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Abstract 

Background and Purpose: Social robots are currently being developed for use in healthcare 

environments. To date, little research has investigated how healthcare robots should behave 

in order to promote positive patient outcomes. Research on physician behaviour may inform 

the design of healthcare robots within this context. The central aim of this thesis was to 

investigate the effects of key healthcare robot communication behaviours on user perceptions 

and behaviours in simulated healthcare interactions.  

Methods: A literature review on the effect of healthcare professionals’ communication 

behaviour was undertaken, including a review of these behaviours within human-robot 

interaction (HRI) research. This was followed by four HRI studies. Study one examined the 

effect of robot smiling and first name use using a within-subjects design. Utilising a between-

subjects design, study two investigated the effect of robot self-disclosure, voice pitch, and 

forward body lean, while study three examined the effects of robot humour. Study four 

investigated robot empathy statements and head nodding, using a between-subjects online 

video design. 

Results: The review found several key physician communication behaviours for study within 

HRI research; namely humour, self-disclosure, facial expressions, empathy statements, and 

body posture. The experimental research found robot smiling to significantly improve user 

attitudes, smiling behaviours and perceptions of robot friendliness and mind. Both robot 

smiling and first name use significantly increased user perceptions of robot personality. 

Robot forward lean and self-disclosure significantly increased user eye contact behaviours 

and robot self-disclosure significantly increased user laughter. Conversely, robot voice pitch 

significantly increased user ratings of the robot as boring and unstimulating. Robot humour 

significantly increased participant laughter and ratings of robot likeability, safety, empathy, 

and personality. Robot verbal empathy significantly increased participant perceptions of 
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satisfaction, robot trust, and robot empathy, while significantly decreasing robot distrust. 

Finally, robot head-nodding had no significant effect on outcome variables.  

Conclusions: Similar to human healthcare professionals, healthcare robots should use 

specific communication behaviours to improve user outcomes. These include smiling, 

forward lean, self-disclosure, humour, and empathy statements.  Future researchers should 

consider the re-examination of these and other communication behaviours, using mixed-age 

samples, patient populations, and within the context of natural medical environments.  

 

 

  



  

V 

 

Acknowledgments 

The last three years have been some of the most challenging in my life, requiring grit, 

determination, sacrifice, perseverance, and at times, a good sense of humour. Therefore, I am 

tremendously grateful to be given the opportunity to acknowledge those individuals, without 

whom this achievement would not have been possible.  

First, I would like to thank my supervisor Dr. Elizabeth Broadbent. Your guidance, 

support, patience, and expertise, have been invaluable over the last three years. This thesis 

would not have happened without you, and I am privileged to have had the opportunity to 

work with you. I would also like to thank Dr. Bruce MacDonald, my co-supervisor, who 

never failed to check on my wellbeing and offer support when passing me in the halls of the 

old engineering building. In addition, I would like to thank Dr. Ho Seok Ahn and his team, 

who not only supplied and programmed the robots used in my research, but were happy to 

assist when a robot decided to ‘go off script’.  

To my family: my Mom, who is a constant supply of love and support, and who gave up 

her very limited free time to help me with my youngest son (who decided to come along not 

only in the final year of my PhD, but during a worldwide pandemic); my Dad, who is not 

only the best when it comes to listening and advice, but can always make me smile; and my 

sisters, who have become my best friends, and an endless supply of support and laughter: I 

have always felt incredibly blessed to be part of such an amazing family, thank you all for 

being the remarkable people that you are.  

To my husband Adam, who has listened to me talk (and sometimes moan) about the same 

thing for three years. You have been by my side, living the highs and lows of this PhD 

journey with me. Thank you for listening to me, encouraging me, and being the loveable 

husband, and wonderful father that you are. To my beautiful children, Noah, Zoe, and Miles. 



  

VI 

 

You are by far the best thing I have ever done in my life. I hope my achievement inspires you 

to push yourselves to your full potential, to tackle challenges head on, and never give up. I 

love you all more than you can imagine, and this thesis is dedicated to you.  

Finally, I would like to thank all of the individuals who took the time to participant in my 

experiments. The insights gained through this research, are in no small part due to your 

involvement.  

 

  

 

 

 

 



  

VII 

 

Table of Contents 

Contents 

Improving Interactions with Healthcare Robots ............................................................ II 

Abstract ............................................................................................................................. III 

Acknowledgments .............................................................................................................. V 

Table of Contents ............................................................................................................ VII 

List of Figures ................................................................................................................ XIV 

List of Tables ................................................................................................................. XVI 

List of Abbreviations.................................................................................................... XVII 

Publisher Approvals................................................................................................... XVIII 

Co-Authorship Forms ..................................................................................................... XX 

Chapter 1- Overview ........................................................................................................... 1 

1.1 Introduction to Thesis Topic ............................................................................... 1 

1.2 Thesis Outline ..................................................................................................... 3 

Chapter 2- Introduction to Healthcare Robotics ............................................................. 6 

2.1 Introduction ......................................................................................................... 6 

2.2 Current Issues Affecting Healthcare Systems..................................................... 6 

2.2.1 Aging Populations ......................................................................................... 7 

2.2.2 Non-Communicable Diseases ....................................................................... 7 

2.2.3 COVID-19 ..................................................................................................... 8 

2.3 Easing Burden on Healthcare Systems ............................................................... 9 

2.3.1 Robot Applications for Aging Populations ................................................... 9 

2.3.2 Robot Applications for NCD ...................................................................... 10 

2.3.3 Robot Applications for COVID-19 ............................................................. 11 

2.4 Definition, Form, Function, and Operation ...................................................... 12 

2.4.1 Definition .................................................................................................... 12 

2.4.2 Form and Function ...................................................................................... 13 

2.4.3 Operation ..................................................................................................... 16 



  

VIII 

 

2.5 Considerations for the Implementation of Robots in Healthcare Environments

................................................................................................................................. 16 

2.6 Communication Behaviour ............................................................................... 17 

2.6.1 Communication in Human Healthcare Interaction ..................................... 17 

2.6.2 Communication in HRI ............................................................................... 19 

2.6.3 Communication Behaviours in Patient-Robot Interaction .......................... 22 

2.7 Summary and Conclusions ............................................................................... 24 

Chapter 3- A Review of Key Communication Behaviours in Social, Healthcare, and 

Human-Robot Interactions .............................................................................................. 25 

3.1 Preface............................................................................................................... 25 

3.1.1 Citation ........................................................................................................ 26 

3.2 Introduction ....................................................................................................... 27 

3.3 Literature Search Method ................................................................................. 29 

3.4 Physician Patient Interaction............................................................................. 29 

3.4.1 Clinical Empathy ......................................................................................... 30 

3.4.2 Robots and Empathy ................................................................................... 32 

3.5 Verbal Communication Behaviours .................................................................. 34 

3.5.1 Humour ....................................................................................................... 34 

3.5.2 Self-Disclosure ............................................................................................ 37 

3.6 Non-Verbal Communication ............................................................................. 39 

3.6.1 Facial Expression ........................................................................................ 40 

3.6.2 Eye Contact ................................................................................................. 42 

3.6.3 Body Posture ............................................................................................... 45 

3.6.4 Gestures ....................................................................................................... 46 

3.7 Gender ............................................................................................................... 48 

3.7.1 Robots and Gender ...................................................................................... 49 

3.8 Discussion ......................................................................................................... 50 

3.8.1 Discussion of Research Questions .............................................................. 50 

3.8.2 Recommendations for Future Research ...................................................... 53 

3.9 Conclusion ........................................................................................................ 54 



  

IX 

 

Chapter 4- Robot Smiling and Use of First Name Behaviour ....................................... 56 

4.1 Preface............................................................................................................... 56 

4.1.1 Citation ........................................................................................................ 57 

4.2 Introduction ....................................................................................................... 58 

4.3 Background ....................................................................................................... 59 

4.3.1 Personality, Social Behaviours, and the Medical Receptionist ................... 59 

4.3.2 Aim and Hypotheses ................................................................................... 62 

4.4 Method .............................................................................................................. 63 

4.4.1 Setting and Participants ............................................................................... 63 

4.4.2 Procedure .................................................................................................... 63 

4.4.3 Measures ..................................................................................................... 66 

4.4.4 Analysis ....................................................................................................... 69 

4.5 Results ............................................................................................................... 69 

4.5.1 Friendliness Perceptions ............................................................................. 69 

4.5.2 Attitudes towards EveR .............................................................................. 70 

4.5.3 Mind Perception .......................................................................................... 71 

4.5.4 Personality ................................................................................................... 73 

4.5.5 Effects of Smiling on Perceptions of Robot Behaviours ............................ 75 

4.5.6 Participants Own Smiling ........................................................................... 75 

4.6 Discussion ......................................................................................................... 76 

4.6.1 Comparisons with Prior Work .................................................................... 76 

4.6.2 Contribution to Existing Literature ............................................................. 77 

4.7 Limitations ........................................................................................................ 78 

4.8 Conclusion ........................................................................................................ 79 

Chapter 5- Robot Self-disclosure, Voice Pitch, and Use of Forward Lean Behaviours

 ............................................................................................................................................. 80 

5.1 Preface............................................................................................................... 80 

5.1.1 Citation ........................................................................................................ 81 

5.2 Introduction ....................................................................................................... 82 

5.2.1 Self-Disclosure ............................................................................................ 83 



  

X 

 

5.2.2 Forward Body Lean .................................................................................... 84 

5.2.3 Voice Pitch Changes ................................................................................... 85 

5.2.4 Justification for Research in Healthcare ..................................................... 86 

5.2.5 This Study ................................................................................................... 88 

5.2.6 Study Objectives and Hypotheses ............................................................... 89 

5.3 Methods............................................................................................................. 90 

5.3.1 Experimental Design ................................................................................... 90 

5.3.2 Participants .................................................................................................. 90 

5.3.3 The Robot .................................................................................................... 91 

5.3.4 Procedure .................................................................................................... 91 

5.3.5 Measures ..................................................................................................... 93 

5.3.6 Statistical Analyses ..................................................................................... 95 

5.4 Results ............................................................................................................... 97 

5.4.1 Manipulation Check .................................................................................... 97 

5.4.2 Participants .................................................................................................. 97 

5.4.3 Interaction Times ........................................................................................ 98 

5.4.4 Participant Perceived Engagement Scores .................................................. 98 

5.4.5 Perceived Robot Empathy ........................................................................... 99 

5.4.6 Perceived Robot Attention .......................................................................... 99 

5.4.7 Participant Behaviours ................................................................................ 99 

5.5 Discussion ....................................................................................................... 101 

5.5.1 Principal Findings ..................................................................................... 101 

5.5.2 Comparison with Prior Work .................................................................... 102 

5.5.3 Contribution to Existing Literature ........................................................... 105 

5.5.4 Limitations ................................................................................................ 106 

5.5.5 Future Work .............................................................................................. 106 

5.5.6 Conclusions ............................................................................................... 107 

Chapter 6- Robot Humour Behaviours ......................................................................... 108 

6.1 Preface............................................................................................................. 108 



  

XI 

 

6.1.1 Citation ...................................................................................................... 110 

6.2 Introduction ..................................................................................................... 111 

6.2.1 Physician Communication Behaviours ..................................................... 112 

6.2.2 Humour ..................................................................................................... 113 

6.2.3 Humour in Medicine ................................................................................. 114 

6.2.4 Humour in Social Robotics ....................................................................... 115 

6.2.5 Justification for Research .......................................................................... 116 

6.2.6 Study Objectives and Hypotheses ............................................................. 117 

6.3 Method ............................................................................................................ 117 

6.3.1 Sample and Participant Selection .............................................................. 117 

6.3.2 Materials, Experimental Setup, and Procedure ......................................... 118 

6.3.3 Humour Condition .................................................................................... 122 

6.3.4 Manipulation Check .................................................................................. 124 

6.3.5 Measures ................................................................................................... 124 

6.3.6 Statistical Analyses ................................................................................... 127 

6.4 Results ............................................................................................................. 128 

6.4.1 Participants ................................................................................................ 128 

6.4.2 The Godspeed Questionnaire .................................................................... 128 

6.4.3 Empathy .................................................................................................... 131 

6.4.4 Personality ................................................................................................. 131 

6.4.5 Participant Laughing Behaviour ............................................................... 135 

6.5 Discussion ....................................................................................................... 135 

6.5.1 Theoretical and Clinical Implications ....................................................... 135 

6.5.2 Limitations ................................................................................................ 137 

6.5.3 Conclusions and Suggestions for Future Work ......................................... 138 

Chapter 7- Robot Empathy Behaviours ........................................................................ 139 

7.1 Preface............................................................................................................. 139 

7.1.1 Citation ...................................................................................................... 141 

7.2 Introduction ..................................................................................................... 142 



  

XII 

 

7.2.1 Empathy in Clinician-Patient Interactions ................................................ 142 

7.2.2 Demonstration of Clinical Empathy ......................................................... 143 

7.2.3 Empathy in Healthcare Robotics ............................................................... 144 

7.2.4 Aim ............................................................................................................ 147 

7.2.5 Hypotheses ................................................................................................ 147 

7.3 Method ............................................................................................................ 147 

7.3.1 Experimental Set-up and materials ........................................................... 147 

7.3.2 Procedure .................................................................................................. 148 

7.3.3 Power Analysis and Sample Size .............................................................. 151 

7.3.4 Measures ................................................................................................... 151 

7.3.5 Statistical Analyses ................................................................................... 153 

7.4 Results ............................................................................................................. 153 

7.4.1 Participants ................................................................................................ 153 

7.4.2 Empathy .................................................................................................... 154 

7.4.3 Trust and Distrust ...................................................................................... 155 

7.4.4 Satisfaction ................................................................................................ 158 

7.4.5 Would you Interact with Jane ................................................................... 160 

7.5 Discussion ....................................................................................................... 160 

7.5.1 Limitations ................................................................................................ 161 

7.5.2 Conclusions and Suggestions for Future Work ......................................... 162 

Chapter 8- Discussion ..................................................................................................... 163 

8.1 Overview ......................................................................................................... 163 

8.2 Summary of Key Findings .............................................................................. 163 

8.2.1 Literature Review ...................................................................................... 163 

8.2.2 Experimental Research.............................................................................. 164 

8.3 Null Findings and Methodological considerations ......................................... 166 

8.3.1 Interpretation of Null Findings ................................................................. 166 

8.3.2 Methodological Considerations in HRI Research ..................................... 168 

8.4 Integration into Current Literature .................................................................. 169 



  

XIII 

 

8.4.1 Smiling ...................................................................................................... 169 

8.4.2 Self-disclosure and Forward Lean ............................................................ 170 

8.4.3 Humour ..................................................................................................... 171 

8.4.4 Empathy .................................................................................................... 172 

8.4.5 Robot-Patient Communication .................................................................. 173 

8.4.6 Physician-Patient Communication ............................................................ 174 

8.5 Implications for Social and Healthcare Robotics............................................ 174 

8.6 Limitations ...................................................................................................... 175 

8.7 Future Research .............................................................................................. 176 

8.8 Conclusions ..................................................................................................... 177 

References ........................................................................................................................ 178 

Appendix A: Study 1 Forms ........................................................................................... 211 

Appendix B: Study 2 Forms ........................................................................................... 228 

Appendix C: Study 3 Forms ........................................................................................... 242 

Appendix D: Study 4 Forms ........................................................................................... 258 

 

 

 

  

 



  

XIV 

 

List of Figures 

Figure 1. The Paro robot ..................................................................................................... 14 

Figure 2. The Sawyer robot ................................................................................................ 14 

Figure 3. The Nao robot...................................................................................................... 15 

Figure 4. The EveR-4 robot ................................................................................................ 16 

Figure 5. The model of robot-patient communication ........................................................ 23 

Figure 6. Experimental layout ............................................................................................ 64 

Figure 7. The Ever-4 robot smiles ...................................................................................... 65 

Figure 8. Participant interacts with the EveR-4 robot ........................................................ 66 

Figure 9. Effects of smiling and use of name on perceptions of robot friendliness. .......... 70 

Figure 10. Effects of smiling and use of name on perceptions of robot agency ................. 72 

Figure 11. Effects of smiling and use of name on perceptions of robot experience ........... 73 

Figure 12. Experimental setup ............................................................................................ 90 

Figure 13. The Nao robot – from a neutral standing to forward lean position ................... 92 

Figure 14. Participant moving from neutral to forward lean position ................................ 95 

Figure 15. Experimental setup .......................................................................................... 119 

Figure 16. Procedural outline ........................................................................................... 121 

Figure 17. The humorous robot interaction script. ........................................................... 123 

Figure 18. ‘Sam’ the patient interacts with ‘Jane’ the healthcare robot (clip from video)

................................................................................................................................................ 149 

Figure 19. Procedural outline ........................................................................................... 150 



  

XV 

 

Figure 20. Mean and standard error for perceived robot empathy at time-point two, for 

verbal and head nodding groups ............................................................................................ 154 

Figure 21. Mean and standard error for perceived robot trust at time-point two, for verbal 

and head nodding groups ....................................................................................................... 156 

Figure 22. Mean and standard error for perceived robot distrust at time-point two, for 

verbal and head nodding groups ............................................................................................ 157 

Figure 23. Mean and standard error for perceived robot satisfaction at time-point two, for 

verbal and head nodding groups ............................................................................................ 159 



  

XVI 

 

List of Tables 

Table 1. Effect of Robot Smiling on Participant Perceptions of Robot Personality Traits 74 

Table 2. Mean Perceptions of the Robot on the Godspeed Questionnaire Dimensions at 

Time-Points One and Two for the Humour and Neutral Conditions ..................................... 129 

Table 3. Mean Perceptions of the Robot’s Empathy in the Humour and Neutral Conditions 

at Time-Points One and Two ................................................................................................. 131 

Table 4. Mean Values for the Sociable Personality Factor for the Humour and Neutral 

Conditions at Time-Points One and Two ............................................................................... 132 

Table 5. Results of Fishers Exact Analyses for Personality Items at Time-Point One ..... 133 

Table 6. Results of Fishers Exact Analyses for Personality Items at Time-Point Two ..... 134 

Table 7. Mean Perceived Robot Empathy at Time-Point One and Time-Point Two, for 

Verbal Empathy and Head Nodding Groups with 95% CI. ................................................... 155 

Table 8. Mean Perceived Robot Trust at Time-Point One and Time-Point Two, for Verbal 

Empathy and Head Nodding Groups with 95% CI. ............................................................... 156 

Table 9. Mean Perceived Robot Distrust at Time-Point One and Time-Point Two, for 

Verbal Empathy and Head Nodding Groups with 95% CI. ................................................... 158 

Table 10. Mean Perceived Robot Satisfaction at Time-Point One and Time-Point Two, for 

Verbal Empathy and Head Nodding Groups with 95% CI. ................................................... 159 



 

XVII 

 

List of Abbreviations 

ADF-2   Acquaintance Description Form 2 

AMT   Amazon Mechanical Turk   

ANOVA   Analysis of Variance  

CARE    Consultation and Relational Empathy (measure) 

CI    Confidence Interval  

GLMM   Generalised Linear Mixed Model 

GP    General Practitioner 

HCI    Human-Computer Interaction 

HRI    Human-Robot Interaction  

ISS    Interactant Satisfaction Survey 

IV    Intravenous  

M    Mean 

MFQ   McGill Friendship Questionnaire  

MR    Mean Rank 

NCD   Non-Communicable Disease  

RAS   Robot Attitude Scale 

SD    Standard Deviation 

SE    Standard Error 

SPSS   Statistical Package for Social Sciences 

UN    United Nations 

USA   United States of America 

WHO   World Health Organisation 

  



 

XVIII 

 

Publisher Approvals 

Chapter 3- Johanson, D. L., Ahn, H. S., & Broadbent, E. (2020). Improving interactions 

with healthcare robots: A review of communication behaviours in social and healthcare 

contexts. International Journal of Social Robotics. https://doi.org/10.1007/s12369-020-

00719-9. Published by Springer Nature. Article is published as open access and available for 

reuse under Creative Commons Attribution (CC BY 4.0). See: 

https://www.springer.com/journal/12369/submission-guidelines#openAccessPublishing. 

Appears on pages 51-81. 

Chapter 4- Johanson, D. L., Ahn, H.S., Sutherland, C. J., Brown, B., MacDonald, B. A., 

Lim, J., Ahn, B.K., & Broadbent, E. (2020). Smiling and use of first-name by a healthcare 

receptionist robot: Effects on user perceptions, attitudes, and behaviours. Paladyn, Journal of 

Behavioural Robotics, 11(1), 40-51. https://doi.org/10.1515/pjbr-2020-0008. Published by De 

Gruyter. Article is published as open access and available for reuse under Creative Commons 

Attribution (CC BY 4.0). See: https://www.degruyter.com/journal/key/PJBR/html. Appears 

on pages 82-105.  

Chapter 5- Johanson, D. L., Ahn, H. S., MacDonald, B. A., Ahn, B. K., Lim, J., Hwang, 

E., Sutherland, C. J., & Broadbent, E. (2019). The effect of robot attentional behaviors on 

user perceptions and behaviors in a simulated healthcare interaction: Randomized controlled 

trial. Journal of Medical Internet Research, 21, e13667. https://doi.org/10.2196/13667. 

Published by JMIR Publications. Article is published as open access and available for reuse 

under Creative Commons Attribution (CC BY 4.0). See: https://support.jmir.org/hc/en-

us/articles/115000243011-Is-everything-in-JMIR-journals-open-access-and-what-does-open-

access-mean-. Appears on pages 106-133. 

https://link.springer.com/article/10.1007/s12369-020-00719-9#citeas
https://link.springer.com/article/10.1007/s12369-020-00719-9#citeas
https://www.springer.com/journal/12369/submission-guidelines#openAccessPublishing
https://doi.org/10.1515/pjbr-2020-0008
https://www.degruyter.com/journal/key/PJBR/html
https://doi.org/10.2196/13667
https://support.jmir.org/hc/en-us/articles/115000243011-Is-everything-in-JMIR-journals-open-access-and-what-does-open-access-mean-
https://support.jmir.org/hc/en-us/articles/115000243011-Is-everything-in-JMIR-journals-open-access-and-what-does-open-access-mean-
https://support.jmir.org/hc/en-us/articles/115000243011-Is-everything-in-JMIR-journals-open-access-and-what-does-open-access-mean-


 

XIX 

 

Chapter 6- Johanson, D. L., Ahn, H. S., Lim, J., Lee, C., Sebaratnam, G., MacDonald, B. 

A., & Broadbent, E. (2020). Use of humor by a healthcare robot positively affects user 

perceptions and behavior. Technology, Mind, and Behavior, 1 (2). 

https://doi.org/10.1037/tmb0000021. Published by APA Open Access Publications. Article is 

published as open access and available for reuse under Creative Commons Attribution (CC 

BY NC ND). See: https://tmb.apaopen.org/submit. Appears on pages 134-164. 

Chapter 7- Johanson, D. L., Ahn, H. S., Goswami, R., Saegusa, K., & Broadbent, E. (in 

submission). The effects of robot empathy on trust and satisfaction in a healthcare scenario. 

Appears on pages 165-188. 

  

https://doi.org/10.1037/tmb0000021
https://tmb.apaopen.org/submit


 

XX 

 

Co-Authorship Forms 

Literature Review 

  

 

 

 

 
 

Co-Authorship Form 

 

 

 

  Last updated: 28 November 2017 

School of Graduate Studies 

AskAuckland Central 

Alfred Nathan House 

The University of Auckland 

Tel: +64 9 373 7599 ext 81321 

Email: postgradinfo@auckland.ac.nz 

This form is to accompany the submission of any PhD that contains published or unpublished co-authored 

work. Please include one copy of this form for each co-authored work. Completed forms should be 
included in all copies of your thesis submitted for examination and library deposit (including digital deposit), 

following your thesis Acknowledgements. Co-authored works may be included in a thesis if the candidate has 

written all or the majority of the text and had their contribution confirmed by all co-authors as not less than 
65%.  

 

 
 

CO-AUTHORS 
 

Name Nature of Contribution 

Dr. Elizabeth Broadbent Supervision, concept, editing manuscript 

Dr. Ho Seok Ahn Advisor/Co-Supervisor, concept 

            

       

            

            

 
 

Certification by Co-Authors 
 

The undersigned hereby certify that: 

❖  the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this 

work, and the nature of the contribution of each of the co-authors; and 
❖  that the candidate wrote all or the majority of the text.
 

 
 

 

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title 

and publication details or details of submission of the co-authored work. 

Chapter 3: A Review of Key Communication Behaviours in Social, Healthcare, and Human-Robot Interactions 

Published as: Johanson, D. L., Ahn, H. S., & Broadbent, E. (2020). Improving Interactions with Healthcare Robots: A 

Review of Communication Behaviours in Social and Healthcare Contexts. International Journal of Social Robotics. 

https://doi.org/10.1007/s12369-020-00719-9 

  

Nature of contribution 

by PhD candidate 
Concept, design, research, review, manuscript write up, and submission.  

Extent of contribution 

by PhD candidate (%) 
90% 

Name Signature Date 

Dr. Elizabeth Broadbent 

 

13.11.2020 

Dr. Ho Seok Ahn 

 

 
 28 Oct. 2020 

   



 

XXI 

 

Study 1 

 

 

 

 

 
 

Co-Authorship Form 

 

 

 

  Last updated: 28 November 2017 

School of Graduate Studies 

AskAuckland Central 

Alfred Nathan House 

The University of Auckland 

Tel: +64 9 373 7599 ext 81321 

Email: postgradinfo@auckland.ac.nz 

This form is to accompany the submission of any PhD that contains published or unpublished co-authored 

work. Please include one copy of this form for each co-authored work. Completed forms should be 
included in all copies of your thesis submitted for examination and library deposit (including digital deposit), 

following your thesis Acknowledgements. Co-authored works may be included in a thesis if the candidate has 

written all or the majority of the text and had their contribution confirmed by all co-authors as not less than 
65%.  

 

 
 

CO-AUTHORS 
 

Name Nature of Contribution 

Dr. Elizabeth Broadbent Supervision, study concept and design, data analysis, reviewing and edition 

manuscript 

Dr. Ho Seok Ahn Advisor/Co-Supervisor, study concept and design, obtaining funding, 

engineering design 

Dr Bruce MacDonald Co-supervisor, study concept and design, obtaining funding, engineering design 

Dr. Craig Sutherland  Concept and design 

JongYoon Lim Robotic Engineering/Technical Support 

Byeong Kyu Ahn 

Bianca Brown 

Robotic Engineering/Technical Support/Robotic 'wizard' for 'wizard of oz' design 

Recruitment, running particioants through study 

 
 

Certification by Co-Authors 
 

The undersigned hereby certify that: 

❖  the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this 
work, and the nature of the contribution of each of the co-authors; and 

❖  that the candidate wrote all or the majority of the text.
 
 

 

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title 

and publication details or details of submission of the co-authored work. 

Chapter 4: Smiling and Use of First Name Behaviours 

Published as: Johanson, D. L., Ahn, H., Sutherland, C. J., Brown, B., MacDonald, B. A., Lim, J., Ahn, B., & 

Broadbent, E. (2020). Smiling and use of first-name by a healthcare receptionist robot: Effects on user perceptions, 

attitudes, and behaviours. Paladyn,Journal of Behavioral Robotics, 11, 40-51. https://doi/org/10.1515/pjbr-2020-
0008 

Nature of contribution 

by PhD candidate 
Literature review, study concept and design, data extraction and analysis, creation of 

figures and graphs, manuscript write up and submission.  

Extent of contribution 
by PhD candidate (%) 

70% 

Name Signature Date 

Dr. Elizabeth Broadbent 

  

13.11.2020 

Dr. Ho Seok Ahn 

  
 



 

XXII 

 

 

 

  



 

XXIII 

 

Study 2 

 

 

 

 

 

 
 

Co-Authorship Form 

 

 

 

  Last updated: 28 November 2017 

School of Graduate Studies 

AskAuckland Central 

Alfred Nathan House 

The University of Auckland 

Tel: +64 9 373 7599 ext 81321 

Email: postgradinfo@auckland.ac.nz 

This form is to accompany the submission of any PhD that contains published or unpublished co-authored 

work. Please include one copy of this form for each co-authored work. Completed forms should be 
included in all copies of your thesis submitted for examination and library deposit (including digital deposit), 

following your thesis Acknowledgements. Co-authored works may be included in a thesis if the candidate has 

written all or the majority of the text and had their contribution confirmed by all co-authors as not less than 
65%.  

 

 
 

CO-AUTHORS 
 

Name Nature of Contribution 

Dr. Elizabeth Broadbent Supervision, study concept, data analysis, reviewing and edition manuscript 

Dr. Ho Seok Ahn Advisor/Co-Supervisor, study concept, obtaining funding 

Dr Bruce MacDonald Co-supervisor, study concept, obtaining funding 

Byeong Kyu Ahn  Robotic Engineering/Technical Support 

JongYoon Lim Robotic Engineering/Technical Support 

Euijun Hwang 

Dr. Craig Sutherland 

Robotic Engineering/Technical Support 

Study concept 

 
 

Certification by Co-Authors 
 

The undersigned hereby certify that: 

❖  the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this 
work, and the nature of the contribution of each of the co-authors; and 

❖  that the candidate wrote all or the majority of the text.
 
 

 

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title 

and publication details or details of submission of the co-authored work. 

Chapter 5: Self-disclosure, Voice Pitch, and Forward Lean Behaviours. 

 

Published as: Johanson, D. L., Ahn, H. S., MacDonald, B. A., Ahn, B. K., Lim, J., Hwang, E., Sutherland, C. J., &  

Broadbent, E. (2019). The effect of robot attentional behaviors on user perceptions and behaviors in a simulated 
health care interaction: Randomized controlled trial. Journal of Medical Internet Research, 21, e13667. 

https://doi.org/10.2196/13667 

Nature of contribution 

by PhD candidate 
Literature review, study concept and design, ethics proposal and application, recruitment, 

running particioants through study, data extraction and analysis, creation of figures and 
graphs, manuscript write up and submission.  

Extent of contribution 

by PhD candidate (%) 
85% 

Name Signature Date 

Dr. Elizabeth Broadbent 

 
 

13.11.2020 

Dr. Ho Seok Ahn 

 

28 Oct. 2020 



 

XXIV 

 

 

  



 

XXV 

 

Study 3 

 

 

 

 

 

 
 

Co-Authorship Form 

 

 

 

  Last updated: 28 November 2017 

School of Graduate Studies 

AskAuckland Central 

Alfred Nathan House 

The University of Auckland 

Tel: +64 9 373 7599 ext 81321 

Email: postgradinfo@auckland.ac.nz 

This form is to accompany the submission of any PhD that contains published or unpublished co-authored 

work. Please include one copy of this form for each co-authored work. Completed forms should be 
included in all copies of your thesis submitted for examination and library deposit (including digital deposit), 

following your thesis Acknowledgements. Co-authored works may be included in a thesis if the candidate has 

written all or the majority of the text and had their contribution confirmed by all co-authors as not less than 
65%.  

 

 
 

CO-AUTHORS 
 

Name Nature of Contribution 

Dr. Elizabeth Broadbent Supervision, study concept, data analysis, reviewing and edition manuscript 

Dr. Ho Seok Ahn Advisor/Co-Supervisor, study concept,obtaining funding, engineering design 

Dr Bruce MacDonald Co-supervisor, study concept, obtaining funding, engineering design 

Christopher Lee  Robotic Engineering/Technical Support 

JongYoon Lim Robotic Engineering/Technical Support 

Gabrielle Sebaratnam Observational coding 

 

 

Certification by Co-Authors 
 

The undersigned hereby certify that: 

❖  the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this 
work, and the nature of the contribution of each of the co-authors; and 

❖  that the candidate wrote all or the majority of the text.
 
 
 

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title 

and publication details or details of submission of the co-authored work. 

Chapter 6: Humour Behaviours  

Published as: Johanson, D. L., Ahn, H.S., Lim, J., Lee, C., Sebaratnam, G., MacDonald, B. A., & Broadbent, E. 

(2020). Use of Humor by a Healthcare Robot Positively Affects User Perceptions and Behavior. Technology, Mind, 

and Behavior, 1. https://doi.org/10.1037/tmb0000021. 

Nature of contribution 

by PhD candidate 
Literature review, study concept and design, ethics proposal and application, recruitment, 

running particioants through study, observational coding, data extraction and analysis, 

creation of figures and graphs, manuscript write up and submission.  

Extent of contribution 
by PhD candidate (%) 

85% 

Name Signature Date 

Dr. Elizabeth Broadbent 

 

13.11.2020 

Dr. Ho Seok Ahn 

 

28 Oct. 2020 

Dr. Bruce MacDonald 

 
3/09/2020 



 

XXVI 

 

  



 

XXVII 

 

Study 4

 

 

 

 

 
 

Co-Authorship Form 

 

 

 

  Last updated: 28 November 2017 

School of Graduate Studies 

AskAuckland Central 

Alfred Nathan House 

The University of Auckland 

Tel: +64 9 373 7599 ext 81321 

Email: postgradinfo@auckland.ac.nz 

This form is to accompany the submission of any PhD that contains published or unpublished co-authored 

work. Please include one copy of this form for each co-authored work. Completed forms should be 
included in all copies of your thesis submitted for examination and library deposit (including digital deposit), 

following your thesis Acknowledgements. Co-authored works may be included in a thesis if the candidate has 

written all or the majority of the text and had their contribution confirmed by all co-authors as not less than 
65%.  

