. 
 
The script itself was divided into five sections, reflecting the overall structure of the method 
as outlined by BJ Fogg (2019): 

a) In the short introduction, Haru presented the purpose of the session, introduced itself 
and explained the structure of the session. 

b) Participants were guided to define their aspirations. 
c) Participants were explained the importance of making their aspirations tiny and 

helped to create a simplified version of their future habit. 
d) The Tiny Habit formula was presented: After I *anchor moment, I will *tiny habit, 

and celebrate. 
e) At the end, participants learned about the importance of celebrating their success and 

were given the chance to present their tiny habit. 
 
  
The whole script was created in such a way that the robot was able to react to participants’ 
most common questions – in addition, further clarifications of the concepts were prepared 
and used if needed (Fig. 1). 



 
Fig. 1. Experimental setup of the behavior coaching session 

 

Procedure: 
Participants, who volunteered to participate in the experiment, were seated in front of a 
screen with the robot simulation and presented with a paper that introduced them to the Tiny 
Habit method, expected length of the session and the fact they would be rewarded with 
chocolate. Part of this pre-session period was also an introduction to the Haru simulator in 
front of them. The script started with a question: “Hi, what is your name?” In case the 
participant did not reply, this was followed by the utterance “You can talk to me!”, followed 
by the rest of the script. Participants were given a questionnaire at the end of their session; 
another one was sent to them after 10–14 days. 
 

Materials: 
As stated above, the Haru robot was run as a simulator on a 27-inch LCD with a loudspeaker 
hidden behind the screen. The simulator itself runs on a laptop equipped with a Gazebo 
simulator environment. The whole setup was made in such a way that the robot could be 
teleoperated, using the Wizard-of-Oz method (Baxter et al. 2016). The operator was present 
in the same room, but out of the direct line of sight of the participant. The same wizard 
controlled the robot through all 30 interactions. 
 

Participants: 
A total of 30 people with a mean age of 28.4, all residents of Southern Denmark, participated 
in the experiment. The 18 women and 12 men were distributed equally between the two 
conditions. Before the session, 39% of the participants had only seen a robot on TV, 28% had 
seen one or a few robots in reality, 23% had played or worked with one and 10% stated that 



they regularly work with robots. Most of the participants were international students while 
23% were of Danish nationality. 
 

Questionnaire: 
Every participant received a questionnaire after finishing the session. The first part of this 
questionnaire (q1–q5) focused on demographics such as age, nationality, line of study, and 
robot experience. In the second part of the questionnaire (q6–q7), participants rated their 
motivation to change their behavior before and after the session. The next two blocks of 
questions (q8–q14) focused on the course content, quality of the session and the learning 
outcomes. To measure the retention of the method, another questionnaire focusing on the 
progress with participant’s behavior change was sent at least 10 days after the session. 
 

2.3 Results 
Questionnaire data from the experimental condition with emotional behaviors (C1) and 
control condition (C2) were compared, using a paired student t-test. Figure 2 presents the 
questionnaire results concerning the evaluation of the session. Participants interacting with 
the robot that uses emotional behaviors were significantly more willing to think differently 
about the behavior change (p = 0.0394), and we identified a positive statistical trend in their 
rating of the overall quality of the session (p = 0.0680). 
 

 
Fig. 2. Statistical analysis of the data in C1 and C2 from the post-session questionnaire 

 
Furthermore, t-test comparisons of the other questions revealed statistical tendencies towards 
more favorable ratings of the robot that used emotional behaviors. 
 
Another statistical trend was identified in the post-experimental questionnaire focusing on 
participants’ retention of the new habit. Those who had interacted with the robot in the 
experimental condition were more likely to maintain the habit they created during the session 
(p = 0.04). All the participants from the experimental condition carried out their new habit at 
least once, while the majority (66%) practiced their behavior at least twice (Fig. 3). 



 
Fig. 3. Habit retention from post-questionnaire send at least 10 days after the initial session  

 

3 Discussion 
The study shows that the robot’s emotional behaviors have a significant effect on how 
participants think about behavior change. Furthermore, the results reveal positive effects on 
the perceived quality of the lesson and retention of the new habit. However, our findings, 
possibly influenced by the small number of participants, did not reveal any significant effects 
on other measured categories, such as the difference between motivation before and after the 
session or on understanding the concepts presented. 
 
To evaluate the effects of Haru’s emotional behaviors more precisely, the effect of particular 
behaviors used during the session should be measured. After the sessions, some of the 
participants mentioned that they disliked some particular behaviors, which may have 
influenced the results. Also, the effect of non-human behaviors used in the experimental 
condition (such as the visualization of a lotus flower, question mark or fireworks) could be 
evaluated independently in the future. Therefore, we are now conducting another study, 
measuring the effects of the habitual retention in another condition, which uses the same 
script but presents the contents as a website. 
 

4 Conclusion 
To conclude, there is a significant effect of emotional behavior on the perceived quality of the 
lesson and on the retention of the habit practiced. Therefore, a long-term effect can be 
expected. We can thus conclude that emotional expression has a positive effect on the quality 
of human-robot interactions in general and on behavior change coaching in particular. In 
addition, we can conclude that robots may be effective persuasive technologies, and that the 
Tiny Habits method is a suitable approach for robot-human behavior change coaching. 
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