 

 
 

CO-AUTHORS 
 

Name Nature of Contribution 

Dr. Elizabeth Broadbent Supervision, study concept, data analysis, reviewing and edition manuscript 

Dr. Ho Seok Ahn Advisor/Co-Supervisor, study concept, obtaining funding  

Rishab Goswami Robotic Engineering/Technical Support 

Kazuki Saegusa  Robotic Engineering/Technical Support 

            

  

 

 

Certification by Co-Authors 
 

The undersigned hereby certify that: 

❖  the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this 
work, and the nature of the contribution of each of the co-authors; and 

❖  that the candidate wrote all or the majority of the text.
 
 
 

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title 

and publication details or details of submission of the co-authored work. 

Chapter 7: Robot Empathy Behaviours  

In Submission as: Johanson, D. L., Ahn, H. S., Goswami, R., Saegusa, K., & Broadbent, E. (in submission). The 

Effects of Robot Empathy Statements and Head Nodding on Trust and Satisfaction in a Healthcare Scenario.  

Nature of contribution 
by PhD candidate 

Literture review, study concept and design, ethics proposal and application, recruitment, 
creation of online study through Amazon Mechanical Turk and Qualtrics platforms, creation 

of video content, data extraction and analysis, creation of figures and graphs, manuscript 

write up and submission.  

Extent of contribution 
by PhD candidate (%) 

85% 

Name Signature Date 

Dr. Elizabeth Broadbent 

 

 
13.11.2020 

 

Dr. Ho Seok Ahn 

 

 
19.01.2021  

 

Rishab Goswami 

  

Kazuki Saegusa 

 

19/01/2021 



Chapter 1 

1 

 

Chapter 1- Overview 

1.1 Introduction to Thesis Topic 

The word ‘robot’ was first coined in 1920 by Czechoslovakian playwright and science 

fiction author, Josef Capek. In his play, ‘Russum’s Universal Robots’ (English translation), 

Capek named his creations ‘roboti’, derived from the Old Church Slavonic ‘rabota’ meaning 

servitude or forced labour (Markel, 2011). Following the success of Capek’s play, the word 

‘robot’ became adopted into everyday English language, and today robots are relatively 

common in many industrial and commercial type settings (Little, 2018). 

The design and implementation of robots is constantly developing. The Robotics 

Industries Association (previously known as the Robotics Institute of America) defines a 

robot as “a reprogrammable, multifunctional manipulator designed to move material, parts, 

tools, or specialized devices through various programmed motions for the performance of a 

variety of tasks" (Stone, 2005, p. 1-1).  Traditionally, robots have been utilised in industrial 

environments, undertaking tasks that are mundane, repetitive, or hazardous to humans (Little, 

2018). Recently however, advances in robotics technology has allowed for the development 

of robots designed to work in human social environments, such as airports, restaurants, 

nursing homes, and hospitals (Hornyak, 2020; Murphy et al., 2020; Rigie, 2018).  

Robots that are designed to interact closely with humans, in human environments, are 

known as social robots. While a universally accepted definition for ‘social robot’ has not yet 

been reached in social robotics literature (Henschel et al., 2021), a general definition is 

provided by Bartneck and Forlizzi (2004) who define a social robot as: “an autonomous or 

semi-autonomous robot that interacts and communicates with humans by following the 

behavioural norms expected by the people with whom the robot is intended to interact” (p. 
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592). The inclusion of ‘behavioural norms’ in this definition highlights the importance of 

behavioural considerations when designing social robots for human environments. Indeed, 

the ability of these robots to display appropriate and acceptable communication behaviours is 

fundamental to the success of interactions between social robots and human users (Bartneck 

& Forlizzi, 2004; Walters et al., 2008). Appropriate robot behaviours become even more 

salient when considering the application of robots in healthcare environments, where 

interaction with vulnerable individuals is likely. 

It is important to identify appropriate communication behaviours for study within 

healthcare robotics. One way in which to identify these behaviours is through the review of 

literature examining communication behaviours used by healthcare professionals during 

patient interactions. Analysis of this literature will allow for the identification of key 

communication behaviours associated with positive patient outcomes; which can then be 

explored within the context of HRI (Broadbent, Johanson et al., 2018). With this in mind, the 

aims of this thesis were as follows:  

1. To identify key communication behaviours used by physicians and healthcare 

professionals, that have been found to be associated with positive patient outcomes. 

2. To explore these key communication behaviours within the context of HRI literature, 

in order to identify which of these behaviours are significantly understudied, or absent 

from current robotics research.  

3. To examine the effect of a healthcare robot’s use of key communication behaviours, 

identified as salient in human healthcare interactions, but understudied in HRI, on the 

perceptions and behaviours of human users. 
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1.2 Thesis Outline 

The thesis is divided into eight separate chapters. The following chapter, Chapter 2, seeks 

to provide background into the area of healthcare robotics and the importance of 

communication behaviours. The chapter begins with an outline on some of the main issues 

negatively affecting global health and healthcare systems, as well as the ways in which social 

robots may offer support in easing current healthcare burden. Discussion of definitions, form, 

function, and operation, as related to social robotics, is then presented. The importance of 

communication behaviours in both human healthcare interactions and HRI is explored, 

followed by an examination of the model of robot-patient communication, developed by 

Broadbent, Johanson (current author), and Shah (2018).  

Chapter 3 addresses the first and second aims of this thesis in the form of a literature 

review; accepted for publication in the International Journal of Social Robotics (Johanson, 

Ahn, & Broadbent., 2020). This review identifies and explores key communication 

behaviours used by healthcare professionals that have been found to be associated with 

positive patient outcomes. These key behaviours are then further explored within the context 

of HRI, highlighting gaps in the existing literature. The findings of this review informed the 

design and implementation of four experimental studies, detailed in Chapters 4 through 7, 

which address the third aim of this thesis.  

Chapter 4 presents the first experimental study undertaken as part of this thesis. This study 

explored the effect of robot smiling and use of participant first name on participant attitudes, 

as well as participant perceptions of robot friendliness, mind, and personality. Interactions 

between the robot and participants in this study were also video recorded and analysed in 

order to determine effects on participant smiling behaviours.  Each participant in this study 

interacted with a healthcare robot during a face-to-face, simulated healthcare interaction. This 
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study was published in Paladyn, Journal of Behavioral Robotics (Johanson, Ahn, Sutherland 

et al., 2020). 

Chapter 5 details the second experiment in this thesis, examining the effect of robot self-

disclosure, voice pitch, and forward lean, on participant perceptions of engagement, robot 

attention, and robot empathy. The interactions between the healthcare robot and the 

participants were also video recorded and analysed, in order to examine effects on participant 

eye gaze, smiling, laughing, and forward lean behaviours. As with the previous study 

(Chapter 4), each participant interacted with a healthcare robot during a face-to-face, 

simulated healthcare interactions. This study was published in the Journal of Medical 

Internet Research (Johanson et al., 2019). 

Chapter 6 describes the third experiment in this thesis, exploring the use of robot humour 

on participant perceptions of robot personality, likeability, intelligence, safety, animacy, 

anthropomorphism, and empathy. Participant laughing behaviours were also recorded and 

analysed. Use of humour was not only identified as a key communication behaviour during 

review of relevant healthcare literature (Chapter 3), but was raised as an incidental finding in 

the previous study (Chapter 5). As with the previous experimental studies in this thesis, 

interplay between the robot and participants involved a face-to-face, simulated healthcare 

interaction. This study was published in Technology, Mind, and Behavior (Johanson, Ahn, 

Lim et al., 2020). 

Chapter 7 details the final experiment in this thesis, examining the effect of robot empathy 

on participant perceptions of satisfaction, robot trust, robot distrust, and robot empathy. 

Initially, this study was designed to examine robot empathy using face-to-face interactions 

between a healthcare robot and participants. However, due to research restrictions relating to 

the COVID-19 pandemic, the experiment was re-designed, with participants viewing online 
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videos of simulated healthcare interactions between a healthcare robot and patient. This study 

is currently in submission.  

Chapter 8 is the final chapter in this thesis. The chapter begins with a summary of key 

findings resulting from the literature review, as well as the four experimental research studies 

undertaken as part of this thesis. Discussion of null findings and methodological 

considerations is presented, followed by an exploration of key findings within the context of 

current literature.  The theoretical implications of key findings, as related to social and 

healthcare robotics is then examined, and finally, research limitations, recommendations for 

future research, and conclusions, are presented.  
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Chapter 2- Introduction to Healthcare Robotics  

2.1 Introduction 

The current chapter, Chapter 2, seeks to provide background on social and healthcare 

robotics, as well as an initial understanding of the importance of robot communication 

behaviours. The chapter begins with a brief discussion of the main threats affecting global 

population health and healthcare provision. This topic then flows on to an introduction of 

social assistive and healthcare robots and the opportunity these robots represent in meeting 

growing healthcare demands. The chapter builds on definitions offered in Chapter 1, defining 

both ‘social assistive robot’ and ‘healthcare robot’, as well as providing a discussion of form, 

function, and operation, as related to social and healthcare robotics.  

Considerations associated with the implementation of social assistive robots in healthcare 

environments is then presented, along with the importance of communication behaviours 

within human healthcare interactions. The chapter then provides a brief background of HRI 

communication research, along with brief discussions of insights gained from communication 

research within the area of human-computer interactions. Finally, the model of robot-patient 

communication is explored, along with a discussion on how this model relates to research 

undertaken as part of this thesis. 

2.2 Current Issues Affecting Healthcare Systems   

The complexities of human health and healthcare systems mean that there are a number of 

issues affecting not only global population health, but also the provision of quality healthcare. 

The following section will discuss three of the most pressing healthcare issues today: aging 

populations, non-communicable disease, and the COVID-19 pandemic. Through the 
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understanding of current burden on healthcare systems, appreciation can be gained into the 

ways in which robots are potentially able to assist.  

2.2.1 Aging Populations 

The global burden of healthcare needs is rising, with advances in science and medicine 

meaning that people are living longer now than ever before. This progression is not only an 

impressive nod to technological advances, but, according to the United Nations (UN), 

represents one of the most significant social developments of the 21st century (UN, 2015a). In 

fact, recent projections from the UN estimate that by the year 2050 there will be two-billion 

people worldwide aged over 60 years (UN, 2015b). This means that by the year 2050, almost 

all countries of the world will have an elderly population of at least 25% (UN, 2015b).  

Longer lifespans often translate to increased healthcare needs. Not only does an elderly 

population represent a significant healthcare burden, but the resulting decline in working to 

non-working adult ratios means less income generation for healthcare and pension programs 

(UN, 2015a). Aging populations further increase the global shortage of essential healthcare 

providers, which is estimated to reach 12.9 million by the year 2035 (World Health 

Organisation (WHO), 2013). 

2.2.2 Non-Communicable Diseases 

Another significant issue in regards to global health, is in relation to the prevalence of 

non-communicable disease (NCD). Aside from air pollution and climate change, NCD 

represents the number one threat to global population health (WHO, 2019). NCD, also known 

as chronic illness or chronic disease, is the name given to a collective group of diseases that 

are not able to be transmitted from one individual to another (WHO, 2018). NCD’s include 

cardiovascular disease, respiratory disease, diabetes, and cancer.  
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Globally, these diseases cause over 35 million deaths per year, making NCD the leading 

cause of death worldwide (Bigna & Noubiaq, 2019). Risk factors associated with NCD 

include physical inactivity, poor diet, obesity, smoking, and hypertension (Bigna & Noubiaq, 

2019). While most individuals are aware of the negative health consequences of these 

lifestyle choices, the incidences of NCD are increasing globally. The global financial burden 

attributable to NCD is significant, with an estimated global cost of 6.3 trillion US dollars in 

2010, and a projected cost of 13 trillion US dollars by the year 2030 (Arena et al., 2015).  

2.2.3 COVID-19 

Despite the significance of the above healthcare issues, the most critical, impactful, and 

current issue worldwide is that of the global pandemic, brought on by the infectious 

respiratory virus known as COVID-19. Currently, COVID-19 has claimed the lives of over 

two million individuals worldwide, with over 100 million individuals infected (John Hopkins 

University, 2021). While the overall consequences of the COVID-19 pandemic are currently 

unknown, the strain on healthcare systems is staggering, leaving many medical facilities 

struggling to cope with the sheer volume of COVID-19 related patient admissions (Modern 

Healthcare, 2021).  

Unlike issues associated with population aging or NCDs, COVID-19 also represents a 

significant risk to healthcare workers. Extreme psychological stress associated with 

prolonged working hours, heavy patient loads, and shortages in necessary healthcare 

equipment for front-line workers, have seen an increase in mental health issues such as 

depression, anxiety, and insomnia in healthcare workers (Karlsson & Fraenkel, 2020; 

Spoorthy et al., 2020). In addition, shortages in personal protective equipment and risks 

associated with patient contact, mean that frontline healthcare workers are three times more 
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likely to acquire COVID-19 infections than the general public (Ehrlich et al., 2020; Karlsson 

& Fraenkel, 2020).  

2.3 Easing Burden on Healthcare Systems   

The above issues represent only three of the primary medical burdens currently affecting 

healthcare systems worldwide. In 2019, WHO released a strategic plan outlining the top 10 

threats to human global health. Additional threats included low quality healthcare provision, 

high-threat pathogens, and Human Immunodeficiency Virus. Given worldwide population 

growth, increases in global disease and growing shortages in frontline healthcare workers 

(WHO, 2013), the need to actively address these healthcare issues is critical.  

The implementation of social assistive and healthcare robots specifically designed to 

support or interact therapeutically with human users, represents a unique and considered way 

in which to potentially ease burden on overwhelmed healthcare systems. Though the research 

and development of social robots for use in home and healthcare environments is in its 

infancy, the potential to provide considerable assistance to healthcare systems, medical 

professionals, and individual patients, is promising. In order to illustrate this point, the 

following section provides concrete discussion on the ways in which robots can assist in 

reducing the healthcare burden associated with aging populations, NCD, and COVID-19. 

2.3.1 Robot Applications for Aging Populations 

Social assistive and healthcare robots provide the potential to ease burden associated with 

aging populations by carrying out daily living tasks and basic therapeutic care for those 

individuals who require support (Vercelli et al., 2017). Provision of these services by a robot 

could allow for individuals to ‘age-in-place’ for longer; as opposed to being moved to aged 

care facilities. Having a robot that is able to ‘report’ on basic user behaviours and physiology, 
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also provides valuable information to primary care personal, such as a General Practitioners 

(GP), and potentially provides family members with peace-of-mind.  

Current developments in social assistive robotics include robots able to cook meals from 

scratch, clean kitchen surfaces, make food deliveries, provide appointment and scheduling 

reminders, and pick up objects from the floor (Bajones, 2018; Kliger, 2019; The Guardian, 

2020; Robotics Online, 2019). Provision of therapeutic services by healthcare robots include: 

robots able to monitor and record vital signs, dispense medication, provide guided fitness 

sessions, as well as detect user falls and engage emergency services if necessary (Bajones, 

2018; Broadbent et al., 2015; Gebhart, 2019). 

2.3.2 Robot Applications for NCD  

As discussed above, risk factors associated with NCD include physical inactivity, poor 

diet, obesity, smoking, and hypertension. While government-run healthcare initiatives (such 

as healthy eating and exercise campaigns) provide some benefits, outcomes are inconsistent, 

particularly within marginalised population groups (Mozaffarian et al., 2018). Healthcare 

robots might assist in easing healthcare burden associated with NCD, by working with 

individuals and undertaking targeted interventions aimed at reducing risk factors (Broadbent, 

Garrett et al., 2018 ). Healthcare robots can also assist in the daily management of medical 

conditions, such as diabetes and hypertension, through provision of relevant medical 

information, medication reminders, and healthcare appointment reminders (Blanson-

Henkemans et al., 2013; Broadbent et al., 2015) easing healthcare burden associated with 

illness mismanagement.  

Current developments in healthcare robotics include robots designed to increase user 

motivation in relation to physical activity (Fasola & Mataric, 2013), robots designed to 

improve medication adherence (Broadbent et al., 2014; Gonzalez & Riek, 2012), and robots 
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designed to affect behavioural changes associated with improving diet and assisting in weight 

loss (Kidd & Breazeal, 2008). While risk factors such as poor diet and physician inactivity 

are certainly able to be addressed directly by individuals themselves, initial research 

demonstrates increased user motivation for positive health-related behavioural change when 

assisted by a robot, as opposed to computer software or paper logs (Kidd & Breazeal, 2008). 

Research has also demonstrated a preference for robot assisted lifestyle change programmes, 

as opposed to virtual computer agent assisted programmes (Fasola & Mataric, 2013).  

2.3.3 Robot Applications for COVID-19  

The COVID-19 pandemic continues to overwhelm healthcare systems and frontline staff. 

Specific issues pertaining to healthcare workers include decreased health outcomes associated 

with increased patient loads, longer working hours, and an increased risk of patient acquired 

COVID-19 infections (Karlsson & Fraenkel, 2020; Spoorthy et al., 2020). Healthcare robots 

present a potential way in which to support and protect frontline healthcare staff, through the 

uptake of basic therapeutic patient-related healthcare tasks. By undertaking these tasks, 

healthcare robots not only decrease pressure on healthcare workers, but reduce the risk of 

patient acquired COVID-19 infections, through reductions in staff-patient contact.  

Currently, healthcare robots have been designed to undertake medical tasks such as 

collecting patient medical information, measuring and recording patient vital signs, providing 

patient medical education, undertaking patient mobility transfers, and providing patient 

rehabilitation (Balasubramanian et al., 2010; Blanson-Henkemans et al., 2013; Broadbent et 

al., 2015; Mukai et al., 2010). A recent review of robotic applications in response to COVID-

19, has found robots to be currently utilised in public safety and clinical care roles, 

undertaking tasks such as disinfection, inventory, dispensing prescriptions, and handling 

infectious materials (Murphy et al., 2020). Researchers have even argued for the use of robots 
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in screening large populations for the COVID-19 virus, using thermal (temperature) sensors 

and movement algorithms, potentially preventing further community transmission (Yang et 

al., 2020). 

2.4 Definition, Form, Function, and Operation 

The above section provided insight into the ways in which social assistive and healthcare 

robots could potentially ease healthcare burdens associated with aging, illness, and infectious 

disease. In order to provide a deeper understanding of social and healthcare robots, as well as 

to provide context for terminology used in this thesis, it is important to offer insight into 

definition, form, function, and operation; as applied to social robotics.  

2.4.1 Definition 

2.4.1.1 Social assistive robots 

Chapter 1 provides a definition of both ‘robot’ and ‘social robot.’ Although social assistive 

robots fall under the umbrella of social robots, they differ primarily in one salient aspect. 

Social robots are designed to interact with human users in a simplistic manner, whereas social 

assistive robots are also designed to provide support and/or services to assist users with daily 

activities (Jayawardena et al., 2012). Specifically, social assistive robots are designed to 

provide support to families, teachers, and clinicians, and assist individuals with social issues 

that require “social mediation, personalised, or long-term support” (Clabaugh et al., 2015, p. 

314). Social assistive robots need to be able to interact with individuals of varying age, 

ability, and need (Fiel-Siefer & Mataric, 2005). They are generally designed for use in 

schools, hospitals, aged care facilities, and home environments (Konijn & Hoorn, 2020; 

Resing et al., 2018; Robinson et al., 2013; Scassellati et al., 2012).  
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2.4.1.2 Healthcare robots  

Healthcare robots are a form of social assistive robot designed with the purpose of 

enhancing or preserving the health and quality of life of the human user (Broadbent, Stafford 

et al., 2009). Currently, healthcare robots are designed for use in medical type settings, such 

as hospitals, General Practice clinics, and aged care facilities; as well as at home (Blanson et 

al., 2013; Broadbent et al., 2014; Eriksson et al., 2005; Fasola & Mataric, 2013).  

2.4.2 Form and Function 

Social robots are generally categorised based on form. Groupings include 

anthropomorphic (or humanoid) robots, zoomorphic (or animal-type) robots, caricature 

robots, and functional robots (Fong et al., 2003). Social assistive robots are generally 

categorised based on functionality, with groupings including companion robots, service 

robots, and robots that provide both companionship and service (Bedaf et al., 2015).  Social 

assistive companion robots often have the appearance of animals, designed to positively 

affect users’ affect and psychological wellbeing (Flandorfer, 2012). An example of an animal 

type companion robot is the robot Paro (Figure 1), created by the National Institute of 

Advanced Industrial Science and Technology, Japan. Paro resembles an infant harp seal and 

was designed to interact therapeutically with elderly individuals, specifically those 

individuals affected by dementia (Sharkey & Wood, 2014).  
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Figure 1. The Paro robot 

Paro robot [Photograph], by Hall, P., 2018. Retrieved from: 

https://commons.wikimedia.org/wiki/File:Robotsälen_Paro_TEKS0057912.jpg  

Figure reproduced under Creative Commons Attribution Share Alike 4.0 International License 

Social assistive service robots often take the form of humanoid or functional robots. A 

functional-type service robot is a robot that is designed with its function or specific task/s in 

mind (Fong et al., 2003). A functional robot is limited in terms of its ability to socially 

interact with human users, as its design centres around performance and execution (Nguyen, 

2018). An example of a functional robot is the Sawyer robot, a single-arm robot created by 

Rethink Robotics, and designed to undertake specific high-performance tasks such as 

assembly of circuit boards and packaging of products or equipment (see Figure 2).  

 

Figure 2. The Sawyer robot 

Sawyer robot [Image], by Rethink Robotics, 2018. Retrieved from:         

(https://commons.wikimedia.org/wiki/File:Sawyer_and_Baxter.jpg) 

Figure reproduced under Creative Commons Attribution Share Alike 4.0 International License 

https://commons.wikimedia.org/wiki/File:Robotsälen_Paro_TEKS0057912.jpg
https://commons.wikimedia.org/wiki/File:Sawyer_and_Baxter.jpg
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In contrast, humanoid service robots are designed to appear and behave in a human-like 

manner (Kanda et al., 2009). They can range from robots that are designed resemble the form 

of human-beings, such as the Nao robot (Figure 3), created by Softbank Robotics, to robots 

that are designed to appear as human-like as possible, such as the EveR-4 robot (Figure 4), 

created by the Korean Institute of Industrial Technology. Humanoid robots are sub-

categorised further into androids and gynoids. An android is a humanoid that has been 

designed to resemble a human male, while a gynoid is a humanoid designed to appear female 

(Dang, 2019).  

 

 

Figure 3. The Nao robot 

The Nao robot [Photograph], by Johanson, D., 2020 (current author). Unpublished.  
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Figure 4. The EveR-4 robot 

The EveR-4 robot [Photograph], by Johanson, Ahn, Sutherland et al. (2020). Retrieved from: 

https://doi.org/10.1515/pjbr-2020-0008. Figure reproduced under Creative Commons Attribution 

Share Alike 4.0 International License. 

 

 

2.4.3 Operation 

A robot can be either tele-operated or be fully autonomous. A tele-operated robot is one 

that is controlled by a human operator (Shibata & Wada, 2011). Examples of tele-operated 

robots include Hyrodnalix’s Emergency Integrated Lifesaving Lanyard (EMILY), a remote 

controlled lifeboat floatation device (Gossett, 2019), and the Mars Rover (NASA, 2020). In 

contrast, an autonomous robot operates independent of human users (Builtin, 2019). 

Autonomous robots use verbal and/or non-verbal communication in order to interact with 

human beings in the physical world (Shibata & Wada, 2011). Some robots are multi-

operational, for example the robot Nao (Figure 3), which can be used in either teleoperation 

or autonomous modes, and can use both verbal and non-verbal behaviours.  

2.5 Considerations for the Implementation of Robots in Healthcare Environments  

The implementation of social assistive robots into healthcare environments, requires 

careful consideration of a number of factors, including psychological, technical, functional, 

and ethical aspects. In order to be effective in medical environments, healthcare robots will 

https://doi.org/10.1515/pjbr-2020-0008
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need to undertake tasks in a manner that is both safe and effective, particularly when tasks 

involve interaction with human users. Issues associated with ethics, such as confidentiality 

and consent, will also need to be addressed in order to protect the privacy and dignity of 

patients (Dalton-Brown, 2020). Finally, healthcare robots will need to be able to engage 

appropriately with users, so that patients will not only interact with the robots, but will also  

accept their help. In order to increase the likelihood of successful robot-patient interactions, 

attention must be paid to robot communication behaviour. 

When considering traditional healthcare services between physicians and patients, specific 

physician communication behaviours have been found to be associated with a number of 

beneficial health-related patient outcomes (see Chapter 3). Given that humans have been 

shown to interact with computers and robots in similar ways to how they interact with 

humans (Kolling et al., 2016; Nass & Moon, 2000), it is likely that healthcare robots will be 

more successful if they adopt these same positive physician communication behaviours.  

Modelling healthcare robot behaviours on successful clinical behaviour may also help to 

increase patient perceptions of a robot’s acceptability and appropriateness (Broadbent, 

Johanson et al., 2018).  

2.6 Communication Behaviour 

2.6.1 Communication in Human Healthcare Interaction 

For over five decades, researchers have examined the importance of communication in 

physician-patient interactions. The first recognised study within this research domain was 

conducted in 1972, and involved the observation and examination of 800 clinic visits at a 

children’s hospital in America (Heritage & Maynard, 2006; Korsch & Negrete, 1972). The 

results of this study were eye-opening, with nearly 50% of parents leaving the hospital 

without a clear understanding of why their child had become ill. In addition, only 42% of 
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parents were found to have adhered to treatment recommendations, and a clear association 

was found between non-adherence and dissatisfaction with physician communication (Korsch 

& Negrete, 1972).  

Since the publication of the above study, literature on physician-patient interactions has 

grown to substantial proportions. This research not only continues to show significant, 

positive associations between effective physician communication and patient outcomes such 

as adherence (Zolnierek & DiMatteo, 2009), but clearly demonstrates that the way in which a 

physician communicates, is just as salient as the information they are communicating (Riedl 

& Schubler, 2017; Travaline et al., 2005). Recognition of the relationship between physician 

behaviour and patient outcomes dates to around 420BC, when Hippocrates observed in his 

precepts:  

“Some patients, though conscious that their condition is perilous, recover their health simply 

through their contentment with the goodness of the physician.” (in Novack, 1995, p. 32). 

Hippocrates observations appear to be as applicable today as in the past. Indeed, 

considerable research has shown that patients of physicians with good communication 

behaviours have significantly higher perceptions associated with the provision of medical 

treatment, physician rapport, comprehension of medical information, physician-patient 

collaboration, and overall satisfaction (Beck et al., 2001; Griffith et al., 2003; Hall et al., 

1995; Martin et al., 2003; Stewart et al., 1999). These patients are also significantly more 

likely to have effective management over chronic health conditions, and less likely to 

experience psychological distress and anxiety associated with their illness (Beck et al., 2001; 

Dean & Major, 2007; Stewart et al., 1999).  

Poor physician communication behaviours have also been shown to have negative effects 

on patient outcomes. Aside from decreases in patient outcomes, such as satisfaction, rapport, 
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and illness management, poor physician communication has also been associated with 

premature patient discontinuation of important medications, such as antidepressants (Bull et 

al., 2002). In fact, a meta-review of physician communication found patients of physicians 

with poor communication behaviours had a 19% greater chance of non-adherence to 

recommended medical treatment (Zoinierek & DiMatteo, 2009). 

Physician communication behaviours include both verbal and non-verbal behaviours. 

Verbal physician communication behaviours include behaviours such as empathy, humour, 

self-disclosure, and voice pitch or voice tone. Non-verbal physician behaviours include 

behaviours such as facial expressions, body posture, gesturing, and eye-contact. The 

following chapter, Chapter 3, includes a review of literature focussing on the effect of 

specific physician (and other healthcare professionals) communication behaviours during 

patient interactions.  

2.6.2 Communication in HRI 

HRI is a field of study within robotics research concerned with “understanding, designing, 

and evaluating robotic systems for use by or with humans” (Goodrich & Schultz, 2007, p 

204). The main goal of research into HRI is to develop insight into robot qualities that will 

improve interactions with human users (Billard & Grollman, 2012). As the use of robots in 

human environments increases, so too does the need for HRI research.  

When considering the term ‘interaction’, definition requires emphasis on communication 

(Cambridge Online Dictionary, 2021). Just as people cannot interact without some kind of 

communication medium, the same applies to HRI. The mediums and formats used by robots 

to communicate with human users are varied and include (Goodrich & Schultz, 2007): 
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• Visual displays, such as user interface or use of a screen to display robot ‘face’  

(e.g. Law et al., 2019) 

• Physical gestures, such as pointing or forward body lean  

(e.g. Johanson et al., 2019; Sato et al., 2007) 

• Speech and language, both audio or in text format (through visual displays)  

(e.g. Johanson, Ahn, Lim et al., 2020) 

• Non-verbal/non-text communication, such as alarms or alerts (e.g. Luo & Su, 2007) 

• Physical touch, such as hand holding (e.g. Michaelson, 2020) 

Research examining healthcare robot communication behaviours is significantly limited, and 

research examining the use of physician communication behaviours by healthcare robots is 

almost absent entirely (see Chapter 3). Fledgling research examining the use of social robot 

communication behaviours has found robot behaviours such as eye contact, humour, and 

empathy, to be associated with positive user outcomes such as attention, comprehension, and 

interaction enjoyability; as well as increases in robot perceptions, such as personality and 

friendliness (Imai et al., 2003; Karreman et al., 2013; Liete et al., 2013; Niculescu et al., 

2013).  

Though social robot communication behaviours, such as the above, have been examined 

within the context of HRI, it is important to explore these same behaviours within the context 

of interactions between human users and healthcare robots. The need for re-examination is 

due to salient differences in regards to user populations and contexts in which a healthcare 

robot will engage. Patient populations consist of individuals who are often ill, unwell, or 

compromised physically. They represent a vulnerable population within our society that 

require additional considerations in regards to support, communication, and therapeutic care. 

As mentioned previously, the application of positive physician communication behaviours to 



Chapter 2 

21 

 

healthcare robots, represents a logical starting point when studying healthcare robot 

communication behaviours, in HRI.  

2.6.2.1 Insights from human-computer interaction 

When considering the study of communication behaviours in HRI, literature in human-

computer interaction (HCI) provides a valuable resource (Kiesler & Hinds, 2004). HCI 

research spans over four decades, and during this time insights have been gained not only into 

ways in which computers can be improved for human users, but also the way in which 

computer technologies can affect human users (Kiesler & Hinds, 2004). The notion of 

applying communication behaviours to non-human entities is not a novel concept when 

considering HCI, with researchers exploring the use of interactive computer systems arguing 

for the embedding of communication behaviours in computer systems (Lui & Picard, 2005; 

Picard, 2000; Picard & Daily, 2005; Picard & Klien, 2005).  

When considering communication in HCI, emotional communication is a significant area 

of research. The investigation of emotion in HCI has lead pioneer researcher Picard to 

conclude that in order for computers to be effective and natural in interactions with human 

users, they need also to be able to detect, interpret and display emotion; a theory known as 

affective computing (Picard, 2000; Picard, 2010). Human emotional expressions are 

communicated through behaviours such as gestures, facial expressions, body posture, verbal 

statements, voice tone, and vocalisations (Picard & Daily, 2005; Shan et al., 2007). The use 

of emotional behaviours in computing has been around since the introduction of personal 

computers, with early Apple Macintosh computers displaying a smile to indicate a successful 

start-up, and current Apple computers using a smiling face as the ‘finder’ icon  (Phin, 2015; 

Picard, 2003).  
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Literature in HCI also provides resource on the importance of anthropomorphism in 

human interactions with non-human entities. Human beings are social animals and will 

generally seek out human interaction. Due to this, people are conditioned to recognise human 

attributes such as faces, speech, and body movements (Dalibard et al., 2012).  

Anthropomorphism refers to the assignment of human characteristics (cognitive and/or 

affective) to non-humans (Airenti, 2018). Previous research in HCI has shown that while 

human users may respond to computers as though they are human, users are acutely 

conscious of the fact that computers do not “warrant human treatment or attribution” (Nass & 

Moon, 2000, p. 94); a term that has been coined ‘ethopoeia’ (Nass et al., 1993).  

Recent technological advancements have allowed for the creation of sophisticated 

computer agents able to increase human perceptions of anthropomorphism through complex 

displays of communication behaviours (Culley & Madhaven, 2013). This advancement has 

not always yielded positive results, with some research demonstrating the effect of computer 

agent anthropomorphism in decreasing positive human perceptions (David et al., 2007; 

Nowak, 2004). Studies such as these have lead researchers to stress the importance of agent 

verbal and non-verbal communication behaviours, in facilitating successful interactions with 

human users (Culley & Madhaven, 2013; Miller, 2002). Using HCI research as a potential 

insight into HRI, the importance of acceptable and appropriate robot communication 

behaviours is once again highlighted.  

2.6.3 Communication Behaviours in Patient-Robot Interaction 

The study of the effect of specific healthcare robot communication behaviours on user 

outcomes, is fundamental to the success of interactions between healthcare robots and 

patients. When examining past research in this area however, results are disappointingly 

scarce (see Chapter 3). The model of robot-patient communication posits that the same 
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positive patient outcomes seen in association with specific physician communication 

behaviours, may also be seen when these behaviours are used by healthcare robots. The 

model also acknowledges other variables that may affect patient outcomes, including patient 

characteristics such as age, gender, and personality, along with robot characteristics such as 

appearance and gender (see Figure 5, Broadbent, Johanson et al., 2018). Research has 

examined the effect of these other variables on robot acceptance (e.g. Kuo et al., 2009; 

Robins et al., 2004; Tung, 2011; Woods et al., 2004).  

 

Figure 5. The model of robot-patient communication 

The model of robot-patient communication [Image], by Broadbent, Johanson, & Shah. (2018). 

Retrieved from https://doi.org/10.1007/s12369-020-00719-9 

Figure reproduced under Creative Commons Attribution Share Alike 4.0 International License. 

 

Broadbent, Johanson et al. (2018) call for further research into the area of healthcare robot 

communication behaviours, in order to serve two main purposes. First, this research may 

provide insights that allow for more successful interactions between healthcare robots and 

patients, resulting in improved patient outcomes such as adherence, satisfaction, and illness 

management. Second, this research may allow for greater insight into communication 

behaviours that improve physician-patient interactions, through specific manipulation of 

robot behaviours that would be almost impossible to manipulate in natural environments with 

human physicians. 

https://doi.org/10.1007/s12369-020-00719-9
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2.7 Summary and Conclusions 

Aging populations, NCD, and COVID-19 represent only a few of the factors negatively 

affecting global health and healthcare systems. Social assistive and healthcare robots provide 

an opportunity to reduce healthcare system burden and meet rising healthcare demands, 

through provision of basic services associated with daily living and therapeutic care. When 

considering the implementation of healthcare robots into human healthcare environments, 

careful attention should be paid in regards to factors associated with patient interaction.  

Considerable research has demonstrated the significant effect of physician communication 

behaviours on patient outcomes, such as adherence, satisfaction, and psychological distress. 

The model of robot-patient communication posits that the same physician communication 

behaviours found to be important in increasing patient outcomes, may also increase user 

outcomes when used by healthcare robots. Research within the area of healthcare robot 

communication behaviours however is considerably lacking.  

Identification of physician behaviours associated with positive patient outcomes, provides 

a starting point for the systematic examination of healthcare robot communication behaviours 

in HRI (Broadbent, Johanson et al., 2018). Hence, the literature review conducted as part of 

this thesis (Chapter 3) aimed to identify these specific physician behaviours, as well as the 

extent to which these have been studied in HRI. As stated in Chapter 1, this review also 

provided a starting point for the design and implementation of four experimental research 

studies, undertaken as part of this thesis (presented in Chapters 4 through 7).  
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Chapter 3- A Review of Key Communication Behaviours in Social, 

Healthcare, and Human-Robot Interactions  

3.1 Preface 

As discussed in Chapters 1 and 2, the ability of robots to behave in a way that is both 

functionally appropriate and behaviourally acceptable, is fundamental to ensuring successful 

HRI (Walters et al., 2008). While much research focusses on the technical aspects of robot 

design, it is imperative that researchers consider social robots from a behavioural point-of-

view. Robots that behave in ways that are bothersome, disturbing, or frightening to human 

users, will likely be avoided (Walters et al., 2008). The study of appropriate robot behaviours 

therefore, represents a crucial aspect of social robot research and design. Application of 

appropriate robot behaviours is even more salient when considering the implementation of 

robots in healthcare environments, given the likelihood of interactions with individuals who 

are injured, unwell, or otherwise compromised.  

As discussed in Chapter 1, the identification of human communication behaviours for 

study within healthcare robotics, represents a tangible way in which to inform and progress 

research in this area. One way in which to identify these behaviours for study, is through 

review of literature examining communication behaviours within healthcare interactions. 

Considerable research has been undertaken examining physician-patient interactions, 

providing insight into key physician behaviours that are associated with positive patient 

outcomes. Through review of this literature, as well as literature focussing on communication 

behaviours in other healthcare professionals, effective communication behaviours can be 

identified, applied, and systematically studied in healthcare robots (Broadbent, Johanson et 

al., 2018 ).   
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The current chapter, Chapter 3, presents a review of verbal and non-verbal communication 

behaviours, within the context of human social, healthcare, and robot interactions. The 

primary focus of this review was to identify communication behaviours used by healthcare 

professionals during patient interactions, that are associated with positive patient outcomes. 

Hence, much of the literature discussed in the review is within the area of physician-patient 

interactions. The secondary focus of the review was to determine the extent to which key 

communication behaviours have been studied within the context of social and healthcare 

robotics. The concept of this review is novel in nature and prior to the publication of this 

paper, no other review had examined behavioural research in physician-patient interactions in 

order to advance knowledge in the area of healthcare robotics.  

This review also provides a rationale for experimental research presented later in this 

thesis. Indeed, four experimental studies were undertaken as a result of this review (see 

Chapters 4 – 7), each examining communication behaviour(s) identified as important in 

human healthcare interactions, yet understudied in robotics research. A brief discussion of the 

specific behaviours chosen for study from this review, is presented in the next chapter. 

3.1.1 Citation 

Johanson, D. L., Ahn, H. S., & Broadbent, E. (2020). Improving interactions with 

healthcare robots: A review of communication behaviours in social and healthcare 

contexts. International Journal of Social Robotics. https://doi.org/10.1007/s12369-020-

00719-9 
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3.2 Introduction 

Ongoing advances in science and medicine have seen an increase in average life 

expectancies around the world. These increases in life expectancies mean that the need for 

elderly care is set to increase globally. According to the UN (2015), there will be roughly 2.1 

billion individuals worldwide aged 60 years or older by the year 2050, meaning that all 

continents of the world, apart from Africa, will have an elderly population of at least 25 

percent (UN, 2015). Adding to this issue is a growing gap between the increasing elderly 

population and the health providers required to meet their needs. The WHO estimates that by 

the year 2035, this shortfall in healthcare provision will have increased to 12.9 million 

individuals (WHO, 2013). A potential way to support the world's aging population, and to 

ease pressure on healthcare systems in general, is through the utilisation of healthcare robots.  

  Medical and home-based applications for healthcare robots are numerous and expanding. 

Current applications of healthcare robots include rehabilitation, patient transfers, mobility, 

prosthetics, obtaining patient vital signs, providing medication reminders, collecting patient 

medical data, and provision of healthcare education and information (Balasubramanian et al., 

2010; Blanson et al., 2013; Broadbent et al., 2014; Broadbent et al., 2015;  Eriksson et al., 

2005; Fasola & Mataric, 2013; Guizzo & Goldstein, 2005; Kachouie et al., 2014; Lara et al., 

2017; Mukai et al., 2010; Tapus et al., 2008; Yanco, 1998). Healthcare robots are also being 

developed for use for use with children who have developmental issues, have suffered an 

injury, or have acute or chronic medical conditions (Coa et al., 2019; Dawe et al., 2019; 

Scassellati et al., 2018; Thill et al., 2012).  

While the technical capabilities of healthcare robots are fundamental to ensuring 

appropriate healthcare management, it is also critical that healthcare robots are considered 

from a behavioural standpoint. Healthcare robots will need to demonstrate appropriate 
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communication behaviours, including verbal and non-verbal cues, for users to find them 

useful and acceptable in medical settings and home environments (Walters et al., 2008). 

Appropriate communication skills are particularly necessary when considering that many 

healthcare robots will be interacting with potentially vulnerable human users who are elderly, 

unwell, or injured.  

One way to identify appropriate communication behaviours for healthcare robots is to 

study communication behaviours used by healthcare professionals. Much of the research in 

this area has focussed on physician-patient interactions (although there is some research with 

other healthcare professionals). 

The purpose of this review was to identify key communication behaviours that promote 

positive patient outcomes when used by physicians and other healthcare professions (e.g. 

nurses, therapists). The identification of these behaviours will provide a platform for 

researchers to investigate whether these behaviours can increase the acceptability of 

healthcare robots (Broadbent, Johanson et al., 2018 ). This review aimed to address the 

following key questions: 

1. Which key verbal communication behaviours, demonstrated by physicians and/or 

other health professionals, are important to ensure successful interactions with 

patients? 

2. Which key non-verbal communication behaviours, demonstrated by physicians 

and/or other health professionals, are important to ensure successful interactions 

with patients? 

3. Which of the above verbal and non-verbal communication behaviours have been 

explored within the context of HRI? 
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The review contains four main sections. The first section (Section 3.4) introduces 

physician-patient communication and describes clinical empathy. This section then presents 

robotics research on empathy. The next section (Section 3.5) focuses on specific verbal 

behaviours used in healthcare and social interactions for effective communication. After each 

specific verbal behaviour is presented, relevant research involving the use of this behaviour 

by social robots in HRI is discussed. Section 3.6 focuses on non-verbal communication 

behaviours used in healthcare and social interactions and presents associated research in HRI. 

Section 3.7 explores the effects of gender in healthcare found during the review. A discussion 

of the current limitations of the literature and the need to address identified gaps in the field 

of social robotics is then presented.  

3.3 Literature Search Method 

To answer questions 1 and 2, three databases (PubMed, Psychinfo, and 

GoogleScholar) were searched for the terms, ‘physician communication’, ‘physician- 

patient communication’, ‘physician behaviours’, ‘clinician communication’, and 

‘clinician behaviours’. All relevant literature reviews and individual papers from these 

searches were thoroughly examined to identify key verbal and non-verbal physician 

communication behaviours, associated with positive patient outcomes. To answer 

question 3, key communication behaviours, once identified, were then paired with 

robotics research terms (i.e. ‘human-robot interaction’, ‘robot’) and further searches 

were conducted using the IEEE and GoogleScholar databases. 

3.4 Physician Patient Interaction  

The central goals of physician-patient communication are to facilitate the establishment of 

rapport, enable the exchange of health-related information, and to promote patient 

involvement in treatments plans, and health-related decision making (Ha et al., 2010; Leite et 
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al., 2013; Simpson et al., 1991; Stewart et al., 1999). Effective physician communication 

refers to the ability to do these things well and is fundamental to successful physician-patient 

interactions. Effective physician communication is determined by patients’ perceptions of a 

doctor’s behaviour or bedside manner (Ha et al., 2010). ‘Bedside manner’ consists of several 

effective physician communication behaviours that can be verbal (e.g. asking questions, and 

giving information) or non-verbal (e.g. use of body posture, and eye gaze). Effective 

communication has been associated with increased patient satisfaction, fewer complaints and 

increased patient adherence to medical treatments (Ha et al., 2010).   

3.4.1 Clinical Empathy 

Empathy is an important communication tool, essential to both creating and maintaining 

social relationships (Steinhausen et al., 2014). Yet, ongoing debate exists around a 

universally accepted definition of empathy. Much of the debate stems from the 

conceptualisation of empathy, which ranges from an emotional experience, to a practiced 

behaviour, to a personality trait (Mercer & Reynolds, 2002). For this review, the following 

definition of empathy is offered: “the ability to understand and communicate the 

understanding of another person's perspectives” (Marci et al., 2007, p. 2).  

The majority of research that has been undertaken examining the use of empathy in human 

interactions has taken place within the context of physician-patient interactions. The use of 

empathy by healthcare professions within the context of interactions with patients is termed 

‘clinical empathy’ and is defined by Coulehan et al. (2000) as “the ability to understand the 

patient's situation, perspectives and feelings, and to communicate that understanding to the 

patient” (p. 221). Mercer and Reynolds (2002) extend this definition of clinical empathy to 

include the ability of a healthcare professional to “act” on this understanding “in a helpful 

(therapeutic) way” (p. S12).   
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When considering the use of clinical empathy, research has shown that patients are easily 

able to identify empathetic behaviours in their clinician (Zachariae et al., 2003), and that 

these behaviours have been found to be significantly associated with higher patient 

satisfaction, higher patient evaluation of medical treatment, higher patient self-efficacy and 

reduced patient distress (Wan et al., 2019; Travaline et al., 2005). Appropriate use of clinical 

empathy by physicians is also believed to be a key factor in securing patient adherence to 

medical treatment (Stewart et al., 1999) and is one of the most effective ways to provide 

emotional support to a patient (Rakel et al., 2009). Physician empathy has even been found to 

be associated with a reduction in the duration and severity of the common cold (Rakel et al., 

2009). 

When considering specific physician behaviours that are perceived as empathetic by 

patients, an understanding can be gained through study of the Consultation and Relational 

Empathy measure (CARE measure) (Mercer et al., 2004). The CARE measure assesses 

patient perceived empathy concerning clinical encounters and is both valid and reliable across 

clinical settings (Bikker et al., 2015; Wirtz et al., 2011). According to the CARE measure, 

behaviours that are seen as empathetic by patients include the display of listening, 

attentiveness, genuine interest, compassion, and respect (Mercer et al., 2004).   

Physician empathy can be conveyed through both verbal and non-verbal behaviours. In 

regards to verbal behaviours, physician expressions of understanding, statements of 

reassurance or support, encouraging patient questions, positive reinforcement, humour, and 

information giving, are part of good physician communication (Beck et al., 2001). 

Friendliness, smiling, and head nodding have also been positively associated with physician 

empathy (Beck et al., 2001; Deladisma et al., 2007; Marci & Orr, 2006; Vera et al., 2019). 

Physician verbal behaviours that can indicate a lack of empathy include interrupting the 

patient, chatting with irrelevant people, using jargon without explanation, and ignoring 
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patients’ questions (Beck et al., 2001). Non-verbal behaviours that can indicate a lack of 

empathy include inappropriate use of eye contact, body orientation away from the patient, 

and a backward lean (Beck et al., 2001). Robotics researchers have begun to study empathetic 

behaviours in several contexts, as described below. 

3.4.2 Robots and Empathy   

Only a small number of studies have explored the use of empathy by robots during HRI. A 

pilot study by Riek and Robinson (2008), found the use of non-verbal empathy (displayed 

through robot mimicry of participant facial expression and head gestures) by an expressive 

animal-type robot, during HRI, to be positively associated with increased user satisfaction. 

Another study by Leite et al. (2013), compared participant ratings of an animal-type robot 

that made empathetic or neutral comments towards participants engaged in a game of chess. 

Empathetic comments included statements such as “Great move! Even better than what I was 

expecting” and “Don’t worry, you didn’t have better options”. In contrast, neutral comments 

included “Good move” and “Bad move”. The researchers found that participants who had 

received empathetic comments from the robot rated it as friendlier than participants who had 

received neutral comments.  

In a field study by Alves-Olivera et al. (2019), researchers investigated the use of verbal 

empathy by a humanoid robot during gameplay (about sustainability) with children. In this 

study, the robot used phrases such as “We are doing well” and “What shall we do now?” 

Researchers found that the use of empathy by the robot increased meaningful discussions in 

relating to sustainability (a learning goal in the study), following short term HRI. In the long 

term, however, the use of empathy by the robot did not promote leanings gains. Given the 

overall lack of research examining robot empathy, further research is needed in order to 

establish the benefit of robot empathy over both short and long-term interactions.  
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According to Klein et al. (2002), computer behaviours that are perceived as empathetic by 

users include enquiry after a user’s emotional state, listening behaviours, appropriate 

rephrasing of user’s emotional disclosure, and a communicated sense of understanding. The 

use of lower robot voice tone to express sadness and a higher robot voice tone to express 

happiness has also been found to be effective in communicating empathy (Niculescu et al., 

2013).  

Given the importance of empathy in human social and healthcare interactions, it is 

surprising that, to date, no experimental research has been undertaken to specifically examine 

the use of empathy by a healthcare robot, and how this may influence HRI.   

A potential explanation for this gap may be current technological limitations; as some key 

empathetic behaviours are not yet able to be effectively performed by robots. For example, 

robots are limited in their ability to accurately identify a user’s emotional cues and reflect 

these in a way that demonstrates genuine understanding.  

Though limitations exist, there are still many empathetic behaviours that can be studied 

within the context of interactions between users and healthcare robots. These behaviours 

include enquiry in regards to the user’s emotional state, demonstration of listening 

behaviours, facial expressions, and use of compassionate and empathetic statements. Due to 

the importance of physician empathy in facilitating positive patient outcomes, robotics 

researchers must explore the effects of empathetic healthcare robot behaviours on the user 

and patient outcomes.  

The paper now presents research that was found into specific behaviours that are used by 

clinicians to convey empathy and improve physician-patient communication. Section 3.5 

focuses on predominantly verbal behaviours, whereas section 3.6 focuses on predominantly 

non-verbal behaviours.  
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3.5 Verbal Communication Behaviours 

This section includes a discussion of key verbal communication behaviours that are 

important within the context of healthcare interactions to convey empathy and improve 

outcomes. Research relating to the study of each behaviour within the context of HRIis then 

presented.  

3.5.1 Humour 

The use of humour is arguably one of the easiest ways to induce positive affect in others. 

Humour is defined by Phillips et al. (2018) as “a statement made with the intent to make 

others in the room laugh or react positively and to which a positive response is elicited” (p. 

271). Humour is first and foremost a communication behaviour and, according to Lynch 

(2002) is an “essential part of what it is to be human” (p. 423). Humour is often used in social 

interactions, and when used appropriately, has been found to increase both the perceived 

likeability and perceived attraction of the speaker (McGee & Shelvin, 2009; Zeigler-Hill et 

al., 2013).  

Much research investigating the effects of humour and laughter have taken place within a 

medical context. Positive effects of laughter include beneficial health outcomes such as 

reductions in psychological stress, decreases in reported pain, immunity improvements, and 

decreases in blood pressure (Borins, 1995; Hassad, 2001). In studies involving children, 

humour was found to decrease paediatric psychological distress, increase positive paediatric 

emotions (Dionigi et al., 2014; Fernandes & Arriaga, 2010; Vagnoli et al., 2005)  and 

increase attention, motivation, and comprehension in students (Hackathorn et al., 2011; 

Neumann et al., 2009) In patients with schizophrenia, humour interventions have been found 

to result in significant decreases in negative psychological symptoms such as anxiety and 

depression (Cai et al., 2014). 
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The use of humour in healthcare environments is slowly gaining attention as a useful 

therapeutic tool for the facilitation of positive patient health outcomes (Bennett, 2003). 

Medical professionals have long used humour as a way in which to decrease patient physical 

or emotional distress (Berger et al., 2004). Research exploring the use of humour by 

healthcare professionals, supports the use of this behaviour in encouraging patient 

communication, increasing patient satisfaction, reducing patient anxiety, and creating 

meaningful connections between clinicians and patients (Astedt-Kurki & Isol, 2001; Berger 

et al., 2004; Dean & Major, 2007).    

Medical professionals also use humour as a way to facilitate coping in challenging 

situations and work environments. Use of humour by healthcare professionals is found to 

assist both staff and patients in coping during unpleasant medical procedures and has been 

found to increase staff coping, emotional resilience, and perceptions of the work environment 

(Astedt-Kurki & Isol, 2001; Dean & Major, 2007). In a study by Philips et al. (2018), use of 

physician humour was present in 59% of medical encounters with patients and was found to 

facilitate conversation and coping during difficult or uncomfortable situations. In research 

exploring characteristics of physicians about malpractice claims, the use of humour was 

found to be a significant factor for those doctors without any claims (1999). As put by Dean 

and Major (2007): 

“Delivered with sensitivity and caring, humour is effective, not necessarily because of its 

content, but because it conveys empathy and recognises the dignity of the individuals” (p. 

1092).  

3.5.1.1 Robots and humour 

The use of humour by robots during HRI is an encouraging yet understudied area of 

robotics (Mirnig et al., 2016). Studies to date have examined human responses to a robot’s 
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use of non-verbal or physical comedy (Mirnig et al., 2016; Wendt & Berg, 2009), as well as 

robot recognition of human humour (Bertero & Fung, 2016; Fung et al., 2016) and laughter 

(Devilliers et al., 2015). Researchers have even compared aspects of ‘stand-up’ comedy, 

delivered by a human and a robot, in order to determine which is preferred by participants 

(Tay et al., 2016).  

A small number of studies have been undertaken to examine the effect of verbal humour 

by a robot in HRI. One such study found that jokes were rated as funnier by participants 

when told by an android-type robot rather than when delivered in text form (Sjoberg & Araki, 

2009). This same study also examined the effect of a robot telling jokes to a participant, while 

an ‘observing’ robot either laughed, ‘booed’, or remained neutral. Participants reported 

finding the conditions in which the observing robot laughed or ‘booed’ at the presenting robot 

significantly funnier than the neutral condition.  

In other work, a humanoid-type robot informed participants about building amenities (e.g. 

swimming pool, canteen and sky-garden) available at the facilities in which the study was 

undertaken. In each condition, the script used by the robot was identical; however, in one of 

the conditions, the robot also told jokes throughout the interaction. The researchers found that 

participants rated the ‘humorous’ robot significantly higher in terms of speaking style, 

expression of personality, expression of emotions, extroversion, and overall interaction 

enjoyability (Niculescu et al., 2013).  

Only one study has specifically examined the use of humour by a healthcare robot. This 

study compared a robot that used verbal humour, to a robot that did not use verbal humour, 

during a simulated healthcare interaction (Johanson, Ahn, Lim et al., 2020). The humorous 

healthcare robot was rated by participants as significantly higher in terms of empathy, 

sociability, likeability, and safety. Participants were also more likely to laugh during the 
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interaction with the humorous healthcare robot, than during the interaction with the neutral 

healthcare robot.  

A potential explanation for the limited research examining robot humour may be the 

nature of humour itself.  As a subjective multi-dimensional construct, humorous statements 

may not always be seen as such by different individuals, especially if taking factors such as 

age and culture into account. In addition, when considering healthcare robotics, researchers 

may be hesitant to apply humorous statements or behaviours to robots undertaking roles that 

are viewed as serious. These challenges may mean that healthcare robotics researchers have 

focussed their attentions on other social behaviours.   

While these challenges are important to consider, they are not unsurmountable. The 

subjective “funniness” and appropriateness of a healthcare robot’s humorous statements, 

could be assessed in pre-experimental explorations and manipulation checks, involving a 

sample of different ages, genders, and cultural identifications. Given the numerous positive 

patient health outcomes associated with the use of humour by healthcare professionals, it is 

worth investigating the use of humour by healthcare robots. 

3.5.2 Self-Disclosure  

Self-disclosure is recognised as a way in which to foster close relationships and build 

rapport with others (Eyssel et al., 2017). Self-disclosure is the act of revealing personal 

information about oneself to another (Eyssel et al., 2017). When individuals are unfamiliar 

with each other, self-disclosure statements tend to be framed in a negative context (e.g. “I am 

terrible at math”), and these negative self-disclosure statements are then reciprocated (e.g. “I 

am awful at math too!”) (Zhao et al., 2014). This simple conversational tool tends to result in 

more in-depth and intimate interactions, demonstrating the importance of self-disclosure in 

successful interactions between previously unknown individuals. When individuals’ neglect 
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to reciprocate negative self-disclosure, decreased rapport often results (Bronstein et al., 

2012). 

Self-disclosure is used as a communication tool within the context of healthcare 

interactions. Although the use of personal self-disclosure is often discouraged in medical 

training, a recent systematic review reveals that it is routinely used by physicians (Allen & 

Arroll, 2015). Research examining the use of self-disclosure by clinicians found this 

behaviour to be associated with increased patient perceptions of engagement, clinician 

understanding and earlier perceived connection between patient and clinician (Audet & 

Everall, 2010).   

Training of mental-health clinicians often includes the use of appropriate self-disclosure 

statements when interacting with patients. These self-disclosure statements are generally 

framed in a way that is relevant to the therapeutic process (Audet & Everall, 2010) to 

reassure the patient that they have been heard as well as fostering rapport.  

3.5.2.1 Robots and self-disclosure 

The study of robot self-disclosure and its effect on HRI is limited. A handful of studies 

have found that robot use of self-disclosure can increase user perceptions of robot mind 

attribution (i.e. agency and experience) (Siino et al., 2008), and robot likeability (Martelaro et 

al., 2016). Other research has shown that robot self-disclosure can increase human 

engagement behaviours, such as eye gaze and laughing in a healthcare application (Zhao et 

al., 2014). 

As with human interactions, it appears that self-disclosure in HRI is more successful when 

negatively skewed. This is demonstrated in a study in which participants rated a robot higher 

in terms of companionship and trustworthiness when it engaged in negative self-disclosure 

compared to positive or ‘factual’ self-disclosure (Martelaro et al., 2016). Participants also 
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engaged in more self-disclosure themselves when interacting with the robot displaying 

negative self-disclosure.   

At the time of this review, only one study could be found examining the use of self-

disclosure by a healthcare robot, during HRI. Johanson et al. (2019) found that use of 

negative self-disclosure statements by a humanoid-type healthcare robot (e.g. “I’m a little 

nervous…” and “I forget things too sometimes…”) resulted in increased self-reported user 

interest as well as increased user attentional behaviours.  

Though research in this area is limited, the positive outcomes seen so far justify further 

examination of robot self-disclosure and its influence on user outcomes. It is vital for robotics 

researchers to determine whether or not the use of self-disclosure by a healthcare robot is 

consistently associated with positive user outcomes, and to establish which types of self-

disclosure statements are most effective.  

3.6 Non-Verbal Communication 

Researchers generally agree that speech and voice tone represent around 45% of 

communication, while non-verbal cues such as body language and eye contact make up the 

remaining 55% (Lapakko, 1997). This statistic highlights the importance of considering both 

verbal and non-verbal behaviours when designing the communication behaviours of social 

robots. Research exploring the application of communication behaviours in robots has found 

that robots who use both verbal and non-verbal communication in their interactions with 

users are rated as being more natural and engaging (Liu et al., 2013; Moshkina et al., 2014). 

Below we present a number of key non-verbal communication behaviours that are important 

in healthcare interactions. Research relating to the study of each behaviour in the context of 

HRI is also presented.  
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3.6.1 Facial Expression  

Facial expressions are one of the ways in which we convey meaning and emotion to 

others. Changes in facial expressions during human interactions are primarily linked to 

emotional associations made by the speaker and listener during a conversation (Cassell, 

1999). Research has found that facial expressions are given priority in terms of attention and 

cognitive processing, particularly when the facial expression is negative (Horstmann & 

Bauland, 2006; Schmidt-Daffy, 2011).   

Individuals are remarkably accurate in identifying the personality or character traits of 

others through observation of facial expressions (Carr & McCormick, 2008; Pound et al., 

2009). Accuracy in identifying even relatively obscure factors, such as career success (Rule 

& Ambady, 2009), intelligence (Zebrowitz & Rhodes, 2004), sexual orientation (Rule et al., 

2008), and reproductive health (Smith et al., 2006) has also been demonstrated.  

The smile is one of the most studied facial expressions in human behavioural research. 

Present almost from birth, most babies will smile within only six weeks of being born (Faigin 

& Larrabee, 2020). Human beings can recognise a smile from a greater distance than any 

other facial expression (Beamish et al., 2019), and smile mimicry has been found to take 

place in as little as 300-400ms after exposure to a smile (Dimberg & Thunberg, 1998).  

Studies have demonstrated the enhancing effect of smiling on perceptions of 

attractiveness, sincerity, warmth, likeability and friendliness (de Lemus et al., 2012; Gueguen 

& De Gail, 2003; Lau, 1982; Reis et al., 1990). Smiling has also been found to be associated 

with an increased likelihood of helping behaviours from others (de Lemus et al, 2012). In a 

review of research by Beamish et al. (2019) happiness and smiling were found to be 

associated with positive health outcomes such as reductions in coronary heart disease, and 

even social benefits such as a lower likelihood of marital divorce. 



Chapter 3 

41 

 

In context of healthcare, smiling and friendliness have been shown to increase patient 

perceptions of nurses’ skill level (Wysong & Driver, 2009). In their paper, Beamish et al. 

(2019) make the argument that smiling by a physician can increase patient retention of 

medical knowledge, based on previous research showing the use of smiling in stimulating 

memory retention.  Other research has shown an association between smiling and inducing 

trust and co-operation from strangers (Scarlemann et al., 2001). The absence of smiling by 

healthcare professionals, along with disengaged behaviours such as limited eye-contact, is 

strongly associated with poor patient outcomes, such as decreased physical and cognitive 

functioning (Ambady et al., 2001). 

3.6.1.1 Robots and facial expressions 

Though some research has specifically examined the use of robot facial expressions during 

HRI, this is another salient, yet understudied, area of social robotics (Ahn & Choi, 2012; Ahn 

et al., 2012). Research has demonstrated that the use of robot facial expression is associated 

with a high level of user engagement (Breazeal & Scassellati, 2000).  This study involved 

Kismet, a robotic head with a ‘highly expressive face’, using baby-like-babble, instead of 

speech. Kismet engaged with participants in a baby-caregiver like exchange. Through eye 

contact and facial expressions, Kismet was able to engage ‘caregivers,’ getting them to 

present toys when it was ‘bored,’ and engage in face-to-face interactions when it was 

‘lonely.’ Participants were found to take great care in presenting a stimulus to Kismet that it 

‘liked,’ avoiding the presentation of a stimulus that Kismet did not like.  

Research has demonstrated that gestures and facial expression can increase comprehension 

of a robot’s intentions (Breazeal et al., 2005). In an ‘implicit’ condition, the robot Leo (an 

expressive humanoid-type robot) shifted his gaze from the participant to a relevant button, 

communicating with gestures, head nods, and facial expressions. In the ‘explicit’ condition, 
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Leo looked straight ahead at all times. Although Leo still used head nods in this condition, it 

did not use facial expressions or gestures. Researchers found that the time taken to complete 

the button task was significantly shorter in the implicit condition than the explicit condition.  

In addition, participants were able to detect errors more quickly and made fewer errors over-

all.   

Given that smiling is heavily studied in human interactions, it is perhaps surprising that so 

little research has investigated the specific effects of robot smiling on HRI. Although 

researchers have explored the effects of robot smiling on user perceptions of robot happiness 

(Blow et al., 2006) and user satisfaction (Reik et al., 2009), only one study to date has 

explored the effect of robot smiling on specific user perceptions such as robot personality, 

friendliness, empathy, agency, and experience. Johanson, Ahn, Sutherland et al. (2020) 

examined the use of smiling by a humanoid-type healthcare robot during a simulated medical 

HRI. The researchers found that robot smiling was associated with increased user perceptions 

of the robot’s personality, friendliness, agency, and experience. In addition, participants 

themselves were found to smile more frequently in conditions in which the healthcare robot 

smiled at them.  

These results to date are promising and suggest smiling could be applied to robots in 

healthcare contexts. However, further research needs to examine the frequency and type of 

robot smiling that is most appropriate in different medical contexts.  

3.6.2 Eye Contact 

Appropriate eye contact is a fundamental aspect of face-to-face interactions and critical in 

achieving joint visual attention (Striano et al., 2006). The detection of another’s eye gaze 

towards oneself is often the catalyst for beginning a social interaction in the first place (Unon 

& Hietanen, 2015). Even as infants, human beings are aware of the importance of others’ eye 
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gaze, with research showing that babies as young as four weeks old will actively seek out eye 

contact from others (Zeifman et al., 1996). 

Within physician-patient interactions, appropriate eye contact has found to be associated 

with increased patient satisfaction and patient ratings of physician empathy, physician 

interest, and physician warmth (Griffith et al., 2003). Eye gaze has also been shown to 

facilitate emotion recognition. Participants are better able to identify emotions on a human 

face when the eyes of the face are directed towards them, as opposed to averted away from 

them (Adams & Kleck, 2005; Sander et al., 2007).  

Joint attention, or shared attention, refers to the almost instinctive tendency to move one’s 

eye gaze towards an object, person, or situation, in response to the eye gaze of others (Driver, 

2001). Joint attention is a crucial aspect of learning, communication, and social interaction 

(Mundy & Newell, 2007; Rohlfing et al., 2012). By the age of 18 months, all normally 

functioning infants will engage in joint attention (Rohlfing et al., 2012). This instinctive 

tendency to follow the eyes gaze of others is demonstrated in research in which participants 

were asked to identify a target letter on several slides, whilst disregarding a face that was 

present in the middle of the slide (Driver, 2001). Participant discrimination of target letters 

was faster when the eye gaze of the face was directed towards the target letter, as opposed to 

away from the target letter.  

3.6.2.1 Robots and eye contact 

A recent review states that the ability to detect and respond to human eye gaze is 

‘foundational’ to advancing social competencies in agents and robots (Ruhland et al., 2015). 

Robot eye contact is a critical aspect of maintaining user attention, with researchers asserting 

that not only should a robot maintain appropriate eye contact in interactions with humans, but 
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in addition, the robot should be proactive in trying to acquire this eye contact (Hoque et al., 

2014).  

Eye gaze is one of the most studied social behaviours in robotics research. Research has 

demonstrated that participants who are looked at more often by a humanoid or android type 

robot, will pay more attention to the robot (Karreman et al., 2013), and that participants are 

more willing to interact with a robot when it is perceived as ‘giving’ them attention through 

eye contact (Bruce et al., 2002). Research has also demonstrated the importance of robot eye 

gaze in facilitating verbal comprehension (Staudte & Crocker, 2011), turn-taking (Moon et 

al., 2014), and joint attention (Imai et al., 2003) in HRI. 

Short eye gaze aversions by a robot can be useful to signal that the robot is ‘thinking’ and 

can be interpreted as more natural gaze. Participants were found to give a robot significantly 

more time to answer questions and also saw the answers the robot gave as more ‘thoughtful’ 

and ‘creative’, when eye-gaze aversion was used (Andrust et al., 2014). Pairing random robot 

gazes with ‘person-directed’ gazes lead to better participant ratings of robot attentiveness, 

interest, expressiveness and ‘human-like’ appearance, when compared to constant person-

directed eye gazing (Holthaus et al., 2010).   

 Another area in which researchers have examined eye gaze in HRI, is in experimental 

research involving children with Autism Spectrum Disorders. These studies however, have 

tended to focus on investigating the eye gaze behaviours of the children participating in the 

research, rather than the effect of eye gaze behaviours by robots (Robins et al., 2004b; Werry 

et al., 2001). In regards to healthcare robotics, no study could be found investigating the 

effect of robot eye gaze within the context of a health-related, HRI.  
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3.6.3 Body Posture  

Body posture is another important communication behaviour in human social interactions.  

A forward lean body posture, for example, is a salient way in which to demonstrate interest 

and attention towards a speaker during social interactions (Whitlock & Lloyd-Richardson, 

2018). Forward lean body posture is commonly seen in verbal interactions between 

individuals and is even seen in interactions between those communicating in sign-language 

(van der Kooji et al., 2006; Whitlock  & Lloyd-Richardson, 2018; Wilbur & Patschke, 1998). 

When considering the use of body posture in healthcare interactions, the use of a forward 

lean is often recommended for use by clinicians to demonstrate attention or ‘active listening’ 

towards patients (Sommers-Flanagan & Sommers-Flanagan, 2012).  This recommendation is 

supported through research with counsellors, in which use of a forward lean body posture 

was found to be associated with increased patient perceptions of clinician rapport (Sharpley 

& Sagris, 2007). Similarly, the use of a forward lean body posture by physicians during 

interactions with patients, was found to be associated with increased patient perceptions of 

physician genuineness, respect and empathy (Hall et al., 1995). Forward lean has also been 

found to be amongst physician behaviours significantly associated with favourable patient 

outcomes, such as increased physician-patient rapport, patient satisfaction, and facilitation of 

patient understanding (Beck et al., 2001).   

3.6.3.1 Robots and body posture 

At the time of this review, only one study could be found specifically exploring the effect 

of robot forward body lean posture on HRI. The study explored the effect of a humanoid-type 

healthcare robot’s forward body lean against other social behaviours and a neutral condition 

(Johanson et al., 2019). The researchers found that the group of participants that interacted 

with the healthcare robot in the forward body lean condition spent significantly more time 
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looking at the robot compared to participants in the neutral condition. In addition, participants 

in the forward body lean condition were significantly more likely to lean towards the robot 

themselves during the interaction, potentially indicating greater user engagement and 

mirroring behaviour (Johanson et al., 2019). While this study offers promising support for the 

use of robot forward body lean in improving user attention and engagement, additional 

research needs to be undertaken to confirm these findings.   

3.6.4 Gestures  

Gestures are another crucial element in human social interactions. Gestures are impromptu 

hand and arm movements that co-occur with speech. Gestures can be used to represent an 

action or object (iconic gestures), an abstract idea (metaphoric gestures), locations or people 

(deictic gestures), or to provide emphasis to a particular word or phrase (beat gestures; 

Novack & Goldin-Meadow, 2017). An example of a metaphoric gesture is to gesture to the 

left to indicate the past and to the centre to indicate the present time.  

Gesturing is present across ages and cultures and is even found in individuals who were 

born blind (Goldin-Meadow, 1999). Not only have gestures been found to be important in 

facilitating the understanding of speech, but research has demonstrated that individuals will 

attend to the information given by gestures, even when it is contradictory to the information 

given in speech (Cassell et al., 1999). 

Pointing is one of the most well studied gestures in human interactions. Pointing draws the 

attention of others towards another object, person or event (Rohlfing et al., 2017). Pointing is 

not only significant in directing and orientating attention, but is important in facilitating 

language comprehension, with studies demonstrating that speech is better understood when 

accompanied by a pointing gesture (Holler et al., 2014; Kelly et al, 1999).  



Chapter 3 

47 

 

Research has consistently demonstrated that an infant will shift attention in response to a 

pointing gesture alone (i.e. without changes in eye gaze) from as young as eight to 10 months 

old (Holler et al., 2014; Morissette et al., 1995), and will themselves start using pointing 

gestures to draw attention from around 12 months of age (Bohnet al., 2015). 

Gestures are also an important communication tool in physician-patient interactions. 

Weinberger et al. (1981) found physician use of head nodding and gestures to be associated 

with high levels of patient satisfaction, theorising that this was due to the use of these 

gestures in facilitating patient comprehension and projecting physician concern. Several other 

research studies have also highlighted the association between use of gestures (such as head 

nodding) by health professionals, and positive health outcomes such as increased patient 

perceptions of rapport, understanding of information, and satisfaction (Beck et al., 2001; 

Deladisma et al., 2007; Griffith et al., 2003; Hall et al., 1995). Patients have also been found 

to use gestures in order to assist physician understanding (e.g. gesturing towards an affected 

area of the body) (Robinson, 2006).  

3.6.4.1 Robots and gestures 

 A small number of studies have been performed on the effects of gestures in HRI, with 

positive results. Different kinds of robot gestures have been shown to have different effects. 

Pointing robot gestures have been associated with increased participant recall, while iconic 

gestures (gestures that resemble the content of speech) have been associated with increased 

participant ratings of robot competence and naturalness (Huang & Mutlu, 2014). Metaphoric 

gestures (gestures that represent an abstract idea) were found to be associated with a lower 

level of participant engagement.   

As with human interactions, the use of pointing is salient to HRI. Robotics researchers 

have not only explored the use of pointing by robots, but have investigated how to enable 
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robots to recognise human pointing gestures (Nickel & Stiefelhagen, 2007; Sato et al., 2007). 

Research examining pointing in animal, android, and humanoid type robots has shown this 

behaviour to be important in facilitating human comprehension (Bennewitz et al., 2005), 

human engagement (Hasegawa et al., 2010), and joint attention (Sidner et al, 2004). Robot 

pointing gestures have even been found to increase human ratings of robot reliability, robot 

knowledge, and robot ‘human-likeness’.  

In regards to robot hand gestures, precise, predictable gestures may not always be the best 

design; with research showing that a certain amount of unpredictability in terms of robot hand 

gestures may lead to greater attribution of human traits (anthropomorphism) and a more 

positive interaction experience. Salem et al. (2011) found that a robot using hand gesturing 

behaviour that was incongruent with its speech was rated more favourably by users in terms 

of likeability, human-likeness, shared reality, and future contact intentions, compared to a 

robot using gestures congruent with its speech. No research could be found in which 

researchers examined the effect of robot gestures within the context of a medical or 

healthcare HRI. 

3.7 Gender 

Another factor identified in this review was gender. Physician gender has been found to 

influence communication and health behaviours in both men and women (Bottorff et al., 

2010; Mroz et al., 2011). Female physicians are more likely to prescribe preventative care 

services such as psychological counselling, and tend to provide longer consultations to 

patients, whereas male physicians tend to have a stronger focus on the technical aspects of the 

patient consultation, such as taking medical histories and undertaking physical examinations 

(Bertakis, 2008; Franks & Bertakis, 2003).  
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The gender of the patient may interact with the gender of the physician to influence patient 

outcomes in some cases. For example, a higher mortality rate was found in female heart 

attack patients treated by male physicians, compared to female patients treated by female 

physicians, and male patients treated by either female or male physicians (Greenwood et al., 

2018). Female patients are more likely to see female physicians (Franks & Bertakis, 2003) 

and have a higher number of annual visits to medical services, compared to male patients 

(Greenwood et al., 2018). Female patients are more likely to be prescribed preventative 

services and less likely to undergo a physical examination compared to male patients 

(Bertakis, 2008). Given the influence of physician gender on patient health outcomes, it is 

interesting to consider the influence of robot ‘gender’ on user outcomes in healthcare.  

3.7.1 Robots and Gender 

People often attribute gender to robots, and some research shows that users prefer a robot 

that has the opposite gender to themselves. For example, male users rated a female humanoid 

museum robot significantly more credible and engaging than a male robot. In contrast, female 

users rated the male robot as significantly more credible and engaging than the female robot 

(Siegel et al., 2009). In addition, male users were significantly more likely to donate money 

following interactions with the female robot, compared to the male robot.  

Other research suggests that people apply gender stereotypes to robot occupations. Tay, 

Jung, and Park (2014) investigated the effect of a humanoid robot’s gender with occupational 

roles (that of security versus healthcare). The authors observed that both male and female 

users preferred a robot to have a matching gender-occupational role (i.e. participants rated the 

security robot more positively when it was male-gendered as opposed to female-gendered, 

and rated the healthcare robot more positively when it was female-gendered as opposed to 

male-gendered) (Tay et al., 2014). This is supported by work showing that stereotypical 
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‘male tasks’ are perceived by users as more suitable for male robots. In contrast, stereotypical 

‘female tasks’ are seen as more suitable for female robots (Eyssel & Hegel, 2012).  

Robot gender may influence how people communicate with robots. Powers et al. (2018) 

found that both male and female users described romantic dating norms more 

comprehensively to a male humanoid robot than when compared to a female humanoid robot, 

suggesting that participants assumed the male robot knew less about this social behaviour 

than the female robot.  

No study could be found specifically examining the effect of healthcare robot ‘gender’ 

within the context of HRI. Thus, researchers might consider how healthcare robot gender, 

influences user satisfaction, disclosure, and health outcomes.   

3.8 Discussion  

In this section, we summarise our conclusions, reflecting back on the key research 

questions that drove this review. Recommendations for future research are also presented. 

3.8.1 Discussion of Research Questions   

Which key verbal behaviours, demonstrated by physicians and/or health professionals, are 

important to ensuring successful interactions with patients? 

1. Empathy has been identified as a salient tool in creating and maintaining relationships 

with others. Much of the research on empathy has been conducted within a medical 

context and shows that empathy can increase positive patient outcomes such as 

satisfaction and adherence, and decrease distress. Verbally, physician empathy can be 

conveyed by non-interrupting patients, providing statements of reassurance or 

support, positive reinforcement, and asking and answering questions.   
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2. Humour is one of the easiest ways to induce positive affectivity in others and has been 

shown to increase ratings of both likeability and attraction. Within a medical context, 

humour is often used by clinicians and is associated with positive patient outcomes 

such as reduced anxiety, increased communication, increased satisfaction, and 

increased rapport between healthcare workers and patients.   

3. Self-disclosure is routinely used in both social and clinical interactions and is central 

to the formation of close relationships. When used in the context of physician-patient 

interactions, self-disclosure is found to increase patient satisfaction and perceptions of 

rapport between physician and patient. 

Which key non-verbal behaviours, demonstrated by physicians and/or health professionals, 

are important to ensuring successful interactions with patients? 

1. Facial expressions are a crucial social behaviour conveying meaning and emotion to 

others. Smiling, the most studied of human facial expressions, is found to increase 

perceptions of friendliness, attractiveness, likeability, warmth, and sincerity. Smiling 

by healthcare professionals is associated with better patient ratings of nurses’ skill and 

better patient functioning. 

2. Eye gaze is a critical aspect of human social behaviour, with babies as young as four 

weeks old seeking out eye contact from others. Eye gaze assists in comprehension of 

speech and meaning, interpretation of emotion and facial expression, and is necessary 

in order to establish joint attention; a crucial aspect of learning, communication, and 

social interaction. Appropriate eye contact is associated with better patient ratings of 

physicians. 

3. Use of a forward lean body posture behaviour is important in demonstrating attention 

and interest to others. Use of forward lean by a physician is found to be associated 
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with increased patient satisfaction and perceptions of physician rapport, empathy, 

respect, and genuineness.   

4. Gestures are another salient non-verbal communication behaviour, present across ages 

and cultures. Pointing is a powerful gesturing behaviour, important in directing 

attention and facilitating understanding of speech. Physician use of head nodding and 

gestures have been associated with higher patient satisfaction. It is also important to 

note that gender (in relation to both patients and physicians) has been found to 

influence perceptions and communication behaviours, which in turn may influence 

patient outcomes. 

Which of the above behaviours have been explored within the context of HRI? 

Only a few studies have been undertaken exploring the role of empathy in HRI, and these 

have found positive effects.  No study could be found that specifically explored the role of 

empathy in interactions between a healthcare robot and patient (or participant).  

The study of robot humour is a growing area of social robotics and has been found to 

increase user ratings of positive robot attributes such as personality, emotional expression, 

and interaction enjoyability. Only one study could be found that specifically investigated the 

role of robot humour in interactions between a healthcare robot and human user.  

Social robotics research has shown the importance of self-disclosure in decreasing user 

anxiety and increasing user perceptions of robot likeability, trustworthiness, and 

companionship. However, study in this area is limited and no study could be found that has 

specifically addressed the role of self-disclosure in interactions between a healthcare robot 

and patient (or participant).  

The research of robotic facial expressions is another understudied area of social robotics. 

The use of facial expressions by a robot is associated with increases in human engagement 
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and comprehension, and robot smiling is associated with more positive ratings of healthcare 

robots. Use of eye contact is important in both HRI and human-human interactions. 

Appropriate use of eye contact by a robot is associated with increased engagement, 

comprehension, and joint attention and is likely to be a salient behaviour in healthcare robots. 

 The effect of robot gesturing is another growing but limited area of research in HRI. 

Studies to date show the importance of robot gesturing in increasing human comprehension, 

engagement, and joint attention, as well as increasing human perceptions of robot likeability, 

and ‘human-likeness’.   

Initial support has been found for the use of robot forward lean in improving user attention 

and engagement in healthcare. Finally, robot gender is worth considering in healthcare 

environments. Research has shown that both male and female users expect robots to 

undertake traditionally stereotypical gender tasks, which may apply to nursing and caregiver 

roles for robots. 

3.8.2 Recommendations for Future Research  

As discussed, there are many communication behaviours that have yet to be adequately 

explored within the context of HRI, particularly interactions involving healthcare robots. 

These behaviours include robot use of empathy, humour, self-disclosure, facial expressions, 

and forward lean. Positive outcomes associated with preliminary research investigating robot 

use of these behaviours supports further investigation within the context of healthcare 

robotics. 

When conducting this review, several other positive physician communication behaviours 

were also identified, but not included in the main sections, due to limited research of these 

behaviours within the context of human healthcare interactions. These include voice pitch 

and head tilt, as described below. 



Chapter 3 

54 

 

The use of voice pitch, or voice tone, is a salient behaviour in attracting and maintaining 

the attention of others, as well as facilitating understanding and communicating emotion 

(Kort et al., 2014; Sommers-Flanagan & Sommers-Flanagan, 2012). Within the context of 

healthcare, researchers have found that a negative or tense physician voice tone is associated 

with lower patient satisfaction (Williams et al., 1998). In addition, researchers found that 

surgeons who used a dominant voice tone (i.e. deep and loud) when interacting with patients, 

were more likely to have been sued than when compared to surgeons who used a less 

dominant tone of voice (Ambady et al., 2002). In robotics research, robot voice pitch has 

been associated with user perceptions of robot attractiveness, sociability, personality, and 

interaction enjoyability (Niculescu et al., 2013).  

The use of head tilt has been associated with perceptions of attractiveness and 

trustworthiness in human behavioural studies (Krumhuber et al., 2007; Otta et al., 1994); and 

perceptions of robot ‘human-likeness’ and robot warmth in social robotics research (Mara & 

Appel, 2015). Study of behaviours such as these present opportunities to inform research in 

HRI, as well as research examining interactions between patients and healthcare professions.  

There are many other promising lines of research for healthcare robotics that are based on 

the principles of physician-patient communication, such as the study of interruptions, 

statements of encouragement, body orientation, and sharing information. Such studies will 

help to inform robot-patient communication theory and practice (Broadbent, Johanson et al., 

2018). 

3.9 Conclusion 

This review has identified key communication behaviours that can convey clinician 

empathy; including humour, self-disclosure, smiling, forward lean, eye gaze, and gestures. 

These behaviours are important in influencing patient perceptions in social and healthcare 
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contexts. The review has also highlighted the importance of considering gender in healthcare 

interactions. 

Several studies have investigated these key behaviours in HRI but research is very limited 

for some of these behaviours, especially in healthcare applications. Robot behaviours shown 

to have beneficial effects in healthcare contexts to date include robot smiling, forward lean, 

and self-disclosure.  

Further research is needed to better determine how the key behaviours identified in this 

review affect interactions with healthcare robots. This research is likely to contribute to the 

construction of effective, comfortable, and appropriate interactions between healthcare 

robots, staff, and patients. 
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Chapter 4- Robot Smiling and Use of First Name Behaviour  

4.1 Preface 

The previous chapter, Chapter 3, presented a review of relevant behavioural literature in 

social, healthcare, and robotics research. This review identified a number of communication 

behaviours associated with positive patient outcomes, when used by healthcare professionals. 

Of these behaviours, smiling, forward lean, self-disclosure, voice pitch, humour, and 

empathy, were selected for experimental study and are presented in Chapters 4 to 7 of this 

thesis.  These specific behaviours were chosen because they represent key healthcare 

communication behaviours, that are either significantly limited or absent entirely from 

healthcare robotics research. As posited by the model of robot-patient communication 

(Broadbent, Johanson et al., 2018 ), systematic study of effective physician communication 

behaviours within the context of healthcare robotics, not only advances knowledge in this 

area, but also increases the likelihood of positive robot-patient interactions.  

The current chapter, Chapter 4, presents the first study undertaken as part of this thesis; 

designed to examine the effect of smiling by a healthcare robot on participant perceptions of 

robot friendliness, smiling, mind, and personality. Participant attitudes toward the robot, as 

well as participants own smiling behaviours were also examined. Smiling is a powerful 

communication behaviour associated with numerous positive outcomes in both social and 

healthcare contexts. Within the context of social interactions, smiling is found to increase 

perceptions of attractiveness, sincerity, warmth, likeability and friendliness (de Lemus et al., 

2012; Gueguen & De Gail, 2003; Lau, 1982; Reis et al., 1990). Within the context of 

healthcare interactions, smiling by healthcare professions has been associated with increased 

patient perceptions of skill level (Wysong et al., 1997), and is thought to increase patient 

retention of medical information (Beamish et al., 2019).  
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The current study also examined whether robot use of participant first name affected any 

of the above outcomes. Observational research of medical receptionists at a General Practice 

clinic, undertaken prior to the current study, identified receptionist use of patient first name as 

an important behaviour during patient interactions. Use of patient first name by medical 

receptionists has also been shown to be an important communication behaviour in facilitating 

patient-receptionist rapport (Hewitt et al., 2009).  

Participants in the current study followed an interaction script when engaging with the 

healthcare robot. The decision to use an interaction script was made due to technical 

limitations related to the robot itself, as well as a way in which to reduce confounds such as 

interaction length and conversation topic. Despite these limitations, the current study is an 

important addition to both social and healthcare robotics research. The study is novel, and 

prior to this research being undertaken, no other study had examined the effect of either 

smiling or use of first name behaviours by a healthcare robot within any context.  

4.1.1 Citation 

Johanson, D. L., Ahn, H.S., Sutherland, C. J., Brown, B., MacDonald, B. A., Lim, J., Ahn, 

B.K., & Broadbent, E. (2020). Smiling and use of first-name by a healthcare receptionist 

robot: Effects on user perceptions, attitudes, and behaviours. Paladyn, Journal of 

Behavioural Robotics, 11(1), 40-51. https://doi.org/10.1515/pjbr-2020-0008  
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4.2 Introduction 

The use of robots in socially assistive roles is a growing area of research with the last two 

decades seeing the introduction of socially assistive robots into home and healthcare 

environments (Bemelmans et al., 2015; Robinson et al., 2013). More recently, researchers 

have turned their attention to the use of social robots as receptionists within medical settings 

such as hospitals (Wired, 2017). The application of robots as receptionists in healthcare 

environments requires careful consideration, given that interaction with potentially vulnerable 

individuals will be almost certain. In order for robots to be effective in their interactions, 

researchers argue that they should not only be able to perform a range of appropriate tasks 

(Broadbent et al., 2012), but that these tasks should be performed in a way that is both 

acceptable and comfortable (Walters et al., 2008). To date, much of the research in 

healthcare robotics has focussed on developing the technical capabilities of robots.  

It is fundamental to study the key social communication behaviours that a healthcare robot 

can display to patients and staff to establish rapport. Insight into these behaviours may be 

gained through the study of social communication behaviours in human social interactions, 

particularly interactions between medical receptionists and patients. Smiling and use of first 

name are two key human social behaviours that may prove important when considering the 

behavioural design of social robots, particularly medical receptionist robots. This paper 

presents research that investigates the effects of social behaviours used by a medical 

receptionist robot on users’ perceptions and behaviour. The paper first describes background 

research on personality and social behaviours that humans use in social settings, and then 

describes previous research on these social behaviours in HRI. Next, background research on 

medical receptionist behaviour is described, followed by research on this behaviour in robots. 

The aims of the study are then presented.  
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4.3 Background 

4.3.1 Personality, Social Behaviours, and the Medical Receptionist 

When considering the ‘Big Five’ human personality traits, the most important for positive 

social interactions, is the ‘agreeableness’ or ‘friendliness’ dimension (Dryer, 1999; 

Moskowitz, 2005; Wiggins, 1979). This dimension refers to the motivation of an individual 

to have positive interactions with others (Tov et al., 2016). Individuals high in the 

agreeableness/friendliness trait tend to be described by others as kind, caring, sympathetic, 

helpful, and considerate (Graziano & Eisenberg, 1997); while those low in this trait tend to be 

described as irritable, distrustful, and cold-hearted (Roccas et al., 2002). In the context of 

healthcare, research has found that patients and family members feel it is important that 

healthcare providers display friendliness traits such as kindness, care, and helpfulness 

(Clowers, 2002; Meyer et al., 2006; Stauss et al., 1995).  

One of the easiest and most universally understood ways in which humans demonstrate 

friendliness to others is through the use of smiling (de Lemus et al., 2012). Smiling is one of 

the most studied facial expressions, with research in this area highlighting the ‘power’ of a 

smile in increasing perceptions of attractiveness, sincerity, intelligence, warmth, likeability 

and friendliness, as well as in eliciting helping behaviour from others (de Lemus et al., 2012; 

Gueguen & De Gail, 2003; Lau, 1982; Reis et al., 1990). In healthcare research, smiling and 

friendliness have been found to positively increase patient perceptions of nurses’ skills 

(Wysong & Driver, 2009). Smiling by healthcare professionals has also been associated with 

improvement in activities of daily living for elderly patients (Ambady et al., 2002). The 

absence of smiling, along with behaviours such as looking away, was strongly associated 

with both short and long term decreases in physical and cognitive functioning (Ambady et al., 

2002). Even in studies examining the use of smiling by a virtual human or avatar, smiling 

was associated with increase human smiling (Kramer et al., 2013), increased human 
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perceptions of positive affect, and increased human perceptions of the agent’s social presence 

(Oh et al., 2016). Smiling, therefore, represents a basic social behaviour that should be 

explored in terms of its usefulness in healthcare robots.  

Considering how important the use of smiling is in communicating friendliness, warmth, 

and sincerity to others (de Lemus et al., 2012; Gueguen & De Gail, 2003; Lau, 1982; Reis et 

al., 1990), it is perhaps surprising that little research has been done on the effect of robot 

smiling in HRI. Although researchers have explored how smiling affects individuals’ 

perceptions of robot happiness (Blow et al., 2006) and overall ratings of HRI (Riek et al., 

2009), no study could be found that has examined the effect of robot smiling on perceptions 

of robot friendliness or robot personality, and none in the area of medical receptionist robots.  

When considering appropriate social behaviours for a medical receptionist robot, research 

on the behaviours of human medical receptionists may prove informative. A medical 

receptionist is the first point of contact for patients seeking medical attention, and his/her 

tasks range from basic administration, to management of complex patient behaviours and 

emotions (Gallagher et al., 2001; Neuwelt et al., 2015; Ward & McMurray, 2011). Medical 

receptionists are expected to interact appropriately with a variety of challenging individuals, 

such as patients with severe mental health issues, cognitive impairments, and patients who 

are angry or verbally abusive (Neuwelt et al., 2015; Ward & McMurray, 2011). Human 

medical receptionists need to demonstrate appropriate social behaviours to build rapport with 

patients.  

Only one study to date has specifically examined verbal communication behaviours used 

by medical receptionists when interacting with patients (Hewitt et al., 2009). This study 

analysed over 283 conversations between medical receptionists and patients. It identified 

three distinct conversational approaches used by receptionists; a ‘conversationally polite’ 
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approach, a ‘task-centred’ approach, or a ‘rapport building’ approach. The ‘rapport-building’ 

approach was the most successful. In this approach, receptionists would personalise their 

verbal behaviour when talking to each patient, for example, using the patient’s first name. 

Failure of medical receptionists to include rapport-building aspects of communication into 

their dialogue often resulted in negative perceptions by patients.  

As the capabilities of social robots have increased, so too has research on the application 

of social robots in receptionist roles (Lee et al., 2010; Niculescu et al., 2010). Researchers 

have mainly explored interactions between humans and non-medical robot receptionists and 

investigated the robot’s perceived sociability and functionality (Lee et al., 2010; Niculescu et 

al., 2010; Nisimura et al., 2002). Variables examined have included: perceived robot 

friendliness (Niculescu et al., 2010), speech recognition (Nisimura et al., 2002) and 

conversational dialogue (Lee et al., 2010).  

The use of socially assistive robots in healthcare or medical environments has investigated 

the application of social robots as companions within elderly care facilities (Belemans et al., 

2015; Robinson et al., 2013) and as ‘nurses’ within medical environments (Jacob et al., 

2012). However, research examining the application of a social robot in the role of a 

healthcare or medical receptionist is limited. Researchers have begun to explore how a 

medical robot receptionist would integrate into a medical environment (Ahn et al., 2015), and 

how user perceptions may affect acceptance of a robot medical receptionist (Gambino et al., 

2019). However, to our knowledge research has not yet investigated how the social 

behaviours of a medical robot receptionists may affect user perceptions. In addition, no paper 

could be found specifically examining the effect of a robot, of any kind, using a person’s first 

name on user perceptions of robot friendliness or personality. As the use of a patient’s first 

name is an important behaviour in building rapport in interactions between human medical 
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receptionists and patients, it represents a potentially critical social behaviour for robot 

medical receptionists, and another novel area of study in healthcare robotics.  

Another issue to consider in studies with human-like robots is the Uncanny Valley. 

Uncanny valley theory (named after the valley-like ‘dip’ observable in the diagram created 

by Mori) posits that humans will respond more positively to a robot as it becomes more 

human-like (Mori et al., 2012; Walters et al., 2008). However, when the robot reaches a point 

where it appears very human-like but continues to display robotic behaviours, human 

observers will regard the robot as eerie or repulsive. This will be explored further in the 

discussion when interpreting our results.  

4.3.2 Aim and Hypotheses 

This study aimed to investigate the effects of a medical receptionist robot using smiling 

behaviours and a person’s first name on participants’ perceptions of robot friendliness. We 

chose use of smiling and use of first name due to their positive effects on rapport and 

friendliness in human social and healthcare interactions (Ambady et al., 2002; de Lemus et 

al., 2012; Gueguen & De Gail, 2003; Hewitt et al., 2009; Lau, 1982; Reis et al., 1990; 

Wysong & Driver, 2009). These behaviours were also selected because they have not 

previously been examined in the context of a HRI in healthcare. The research therefore 

makes a novel and salient contribution to the HRI literature.  

It was hypothesised that robot smiling and use of the person’s first name would result in 

increased ratings of robot friendliness, more positive attitudes towards the robot, better 

perceptions of its personality and capabilities, and more positive behaviours (participant 

smiling) during interactions with the robot.  
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4.4 Method 

4.4.1 Setting and Participants  

This study was conducted at the University of Auckland. We recruited students using 

flyers placed on campuses, as well as email advertisements. Inclusion criteria included the 

ability to communicate fluently in English and an age of over 16 years. Ethics approval was 

given by The University of Auckland Human Participants Ethics Committee and written 

informed consent was obtained from all participants. 40 students took part in our study (35 

undergraduate and five post-graduate students). The majority of the sample was female 

(26/40, 65%) and the mean age of participants was 24.35 years (SD = 5.49).  

4.4.2 Procedure 

The robot used for this study was the EveR-4 or ‘EveR’ robot. The EveR-4 robot is a 

female android type robot designed and created by researchers at the Korean Institute of 

Industrial Technology. EveR-4 is the fourth generation in the EveR series. EveR-4 is able to 

exhibit a wide range of facial expressions due to a pliable silicone jelly ‘skin’ that lies over 

thirty motors acting as ‘facial muscles’ (see Figure 4). EveR-4 has three motors that enable 

movement of her ‘neck’. EveR-4 is able to speak and respond to statements or questions 

directed towards her.  

We used a repeated measures experimental design. Each participant took part in a session 

lasting approximately one hour. Due to technical limitations with the robot platform, this 

experiment was run as a Wizard-of-Oz study. Before beginning the interactions, the 

researcher would obtain written consent from participants and ask them to complete a 

baseline demographics questionnaire assessing age, gender, ethnic group, highest educational 

qualification, and current mood. The researcher would then provide participants with a 

written description of the receptionist robot (EveR) and a script to follow during the 
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interaction. Immediately prior to the start of the interaction, the researcher would move away 

from the participant to sit behind a screen located behind the participant, remaining there for 

the duration of the interaction. A second researcher (the ‘Wizard’), seated at the computer 

(see Figure 6) would set up the interaction from the computer and would remotely control the 

robot during the interaction, manually selecting the robots’ responses.  

 

Figure 6. Experimental layout 

This second researcher did not look at the participant, nor make conversation with them 

for the entire duration of the experimental session. Participants interacted with EveR-4 four 

times in total. For each of the four interactions EveR-4 was programmed with one of the 

following behaviours:  

• Smiling but no use of the participant’s first name. 

• Use of the participant’s first name but no smiling.  

• Smiling and use of participant’s first name.  

• Neutral condition (i.e. no smile, no use of the participant’s first name).  
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In interactions in which the EveR-4 robot smiled, it smiled periodically at set times during 

the conversation and the rest of the time it had a neutral facial expression (see Figure 7). In 

non-smiling conditions, the robot kept a neutral facial expression throughout the 

conversation. We randomised the order of the four interactions, in other words the order in 

which EveR-4 demonstrated the above four behaviours, for each participant to reduce order 

effects. The EveR-4 robot demonstrated blinking and maintained eye contact with 

participants during all interactions. 

 

Figure 7. The Ever-4 robot smiles 

 

Prior to the start of the interaction, we asked participants to imagine that they were at 

their local GP’s (family physician) office and that EveR-4 was the robot receptionist who was 

assisting them with their enquiries. Participants followed a scripted interaction, in which they 

asked the EveR-4 robot to: 1) help them check in for their doctors appointment, 2) inform 

them regarding the wait time for their appointment, 3) help them make payment following 

their appointment, 4) help them book another doctors’ appointment, and 5) give them 

directions to the local pharmacy. All of EveR-4’s responses to participants were identical in 
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each condition. We made the decision to use a scripted interaction and control EveR-4’s 

responses in order to minimise any confounding variables (such as length of interaction or 

differences in robot and/or participant speech). During the interaction, participants sat at a 

table, across from the EveR-4 robot (see Figure 8). For an image of the experimental room 

set-up, please see Figure 6.  

 

Figure 8. Participant interacts with the EveR-4 robot 

After each interaction with Eve-4R, participants completed an identical questionnaire (see 

Section 4.4.3). The interactions between the participants and the EveR-4 robot were recorded 

using a video camera. Participants were given a $25 shopping voucher for their time. 

4.4.3 Measures 

A range of measures were used to asses participants’ attitudes and behaviours towards the 

robot as well as their perceptions of the robot’s friendliness, mind, personality, and frequency 

of smiling, as described below.  

4.4.3.1 Friendliness 

The friendliness of the EveR-4 robot was assessed using a modified 20 item version of the 

questionnaire used in a previous robotics study (Pereira et al., 2010). The questionnaire 

contained 12 adapted items from the McGill Friendship Questionnaire (MFQ) (Mendelson & 

Aboud, 1999a), two adapted items from the MFQ-Friendship-Functions questionnaire 
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(Mendelson & Aboud, 1999b), three adapted items from the Acquaintance Description Form-

F2 (ADF-F2) (Wright, 1997), and three adapted items from the Interactant Satisfaction 

Survey (ISS) (Kang et al., 2008; Riek et al., 2009). For example, “I feel like Eve could be a 

friend of mine”. Items were scored on a five-point Likert scale, with responses ranging from 

‘strongly agree’ (5) to ‘strongly disagree’(1). All of the scales included in the questionnaire 

have been shown to be valid and reliable measures of friendliness (Kang et al., 2008; 

Mendelson & Aboud, 1999b; Pereira et al., 2010; Wright, 1997). A reliability analysis of the 

20 item scale showed a Cronbach’s α= 0.94, showing strong internal reliability. A principal 

component analysis revealed only one component. An inspection of the scree plot showed a 

clear break after the first component. Therefore, all 20 items from the Friendliness scale were 

summed together as a total friendliness score, where higher scores represented more 

friendliness. 

4.4.3.2 Attitudes towards EveR-4 robot 

Participant attitudes towards the EveR-4 robot were measured using the 11 item Robot 

Attitude Scale (RAS) (Broadbent, Tamagawa et al., 2009). The RAS asks participants to rate 

their agreement regarding certain attributes on an eight-point scale; where higher scores 

represent more negative attitudes (for example, “I think Eve was”: 1 = trustworthy and 8 = 

untrustworthy). This scale has been shown to have good validity in previous research 

(Stafford et al., 2014). Scores for the 11 items were added to create an overall attitude score. 

An additional question was added to this scale (human vs. robot-like) and was analysed 

separately.  

4.4.3.3 Mind perception 

The extent to which participants thought EveR-4 could think and feel was assessed using 

the dimensions of Mind Perception Questionnaire (Gray et al., 2007). For example, “How 
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much is EveR-4 robot capable of conveying thoughts and feelings to others?” Participants are 

required to indicate their agreement on a seven-point scale (for example, 1 = cannot 

communicate and 7 = can communicate). Six items were used. The first three items were 

summed together to create a sub-scale named ‘agency’, and the second three items were 

summed together to create a second sub-scale named ‘experience’. This questionnaire has 

been shown to be a valid measure in previous research with robots (Stafford et al., 2014). 

Higher scores mean higher ratings of mind perception. 

4.4.3.4 Personality 

Asch’s personality scale (Asch, 1946) was included in the post-interaction questionnaire, 

asking participants to circle one word out of 15 word pairs, that they felt most applied to the 

EveR-4 robot (for example, ‘sociable – unsociable’). Each of the two words from a single 

word pair was coded with either a 1 or 2. A coding of 1 was given to the more ‘positive’ 

personality trait of the two words (e.g. sociable), while a coding of 2 was given to the more 

‘negative’ personality trait of the two words (e.g. unsociable). Items were analysed 

separately. Asch’s personality scale is valid and reliable and has been used as a measure of 

personality in published studies on psychology and social robotics (Broadbent et al., 2013; 

Mann et al., 2015; Williams & Bargh, 2008).  

4.4.3.5 Behaviours towards EveR-4 robot 

Participants were filmed throughout their interactions with the EveR-4 robot. Natural 

smiling of participants was coded as a measure of reciprocated friendliness towards the robot. 

The coding of participant behaviour was based on the measure used in previous work (Riek et 

al., 2009), in which a robot monkey smiled at participants during a HRI. A natural smile was 

defined as a participant demonstrating a ‘Duchenne’ smile (when a participant raised the 
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corners of their mouth and their cheeks to produce ‘crow’s feet’ around the eyes) (Gunnery & 

Ruben, 2016).  

4.4.3.6 Frequency of smiling by the EveR-4 robot 

Participant perceptions of EveR-4’s smiling were measured after each interaction. 

Participants were asked to rate the appropriateness of the frequency of her smiling using a 3-

point response scale, “What did you think of Eve’s smiling”: (1) too little, (2) just right, or (3) 

too much.  

4.4.4 Analysis 

Data analysis was conducted using the Statistical Package for Social Sciences (SPSS) 

version 22.0 using 0.05 as the critical significance level. Before conducting analyses, data 

was checked for outliers and errors. Participants’ perceptions of EveR-4 robot’s smiling 

frequency were analysed using a chi squared test for each of the four interactions. Personality 

was analysed using binomial regression in a mixed model GLMM. All other questionnaire 

data were analysed using linear mixed model analyses. The two independent factors for these 

analyses were whether or not the EveR-4 robot smiled and whether or not the robot used the 

participant’s first name; we also analysed the interaction between these two factors. We 

tested for order effects in these analyses using order as a factor. There were no significant 

order effects in any models.  

4.5 Results 

4.5.1 Friendliness Perceptions 

Smiling was found to have a significant positive effect on friendliness ratings (F(1, 153) = 

16.98, p < .001). Participants rated EveR-4 as significantly more friendly in conditions where 

EveR-4 smiled (estimated M = 68.51, SE = 1.84, 95% CI [64.86, 72.15]) compared to 

conditions when smiling was absent (estimated M = 61.31, SE = 1.87, 95% CI [57.62,  
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65.00]). Use of participant first name had no significant effect on overall friendliness ratings 

(F(1, 153) = 0.001, p = .973), with no significant difference found in overall friendliness 

scores between conditions in which first name was used (estimated M = 64.94, SE = 1.87, 

95% CI [61.25, 68.63]) compared to conditions in which first name use was absent (estimated 

M = 64.88, SE = 1.85, 95% CI [61.24, 68.52]). There was no significant interaction effect 

found between the two variables, F(1, 153) = 0.22, p = .640 (see Figure 9).  

 

Figure 9. Effects of smiling and use of name on perceptions of robot friendliness. 

Note: Error bars represent 1 standard deviation of Mean.  

4.5.2 Attitudes towards EveR 

The use of smiling by EveR-4 had a significant effect on robot attitude scores (F(1, 153) = 

8.94, p= .003), with a significant difference in scores following conditions where EveR-4 

smiled (estimated M = 35.29, SE = 1.72, 95% CI [31.89, 38.69]), compared to when smiling 

was absent (estimated M = 39.94, SE = 1.74, 95% CI [36.49, 43.38]).  

Use of participants’ first name by EveR-4 had no significant effect on attitude scores 

(F(1,153) = 0.07, p = .798) with no difference found in attitude scores following conditions in 

which first name was used by EveR-4 (estimated M = 37.81, SE = 1.74, 95% CI [34.37, 

41.26]) compared to when first name was not used (estimated M = 37.42, SE = 1.72, 95% CI 
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[34.02, 40.81]). There was no interaction effect found between smiling and use of first name 

F(1, 153) = 0.33, p = .568.  

Participants were also significantly more likely to rate EveR-4 as more ‘human-like’ rather 

than ‘machine-like’, (F(1, 155) = 12.15, p = .001), following conditions in which EveR-4 

smiled (estimated M = 4.41, SE = 0.20, 95% CI [4.02, 4.80]) compared to conditions in which 

smiling was absent (estimated M = 5.39, SE = 0.20, 95% CI [5.00, 5.78]).  

There was no significant difference found in participant ratings of the item ‘machine-like 

vs human-like’ (F(1, 155) = 0.00, p = .991) following conditions where EveR-4 used a 

participants’ first name (estimated M = 4.90, SE = 0.20, 95% CI [4.51, 5.30]) compared to 

when first name was not used (estimated M = 4.90, SE = 0.20, 95% CI [4.51, 5.29]). There 

was no significant interaction found between smiling and use of first name, F(1, 155) = 0.94, 

p = .334.  

4.5.3 Mind Perception 

Participants perceived EveR-4 as having significantly more agency (F(1, 155) = 12.02, p = 

.001) when she smiled (estimated M = 11.44, SE = 0.40, 95% CI [10.64, 12.23]) compared to 

when she did not smile (estimated M = 9.45, SE = 0.41, 95% CI [8.65, 10.25]). EveR-4’s use 

of the participant’s first name had no significant effect on the robot’s overall agency score 

(F(1, 155) = 0.17, p = .683) with no significant difference found between conditions in which 

EveR-4 used a participant’s first name (estimated M = 10.33, SE = 0.41, 95% CI [9.53, 

11.13]) compared to when first name use was absent (estimated M = 10.56, SE = 0.40, 95% 

CI [9.77, 11.36]). No significant interaction was found between smiling and use of first name, 

F(1, 155) = 0.04, p = 0.849, (see Figure 10).  
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Figure 10. Effects of smiling and use of name on perceptions of robot agency 

Note: Error bars represent 1 standard deviation of mean.  

 

Participants perceived EveR-4 as having significantly more experience (F(1, 155) = 6.97, 

p = .009) when she smiled (estimated M = 8.35, SE = 0.39, 95% CI [7.57, 9.13]), compared to 

when she did not smile (estimated M = 6.87, SE = 0.40, 95% CI [6.09, 7.66]). There was no 

significant difference found between conditions where EveR-4 used a participants first name 

(estimated M = 7.62, SE = 0.40, 95% CI [6.84, 8.41]), and when she did not (estimated M = 

7.60, SE = 0.39, 95% CI [6.82, 8.38]) in regards to overall experience score (F(1, 155) = 

0.002, p = .965. There was no significant interaction found between smiling and use of first 

name, F(1, 155) = 0.05, p = .824 (see Figure 11).  
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Figure 11. Effects of smiling and use of name on perceptions of robot experience 

Note: Error bars represent 1 standard deviation of mean.  

4.5.4 Personality  

The use of smiling by EveR-4 had a significant effect on participants’ ratings of the 

robot’s personality. More participants rated EveR-4 positively on six personality items 

(generous, happy, good-natured, sociable, humane, and warm) when she smiled compared to 

when she did not smile (see Table 1).  
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Table 1. Effect of Robot Smiling on Participant Perceptions of Robot Personality Traits  

   

Smile Present 

  

Smile Absent 

  

 

Personality Item 

 

df 

 

  M 

 

SE 

  

  M 

 

SE 

 

   F 

 

     p 
 

Generous. 

(vs. Ungenerous) 

1 0.91 .03  0.64 .06 13.50  <.001 

Happy  

(vs. Unhappy) 

1 0.81 .07  0.52 .09 11.23 <.001 

Good-natured  

(vs. Irritable) 

1 0.97 .02  0.85 .04 5.33 <.022 

Humorous  

(vs. Humourless) 

1 0.01 .01  0.01 .01 0.00 .986 

Sociable  

(vs. Unsociable) 

1 0.71 .08  0.28 .08 23.08 <.001 

Important  

(vs. Insignificant) 

1 0.93 .03  0.83 .06 4.02 .047 

Humane  

(vs. Ruthless) 

1 0.93 04  0.77 .05 4.95 .028 

Talkative  

(vs. Restrained) 

1 0.28 .07  0.13 .05 5.60 .019 

Warm (vs. Cold) 1 0.72 .05  0.43 .06 13.09 <.001 

 

Wise  

(vs. Shrewd) 

1 0.67 .10  0.56 .11 1.25 .265 

Popular  

(vs. unpopular) 

1 0.58 .07  0.43 .07 3.37 .068 

Good-Looking  

(vs Unattractive) 

1 0.57 .08  0.47 .08 1.50 .223 

Persistent 

(vs. Unstable) 

1 0.75 .09  0.73 .09 0.05 .824 

Frivolous  

(vs. Serious) 

1 0.912 .04  0.97 .02 2.67 .104 

Altruistic  

(vs. Self-centred) 

1 0.89 .04  0.78 .05 3.16 .078 

Imaginative  

(vs. Hard-headed) 

1 0.29 .05  0.15 .09 3.79 .054 

Strong 

(vs. Weak) 

1 0.62 .09  0.63 .09 .03 .875 

Honest  

(vs. Dishonest) 

1 0.95 .03  0.90 .04 1.39 .240 

 
Note: Bolded p value indicated a significance of p<.05. M= Mean. SE= Standard Error. 

 

Participants rated EveR-4 as significantly more humane when she used their first name 

compared to when she did not (Coefficient = -1.38, SE = 0.594, p = .022). No other 
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personality items were significantly affected by use of first name. There was no significant 

interaction effect found between name and smiling variables for any personality item.  

4.5.5 Effects of Smiling on Perceptions of Robot Behaviours 

Participant perceptions of smile frequency were significantly different following 

conditions where EveR-4 smiled, compared to conditions in which smiling was not present 

(F(1, 154) = 15.26, p < .001). In trials where smiling was used, EveR-4 was rated as smiling 

just the right amount of time in 60% of trials, not enough 34% of the time, and too much 6% 

of the time. In trials where smiling was absent, EveR-4 was rated as smiling not enough 67% 

of the time, smiling just the right amount of time by 30%, and too much by 3%.  

Perceptions of EveR-4’s smiling were found to be unaffected by EveR-4’s use of a 

participant’s first name, F(1, 154) = 0.05, p = .816), with no significant difference in 

participant ratings of EveR-4’s smile frequency between conditions in which EveR-4 used a 

participant’s first name and when first name was not used. There was no significant 

interaction effect found between the two variables, F(1, 154) = 0.03, p = .861.  

4.5.6 Participants Own Smiling 

Participants were found to perform a significantly greater number of natural smiles (F(1, 

82) = 5.10, p= .027) in conditions where EveR-4 smiled (estimated M = 2.24, SE = 0.39, 95% 

CI [1.47, 3.02]), as opposed to when she did not smile (estimated M = 1.35, SE = 0.39, 95% 

CI [0.57, 2.13]). Use of name had no significant effect on smiling (F(1, 82) = 0.060, p = 

.805), with no significant difference in smile frequency found between conditions where 

EveR-4 used a participant’s name (estimated M = 1.75, SE = 0.40, 95% CI [0.95, 2,54]), and 

when she did not use a name (estimated M = 1.85, SE = 0.38, 95% CI [1.08, 2.71]). There 

was no significant interaction effect found between the two variables, (F(1, 82) = 0.24, p = 

.626).  
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4.6 Discussion 

In this study we examined the effect of a robot medical receptionist’s social 

communication behaviours, specifically that of smiling and use of first name, on human 

perceptions, attitudes, and behaviours. As hypothesised, smiling by the EveR-4 robot resulted 

in significantly higher ratings of robot friendliness, more positive attitudes towards EveR-4, 

better perceptions of the robot’s personality, and greater perceptions of the robot’s agency 

and experience. In addition, we found that participants smiled significantly more often in 

conditions where EveR-4 smiled. We further found that participants rated the frequency of 

the robot’s smiling as more appropriate in the smiling conditions.  

Contrary to hypotheses, use of the participant’s first name had no effect on perceptions of 

friendliness or attitudes towards the robot. Use of first name also had no effect on participant 

perceptions of the robot’s agency or experience. Use of name did, however, result in 

participants being significantly more likely to rate the robot as humane (compared to 

ruthless).  

4.6.1 Comparisons with Prior Work 

As discussed, prior research in human behaviour has found smiling to be associated with 

increased positive perceptions, such as sincerity, intelligence, warmth, likeability and 

friendliness (de Lemus et al., 2012; Gueguen & De Gail, 2003; Lau, 1982; Reis et al., 1990). 

Our results reflect these findings, with participants rating the robot as significantly more 

friendly, happy, good natured, experienced, and warm when it smiled. EveR-4 was also rated 

as being significantly higher in both agency and experience, in conditions in which she 

smiled as opposed to those conditions in which she did not. Appropriate use of smiling by 

healthcare professionals has been found to be associated with higher patient perceptions of 

skill level and friendliness (Gueguen & De Gail, 2003; Wysong & Driver, 2009). It may be 
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that the use of smiling by the EveR-4 robot, caused participants to perceive EveR-4 as more 

skilled and friendly, resulting in more positive ratings across a number of variables.  

Similar to our findings, previous research has shown that smiling by a virtual agent 

increased human smiling (Kramer et al., 2013). Smiling by an avatar was also associated with 

increased human perceptions of the avatar’s social presence (Oh et al., 2016). These findings 

are also supported by our research, as participants rated the EveR-4 robot higher in both 

experience and agency, in conditions where the robot smiled as opposed to conditions where 

she did not. In addition, the EveR-4 robot was rated as significantly more sociable (versus 

unsociable) following conditions in which it smiled.  

In regards to robotics research in particular, this is the first study to show that robot 

smiling can significantly increase ratings of robot friendliness, personality, agency, and 

experience. This is also the first study to show that robot smiling can significantly increase 

human smiling. Although prior robotics research did find that robot smiling increased 

participant smiling, these findings were not statistically significant (Riek et al., 2009).  

Use of first name by the robot resulted in significantly more participants rating the robot as 

humane. In research by Hewitt et al. (2009) involving human medical receptionists, a 

personalised approach, such as using a patient’s first name, resulted in increased rapport 

between the medical receptionist and patient. It might be that the robot’s use of a participant’s 

first name increased rapport, resulting in higher perceptions of humanity.  

4.6.2 Contribution to Existing Literature 

This research highlights the importance of smiling as a basic social behaviour that should 

be considered in the design of social robots. Although many engineers already include robot 

smiling as a default social behaviour, this is the first study to produce evidence relating to the 

significant effect robot smiling has on user perceptions of robot friendliness, personality, 
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attributes, and capabilities. Although the robot’s use of a participant’s first name did not 

influence many of the outcomes measured, it did positively increase participant perceptions 

of the robot being humane. This is another valuable and novel finding in regards to robot 

social communication behaviours and an important social skill for use by receptionist robots.  

4.7 Limitations 

Limitations of this study include the repeated measures design, which can cause practice 

or fatigue effects. To reduce the likelihood of order effects we randomised the order of the 

conditions. When analysing results, we found that order effects were not significant in any 

models. Future research could replicate this study using a between groups design in order to 

corroborate findings. Additional limitations include the use of a student sample and 

experimental setting. Due to these limitations the results of this study may not generalise to a 

patient population in a real clinic. Finally, as the EveR-4 robot is a ‘head and neck’ robot 

without a body, it is important to recognise that different results may have been found had a 

‘full-bodied’ robot been used. While it is not unusual for researchers to use ‘head and neck’ 

robots in studies examining HRI (Breazeal, 2003a; Breazel, 2003b; Riek et al., 2009), 

funding restraints dictated the decision to use a ‘head and neck’ robot in this study.  

It is important for future research to test the effects found in this study with patient 

populations in healthcare environments. In addition, future work could investigate whether 

the use of smiling and first name by a healthcare robot in situations other than those 

considered here, such as blood pressure checks or medication reminders, have an effect on 

study outcomes.  

Uncanny valley theory posits that human responses to a robot will shift from positive to 

revulsion or ‘eeriness’ as the robot approaches (but fails to completely mimic) a human 

appearance (Mori et al., 2012; Walters et al., 2008). Indeed, some participants in this 
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experiment mentioned finding the robot ‘scary’ or ‘creepy’. If participants found the robot 

uncanny, this might have resulted in lower ratings and occluded some of the experimental 

effects. Future research therefore could replicate the study with a less human-like robot. 

4.8 Conclusion 

In conclusion, this study shows that both smiling and the use of the participant’s first name 

have positive effects on perceptions of a medical receptionist robot. The effects for smiling 

were the strongest and affected perceptions of mind, personality, friendliness, as well as 

overall attitudes and smiling behaviour, whereas the use of the name only affected 

perceptions of robot personality. These results have implications for choice of social 

behaviours for robots in healthcare environments. 
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Chapter 5- Robot Self-disclosure, Voice Pitch, and Use of Forward Lean 

Behaviours  

5.1 Preface 

Chapter 5 presents the second experimental study conducted as part of this thesis. In this 

study, robot attentional behaviours were specifically examined. The ability to engage, 

maintain, and demonstrate attention when interacting with others is a salient aspect of human 

interaction. Attentional behaviours are no less important when considering interactions 

between humans and robots.  

Chapter 3 identified a number of salient attentional behaviours. Of these, self-disclosure, 

voice pitch, and use of a forward lean, were identified as key behaviours associated with 

positive patient outcomes, but significantly understudied in the context of HRI. Indeed, at the 

time of this research, no other study had examined the effect of self-disclosure, voice pitch, or 

forward lean behaviours by a healthcare robot, on any user attentional outcomes. The current 

study therefore examined the effect of these behaviours, when demonstrated by a healthcare 

robot, on participant perceptions of engagement, robot attention, and robot empathy. 

Participants own attentional behaviours were also examined, via recording and analysis of 

participant eye gaze, forward lean, and laughing behaviours.  

The current study differed from the previous study in this thesis (Chapter 4) in two distinct 

ways. The first is in regards to the experimental design. The previous study made use of a 

within-subjects design. Though order effects were minimised through randomisation of 

condition order, this was still a limitation of the study. The current study therefore, employed 

a between-subjects design in order to improve on the previous study. The second difference 

was in regards to the robot itself. The previous study used the EveR-4 robot, which is able to 
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display a number of facial expressions and was therefore a logical choice for examining the 

use of robot smiling. The current study however used the Nao robot. This robot was chosen 

primarily due to its ability to demonstrate a forward lean; a movement pattern that the EveR-

4 robot is unable to perform.  

As with the previous study (Chapter 4), the current study used a scripted interaction in 

which participants engaged with a ‘medical receptionist robot’ in a simulated healthcare 

interaction. The tasks undertaken by the robot, in both the previous and current experimental 

study, included simulated activities such as checking in participants for a doctor’s 

appointment and assisting participants in collecting a medication prescription. These tasks 

were specifically chosen as they account for around 90% of the tasks undertaken by human 

medical receptionists in General Practice clinics (Hewitt et al., 2009). 

5.1.1 Citation 

Johanson, D. L., Ahn, H. S., MacDonald, B. A., Ahn, B. K., Lim, J., Hwang, E., 

Sutherland, C. J., & Broadbent, E. (2019). The effect of robot attentional behaviors on user 

perceptions and behaviors in a simulated healthcare interaction: Randomized controlled trial. 

Journal of Medical Internet Research, 4(21): e13667. https://doi.org/10.2196/13667 
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5.2 Introduction 

The use of social robots in home and healthcare environments is fast becoming a reality 

(Bemelmans et al., 2015; Robinson et al., 2013). Although much robotics research is focused 

on the technical capabilities of robots, it is also important that research considers the 

behaviors of robots to ensure that interactions between humans and robots are successful. 

Consideration of robot social behaviors is perhaps even more salient when considering 

healthcare robots, which may be interacting with potentially vulnerable individuals on a daily 

basis. For interactions between patients and healthcare robots to be successful, these robots 

will need to behave in a way that is not only useful but also acceptable and comfortable 

(Walters et al., 2007). One way to inform research investigating appropriate robot social 

behaviors in HRI is to consider the social behaviors that lead to successful human 

interactions.  

Attentional behaviors are an important group of human social behaviors, fundamental to 

ensuring successful interactions. Attentional behaviors include the ability to not only 

demonstrate attention but also to engage and maintain the attention of others. As put by Zhao 

et al. (2014), “mutual attentiveness leads to an experience of connectedness” (p. 515). Given 

the importance of attention in human social interactions, it is critical that researchers 

investigating the social aspects of healthcare robots explore human attentional research to 

inform potential research within this area. A number of researchers have, in fact, taken this 

approach, researching several key human attentional behaviors within the context of HRI. 

One of these key behaviors is eye gaze.  

Eye gaze is crucial to establish human joint attention, which, in turn, is a critical aspect of 

human learning, communication, and social interaction (Mundy et al., 2007; Rohlfing et al., 

2012). In a healthcare context, the appropriate use of eye gaze by a physician has been found 
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to be associated with increased patient satisfaction and increased patient ratings of physician 

empathy, physician attention, and physician warmth (Griffith et al., 2003; Harrigan et al., 

1985). In HRI, robot eye gaze has been found to increase human attention and engagement 

and facilitate comprehension of robot communication (Karreman et al., 2013; Kirchner et al., 

2011; Moon et al., 2014).  

Despite growing research into the importance of robot attentional behaviors, a number of 

key human attentional behaviors are yet to be explored within the context of HRI, especially 

in healthcare. Three such attentional behaviors include the use of self-disclosure, voice pitch 

changes, and a forward lean. These attentional behaviors have been found to be important in 

human social interactions and in interactions between patients and healthcare professionals. 

The following section of this paper describes previous research examining the use of self-

disclosure, voice pitch, and forward lean in human interactions. In the instance that research 

has been done exploring one of these behaviors in the context of HRI, this is presented. 

5.2.1 Self-Disclosure 

Self-disclosure refers to the act of revealing personal information about oneself to another  

and is recognized as central to the process of building close relationships (Essel et al., 2017). 

Research into the use of self-disclosure in human interactions has found that self-disclosure is 

more effective when negatively skewed. For example, Zhao et al. (2014) found that in 

conversations between two individuals, previously unknown to each other, self-disclosure 

was often in the form of personally negative statements (eg, “I’m always late for the bus”), 

and that these statements were then often met with similarly negative statements (“Me too!”). 

The authors state that this seemingly superficial conversation tool increased mutual gaze 

among participants and often lead to more intimate conversation. Failure to reciprocate 

negative self-disclosure can lead to decreases in feelings of rapport (Bronstein et al., 2012). 
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The study of robot self-disclosure and its effect on HRI is limited. In the research that has 

been undertaken so far, the use of self-disclosure by a robot has been shown to increase 

users’ ratings of a robot’s agency and experience (Eyssel et al., 2017), stabilize users’ anxiety 

about a robot’s communication capacity (Nomura et al., 2011), increase users’ perceptions of 

a robot’s likeability, and decrease users’ feelings of control (Siino et al., 2008). No research 

to date has examined the effect of robot self-disclosure on human engagement or attention. 

Patient attention and engagement are critical to patient satisfaction and adherence; therefore, 

it is important that further research is conducted to investigate whether self-disclosure from a 

robot can influence attention to the robot in a healthcare application (Broadbent, Johanson et 

al., 2018 ). 

5.2.2 Forward Body Lean 

It is equally important to examine nonverbal attentional behaviors as it is to examine 

verbal attentional behaviors. Eye gaze is one example of an important nonverbal attentional 

behavior, used by a listener to engage and demonstrate attention toward a speaker. The use of 

a forward body lean by a listener is another salient way to display attention, interest, and 

agreeance toward a speaker (van der Kooij et al., 2006; Whitlock et al., 2018; Wilbur et al., 

1998). Leaning forward toward another individual to display attention is an almost automatic 

behavior and is even found to be used in those communicating through sign language (Wilbur 

et al., 1998).  

Given the importance of using a forward body lean to demonstrate attention in human 

interactions, it is perhaps surprising to note that there has been no research undertaken 

examining the effect of robot forward body lean, in the context of HRI, on any outcome 

variables. There has been some research on robot forward neck tilt, which, when used 

alongside expressive facial movements, has been shown to aid human recognition of robot 
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emotions (Breazeal, 2003a), human comprehension of robot behaviors, and facilitate turn-

taking (Breazeal, 2003b). The robot used in these studies, however, was not a healthcare 

robot and was made up of a head and neck with no body. The lack of research on forward 

body lean by any robot, particularly a healthcare robot, represents an important gap in our 

knowledge. 

5.2.3 Voice Pitch Changes 

A person’s voice pitch, or in other words, how low or high a voice is in frequency 

(Niculescu et al., 2013), conveys a range of information to others, such as gender and 

emotional affect (Niculescu et al., 2013; Saxton et al., 2016). Voice pitch has even been 

found to influence perceptions of attractiveness, with research finding that men rate woman 

with high-pitched voices as more attractive than those with low-pitched voices (Collins & 

Missing, 2003). Research in the area of verbal communication has found that individuals can 

determine the personality traits of others with considerable accuracy, purely through patterns 

of speech, such as speed and voice pitch (Kwon et al., 2013).  

Voice pitch and voice pitch changes are an important part of attending behaviors and 

essential for communication (Sommers-Flannagan & Sommers-Flannagan, 2012). Voice 

pitch changes allow a speaker to place emphasis on certain words, infuse emotion into 

specific phrases, and influence comprehension through the use of inflection (e.g., in the case 

of a statement or question) to initiate and sustain the attention of others (Sommers-Flannagan 

& Sommers-Flannagan, 2012; Kort et al., 2014). Therefore, key is the use of voice pitch 

changes in attention and communication, for example, individuals often exaggerate voice 

pitch changes when storytelling to hold the attention of their audience (Theune et al., 2006).  

Other research investigating voice pitch in human interactions provides further support for 

the effect of voice pitch on attention. A recent study found that retention of content in long-
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term memory was higher when individuals listened to voices using high and low voice 

pitches, as opposed to a medium voice pitch (Helfrich et al., 2011). This finding was 

independent of whether individuals listened to natural voices or voices that had been 

manipulated. These studies provide a rationale for examining the effects of both high and low 

robot voice pitch changes on HRI.  

Although previous research in HRI has investigated robot voice–related variables, such as 

robot voice gender (Crowelly et al., 2009), robot voice age  (Edwards et al., 2019), and robot 

voice human likeness (Trovato et al., 2015), in regard to user outcomes, only one study to 

date has explored the effect of robot voice pitch in the context of HRI. This study by 

Niculescu et al. (2013) compared a robot with a high voice pitch against a robot with a low 

voice pitch, finding that the robot with the high voice pitch was rated by participants as 

significantly more likable and attractive, with a better personality. In addition, the interaction 

with the robot with the high-pitched voice was rated more exciting, entertaining, and 

enjoyable. 

5.2.4 Justification for Research in Healthcare 

A model of robot-patient interaction proposes that behaviours that are important in 

physician-patient communication may also be important in communication between 

healthcare robots and patients (Ha et al., 2010). Self-disclosure, forward lean, and voice pitch 

are key behaviors in good physician-patient communication, as detailed below. Therefore, 

these behaviors are likely to be important in interactions between healthcare robots and 

patients to establish a good rapport. However, research is needed to test this hypothesis. 

5.2.4.1 Physician patient communication theory 

Doctor-patient or physician-patient communication theory posits that the way in which a 

physician communicates with a patient is just as important as the information they provide for 
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patient outcomes. Physician-patient communication is key to building rapport with patients 

and central to the delivery of appropriate healthcare (Ha et al., 2010; Traveline et al., 2005). 

Effective physician verbal and nonverbal communication has been found to decrease patient 

anxiety and psychological distress (Butow et al., 1996; Stewart et al., 1999), facilitate patient 

understanding of medical information (Travaline et al., 2005), and increase patient 

satisfaction (Ha et al., 2010).  

The central goals of effective physician-patient communication are to facilitate the 

establishment of rapport, enable exchange of health-related information, and promote patient 

involvement in treatments plans and health-related decision making (Ha et al., 2010; Simpson 

et al., 1991; Stewart et al., 1999; Travaline et al., 2005). To accomplish these goals, a 

physician needs to act in a way that demonstrates their attention to the patient. In fact, the 

Toronto Consensus Agreement recommends that all physicians should actively attend to 

patients to encourage full expression of health concerns, without interruption or premature 

closure of conversation (Simpson et al., 1991). 

5.2.4.2 Forward lean in healthcare 

As previously discussed, use of a forward body lean is one way to demonstrate attention 

and establish rapport. In a healthcare context, forward lean is used by clinicians to 

demonstrate attention or active listening to patients (Helfrich et al., 2011). Indeed, a study by 

Sharpley and Sagris (2007) found that the use of forward lean by a counsellor was associated 

with increased client ratings of rapport. In research examining physician-patient interactions, 

the use of forward lean by a physician was found to be associated with positive patient 

perceptions of physician empathy, respect, and genuineness (Hall et al., 1995). A systematic 

review by Beck et al. (2002) found physician forward lean to be among the behaviors that 

were significantly associated with increased physician-patient rapport, increased patient 
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satisfaction, and increased patient understanding. Owing to the fact that forward lean is used 

as a way of demonstrating attention across many cultures, its use is recommended to 

healthcare professionals as appropriate for use with most patients (Helfrich et al., 2011).  

5.2.4.3 Self-disclosure in healthcare 

Although many physicians are trained not to self-disclose, a recent systematic review 

found self-disclosure was routinely used by physicians in clinical practice (Allen et al., 2015). 

This same review found that, when used appropriately, self-disclosure by a physician had the 

potential to significantly increase patient satisfaction and physician patient rapport. In 

clinicians, appropriate use of self-disclosure usually involves the disclosure of personal 

information to a patient that is relevant to the therapeutic process (Audet et al., 2010). In this 

way, self-disclosure is able to demonstrate to a patient that they have been heard, as well as 

creating a feeling of shared experience. 

5.2.4.4 Voice pitch in healthcare 

In clinicians, voice pitch (or voice tone) is used as a way to demonstrate attention and 

empathy to patients (Helfrich et al., 2011). In a review of doctor-patient communication 

(Williams et al., 1998), researchers found that patients were less satisfied with their 

consultation when their physician used a negative voice tone or had tension in their tone. In a 

later study of surgeons’ malpractice history, surgeons who were perceived to have a dominant 

voice tone (i.e., deep and loud) were more likely to have been sued by patients compared 

with surgeons with a less dominant voice pitch (i.e., higher and softer) (Ambady et al., 2002). 

5.2.5 This Study  

The human medical receptionist is the first point of contact for patients seeking medical 

assistance in specialist and General Practice clinics (Neuwelt et al., 2015). As such, the 

communication behaviors of receptionists can significantly impact patients (Ward & 
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McMurray, 2011; Hewitt et al., 2009). It is therefore important that researchers investigate 

which aspects of human behaviors are appropriate for medical receptionist robots to ensure 

interactions are successful.  

As detailed above, a number of human attentional behaviors have yet to be fully explored 

within the context of healthcare HRI. In regard to self-disclosure, a handful of studies have 

investigated the effect of robot self-disclosure on user outcomes such as anxiety (Siino et al., 

2008), perceived robot likeability (Nomura et al., 2011), and perceived robot mind attribution 

(Eussel et al., 2017). However, no studies have investigated the effect of robot self-disclosure 

on any user attentional outcomes, such as engagement (attention), perceived robot attention, 

and perceived robot empathy, or user attentional behaviors in healthcare. In regard to forward 

body lean, no study could be found investigating the effect of robot forward body lean on 

user attentional behaviors or any other outcome. 

Although one study has compared the effect of a robot using a high voice pitch against the 

effect of a robot using a low voice pitch, no study could be found investigating the effect of a 

robot using both high and low voice pitch changes within a single HRI. Given the importance 

of self-disclosure, forward lean, and voice pitch changes in both human social interactions 

and interactions between healthcare professionals and patients, it is critical that robotics 

researchers investigate these attentional behaviors in interactions between robots and human 

users. Research in this area could potentially inform the future design and implementation of 

not only social robots but also, more specifically, healthcare robots. 

5.2.6 Study Objectives and Hypotheses 

The aim of this research was to investigate the effects of robot self-disclosure, forward 

lean, and voice pitch changes on user perceptions and attentional behaviors in a healthcare 

context. We hypothesized that, compared with a neutral condition, these robot behaviors 
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would increase participants’ perceptions of engagement, robot empathy, and robot attention 

and increase participants’ own attentional behaviors. 

5.3 Methods 

5.3.1 Experimental Design 

A between-subjects experimental study was conducted at the University of Auckland, 

Auckland, New Zealand. Participants completed baseline measures before being randomised 

to one of the four experimental groups (i.e., self-disclosure, voice pitch, forward lean, or 

neutral condition). Following the interaction with the robot, post-interaction measures were 

completed. The interaction between each participant and the robot was video recorded from 

three different angles to allow for coding of participant behaviors (Figure 12 ). 

 

Figure 12. Experimental setup 

 

5.3.2 Participants  

Participants were recruited through flyers posted at the University of Auckland’s 

campuses and through emails to students. Eligibility criteria were being 16 years of age or 

older and fluent in English. Written informed consent was obtained. 
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5.3.3 The Robot 

A Nao robot (Softbank, Japan) was chosen for this study, as it was able to meet the 

requirements of the experimental conditions in regard to forward body lean, spoken 

conversation, and voice pitch changes. The Nao robot is an autonomous, programmable, 

humanoid robot, able to perform a variety of physical movements and speech patterns (Figure 

3). A single Nao robot was used, with each participant interacting with the robot on an 

individual basis. 

5.3.4 Procedure 

Once randomised to one of the four experimental conditions, participants were asked to 

imagine that they were attending their current GP’s office, and the Nao robot was the robot 

receptionist. The participant was provided with a script for use during the interaction with the 

robot. This script was identical for all conditions and instructed participants to undertake a 

variety of tasks during their interaction with the Nao robot. The tasks undertaken during the 

interaction included activities that account for over 90% of the interactions between human 

medical receptionists and patients, such as checking in for a doctor’s appointment and 

collecting a prescription (Hewitt et al., 2009). Once the robot operator selected the 

appropriate experimental interaction, the robot introduced itself as “Nao the Receptionist 

Robot” before enquiring as to how it could be of help to the participant. The Nao robot used 

identical speech responses and prompts across all conditions, with the exception of the self-

disclosure condition.  

In the self-disclosure condition, the Nao robot stated, “I’m a little nervous about this task” 

after introducing itself to the participant. In addition, when a participant advised that they 

could not remember the name of the doctor they were seeing (as per the participant script), 

the robot stated, “no problem, I forget things too sometimes” before continuing the scripted 
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interaction. In the forward body lean condition, the Nao robot leaned (approximately 20cm) 

forward toward a participant when he or she was speaking, maintaining a neutral standing 

position during the rest of the interaction (Figure 13). 

 

Figure 13. The Nao robot – from a neutral standing to forward lean position 

In the voice pitch condition, the Nao robot both increased and decreased its voice pitch 

within the single interaction. The Nao robot decreased its voice pitch (by 15%) when 

apologising and advising a participant that their script was not available for collection. This 

lowering of robot voice pitch was intended to display robot sadness to the participant in 

relation to being unable to assist with their request. Studies investigating vocal emotion 

recognition have shown that sadness is best recognized through voice alone when a lower 

voice pitch is used (Gold et al., 2012; Leitman et al., 2010) (compared with a neutral). The 

robot increased its voice pitch (by 15%) when advising a participant, it was “no problem” in 

regard to helping the participant with the name of the doctor they were seeing and when 

stating “I hope you have a nice day” at the end of the interaction. This increase in robot voice 

pitch was intended to display robot happiness to the participant in relation to being able to 

assist the participant and in wishing them a good day. Studies investigating vocal emotion 
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recognition have shown that happiness is best recognized through voice alone when a higher 

voice pitch is used (Gold et al., 2012; Leitman et al., 2010) (compared with a neutral). 

Finally, in the neutral condition, the Nao robot maintained a neutral standing position and 

neutral voice pitch throughout the interaction, with no self-disclosure. 

5.3.5 Measures 

5.3.5.1 Participant engagement 

A Likert scale was developed using an adaption of the stimulation items from the MFQ 

(Mendelson & Aboud, 1999b), along with an adaption of the engagement items used in the 

human-robot engagement study by Snider et al. (2004). The Cronbach alpha for the 

combination of these Likert items was found to be .86, showing excellent reliability. 

Therefore, the scores from these items were added to create a total participant engagement 

score.  

In addition, pair-choice items were developed using an adaption of the stimulation  

(paired) items from the AttrakDiff user experience tool created by Hassenzahl et al. (2013). 

All pair choice items were analyzed separately. Adaptions of both the MFQ and the 

AttrakDiff user experience tool have been used previously in HRI research (Leite et al., 2013; 

Niculescu et al., 2013). 

5.3.5.2 Perceived robot attention 

No scale was found measuring human perceptions of robot attention or attentiveness. 

Therefore, a new measure was created using an adaption of the stimulation items from the 

MFQ (Mendelson & Aboud, 1999b), along with an adaption of the engagement items used in 

the HRI study by Snider et al.  (2004). The Cronbach alpha for this measure was .89, showing 

excellent reliability. Thus, the scores from all items were added to create a total perceived 

robot attention score. 
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5.3.5.3 Perceived robot empathy 

An adaption of the MFQ (Mendelsen & Aboud, 1999b) was used along with an adaption 

of the CARE measure (Mercer et al., 2004). The CARE measure assesses patient perceived 

empathy in relation to clinical encounters and has been found to be both valid and reliable 

across clinical settings (Wirtz et al., 2011; Bikker et al., 2015). An adaption of the MFQ was 

used in research investigating perceived robot empathy by Leite et al. (2013). The Cronbach 

alpha for this combined measure was found to be .82. After removal of the item, “I think Nao 

had fun during this interaction,” Cronbach alpha increased to .89. Therefore, the scores from 

all remaining items were added to create a total perceived robot empathy score. 

5.3.5.4 Observer ratings 

The video ratings were used in addition to self-reports to measure participant attention and 

engagement. Eye gaze and forward lean were used to measure attention, and smiling and 

laughter were used to measure engagement. Video recordings were viewed to determine the 

overall time (in seconds) that each participant spent looking at the Nao robot during the 

interaction. Using this time and the total interaction time, a percentage was able to be 

determined in regard to the time spent looking at the Nao robot. Each video recording was 

coded in regard to whether or not a participant leant toward the Nao robot during the course 

of the interaction. A forward lean was identified by placing a visual marker on the 

participants’ midback (during the video playback) when they had settled into the 

experimental chair and then watching to see if the participant leaned toward the robot, 

forward from the marker, at any time during the interaction (Figure 14).  



Chapter 5 

95 

 

 

Figure 14. Participant moving from neutral to forward lean position 

As many participants sat down and immediately leant forward (resting their forearms on 

the table), this posture was not identified as a forward lean unless active forward leaning past 

this neutral point was identified. In addition, many participants leant forward into the 

microphone (that was positioned on the desk) when they spoke, and therefore, this forward 

leaning movement was disregarded. 

Each of the video recordings was then viewed to determine the overall time (in seconds) 

that each participant spent smiling during the interaction with the Nao robot. As with time 

spent looking at the robot, this time was used to give a percentage of time spent smiling at the 

robot for each participant. Each video recording was also coded in regard to whether or not a 

participant laughed during the course of the interaction with the Nao robot. The coding in 

regard to whether or not a participant laughed during the interaction with Nao was based on 

the laughter intensity and frequency scale developed by Law et al. (2018).  

5.3.6 Statistical Analyses 

5.3.6.1 Power  

The sample size was determined by a power analysis using the G*Power program created 

by Faul et al. (2007). The following parameters were selected: an alpha error probability of 
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.05, power of 0.80, and an effect size (f) of 0.31. The effect size used was based on an 

average of the effect sizes found in previous studies examining robot social behaviors in the 

context of HRI (Niculescu et al., 2013; Nomura et al., 2011). The analysis revealed a total 

sample size of 180 participants (45 participants per experimental condition) would be 

required. 

5.3.6.2 Interaction times 

 A one-way analysis of variance (ANOVA) was used to analyze the total interaction times 

to determine if time spent with the Nao robot differed significantly between conditions. This 

analysis was undertaken as a significant difference in interaction times between groups would 

represent a potential confound. 

5.3.6.3 Self-report measures 

 One-way ANOVAs were used to analyse the total participant engagement and total 

perceived robot empathy scores, with a posthoc (Tukey) test used to compare the conditions 

pairwise when an ANOVA was found to be significant. Fisher exact tests were used to 

analyse the results of the pair-choice engagement items. A Kruskal Wallis test was performed 

to analyse total perceived robot attention because of the data being found to violate 

normality. 

5.3.6.4 Video analyses  

One-way ANOVAs were used to analyse the percentage of time participants spent looking 

at the robot (participant eye gaze), as well as the percentage time participants spent smiling 

during the interaction with the robot, with a posthoc (Tukey) test used to compare the 

conditions individually when an ANOVA was found to be significant. Fisher exact tests were 

used to determine if any significant differences existed between conditions in regard to 

whether or not participants laughed during the interaction with the robot, as well as whether 



Chapter 5 

97 

 

or not participants leaned toward the robot during the interaction. All analyses were 

performed using the SPSS, version 22. 

5.4 Results 

5.4.1 Manipulation Check  

A manipulation check was performed using a convenience sample (n= 10). Participants 

undertaking the manipulation check were asked to view four separate video recordings of the 

robot (one video of each condition) and completed a brief measure after each video. The 

measure used asked participants to indicate whether the robot in the video demonstrated a 

forward lean, used self-disclosure statements, used voice pitch changes, or none of the above. 

Before viewing the recordings, participants were verbally given the following definition to 

identify robot self-disclosure: “self-disclosure is the act of revealing personal information 

about oneself to another (Eyssel et al., 2017), please indicate if you feel the robot has 

revealed personal information about itself in any of the following recordings.”  

Furthermore, 100% (10/10) of participants were able to accurately identify self-disclosure 

and forward lean behaviors in the robot. Of ten participants, one (10%) confused the voice 

pitch and neutral conditions, but the remaining nine participants (90%) were able to 

accurately identify voice pitch changes and neutral behaviors in the robot. 

5.4.2 Participants 

In total, 181 participants took part in this study. Participants were predominantly female 

(112/181, 61.9%) and ranged in age from 17 to 80 years (M= 25.8, SD= 10.21). Most 

participants were students (n= 139), followed by part-time employees (n= 20), full-time 

employees (n= 19), and those who were retired or currently unemployed (n= 4). Participants 

mainly identified as being of New Zealand European ethnicity (n= 57), followed by Chinese 

(n= 37), Indian (n= 29), Korean (n= 5 ), Māori (n= 4), Samoan (n= 3), and Tongan (n= 1). In 
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addition, 49 participants identified as having an ethnicity other than those listed on the 

baseline questionnaire form. Most participants (148/181, 81.8%,) advised that they had never 

before interacted with any kind of robot. 

5.4.3 Interaction Times 

Interactions ran from 145 to 284 seconds in total, with a mean total interaction time of 182 

seconds. There were no significant differences found between the means of the neutral 

(187.98), forward lean (178.26), self-disclosure (180.72), and voice pitch (180.67) conditions 

in regard to total interaction time with the Nao robot (F(3,173) = 1.14, p= .34).  

5.4.4 Participant Perceived Engagement Scores  

A one-way ANOVA of total participant engagement scores (F(3,177) = 1.420,  p= .24) 

found no significant difference between the means of the neutral (M= 26.96, SD= 5.80), 

forward lean (M= 27.38, SD= 5.87), self-disclosure (M= 28.22, SD= 5.39), and voice pitch 

(M= 25.84, SD= 5.26) conditions.  

A Fisher exact test of pair-choice engagement items found that participants in the voice 

pitch condition were significantly more likely to rate Nao as boring (as opposed to 

interesting) compared with the neutral, self-disclosure, and forward lean groups (χ2
3= 10.3; 

p< .001, n= 179). A large effect size (Cramer’s V= .29) was found for this item. No 

significant differences were found between the conditions in regard to participant rating of 

unimaginative versus creative (χ2
3= 2.4, p=  54, n= 178), cautious versus bold (χ2

3= 5.6, p= 

.13, n= 172), innovative versus conservative (χ2
3= 0.3, p= .97, n= 180), dull versus absorbing 

(χ2
3= 5.5, p= .14, n= 177), or novel versus conservative (χ2

3= 3.4, p= .34, n= 178). 

Participants in the voice pitch and neutral conditions were significantly more likely to rate 

Nao as unstimulating (as opposed to stimulating) compared with the self-disclosure and 
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forward lean groups (χ2
3= 8.8, p= .03, n= 176). A medium effect size (Cramer’s V= .22) was 

found for this item. 

5.4.5 Perceived Robot Empathy 

A one-way ANOVA of total perceived robot empathy scores (F(3,175) = 1.89, p= .13) 

found no significant differences between the means of the forward lean (M= 44.23, SD= 

6.72), self-disclosure (M= 43.83, SD= 7.32), voice pitch (M= 41.33, SD= 6.92), and neutral 

(M= 41.95, SD= 6.38) conditions. 

5.4.6 Perceived Robot Attention 

A Kruskal-Wallis test of total perceived robot attention scores (χ2
3= 1.1, p= .78, n= 181) 

found no significant difference between the mean rank (MR) scores of the forward lean (MR= 

94.44), self-disclosure (MR= 94.63), voice pitch (MR= 90.02), and neutral (MR= 84.82) 

conditions. 

5.4.7 Participant Behaviours 

In total, 174 video recordings were coded for analysis. Of the seven participant 

interactions that were not analysed, five were excluded because of the technical difficulties 

with recording equipment, and two were excluded because of participants’ refusal to be 

recorded during the interaction. 

5.4.7.1 Participant eye gaze 

There was a significant difference in the percentage time participants spent looking at the 

Nao robot during the interaction (F(3,173) = 8.13, p< .001). Participants in the forward lean 

(M= 78.80, SD= 8.98) condition spent significantly more time looking at the robot compared 

with participants in the neutral (M= 69.14, SD= 10.96) and voice pitch (M= 73.30, SD= 9.88) 

conditions. Participants in the self-disclosure (M= 76.30, SD= 8.78) condition were found to 
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have spent significantly more time looking at the Nao robot during the interaction compared 

with participants in the neutral condition. A medium to large effect size (η2= .13) was found 

for this condition. All other comparisons were nonsignificant.  

5.4.7.2 Participant use of forward lean 

There was a significant difference between the conditions in regard to whether or not 

participants leaned toward the Nao robot during the interaction (χ2
3= 22.1, p< .001, n= 174). 

Significantly more participants leaned toward the Nao robot in the forward lean condition, 

67% (31/46), compared with the self-disclosure, 47% (20/42), voice pitch, 39% (17/43), and 

neutral, 18% (8/43) conditions. A large effect size (Cramer’s V= .36) was found for this 

condition. 

5.4.7.3 Participant smiling 

There were no significant differences in the percentage of time participants spent smiling 

during the interaction with the robot (F(3,173) = 0.801, p= .50). The means of the neutral 

(M= 9.35, SD= 9.28), forward lean (M= 9.20, SD= 8.25), self-disclosure (M= 11.98, SD= 

9.73), and voice pitch (M= 10.70, SD= 10.90) conditions did not significantly differ in regard 

to the percentage of time participants spent smiling during the interaction. 

5.4.7.4 Participant laughing 

There was a significant difference between groups in whether participants laughed or not 

(χ2
3= 12.0, p= .01, n= 174). Significantly, more participants laughed in the self-disclosure 

condition, 47% (20/42), compared with the forward lean, 21% (10/46), voice pitch, 20% 

(9/43), and neutral, 18% (8/43) conditions. A medium effect size (Cramer’s V= .26) was 

found for this condition. 
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5.5 Discussion 

5.5.1 Principal Findings 

The forward body lean and self-disclosure robot behaviors showed significant effects on 

both self-reported outcomes and observed behaviors compared with the voice pitch and 

neutral conditions. Participants in the robot forward body lean condition spent significantly 

more time looking at the robot compared with participants in the voice pitch and neutral 

conditions. They were also more likely to lean forward toward the robot than those who 

interacted with a neutral robot and reported the robot was significantly more stimulating than 

participants in the voice pitch and neutral conditions. Participants in the self-disclosure 

condition also spent significantly more time looking at the robot compared with participants 

in the neutral condition, and significantly more participants in the self-disclosure condition 

laughed during the interaction compared with participants in the forward lean, voice pitch, 

and neutral conditions. The voice pitch condition had no effects or even slightly negative 

effects compared with the other conditions with participants in the forward lean, self-

disclosure, and neutral conditions finding the robot to be significantly more interesting than 

participants in the voice condition.  

There were no significant differences found between groups in regard to self-reported 

engagement, perceived robot empathy, or perceived robot attention. A potential explanation 

for these results may be found in the use of a between-subjects study design. This design may 

have resulted in a lack of comparison for the majority of participants (148/181) who had 

never interacted with any kind of robot before this experiment. Another potential explanation 

is that the novelty or excitement of a first encounter with a robot may have created some 

ceiling effects in regard to the measures used. Certainly, many participants expressed 

excitement in regard to interacting with the Nao robot, and the total scores for participant 

perceived robot attention and participant perceived engagement were positively skewed, 
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regardless of condition. Finally, some of the null outcomes may be because of the use of self-

report measures that rely on the memory of the interaction.  

In contrast, the study did find differences between groups in behavioral measures of 

attention and engagement. Differences between groups in eye gaze, laughing, and forward 

lean suggest that participant engagement was significantly higher in the forward lean and 

self-disclosure groups compared with the voice pitch and neutral conditions. Behavioral 

measures offer some advantages over self-reports, as they are less prone to memory and 

social desirability bias and can be more sensitive, valid, and reliable (Bailenson et al., 2004). 

5.5.2 Comparison with Prior Work 

5.5.2.1 Forward lean 

This study is novel in many regards. It is the first study to investigate the use of robot 

forward body lean in a HRI and the first to show that robot forward body lean can positively 

influence users’ attentional behaviors and self-reported stimulation. This finding is salient in 

terms of social robotics research, as it represents a simple robot nonverbal behavior that may 

be used to increase user engagement. Increasing engagement between healthcare robots and 

users is fundamental to ensuring positive interactions and important in establishing user 

attention and comprehension. Previous literature examining interactions between healthcare 

professionals and patients demonstrates the importance of a forward lean by a clinician to 

demonstrate active listening (Helfrich et al., 2011). By leaning forward toward participants 

when it spoke, the Nao robot may have been perceived by participants as actively listening to 

their questions and responses. It may be therefore that the increased eye gaze and forward 

body lean behaviors observed in participants in the forward body lean condition represent a 

form of reciprocated attention, or mirroring, toward the robot. This theory is supported by the 

fact that participants in the forward lean condition found the interaction with the Nao robot to 
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be significantly more stimulating and significantly more interesting when compared with the 

neutral condition. As the videos in this study were not analysed in regard to when forward 

leaning occurred, just whether or not a forward leaning behavior was observed, reciprocated 

attention, or mirroring, could not be ascertained.  

In contrast to previous research showing an association between physician forward body 

lean and patient perceptions of physician empathy (Hall et al., 1995), the robot’s use of 

forward body lean did not result in increased user perceptions of robot empathy. As discussed 

above, this finding may be because of the use of a between-subjects design, resulting in a lack 

of comparison for the majority of participants who had never interacted with a robot before. 

A within-subjects design in which participants interact with both the neutral robot and 

forward lean robot may have shown different outcomes in regard to user perceived robot 

empathy.  

5.5.2.2 Self-disclosure 

Although previous research in robotics has investigated the effect of robot self-disclosure 

in terms of decreasing user anxiety, increasing user perceived robot likeability, and increasing 

user perceived robot mind attribution (Eyssel et al., 2017; Nomura et al., 2011; Siino et al., 

2008), this is the first study to show that self-disclosure by a robot can increase user 

attentional and engagement behaviors. Although participant self-reported measures reflecting 

perceived engagement did not differ significantly when comparing the self-disclosure 

condition with the neutral condition, participants in the self-disclosure condition did spend 

significantly more time looking at the robot during the interaction compared with participants 

in the neutral condition. This observed increase in robot-directed eye gaze behaviors 

indicated that there was an increased level of participant attention and engagement with the 

Nao robot in the self-disclosure condition.  
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Once again, this increase in user engagement gives important insights into the basic social 

behaviors that a social or healthcare robot can display to increase engagement and attention 

during interactions. As discussed earlier, increased robot-directed eye gaze behaviors, such as 

seen in this experiment, have also been found in research examining the effect of self-

disclosure in human social interactions (Zhao et al., 2014).  

Participant laughing also indicates a higher level of engagement during the self-disclosure 

condition compared with the neutral condition. Participants in the self-disclosure condition 

were found to laugh significantly more than participants in any of the other conditions. This 

was an incidental finding and not one we had expected to make when beginning this 

experiment. Participants in this condition were most likely to laugh when the Nao robot 

stated, “Don’t worry, I forget things too sometimes” in response to a participant stating that 

they had forgotten the name of their doctor. It may be that, as well as acting as self-disclosure 

statement, participants perceived this statement as being humorous. The use of humor in 

healthcare environments is gaining attention as a useful therapeutic tool for the facilitation of 

positive patient health outcomes (Bennett, 2003). This in turn has generated a fledgling area 

of social robotics research investigating the effect of robot humor in HRI (Bertero et al., 

2016; Sjoberg et al., 2008). Given the significant response by participants (in the form of 

laughter) to the Nao robot’s forgetfulness, it appears that robot humor is an area worth 

exploring. 

5.5.2.3 Voice pitch 

Although previous research has examined the effect of robot voice gender, robot voice 

age, and robot voice human likeness (Crowelly et al., 2009; Edwards et al., 2019; Trovato et 

al., 2015) in regard to user outcomes, only one other study has investigated robot voice pitch 

within the context of a HRI (Niculescu et al., 2013). In this study (Niculescu et al., 2013), 
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researchers used a within-subjects design to compare participant interactions between a robot 

using a high voice pitch against interactions with a robot using a low voice pitch, finding that 

the robot with the high voice pitch was rated more positively by participants. The robot in the 

voice pitch condition of our study was programmed to use both high and low voice pitch 

changes within a single interaction. The lack of significant results in our study in regard to 

the voice pitch condition may suggest that voice pitch changes are beneficial only if they are 

in the higher range. Another potential explanation for these findings may be inadequate 

frequency and/or distinction in regard to the voice pitch changes used by the robot. Indeed, 

the manipulation check did show that one of 10 participants had difficulty distinguishing the 

voice pitch condition from the neutral condition. 

5.5.3 Contribution to Existing Literature 

This study demonstrates the importance of robot forward lean and self-disclosure in 

increasing human attentional and engagement behaviors in a healthcare application. The 

ability of a robot to attract and sustain human attention is particularity important in healthcare 

environments. Patients in these settings need to pay attention to advice, reminders, and 

recommendations of healthcare robots. The implications of this research are that social robot 

designers should consider the implementation of robot forward lean and self-disclosure to 

increase user attention, particularly with regard to healthcare robots. These results extend the 

literature demonstrating the importance of forward lean and self-disclosure in interactions 

between health professionals and patients to robots (Allen & Arroll, 2015; Beck et al., 2002; 

Hall et al., 1995; Sharpley & Sagris, 2007). Furthermore, this research supports a robot-

patient interaction model that proposes the importance of verbal and nonverbal behaviors to 

user outcomes (Broadbent, Johanson et al., 2018 ). 
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5.5.4 Limitations 

Similar to many studies in HRI, the participants were mainly students and relatively 

young. Younger people may be more positive and open in regard to interacting with a robot 

than older people, and therefore, the results may have limited generalisability to an older 

population. In addition, the study was conducted in a laboratory setting, and further research 

is needed in a more realistic setting. Another limitation is that the study used a scripted 

interaction. The behaviors and self-reported measures observed may have differed from what 

would have been observed had a natural conversation taken place between participants and 

the Nao robot. Finally, there is research to suggest that an individual’s personality type may 

influence perceptions and attitudes toward robots (Robert, 2018). As we did not use any 

measures of human personality type in this study, it is unknown whether participants’ 

personality influenced outcomes. Nevertheless, randomisation to groups should ensure that 

personality did not systematically differ between groups. A strength of the research is that 

participants were blinded to group allocation. 

5.5.5 Future Work 

Future research could consider the use of a within-subjects design to provide participants 

with a basis of comparison, allowing for greater insight into the effects of specific robot 

attentional behaviors within an experimental context. Furthermore, the use of natural speech, 

rather than a scripted interaction, may allow participants to concentrate fully on the 

interaction with the robot, as opposed to splitting attention between the robot and script.  

Given that the real-life implementation of a robot medical receptionist would certainly 

take place within a natural environment (such as a medical clinic), research exploring the use 

of a healthcare robot’s attentional behaviors within the context of such an environment (e.g., 

an actual doctor’s clinic) is necessary. This research would not only provide potentially 
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significant insight into the effect of robot attentional behaviors in naturalistic settings but may 

also allow for recruiting of a more mixed-age sample.  

Finally, research investigating the effect of robot voice pitch changes in HRI may need to 

focus on using more distinct and/or frequent voice pitch changes to see significant effects. 

Future work could accentuate a healthcare robot’s voice pitch changes and explore the effects 

on user perceptions of robot acceptability. 

5.5.6 Conclusions 

This study explored the effects of robot self-disclosure, robot forward lean, and robot 

voice pitch changes on user perceptions of engagement, robot attention, and robot empathy, 

as well as user attentional behaviors. Robot self-disclosure and forward body lean resulted in 

significantly better self-reported outcomes and observed behaviors compared with the neutral 

condition. Robot voice pitch changes did not have positive effects, but more research is 

needed to further investigate this. Exploring the effect of human social behaviors, such as 

attentional behaviors, within the context of HRI in healthcare, represents a salient opportunity 

to inform future robotic design and implementation. 
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Chapter 6- Robot Humour Behaviours  

6.1 Preface 

Chapter 6 presents the third experimental study undertaken as part of this thesis; 

examining the effect of healthcare robot humour on participant perceptions of robot 

likeability, intelligence, safety, animacy, anthropomorphism, personality, and empathy. 

Participant laughing behaviours were also recorded and analysed. The use of robot humour 

was chosen for study due to a number of reasons. First, the use of humour by healthcare 

professionals has been identified as a key communication behaviour (see Chapter 3), present 

in almost 60% of all patient interactions (Philips et al., 2018), and associated with a number 

of positive patient outcomes (discussed below). Second, the study of humour in healthcare 

robotics is severely limited, and thus represents a novel area of research. Finally, humour was 

raised as an incidental finding during the second experimental study of this thesis (see 

Chapter 5). Though unintentional, participants in this second study found aspects of the 

robot’s self-disclosure to be humorous, and this in turn was found to be significantly 

associated with increased participant laughing behaviours, indicating higher levels of 

participant engagement. 

A growing body of literature recognises the therapeutic benefits of humour in healthcare. 

While physician jesting may seem counterproductive to patient care, research has found the 

use of appropriate humour by healthcare professionals to be associated with a number of 

positive health-related outcomes. The use of humour by physicians for example, has been 

found to be associated with higher patient ratings of physician communication, rapport, and 

satisfaction, as well as decreased patient distress (Berger et al., 2004; Dean & Major, 

2008; Demjén, 2016; Lynch, 2002). In relation to healthcare professionals themselves, use of 
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humour is found to increase resilience, coping, and work-place perceptions (Astedt-Kurki & 

Isol, 2001; Dean & Major, 2008). 

The current study differed from previous experimental studies in this thesis (see Chapters’ 

4 and 5), in that the robot played the part of a General Practice nurse rather than a medical 

receptionist. Having the robot act as a General Practice nurse allowed for the utilisation of a 

more in-depth influenza related medical scenario. In this scripted scenario the robot nurse 

provided participants with medical education on the influenza virus, ways in which to protect 

against contracting the virus, as well as medical information relating to the influenza vaccine; 

tasks that would be inappropriate for a medical receptionist to perform. An influenza related 

medical scenario was chosen as it is a topic with which most participants are likely to be 

familiar.  

The current study also differed from previous studies in this thesis due to the inclusion of 

an initial interaction between the robot and participants; prior to randomisation of participants 

to condition. As discussed in the previous chapter, a potential explanation for the lack of 

findings in study two (Chapter 5), include the novelty of a robot-interaction, paired with the 

use of a between-subjects design. Utilisation of a between-subjects design in study two may 

have resulted in the majority of participants, who had never interacted with any kind of robot 

in the past, lacking a basis of comparison when completing measures. Novelty effects, 

associated with interacting with a robot for the first time, may also have accounted for 

positively skewed scores seen in regards to two main outcome variables.  

In order to minimise potential confounding effects associated with robot novelty, and in 

order to provide a basis of comparison for participants when completing measures, the 

current study included an initial participant interaction with the robot. The EveR-4 robot was 

chosen for this study due to its ability to smile, a behaviour that is often paired with verbal 
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humour in human interactions. The timing and duration of robot smiling was kept constant 

across humour and neutral conditions, in order to avoid confounds.  

6.1.1 Citation 

Johanson, D. L., Ahn, H. S., Lim, J., Lee, C., Sebaratnam, G., MacDonald, B. A., & 

Broadbent, E. (2020). Use of humor by a healthcare robot positively affects user perceptions 

and behavior. Technology, Mind, and Behaviour, 1 (2). https://doi.org/10.1037/tmb0000021. 
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6.2 Introduction 

The use of social robots in home and healthcare environments is nearing reality 

(Broadbent, Garrett et al., 2018; Fiorini et al., 2017; Wilson et al., 2019; Yamada et al., 

2019; Zsiga et al., 2013). Although much research focuses on the technical aspects of 

healthcare robots, it is imperative that robots are also considered from a behavioural aspect, 

in order to ensure both functionality and acceptability (Walters et al., 2008). 

The implementation of robots in healthcare settings constitutes a special social context due 

to patient vulnerability, the discussion of potentially sensitive information, and an underlying 

power imbalance between patients and healthcare providers (Ha et al., 2010; Nimmon & 

Stenfors-Hayes, 2016). Patients must trust healthcare providers and form a connection in 

order to encourage adherence and open communication. Research and theory on physician 

communication skills suggests that both verbal and nonverbal behaviours are vital to 

successful physician–patient interactions and associated patient health outcomes (Beck et al., 

2002; Griffith et al., 2003). 

Research examining the individual components of physician–patient communication is 

limited. A potential explanation for this is the difficulty associated with manipulating just one 

individual aspect of a doctor’s behaviour, in order to examine its effects on patient outcomes 

in the real world. Instead, research has examined the effects of General Physician 

communication skills on patient outcomes, showing good effects (Beck et al., 2002; Stewart 

et al., 1999; Travaline et al., 2005). 

Recently, it was proposed that the theory of doctor–patient communication could be 

applied in robot–patient communication (Broadbent, Johanson et al., 2018 ). Unlike humans, 

robots can be programmed to manipulate one particular variable and keep all the others 

identical. Therefore, robots provide excellent research models to examine individual 



Chapter 6 

112 

 

components of communication. Research in this area may not only inform robotic behaviours 

but also theory in doctor–patient communication. The next sections discuss physician 

communication behaviours and relate these to social robotics research. The rationale for the 

research, aims, and hypotheses are then presented. 

6.2.1 Physician Communication Behaviours 

Effective physician communication is a fundamental aspect of the medical consultation; 

key to building rapport with patients and central to the delivery of appropriate healthcare (Ha 

et al., 2010; Travaline et al., 2005). Effective physician communication refers to the ability of 

a physician to create rapport, relay appropriate medical information, and to facilitate patient 

involvement in treatment options and health-related decisions (Ha et al., 2010; Simpson et al., 

1991; Stewart et al., 1999; Travaline et al., 2005). In physician–patient literature, effective 

physician communication is determined by patients’ perceptions of a physician’s behaviour 

or “bed-side manner” (Ha et al., 2010). 

Effective physician communication has been found to decrease patient anxiety and 

psychological distress (Butow et al., 1996; Stewart et al., 1999), facilitate patient 

understanding of medical information (Travaline et al., 2005), and increase patient 

satisfaction (Ha et al., 2010). In a meta-analysis of 127 studies, effective physician 

communication was found to have a significant measurable impact on patient adherence to 

medications (Zolnierek & DiMatteo, 2009). 

One verbal behaviour associated with effective physician communication is the use of 

humour (Bennett, 2003). It is pertinent to study humour because it is commonly used in 

primary and secondary level medical care (59%, Phillips et al., 2018), and it is associated 

with a number of positive patient outcomes, including perceptions of physician empathy. As 

described in the next sections, humour has the capacity to facilitate rapport and 
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communication, empower patients, reduce distress, and increase perceptions of physician 

empathy. The ability of humour to reduce patient distress and embarrassment is particularly 

relevant for healthcare settings where patients are often required to discuss potentially 

distressing subjects or undertake potentially embarrassing health assessments (e.g., breast or 

prostate exams for cancer screening). 

6.2.2 Humour 

Humour is defined by Phillips et al. (2018) as “a statement made with the intent to make 

others in the room laugh or react positively and to which a positive response is elicited” (p. 

270). Humour is first and foremost a communication tool which, according to Lynch (2002), 

is an “essential part of what it is to be human” (p. 423). Verbal or conversational humour is a 

complex multifaceted construct. It includes (but is not limited to) subtypes such as jokes 

(statements comprising a build-up and punch-line), puns (humorous statements that may be 

interpreted in two different ways), sarcasm (a biting or sharp statement with a humorous 

undertone), and anecdotes (a humorous story relating personally to the speaker or the lives of 

others) (Dynel, 2009). 

Witticisms are another humour subtype. Witticisms are context bound (i.e., associated 

with a specific situation or conversation), clever, woven into conversations, and are generally 

used in “non-humorous conversational environments” (Dynel, 2009, p. 1287; Norrick, 1984). 

Witticisms are often used as a way of reducing anxiety or to bring attention to a particular 

issue (Wiener, 2015). 

In an overview of research looking at humour in social interactions, humour was found to 

increase perceptions of social competence, intimacy, and trust (Hampes, 2010). Other 

research has found the use of humour to increase perceptions of confidence and competence, 

which in turn is found to increase perceptions of social status (Bitterly et al., 2017). Humour 
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is linked to higher cognitive and emotional intelligence (Greengross & Miller, 

2011; Willinger et al., 2017) as well as social likeability, with individuals who use humour 

regularly in social interactions reporting less loneliness and better social networks (Wanzer et 

al., 1996). 

6.2.3 Humour in Medicine 

The use of humour in healthcare environments is slowly gaining attention as a useful 

therapeutic tool for the facilitation of positive patient health outcomes (Bennett, 2003). 

Humour is generally associated with laughter, which has been shown to reduce psychological 

distress, reported pain, blood pressure readings, as well as increasing immune function 

(Borins, 1995; Calman, 2001; Hassed, 2001). 

Medical professionals have long used humour as a way in which to decrease a patient’s 

physical or emotional distress (Lynch, 2002). Research exploring interactions between 

medical staff and patients supports the appropriate use of humour to increase patient 

communication and satisfaction, reduce patient anxiety, and create meaningful connections 

between clinicians and patients (Berger et al., 2004; Dean & Major, 2008; Demjén, 2016). 

In studies involving children, humour interventions using clowns in hospital environments 

were found to decrease paediatric psychological distress and increase positive emotions 

(Dionigi et al., 2014; Fernandes & Arriaga, 2010; Vagnoli et al., 2005). In patients with 

schizophrenia, humour interventions have been found to result in significant decreases in 

negative psychological symptoms such as anxiety and depression (Cai et al., 2014). 

Although it may seem that humour is not suited to the often serious nature of interactions 

between patients and healthcare professionals, research indicates otherwise. Dean and Major 

(2008) examined interactions between healthcare professionals and patients in intensive care 

units and palliative care facilities, concluding, that in conjunction with professional skill and 
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compassion, humour was able to provide meaning to healthcare interaction that was too 

significant to be ignored. Not only was humour found to facilitate emotional coping and 

relationships between staff and patients, it was also found to assist patients in reducing 

distress, expressing frustration, and reducing embarrassment associated with personal tasks 

that required staff assistance (e.g., showering and use of the toilet). 

Research has found that the appropriate use of humour can increase patient perceptions of 

healthcare professionals’ empathy (Dean & Major, 2008; Demjén, 2016; Hampes, 2001). 

Researchers theorise that this operates through the facilitation of rapport, patient 

communication, patient empowerment, and reduction of patient distress. As put by Dean and 

Major (2008): “Delivered with sensitivity and caring, humour is effective, not necessarily 

because of its content, but because it conveys empathy and recognises the dignity of the 

individual” (p. 1092). 

6.2.4 Humour in Social Robotics 

The study of humour within social robotics is an encouraging yet limited area of research 

(Mirnig et al., 2016). Research has examined human responses to a robot’s use of verbal 

humour (Bechade et al., 2016), nonverbal humour, and physical comedy (Mirnig et al., 

2016; Wendt & Berg, 2009) and has also explored the robot recognition of human humour 

(Bertero & Fung, 2016; Fung et al., 2016) and laughter (Devilliers et al., 2015) during HRI. 

Researchers have even explored participant responses to robot “stand-up” comedy (Tay et al., 

2016). 

Despite the growing interest in robot humour, only a handful of studies have specifically 

considered the effect of robot humour on user perceptions. In one such study, the addition of 

joke-telling to a robot’s conversation about building amenities improved user perceptions of 

the robot’s speaking style, personality expression, emotional expression, extroversion, and 
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overall interaction enjoyability (Niculescu et al., 2013). In other work, jokes were rated 

funnier by participants when delivered by a robot as compared to text form (Sjoberg & Araki, 

2009). In this same study, the addition of an observing robot who either laughed or “booed” 

after each joke was performed by the robot, was also found to increase the ratings of 

funniness, compared to a quietly observing robot. 

It has been proposed that a robot’s behaviours might influence users’ perceptions of its 

personality and that this in turn might shape social responses and expectations (Goetz et al., 

2003). Goetz et al. (2003) provided evidence that matching robot personality to a task can 

influence outcomes; a playful robot resulted in longer interactions for a jelly bean sorting 

task, whereas a more serious robot resulted in longer interactions in an exercise task. As 

suggested here, the context in which humour is used is important and can influence whether 

or not humour can enhance outcomes. This is one reason why it is important to specifically 

test the effects of robot humour in a healthcare context. 

6.2.5 Justification for Research 

Although research has begun to examine the use of humour by social robots, the unique 

settings in which healthcare robots operate mean that these findings do not necessarily 

generalize to healthcare. Therefore, an experiment was designed to examine the effect of a 

robot’s humour on user outcomes in a healthcare scenario. A scenario was chosen in order to 

limit confounds and due to current technological limitations in robotics. The use of scenarios 

in healthcare research is not uncommon (Nazione et al., 2019). The healthcare robot in this 

experiment used “witticism” humour. This humour subtype was chosen due to its use by 

humans in reducing anxiety, and its ability to bring attention to an issue while still appearing 

“clever” (Dynel, 2009, p. 1287; Norrick, 1984; Wiener, 2015). 
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6.2.6 Study Objectives and Hypotheses 

The aim of this research was to investigate whether the use of humour by a healthcare 

robot could affect user outcomes. The research question was as follows: will the use of 

humour by a healthcare robot affect user perceptions of the robot, its empathy and 

personality, and increase user laughing? Our primary hypothesis was that the use of humour 

by EveR-4 would result in increased participant ratings of the robot’s likeability, intelligence, 

safety, animacy, anthropomorphism, and empathy, compared to the neutral condition. Our 

secondary hypotheses were that the use of humour by the EveR-4 robot would result in more 

positive personality ratings of the robot and increase participant laughing compared to the 

neutral condition. 

6.3 Method 

6.3.1 Sample and Participant Selection 

A power analysis was conducted using the computer program “G*Power” (Faul et al., 

2007) using 2 × 2 repeated measures between factors ANOVA, with an alpha error 

probability of .05, power of .90, and a moderate effect size (f = .30). Effect size was based on 

the moderate effect sizes found by Niculescu et al. (2013) (d = 0.6), and Sjoberg and Araki 

(2009) (d = 0.6) on the effect of robot humour on participant perceptions of robot personality, 

humour, and overall interaction enjoyability. Analysis revealed a total sample size of 90 

participants was needed. 

Recruitment was undertaken via emails delivered to the University of Auckland’s students 

and staff. To be eligible, participants needed to be at least 16 years of age and fluent in 

English. The study was approved by the University of Auckland’s Human Participants Ethics 

Committee on September 3, 2019 for a period of 3 years (approval number 023487). 
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6.3.2 Materials, Experimental Setup, and Procedure 

6.3.2.1 The robot 

The robot used in this study was the “EveR-4” robot (see Figure 4). The EveR-4 robot is 

an android-type “female” robot, designed and created by robotic engineers at the Korean 

Institute of Industrial Technology. The EveR-4 robot is the fourth version in the EveR series. 

The EveR-4 was chosen due to its ability to “speak” and respond to questions, as well as its 

ability to demonstrate smiling, due to over thirty different “facial” motors covered by a 

silicone “skin.” The EveR-4 is able to “recognize” human faces and will move its head in 

order to maintain eye contact with users. Android-type robots like the EveR-4 have been used 

in previous experiments examining robots in receptionist or healthcare roles (Hashimoto et 

al., 2007; Ido et al., 2002; Yamada et al., 2019). Due to their human-like appearance, 

android-type robots are thought to facilitate realistic communication with users (Hashimoto et 

al., 2007). The EveR-4 robot is also more similar to a real physician than a machine-like 

robot such as Baxter (Ju et al., 2014), or an animal robot like Paro (Bemelmans et al., 2005), 

and is, therefore, more appropriate for this kind of study. 

6.3.2.2 Experimental setup 

A between-subjects, repeated measures, randomised design was chosen for this study. The 

study was undertaken at the University of Auckland’s Newmarket campus in Auckland, New 

Zealand. All questionnaires and forms were provided to participants in paper form. Figure 15 

shows a diagram of the experimental room setup. 
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Figure 15. Experimental setup 

 

6.3.2.3 Procedure 

On the day of the experiment, participants met with the lead researcher who explained the 

purpose of the study, answered any questions, and obtained written informed consent. 

Participants then completed a baseline questionnaire which recorded demographic 

information (age, gender, culture, employment, and education) and previous history of 

engagement with robots. 

All participants took part in the initial interaction in which they were asked to imagine that 

they had gone to their local GP’s clinic with the purpose of determining if they should enrol 

in the clinic as a patient. The purpose of this initial interaction was to reduce novelty effects 

associated with “meeting” a robot for the first time. Participants were provided with a script 

to use during the initial interaction. Participants were advised that they would be speaking to 

“Jane” the “nurse robot” who would answer their questions in regards to the clinic. Following 

the initial interaction, participants were asked to complete a questionnaire (time-point one). 

Once the questionnaire was completed, participants were provided with another script and 

asked to imagine that they had decided to join the GP’s clinic where Jane “worked,” and 
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would now be attending an appointment with Jane in order to ask her questions about the 

influenza (“flu”) virus and to book in for a flu vaccine. In this second interaction, Jane 

provided information about the flu, tips on how to avoid catching the flu, and assisted the 

participant in booking an appointment for a flu vaccine. 

A health interaction involving a “flu” vaccination was chosen for the study because most 

participants would be familiar with it. The study took part in the New Zealand flu season. 

Each year, a number of concrete health initiatives encourage individuals to protect 

themselves from catching influenza by having an influenza vaccination before “flu season.” 

These initiatives include patient funding, advertisements, workplace initiatives, and 

educational materials. 

Immediately prior to this second interaction, participants were randomised to either the 

neutral or humour condition. Randomisation was undertaken by a separate researcher using a 

computer algorithm to generate randomisation codes which were then stored separately in 

envelopes marked with a participants’ identification number. Immediately prior to the second 

interaction, the lead researcher opened an envelope and selected either the neutral or humour 

condition based on the randomisation code contained within. The allocated interaction was 

run through a computer located in the experiment room. 

During the interactions, the lead researcher remained in the room, moving to sit behind a 

computer screen. The computer screen was large and positioned in a way that obscured the 

researcher from participant sight. The researcher remained silent during all interactions. 

Though obscured from sight, the researcher was able to see participants via a camera that 

displayed the participants’ image on the computer screen. This allowed the researcher to 

discretely observe and code participant laughing behaviours during the second interaction. In 

order to establish inter-rater reliability, a second researcher was present for 10% (N = 9) of 
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these interactions. The second researcher was introduced to relevant participants as a study 

assistant and sat to the side of participants, out of direct eyeline, discretely observing and 

recording laughing behaviours. 

Following the second interaction, participants were given another questionnaire to 

complete (time-point two). The questionnaires were identical at time-point one and time-

point two. See Figure 16 for the procedural outline. 

 

Figure 16. Procedural outline 
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6.3.3 Humour Condition 

The robot in the current study used “witticisms” during conversation as a form of humour. 

As discussed above, witticisms are context bound, clever, and woven into conversation 

(Dynel, 2009; Norrick, 1984). This form of humour was chosen as it would allow the robot to 

use humour related to the flu vaccine and medical context in which the scenario was taking 

place. Witticism was also chosen as it is seen as “clever,” and the researchers in the current 

study did not want to use a form of humour that may negatively influence perceptions of the 

robots’ intelligence. Finally, the use of witticism humour allowed the flow of conversation to 

continue without breaks in conversation that would take place if the robot used other humour, 

for example, the telling of jokes or humorous riddles. 

The script for the humorous interaction between participant and robot is shown in Figure 

17, with bolded italic sentences indicating humorous statements. The neutral robot interaction 

script was identical except it did not include the humour statements. The robots other 

behaviours, including smiling, were identical across conditions. The three statements are 

witty because they are context bound, clever, and woven into conversation. 
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Participant:    Hi Jane. 

Healthcare Robot:  Hi Sam, it’s nice to see you again. I hear that you have a health -

related question for me?  

Participant:    Yes. Can you please tell me about the flu? 

Healthcare Robot:  Of course, Sam, I am happy to help. The flu is short for Influenza, 

a contagious respiratory illness caused by a virus. Symptoms of the 

influenza virus can include a fever, coughing, a sore throat, a runny 

or stuffy nose, muscle or body aches, and headaches. I caught a 

computer virus last year and it was terrible! That’ll teach me to 

use a strange computers flash drive! Ha ha. If you would like, I 

can give you some tips on how to try and avoid catching the flu 

this winter? 

Participant:    Yes please 

Healthcare Robot:  Okay, Sam. Here are some helpful tips to avoid catching the flu. 

Number One, get a flu shot. When you get an influenza 

vaccination, your body releases antibodies that can protect you if 

you get exposed to the flu. Number two, wash your hands after 

touching communal surfaces at work. I don’t have hands myself, 

so don’t have to worry about washing them, but it’s a real pain 

when I get an itchy nose! Ha ha. Number three, try to stay at least 

three feet away from people who are coughing, sneezing, or appear 

to be sick. Lastly, number four, try encourage your colleagues who 

are sick to stay home until they are well. You could also try to 

encourage those colleagues who you don’t like to stay home too! 

Ha ha. Just kidding. Your homecare robot has advised me that 

you exercise regularly and manage your blood pressure well with 

medication and exercise. Maintaining a healthy lifestyle will help 

keep your immune system strong. However, if you do become 

unwell remember to get lots of rest, drink lots of water, and make 

an appointment to see your GP if you are concerned. Is there 

anything else I can help you with?  

Participant:    Yes. Can you book me an appointment to get a flu shot? 

Healthcare Robot:  Of course. Flu vaccines are administered by our Nurses.  I can see 

that one of our nurses is free at the moment. She could give you the 

vaccination now if that works?  

Participant:    That would be great.  

Healthcare Robot:  Great. I have notified the nurse and she will be with you shortly.  

Just give her a moment to prepare the vaccine.  I will also ensure to 

update the vaccination records held by your homecare robot, if that 

is alright with you?   

Participant:    That’s fine  

Healthcare Robot:   Great. I hope you have a good day Sam.   

 

Figure 17. The humorous robot interaction script.  

 

As humour is a subjective construct, the scripts in both conditions were checked prior to 

the start of this experiment to assess perceived humour. A convenience sample of 10 
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participants was used. Participants observed both a “humorous” and a “neutral” interaction, 

demonstrated by the lead author and a “chat-bot.” The order of the interactions demonstrated 

was randomised. Participants were asked if they found the statements used by the chat-bot to 

be humorous or not, if the humour was appropriate or not, and to rate the frequency of 

humour as either: too much, just right, or too little. None of the participants found the neutral 

interaction to be humorous. All participants (N = 10/10) rated the “humorous” interaction as 

humorous and all participants reported the humorous statements in this condition to be 

appropriate. 60% of participants reported that “too much” humour was used, while 40% 

reported humour frequency to be “just right” in the humour condition. Based on these 

findings, the decision was made to remove one of the four humorous statements from the 

script. 

6.3.4 Manipulation Check 

The “humorous/humourless” item of the personality measure was analysed as a 

manipulation check. A chi-square test showed that more participants in the humour group 

rated the robot as humorous (n = 41/46) than in the neutral group (n = 7/45), χ2  = (1, N= 91) 

= 49.40, p < .001. 

6.3.5 Measures 

6.3.5.1 Perceptions of the robot (The Godspeed questionnaire) 

The use of humour in social situations has been found to increase perceptions of 

competence, confidence (Bitterly et al., 2017), and likeability (Wanzer et al., 1996). In 

clinical contexts, humour has been found to decrease the symptoms of psychological distress, 

including anxiety (Cai et al., 2014; Dean & Major, 2008; Lynch, 2002). In studies exploring 

the use of humour in human–computer interactions, computer humour was found to increase 
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user perceptions of the computers “naturalness” and “flexibility” as well as making the 

computer seem “more humanlike” when it failed (Mulder & Nijholt, 2002). 

In order to determine if similar perceptions would be influenced by the use of humour by 

the robot in the current study, the Godspeed questionnaire was utilised (Bartneck et al., 

2009). The Godspeed questionnaire is a standardised measure developed to assess the five 

key aspects of human perceptions during HRI: (a) likeability, (b) intelligence, (c) perceived 

safety (a measure of user anxiety, agitation, and tiredness), (d) animacy, and (5) 

anthropomorphism. The Godspeed questionnaire is arguably one of the most used 

questionnaires in social robotics research, with citations numbering over 150 as of 2014 

(Weiss & Bartneck, 2015). Empirical studies have demonstrated the reliability and validity of 

each individual dimension of the Godspeed questionnaire (Bartneck et al., 2009). The 

Godspeed questionnaire was chosen not only due to its utility as a standard measure in social 

robotics but also as it specifically measures perceptions of robot safety, which is important in 

healthcare. 

Reliability analysis was undertaken of the total Godspeed questionnaire (from time-point 

two) with Cronbach’s alpha revealed to be .94 (indicating very good internal consistency). 

Reliability analyses were also undertaken for each of the separate dimensions in the 

Godspeed questionnaire, revealing a Cronbach’s alpha of .90 for likeability, .86 for 

intelligence, .69 for safety, .79 for animacy, and .83 for anthropomorphism. Participant 

responses for items in each of the five dimensions were summed together in order to give a 

total score for each dimension at each of the two time-points. 

6.3.5.2 Empathy 

Due to the importance of empathy in physician–patient interactions (Riess, 2010), and the 

positive relationship between humour and empathy (Dean & Major, 2008; Demjén, 
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2016; Hampes, 2001), the current study assessed perceptions of the robot’s empathy. To 

assess perceptions of the robot’s empathy, we used the total score from a combination of 

seven questions from the MFQ (Mendelson & Aboud, 1999b), five questions from the CARE  

(Mercer et al., 2004), and one question specifically for this study “Jane makes a good 

healthcare receptionist.”  

An adaption of the MFQ was used in previous robotics research investigating perceived 

robot empathy (Leite et al., 2013). The CARE measure was designed to assess patient 

perceptions of clinician empathy and has been found to be both reliable and valid across a 

number of clinical settings (Bikker et al., 2015; Wirtz et al., 2011). All of the items were 

scored on Likert scales from 0 “strongly agree” to 5 “strongly disagree.” In the analysis 

phase, all items were reverse coded so that higher scores represented higher empathy. The 13 

items on the scale were summed at time-point one and at time-point two, in order to create a 

total empathy score at each of the two time-points. A reliability analysis of the empathy scale 

was undertaken (at time-point two), revealing a Cronbach’s alpha of .90 (indicating very 

good internal consistency). 

6.3.5.3 Personality (Asch personality scale) 

To assess participant perceptions of the robot’s personality, an adaption of Asch’s 

personality scale (Asch, 1946) was used, similar to Broadbent et al. (2013). Participants were 

asked to select the descriptor they most agreed with from each of 18 different pair-choice 

items. Asch’s personality scale was chosen not only as it measured user perceptions of the 

robots humour (pair-choice item “humour vs. humourless”), but also due to the measurement 

of other user perceptions recognized as intuitively important to the implementation of humour 

in healthcare robots (e.g., “sociable vs. unsociable” and “warm vs. cold”). Asch’s personality 

measure has been used in both psychological and social robotics research (Broadbent et al., 
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2013; Mann et al., 2015; Williams & Bargh, 2008). Items were scored as 0 and 1, with lower 

scores representing more positive personality traits. 

We calculated the same three factors reported by Broadbent et al. (2013) for each time-

point. The first factor was “sociable” (including items sociable–unsociable, popular–

unpopular, imaginative–hard headed, warm–cold, humorous–humourless, and good natured–

irritable), Cronbach’s alpha was .68 at time-point two. The second factor was amiable 

(including items good looking–unattractive, happy–unhappy, humane–ruthless, and 

generous–ungenerous), but Cronbach’s alpha was −.38. The third factor was trustworthy 

(including persistent–unstable, wise–shrewd, and honest–dishonest); however, there was zero 

variance in the honest item at time two, and the remaining two items were negatively 

correlated (Cronbach’s alpha −.67). Due to the unreliable nature of the amiable and 

trustworthy factors, only the sociable factor was analysed.  

6.3.5.4 Participant laughing behaviours 

Participants were discretely observed during the second interaction with the robot in order 

to code laughing behaviours. A “laugh” was defined as an audible laughing sound 

accompanied by a smile (i.e., lifting of the corners of the mouth and cheeks). A second 

researcher was present for 10% (N = 9) of interactions. Observation reports from both 

researchers were compared showing a 100% agreement in regards to participant laughing 

behaviours. Laughing was coded as 1 (present) or 0 (absent). 

6.3.6 Statistical Analyses 

The Godspeed questionnaire was analysed using 2 × 5 × 2 ANOVA with time-point and 

dimension (repeated measures), and condition (between groups). Empathy was analysed 

using a 2 × 2 ANOVA including time-point (repeated measures) and condition (between 

groups). For the sociable personality factor, 2 × 2 ANOVA including time-point (repeated 
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measures) and condition (between groups) was conducted. Fisher’s exact tests were 

conducted for each individual personality item at time one and time-point two. Fisher’s exact 

test was used to determine whether there was a difference in laughing behaviours between the 

neutral and humour groups, as laughing was a dichotomous variable. 

6.4 Results 

6.4.1 Participants 

The majority of participants were female (N = 73/91). Participants identified as New 

Zealand European (N = 26), Maori (N = 3), Chinese (N = 26), Korean (N = 3), Indian (N = 

12), and “Other” (N = 21). Most participants had received a secondary school level education 

(N = 65), followed by postgraduate level (N = 15), undergraduate level (N = 7), diploma level 

(N = 2), and trade certificate level (N = 2). Employment ranged from students (N = 64), to 

part time employees (N = 16), full time employees (N = 8), and those who were currently 

unemployed (N = 3). The mean age of participants was 25.03 years (SD = 11.06), with a 

minimum age of 17 and a maximum age of 63. The majority of participants (N = 73/91) had 

never interacted with any kind of robot in the past. Analyses revealed no significant 

differences between participants in the neutral (N = 45) and humour (N = 46) groups in 

regards to age (t(88) = −9.24, p = .358), gender (χ2(1, N = 91) = 0.34, p = .607), education 

(χ2(4, N = 91) = 2.34; p = .674), employment (χ2(3, N = 91) = 4.05; p = .256), or history of 

robot interaction (χ2(2, N = 91) = 1.062; p = .588). 

6.4.2 The Godspeed Questionnaire 

Table 2 shows the mean values and standard deviation’s for the five Godspeed dimensions 

for each condition at the two time-points. 
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Table 2. Mean Perceptions of the Robot on the Godspeed Questionnaire Dimensions at Time-Points 

One and Two for the Humour and Neutral Conditions 

Dimension Time-point Condition Mean 

Std. 

Deviation N 

Likeability Time One Neutral 18.91 3.90 45 

  Humour 18.09 4.19 46 

 Time Two Neutral 19.53 3.79 45 

  Humour 20.28 3.61 46 

Intelligence Time One Neutral 19.93 3.71 45 

  Humour 19.83 3.93 46 

 Time Two Neutral 20.87 3.64 45 

  Humour 21.11 4.06 46 

Safety Time One Neutral 11.40 2.23 45 

  Humour 10.98 2.46 46 

 Time Two Neutral 11.49 2.44 45 

  Humour 11.74 2.25 46 

Animacy Time One Neutral 16.60 3.87 45 

  Humour 15.22 4.54 46 

 Time Two Neutral 18.40 4.14 45 

  Humour 18.35 4.95 46 

Anthropomorphism Time One Neutral 10.69 3.22 45 

  Humour 10.96 3.22 46 

 Time Two Neutral 13.03 4.00 45 

    Humour 13.30 4.35 46 

Note. Measure is the Godspeed questionnaire (Bartneck et al., 2009). Higher scores indicate more 

positive perceptions. 

 

Multivariate tests indicated significant effects for time, F(5, 85) = 21.93, p < .001, ηp
2= 

.56, and for time by condition, F(5, 85) = 3.24, p = .010, ηp
2= .16. Univariate test results for 

the five dimensions of the Godspeed questionnaire are reported below. 

6.4.2.1 Likeability  

There was a main effect of time, such that the robot was perceived as more likeable at 

time-point two than at time-point one, F(1, 89) = 24.82, p < .001, ηp
2= .22. There was a 

significant time by condition interaction effect, F(1, 89) = 7.74, p = .007, ηp
2= .08; at time-
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point two, participants in the humour condition saw the robot as more likeable than did 

participants in the neutral condition. 

6.4.2.2 Intelligence 

There was a main effect of time, such that the robot was perceived as more intelligent at 

time-point two than at time-point one, F(1, 89) = 24.12, p < .001, ηp
2= .21. There was no 

significant time by condition interaction effect, F(1, 89) = 0.60, p = .441, ηp
2= .007. 

6.4.2.3 Safety  

There was a main effect of time, such that the robot was perceived as safer at time-point 

two than at time-point one, F(1, 89) = 8.31, p = .005, ηp
2= .09. There was a significant time 

by condition interaction effect F(1, 89) = 5.19, p = .025, ηp
2= .06; participants in the humour 

condition saw the robot as safer than did participants in the neutral condition at time-point 

two. 

6.4.2.4 Animacy 

There was a main effect of time, such that the robot was perceived as more animate at 

time-point two than at time-point one, F(1, 89) = 71.91, p < .001, ηp
2= .45. There was a 

significant time by condition interaction effect F(1, 89) = 5.24, p = .024, ηp
2= .06; perceptions 

of animacy increased more in the humour condition compared to the neutral condition. 

Animacy scores were lower at time-point one for the humour group compared with the 

neutral group, and this may account for the interaction effect. 

6.4.2.5 Anthropomorphism 

There was a main effect of time, such that the robot was perceived as more 

anthropomorphic at time-point two than at time-point one, F(1, 89) = 49.91, p < .001, ηp
2= 
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.36. There was no significant time by condition interaction effect F(1, 89) = 0.00, p = .989, 

ηp
2= .00. 

6.4.3 Empathy 

Table 3 shows the mean values and standard deviations’ for perceived robot empathy for 

each condition at each time-point. 

Table 3. Mean Perceptions of the Robot’s Empathy in the Humour and Neutral Conditions at Time-

Points One and Two 

  Condition Mean Std. Deviation N 

Time one Neutral 46.3704 7.30754 45 

 Humour 45.1522 8.87936 46 

Time two Neutral 49.6667 8.78273 45 

  Humour 51.2391 7.7551 46 

Note. Empathy was measured using the sum score of 13 items: seven items from the MFQ 

(Mendelson & Aboud, 1999b), five items from the CARE (Mercer et al., 2004), and one additional 

item, as described in the measures section. Higher scores indicate more empathy. 

 

There was a significant main effect of time on empathy, F(1, 89) = 63.36, p <  .001, ηp
2= 

.42; both conditions saw the robot as having higher empathy at time two. There was also a 

significant condition by time interaction, F(1, 89) = 5.60, p = .020, ηp
2= .06. The robot was 

seen as more empathetic in the humour condition than in the neutral group at time two. 

6.4.4 Personality 

Table 4 shows the mean values and SD for the sociable personality factor for the humour 

and neutral conditions at time-points one and two. ANOVA revealed a main effect of time, 

such that the robot was perceived as more sociable at time-point two than at time-point one, 

F(1, 89) = 87.69, p < .001, ηp
2= .50. There was also a significant time by condition 

interaction effect, F(1, 89) = 40.27, p <  .001, ηp
2= .31; participants in the humour condition 
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reported more sociable perceptions of the robot compared to participants in the neutral 

condition at time-point two. The ANOVA results were also significant when the ‘humorous-

humorless’ item was removed from the sociable factor.  

Table 4. Mean Values for the Sociable Personality Factor for the Humour and Neutral Conditions at 

Time-Points One and Two 

Personality 

Factor Time-point Condition Mean 

Std. 

Deviation N 

Sociable  Time one Neutral 10.11 1.23 45 

  Humour 10.37 1.31 46 

 Time two Neutral 9.67 1.51 45 

  Humour 8.04 1.17 46 

Note. Personality was assessed using an adaption of Asch personality scale (Asch, 1946) and the 

sociable factor from Broadbent et al. (2013). Lower scores represent more positive perceptions. 

 

 

Tables 5 and 6 show the results of tests of the individual personality items at time-point 

one and time-point two. There were no significant differences between conditions at time-

point one (Table 5). At time-point two, participants in the humour condition were more likely 

to rate the robot as happy, humorous, sociable, talkative, warm, popular, frivolous, and 

imaginative than those in the neutral condition (Table 6). The other items at time-point two 

were not significantly different between conditions. 
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Table 5. Results of Fishers Exact Analyses for Personality Items at Time-Point One 

   

Humour Present 

  

Humour Absent 

   

 

Personality 

Item 

 

df 

 

  n 

 

(n) 

  

 n 

 

(n) 

 

  χ2 

 

   p 
 

Cramer’s 

     V 

Generous (vs. 

Ungenerous) 

1 42 4  39 6 0.14 .710 .074 

Happy (vs. 

Unhappy) 

1 31 15  36 9 1.27 .260 .143 

Good-natured 

(vs. Irritable) 

1 43 2  43 2 0.00 1.00 .000 

Humorous (vs. 

Humourless) 

1 2 44  3 42 0.01 .980 .051 

Sociable (vs. 

Unsociable) 

1 27 19  31 14 0.63 .428 .106 

Important (vs. 

Insignificant) 

1 35 11  34 11 0.00 1.00 .006 

Humane (vs. 

Ruthless) 

1 37 9  37 8 0.00 1.00 .023 

Talkative (vs. 

Restrained) 

1 18 28  26 19 2.47 .116 .187 

Warm (vs. 

Cold) 

1 17 29  21 24 0.53 .347 .098 

Wise (vs. 

Shrewd) 

1 36 10  38 7 0.24 .626 .079 

Popular (vs. 

unpopular) 

1 20 26  22 22 0.17 .683 .065 

Good Looking 

(vs 

Unattractive) 

1 23 23  26 19 0.29 .593 .078 

Persistent (vs. 

Unstable) 

1 41 5  41 3 0.09 .761 .071 

Serious (vs. 

Frivolous) 

1 43 3  42 3 0.00 1.00 .003 

Altruistic (vs. 

Self-centred) 

1 34 11  39 6 1.16 .281 .142 

Imaginative 

(vs. Hard-

headed) 

1 5 41  4 41 0.00 1.00 .033 

Strong (vs. 

Weak) 

1 35 10  38 7 0.29 .590 .085 

Honest (vs. 

Dishonest) 

1 46 0  44 1 0.00 1.00 .107 

Note: n = Number of participants who selected the positive personality item. (n) = Number of 

participants who selected the negative (in brackets) personality item. 
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Table 6. Results of Fishers Exact Analyses for Personality Items at Time-Point Two 

   

Humour Present 

  

Humour Absent 

   

 

Personality 

Item 

 

df 

 

  n 

 

(n) 

  

  n 

 

(n) 

 

   χ2 

 

    p 
 

Cramer’s 

    V 

Generous (vs. 

Ungenerous) 

1 45 1  40 4 2.05  .167 .152 

Happy (vs. 

Unhappy) 

1 46 0  40 5 5.40 .026 .244 

Good-natured 

(vs. Irritable) 

1 45 1  44 1 0.00 .747 .002 

Humorous (vs. 

Humourless) 

1 41 5  7 38 49.40 <.001 .737 

Sociable (vs. 

Unsociable) 

1 45 1  34 11 9.86 .002 .329 

Important (vs. 

Insignificant) 

1 37 9  39 6 0.64 .303 .084 

Humane (vs. 

Ruthless) 

1 43 3  38 7 1.90 .149 .144 

Talkative (vs. 

Restrained) 

1 40 6  31 14 4.33 .033 .218 

Warm (vs. 

Cold) 

1 35 11  26 19 3.45 .050 

 

.195 

Wise (vs. 

Shrewd) 

1 40 6  39 6 0.00 .605 .004 

Popular (vs. 

unpopular) 

1 35 11  26 19 3.45 .050 .195 

Good Looking 

(vs 

Unattractive) 

1 25 21  27 18 0.30 .370 .057 

Persistent (vs. 

Unstable) 

1 39 7  40 4 .79 .287 .093 

Serious (vs. 

Frivolous) 

1 30 16  43 2 13.20 <.001 .381 

Altruistic (vs. 

Self-centred) 

1 39 7  39 6 0.07 .517 .027 

Imaginative 

(vs. Hard-

headed) 

1 25 21  9 35 10.99 .001 .349 

Strong (vs. 

Weak) 

1 39 7  39 6 0.67 .517 .027 

Honest (vs. 

Dishonest) 

1 46 0  45 0 . . . 

Note: Bolded p value indicates a significance result.  n = Number of participants who selected the 

positive personality item. (n) = Number of participants who selected the negative (in brackets) 

personality item. 
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6.4.5  Participant Laughing Behaviour 

A Fisher’s exact test (χ2(1, N = 91) = 20.45, p < .001) revealed a statistically significant 

difference between the humour and neutral conditions in regard to laughter. Significantly, 

more participants laughed during the interaction with the humorous robot (N = 21, 46%) than 

the number of participants who laughed during the interaction with the neutral robot (N = 2, 

4%) (Cramer’s V = .47). 

6.5 Discussion 

This study investigated whether the use of humour by a robot in a medical scenario 

affected user perceptions of the robot’s likeability, intelligence, safety, animacy, 

anthropomorphism, empathy, and personality. The study also looked at the effect of robot 

humour on user behaviour, specifically that of laughing. The results showed that the use of 

robot humour significantly increased users’ perceptions of the robot’s likeability and safety. 

Although humour significantly increased perceptions of robot animacy, this was likely due to 

differences at time one. The use of robot humour did not affect perceptions of the robot’s 

intelligence or anthropomorphism, and this may be due to the robot’s human-like appearance 

and the knowledge it demonstrated in both conditions. Robot humour also increased user 

ratings of the robot’s empathy, as well as user perceptions of the sociable aspects of its 

personality. The humorous robot was also seen as happier, more frivolous, and more talkative 

than the neutral robot. In addition, robot humour was found to increase user laughing 

behaviour. 

6.5.1 Theoretical and Clinical Implications 

These findings support the theory of robot–patient communication, which posits that 

aspects of robot communication can affect patient outcomes (Broadbent, Johanson et al., 

2018 ). The results of the current study support the use of robot humour within healthcare 
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contexts and suggest that humour increases robot likeability and reduces user distress 

(indexed by the safety dimension of the Godspeed questionnaire). The positive effect of robot 

humour on user perceptions of its likeability supports previous research in human social 

interactions, demonstrating the role of humour in increasing perceptions of likeability 

(Wanzer et al., 1996). 

The study also found that robot humour increased user perceptions of the robot’s empathy, 

within a medical scenario. These results support research showing that appropriate physician 

humour is associated with increased patient perceptions of physician empathy (Dean & 

Major, 2008; Demjén, 2016; Hampes, 2001). Researchers in physician–patient interactions 

theorise that humour can influence empathy perceptions through the facilitation of rapport, as 

well as patient communication, empowerment, and the reduction of psychological distress. 

Our findings support mechanisms of reduced distress and rapport (through the safety and 

likeability dimensions of the Godspeed questionnaire). 

The findings of the study further suggest that humour has a positive impact on perceived 

robot personality. This supports previous research showing that the use of humour by a social 

robot increased user ratings of the robot’s expression of personality (Niculescu et al., 2013), 

and positive personality traits (Bitterly et al., 2017; Hampes, 2010). Our results extend these 

findings to a medical context and suggest that the effects of humour apply mostly to sociable 

aspects of a robot’s personality, as indexed by the sociable factor of the personality scale.  

The effects of humour on the happy and talkative items of the personality scale could also 

be seen to relate to sociable personality traits. The effects of humour on ratings of the 

frivolous–serious item of personality should be further investigated as to whether this is 

reflecting perceptions of humour or something else. Although preliminary, the findings 
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suggest clinical implications for the incorporation of humour into healthcare robots to 

improve user perceptions of the robot. 

6.5.2 Limitations 

As with many experimental studies, there are limitations that need addressing. First, most 

of the participants were students and relatively young. This may reduce the generalisability of 

these results to an older population. 

Second, due to technological limitations, we used a scripted interaction in a simulated 

medical environment, which limits ecological validity. Had the technology been available for 

participants to converse freely with the robot, and had a patient population been used within a 

natural setting, the results of this study may have differed. The interaction we used was for 

the flu vaccine and other type of conversations might produce different results. 

Third, the use of humour meant that the robot spoke more words in the humour condition, 

compared to the neutral condition (69 words). The resulting small increase in interaction time 

for the humour condition may have had an impact on participant perceptions. This difference 

in dialogue length is common with other HRI studies (e.g., Niculescu et al., 2013; Siino et al., 

2008). 

Fourth, due to financial constraints, the robot used in the current study was a “head-only” 

robot. Participants’ self-reported perceptions may have differed had the robot been a “full-

bodied” humanoid. On this note, participants were asked two open-ended questions in regards 

to what they liked most and least about their interactions with the robot. Though participants 

mentioned the robot’s voice, content of speech, eye gaze, movements, and facial expressions, 

no mention was made of the robot being only a head, indicating that there may have been a 

general acceptance of this. 
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6.5.3 Conclusions and Suggestions for Future Work 

The use of humour by a healthcare robot increased user perceptions of its likeability, 

safety, empathy and sociability, and increased user laughter. Robot programmers may 

therefore wish to incorporate humour into the development of healthcare robots. As the use of 

healthcare robots in the future will certainly involve interactions with patients, researchers 

should consider replication of this research, utilising a patient sample, within a medical 

environment, with different conversational topics. 

 

 

.
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Chapter 7- Robot Empathy Behaviours 

7.1 Preface 

Chapter 7 presents the final study undertaken as part of this thesis; examining the effect of 

empathetic behaviours by a healthcare robot on participant perceptions of robot empathy, 

robot trust, and satisfaction. The use of empathy by healthcare professionals during patient 

interactions, is arguably the most important of all communication behaviours within this 

context. Identified in Chapter 3 as a critical communication behaviour, use of empathy by 

physicians has been found to be associated with a range of positive patient health outcomes, 

such as improvements in psychological adjustment, illness management, satisfaction, 

adherence, and trust (Dersek et al., 2013; Hojat et al., 2011; Kim et al., 2004; Lelorain et al., 

2012; Stewart et al., 1999).  

Robot use of empathy is significantly understudied in the area of HRI. A potential 

explanation for this relates to current technical limitations within the area of robotics. The 

effective and accurate use of empathy by social robots will require the development of a 

number of deep learning techniques. These include: 

• the ability of a robot to accurately identify and interpret human emotion, perspectives, 

and perceptions 

• the ability of a robot to effectively communicate understanding of human emotion, 

perspectives, and perceptions back to human users 

• the ability of a robot to effectively demonstrate verbal and non-verbal empathetic 

behaviours to human users (Broadbent, Johanson et al., 2018; Derkesen et al., 2013; 

Tapus & Mataric, 2007). 
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Currently, social robots have a limited ability to recognise, understand, and respond 

appropriately to human emotion. However, many social robots do have the technical ability 

to demonstrate key verbal and non-verbal empathy behaviours. Eye gaze, head nodding, and 

use of reassuring or supportive statements, are all examples of empathetic behaviours that can 

currently be demonstrated by social robots.   

The current study was originally designed as a between-subjects experimental study, 

involving face-to-face interactions between participants and a healthcare robot. Social 

distancing restrictions introduced in the wake of the COVID-19 pandemic however, resulted 

in the current study being re-designed and carried out online. Instead of interacting face-to-

face with a healthcare robot, participants in the current study viewed a video recording of an 

interaction between a healthcare robot and patient.  

Use of an online study design also meant the careful consideration of empathetic 

behaviours to be used by the robot. Eye gaze behaviours, for example, are subtle and best 

recognised in a face-to-face interaction. With an online study design in mind, robot use of 

reassuring and supportive statements, as well as head nodding, were chosen for examination. 

These behaviours have not only been found to be associated with increased patient 

perceptions of physician empathy, but are significantly understudied in the area of social and 

healthcare robotics. In addition, head nodding and verbal empathy statements represent 

behaviours easily recognised in a video recording.  

Aside from the use of an online study design, the current study also differed in regards to 

the script utilised in the video recorded HRI. The previous study in this thesis (Chapter 6) 

placed the robot in the role of a practice nurse, providing education on the influenza virus and 

vaccine. In light of the current COVID-19 pandemic however, the interaction script in the 

current study was changed to discussions of a general health check, in order to avoid any 
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negative connotations associated with discussion of a virus or vaccine. The Nao robot was 

chosen to play the part of the nurse robot in the current study, due to its ability to both head 

nod and vocalise.  

7.1.1 Citation 

Johanson, D. L., Ahn, H. S., Goswami, R., Saegusa, K., & Broadbent, E. (in submission). 

The effects of robot empathy on trust and satisfaction in a healthcare scenario. 
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7.2 Introduction 

7.2.1 Empathy in Clinician-Patient Interactions 

Clinical empathy is a fundamental aspect of patient care. Clinical empathy can be defined 

as “the ability to understand the patient’s situation, perspectives and feelings, and to 

communicate that understanding to the patient” (Coulehan et al., 2001, p. 221). Research has 

demonstrated that patients have little difficulty in identifying the use of empathetic 

behaviours by healthcare professionals (Derksen et al., 2017; Marci at al., 2007), and that 

these behaviours in turn are associated with a number of positive patient health outcomes. In 

diabetes research, for example, patients of physicians high in empathy were found to be 

significantly more likely to have effective control of their illness, compared to patients of 

physicians’ low in empathy (Hojat et al., 2011).  

Clinical empathy has been shown to affect patients’ psychological health and/or treatment 

outcomes across a number of conditions. For example, physician empathy has been 

associated with increased patient satisfaction and psychological adjustment, and decreased 

psychological distress in cancer care (Lelorain et al., 2012). Even in trauma centres, where 

focus is on fast and effective disbursement of medical services, patients who perceived their 

physician as having higher empathy had better self-reported treatment outcomes (Steinhausen 

et al., 2014).  

Physician empathy is a key factor in ensuring patient adherence to medical treatment 

(Stewart et al., 1999). This may be because physician empathy enhances physician-patient 

agreement regarding treatment decisions made during medical consultations (Parkin et al., 

2014; Stewart et al., 1999). Physician empathy may also impact patient adherence through 

facilitation of patient coping, management, and understanding of illness (Mercer et al., 2012), 

as well as increasing patient satisfaction and trust. In fact, numerous studies have shown a 
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positive association between the use of empathy by a physician and higher patient satisfaction 

and trust (Derksen et al., 2013; Hojat et al., 2010; Kim et al., 2004; Lan & Yan., 2017; 

Lelorain et al., 2012; Mercer et al., 2012; Steinhausen et al., 2014).  

A number of researchers have considered the association between physician empathy, 

patient trust, and patient satisfaction. Theoretically, it has been proposed that patients have 

higher trust in physicians who respond to their healthcare issues with the appropriate 

demonstration of understanding and concern (Halpern, 2003). It is further theorised that 

empathy behaviours increase patient perceptions of physician care (Hojat et al., 2010) and 

physician-patient collaboration (Kim et al., 2004). The use of physician empathy is thought to 

increase patient satisfaction by enhancing perceptions of physician commitment and 

collaborative care, and by reducing patient frustration, disempowerment, and distress 

(Lelorain et al., 2012).  

7.2.2 Demonstration of Clinical Empathy  

Clinical empathy can be demonstrated through both verbal and non-verbal behaviours. An 

important aspect of clinical empathy is employing a feedback focus. Utilisation of physician 

phrasing such as “Let me see if I have this right…”, and “Can you tell me more about 

this…”, allows opportunity for patient correction or addition of further information 

(Coulehan et al., 2001, p. 221-222). Employing a feedback focus also provides a patient with 

concrete evidence that their physician is actively listening to their medical concerns (Riess & 

Kraft-Todd, 2014).   

Non-verbal behaviours can also be employed to express attention and understanding 

(Mercer & Reynolds, 2002; Morse et al., 1992). In physician-patient interactions, 

demonstration of behavioural empathy can include the use of eye contact, smiling, and the 

use of a forward lean (Beck et al., 2001; Deladisma et al., 2007; Hall et al., 1995; Marci & 
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Orr, 2006). There is also research supporting an association between physician head nodding, 

and increased patient satisfaction, rapport, and comprehension (Beck et al., 2001; Deladisma 

et al., 2007; Griffith et al., 2003; Hall et al., 1995). In contrast, the absence or restriction of 

head nodding, smiling, and eye contact behaviours by healthcare professionals have been 

associated with short and long term decreases in patient functioning (Ambady et al., 2002), 

reductions in psychophysiological concordance, and reductions in perceived clinician 

empathy (Marci & Orr, 2006). 

7.2.3 Empathy in Healthcare Robotics 

The model of Robot-Patient Communication (Broadbent, Johanson et al., 2018 ) theorises 

that demonstration of empathetic behaviours by healthcare robots will result in similar 

benefits for patients as demonstration of empathetic behaviours by human clinicians. 

Empathetic robot behaviours could include the demonstration of listening, appropriate 

reflection in regards to users emotional disclosures, and the demonstration of understanding 

through verbal and non-verbal communication.  

 Aspects of the Robot-Patient Communication model have been tested in HRI, showing 

that use of robot smiling, forward lean, and humour, can improve user perceptions of 

healthcare robots (Johanson et al., 2019; Johanson, Ahn, Lim et al., 2020; Johanson, Ahn, 

Sutherland et al, 2020). The specific investigation of empathetic statements and head nodding 

by a robot however, have had very limited attention within HRI in healthcare.  

A handful of studies have shown that robot use of empathetic statements is associated with 

positive user outcomes in other social applications. For example, a robot that made 

empathetic statements about a lost bag, was rated higher in empathy, emotion, and overall 

behaviour by users, than a robot that made neutral statements (Niculescu et al., 2013). A 

robotic cat that made empathetic statements and facial expressions towards its play-mate 
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during a game of chess was rated more helpful, and higher in engagement and self-validation 

than a neutral robotic cat (Leite et al., 2011). In another study, the robotic cat was rated as 

friendlier by individuals who had received empathetic statements from the cat while engaged 

in a game of chess with another player, than when compared to players who received only 

neutral statements from the cat (Leite et al., 2013). A later study found robot use of 

empathetic statements to be easily recognised by participants, by affective facial expressions 

to be often unrecognised or mismatched (de Carolis et al., 2017).    

There is some evidence that the effects of robot empathy behaviours may not be sustained 

over long periods of time. In a recent study, robot verbal empathy statements and non-verbal 

empathy behaviours (such as eye gaze), were associated with an increase in meaningful 

discussions during an initial session between a robot that taught about sustainability, and 

student users (Alves-Oliveira et al., 2019). However, when the experiment was repeated over 

the course of two months, robot empathy was not found to be associated with any significant 

long-term learning outcomes. More research however, is needed in order to understand the 

effect of robot empathy long-term. 

A recent study (Chita-Tegmark et al., 2019), involving the use of a texted-based healthcare 

vignette (a hypothetical situation described to participants in text form), found participants to 

rate a hypothetical robot significantly higher in terms of emotional intelligence, when it used 

patient centred speech, as opposed to task-centred speech (e.g. “It is currently difficult for the 

patient to observe the treatment plan” versus “The patient currently shows high levels of 

treatment non-compliance” respectively). Interestingly, participants were also found to rate 

the hypothetical patient significantly more favourably in conditions were the robot used 

patient-centred speech, as opposed to conditions in which task-centred speech was used. 

Contrary to the authors’ hypotheses, the robot in this study was not rated lower in terms of 

trust or acceptance, when using task-centred speech.  
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To our knowledge only one study has investigated the effect of robot empathy in a 

healthcare based HRI (Trost et al., 2020). In this pilot study, 31 children who were to have an 

intravenous (IV) line placed during a hospital stay were randomised to one of three groups: 

one in which there was a play specialist and no robot present, one in which there was a play 

specialist and a non-empathetic robot present, and a final condition in which there was a play 

specialist and empathetic robot during IV placement. In the empathy condition, the robot 

changed its verbal responses and facial affect based on the child’s expressed level of fear and 

pain, and helped the child practice deep breathing and prepare for the procedure. Children in 

the empathy condition were significantly more likely to report that the robot had ‘feelings’ 

and that the procedure ‘hurt less.’ Non-significant results in regards to observed pain and 

distress and parental satisfaction may be due to the small sample size.  

Two studies have specifically examined the use of robot empathy on user ratings of robot 

trust or user satisfaction. First, a pilot study with a chimpanzee robot found that users who 

conversed with an empathic version were more satisfied than those who conversed with a 

neutral version of the robot (robot empathy was demonstrated through facial mimicry and 

head gestures) (Riek & Robinson, 2008). A second pilot study found a non-significant trend 

that participants rated a humanoid social robot (Pepper) that used verbal statements and large 

gestures when a participant was inattentive, higher in trustworthiness, compared to a robot 

that did not show these behaviours (Charrier et al., 2018). 

Preliminary research on robot head nodding suggests beneficial effects. For example, 

human head nodding significantly increased during HRI when the robot was able to 

‘understand’ human head nodding and nodded in return (Sidner et al., 2006). Robot nodding 

may increase user perceptions of the robot’s comprehension or increases user engagement. 

Robot head nodding in response to hearing instructions, such as making a cup of tea, has also 

been shown to increase user perceptions of robot engagement, comprehension, and likeability 
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(Hall et al., 2013). However, no studies could be found investigating robot head nodding on 

user perceptions in a healthcare context. 

7.2.4 Aim 

The aim of this study was to examine the effect of verbal and non-verbal empathetic 

behaviours by a healthcare robot on participant perceptions of robot empathy, trust, and 

satisfaction. Empathy was demonstrated by the healthcare robot through use of empathetic 

statements (verbal empathy) and head nodding (non-verbal empathy) behaviours.  

7.2.5 Hypotheses 

1. The use of empathetic statements by the robot would be associated with increased 

participant ratings of empathy, trust, and satisfaction; compared to conditions in 

which empathetic statements were not used.  

2. The use of head-nodding by the robot would be associated with increased participant 

ratings of empathy, trust, and satisfaction; compared to conditions in which head-

nodding was not used.  

3. Use of empathetic statements and head-nodding by the robot would be associated 

with increased participant ratings of empathy, trust, and satisfaction; compared to 

conditions in which empathetic statements or head-nodding alone was used.  

7.3 Method 

7.3.1 Experimental Set-up and materials 

A mixed between-within experimental design was employed. The study was carried out 

online, using both the Amazon Mechanical Turk (AMT) and Qualtrics platforms. AMT is a 

public, crowd-sourcing website which connects people, researchers, and businesses with 
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individuals willing to take part in research and other work tasks. Potential participants 

(registered with AMT) were notified of the current study by AMT via their online profile.  

In order to be included in the current study, participants were required to be over 16 years 

old, fluent in English, and to be listed as a ‘Master Worker’ on AMT. A Master Worker is a 

registered ‘worker’ on AMT who has consistently demonstrated a high level of output across 

a variety of tasks. Participants who met eligibility criteria and chose to take part in the study 

were directed by AMT to a secure hyperlink, which connected them to Qualtrics. Qualtrics is 

an online platform enabling researchers to run online surveys. The current study used 

Qualtrics in order to gather informed consent, and as a platform through which to run the 

experimental sessions. Ethics approval for the current study was granted by the University of 

Auckland Human Participants Ethics Committee (Ref. 024431). 

The Nao robot was chosen for the current study (see Figure 3). Nao is a programmable, 

humanoid robot, by Softbank (Japan). The Nao robot is able to ‘speak’ and can also perform 

a number of physical movements through utilisation of its hands, arms, head, torso, and legs. 

7.3.2 Procedure  

Once informed consent was obtained, participants were directed to complete a baseline 

demographics questionnaire. This questionnaire asked about age, gender, ethnicity, 

occupation, and any previous experience interacting with robots. All participants were then 

instructed to view an online video. The initial video was approximately two minutes in 

duration and presented an interaction between a patient (‘Sam’) and robot nurse (‘Jane’). In 

this interaction, the patient asked the nurse robot for information regarding a general health 

check and what this entailed. The patient also agreed to see a doctor in order to undertake the 

check. After participants had viewed this initial video, they were asked to complete time-

point one, post-interaction measures (see ‘Measures’ section for further details).  
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Following completion of time-point one measures, participants were randomised to one of 

four interaction conditions: 

1. Robot uses empathetic statements and head nodding during interaction with patient 

2. Robot uses empathetic statements and no head nodding during interaction with patient 

3. Robot uses no empathetic statements and head nodding during interaction with patient 

4. Robot uses no empathetic statements and no head nodding during interaction with 

patient  

Randomisation was performed using research randomiser.org and kept blinded to the 

researcher until the data analysis phase. Following randomisation, participants were 

instructed to view a second video, which depicted a second interaction between the same 

patient (‘Sam’) and nurse robot (‘Jane’) (see Figure 18). In this second interaction video, the 

nurse robot took the patient’s blood pressure as part of the general health check, and had a 

discussion with the patient relating to the patient’s symptoms and emotional state.  

 

 

Figure 18. ‘Sam’ the patient interacts with ‘Jane’ the healthcare robot (clip from video) 

 

In the head-nodding conditions, the nurse robot is seen nodding to the patient as the 

patient discusses their symptoms (resulting in two separate head-nods during the interaction). 

In the verbal empathy conditions, the robot uses empathetic statements throughout the 
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interaction. In the non-empathy verbal condition, only neutral statements are made. Care was 

taken to ensure that robot statements in both conditions were similar in length.  

Once participants had viewed the second interaction video, they were asked to complete 

the time-point two measures. Measures completed following the first and second interactions 

(time-point one and time-point two) were identical. Upon completion of time-point two 

measures, participants were given an authorisation code which could be entered through 

AMT in order to claim a US$4 ‘thank you’ payment. A procedural outline of the study is 

provided below (Figure 19).  

 

 

Figure 19. Procedural outline 
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7.3.3 Power Analysis and Sample Size  

A power analysis was undertaken, using the programme G*Power (Faul et al., 2007), with 

the following parameters: ANOVA Repeated measures, between subjects statistical test, 0.05 

alpha error probability, 0.9 power, and 0.35 effect size (f). This effect size was based on a 

study of verbal empathy statements (Leite et al., 2011), described in the introduction.  

Analysis revealed a sample size of 92 (23 participants in each group) was needed. 100 

participants were recruited in order to provide a buffer in the event that surveys were 

unusable.  

7.3.4 Measures 

As discussed above, a number of studies have shown a strong association between 

physician empathy and patient perceptions of satisfaction and trust (Derksen et al., 2013; 

Hojat et al., 2010; Kim et al., 2004; Lan & Yan., 2017). Therefore, participant perceptions of 

robot empathy, participant trust and satisfaction were measured at time-points one and two. 

7.3.4.1 Empathy 

A 13-item empathy questionnaire was created from a combination of seven items from the 

MFQ (Mendelson & Aboud, 1999b) and five items from the CARE measure (Mercer at al., 

2004), plus a 13th item “Jane makes a good healthcare nurse”. An adaption of the MFQ has 

previously been used in research investigating perceived robot empathy (Leite et al., 2013). 

The CARE measure assesses patient perceived empathy in relation to clinical encounters, and 

its validity and reliability have been established across a range of clinical environments 

(Bikker et al., 2015; Wirtz et al., 2011).   

This 13-item empathy questionnaire has previously been used in research with healthcare 

robots (Johanson et al. 2019, Johanson, Ahn, Sutherland et al., 2020; Johanson, Ahn, Lim, 

2020). All questions are measured using a 5-point Likert scale, ranging from ‘strongly agree’ 



Chapter 7  

152 

 

to ‘strongly disagree’. Items on the empathy questionnaire were totalled in order to obtain a 

‘total score’ for empathy at each of the two time-points. Cronbach’s alpha for the empathy 

scale was found to be .94 and .95 at time-point one and time-point two, respectively.  

7.3.4.2 Trust 

The Jian et al. (2000) trust scale has been validated and shown to have two distinct 

subscales for trust and distrust (Spain et al., 2008). Originally developed to measure user trust 

in relation to automated systems, the scale has since been used to measure user trust in 

relation to online virtual human agents, through substitution of the word “system” to 

“instructor” (Chiou et al., 2020). In order to adapt the scale for use within the current study, 

the word “system” was changed to “Jane” (Jane being the name of the robot in the current 

study). The measures used a 7-point Likert scale ranging from ‘not at all’ to ‘extremely’.  

Trust and distrust items were totalled in order to obtain ‘total scores’ for both trust and 

distrust at each of the two time-points. Cronbach’s alpha was revealed to be .95 for both the 

trust and distrust sub-scales (respectively) at time-point one, and .97 for both the trust and 

distrust subscales (respectively) at time-point two.  

7.3.4.3 Satisfaction 

An adapted version of the Scale of Patient overall Satisfaction with Primary Care 

Physicians was used (Hojat et al., 2011). This measure utilises a 7-point Likert scale ranging 

from ‘strongly agree’ to ‘strongly disagree’ and asks responders questions in relation to 

interactions with physicians. The satisfaction scale was adapted in the current study in order 

to ask participants questions relating to the video interactions they viewed as part of the 

current studies online survey. For example, “My Doctor cares about me as a person” was 

changed to “Jane cares about Sam as a person” (Sam being the name of the ‘patient’ in the 

current study). The Scale of Patient overall Satisfaction with Primary Care Physicians has 
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been validated by the researchers who designed it (Hojat et al., 2011). Items on the 

satisfaction scale were totalled in order to obtain a ‘total score’ for satisfaction at both time-

points. Cronbach’s alpha was .94 and .93 at time-point one and time-point two respectively.  

7.3.4.4  Desire to interact with the robot 

Finally, a stand-alone question was added to the measure, asking: “If offered the chance, 

would you want to interact with Jane face-to-face?”. The answers were ‘yes’ or ‘no’. 

7.3.5 Statistical Analyses 

Data were analysed by conducting four 2x2x2 ANOVAs with time-point as a repeated 

measures variable and head-nodding and empathy statements as between-subjects factors. 

The desire to interact again was analysed using a three way loglinear analysis (‘question’ x 

head-nodding x empathetic-statements) for each of the two time-points.  

7.4 Results 

7.4.1 Participants 

100 participants took part in this study (25 per group). 59% of participants identified as 

male (N= 59), and 41% of participants identified as female (N= 41). The mean age of 

participants was 40.27 years, with a minimum age of 24 and a maximum age of 69. 

Participants reported their current country of residency to be the USA (N= 90, 90%), India 

(N= 9, 9%) and Thailand (N= 1,1%). Most participants were engaged in full time 

employment (N= 76, 76%), followed by part time employment (N=11, 11%), and those not 

currently employed (N= 9, 9%). 40% (N= 40) of participants had interacted with a robot in 

the past.  
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7.4.2 Empathy 

No significant main effects were found in regards to time on empathy scores, F(1,96) = 

0.16, p = .689, ηp
2= .00. There was also no significant time by condition interaction for robot 

head nodding on empathy scores, F(1,96) = 0.21, p = .884, ηp
2= .00. A significant time by 

condition interaction was found for robot verbal empathy, F(1,96) = 16.01, p <.001, ηp
2= .14, 

with participants in conditions in which the robot used verbal empathy reporting significantly 

higher perceptions of robot empathy, compared to conditions in which verbal empathy was 

absent (see Figure 20 and Table 7) .  

There was no significant main effect of robot head nodding on empathy scores, F(1,96) = 

0.70, p = .405, ηp
2= .01, nor any significant main effect of robot verbal empathy on empathy 

scores, F(1,96) = 1.46, p = .230, ηp
2= .01. There was no significant interaction effect of robot 

head nodding and verbal empathy on empathy scores, F(1,96) = 0.68, p = .410, ηp
2= .01. For 

means and standard errors, see Table 7. 

.  

Figure 20. Mean and standard error for perceived robot empathy at time-point two, for verbal 

and head nodding groups 
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Table 7. Mean Perceived Robot Empathy at Time-Point One and Time-Point Two, for Verbal 

Empathy and Head Nodding Groups with 95% CI.     

Verbal 

Empathy 

Head  

Nodding 

Time-point Mean SE 95% CI 

Lower 

95% CI 

Upper 

 

Yes 

 

 

Yes 

 

1 

 

56.24 

 

2.10 

 

52.07 

 

60.41 

  2 61.44 2.61 56.25 66.63 

 

 

 

No 

 

1 

 

60.12 

 

2.10 

 

55.96 

 

64.21 

  2 64.56 2.61 59.37 69.76 

 

No 

 

Yes 

 

1 

 

60.04 

 

2.10 

 

55.87 

 

64.21 

  2 56.04 2.61 50.85 61.23 

 

 

 

No 

 

1 

 

60.00 

 

2.10 

 

55.83 

 

64.17 

  2 56.12 2.61 50.93 61.31 

 

7.4.3 Trust and Distrust 

For trust, there was no significant main effect of time on trust scores, F(1,96) = 2.09, p 

=.152, ηp
2= .02. A significant time by condition interaction was found for robot verbal 

empathy, F(1,96) = 13.78, p <.001, ηp
2= .13, with participants in conditions in which the 

robot used verbal empathy reporting significantly higher ratings of robot trust at time-point 

two, compared to participants in conditions in which the robot did not use verbal empathy. 

There was no significant time by condition interaction for robot head nodding on trust scores, 

F(1,96) = .55, p = .460, ηp
2= .01. See Figure 21 and Table 8.  

There was no significant main effect of robot head nodding on trust scores, F(1,96) = 1.75, 

p = .189, ηp
2= .02, nor any significant main effect of verbal empathy on trust scores,  F(1,96) 

= 1.32, p = .253, ηp
2= .01. There were no significant interaction effects of robot head nodding 

and verbal empathy on trust scores F(1,96) = .22, p = .639, ηp
2= .00. For means and standard 

errors, see Table 8. 
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Figure 21. Mean and standard error for perceived robot trust at time-point two, for verbal and head 

nodding groups 

 

Table 8. Mean Perceived Robot Trust at Time-Point One and Time-Point Two, for Verbal Empathy 

and Head Nodding Groups with 95% CI. 

Verbal 

Empathy 

Head  

Nodding 

Time-point Mean SE 95% CI 

Lower 

95% CI 

Upper 

 

Yes 

 

 

Yes 

 

1 

 

32.08 

 

1.43 

 

29.25 

 

34.91 

  2 33.16 1.70 29.79 36.53 

 

 

 

No 

 

1 

 

33.96 

 

1.43 

 

31.13 

 

36.80 

  2 36.24 1.70 32.87 39.61 

 

No 

 

Yes 

 

1 

 

33.84 

 

1.43 

 

31.01 

 

36.67 

  2 29.52 1.70 26.15 32.35 

 

 

 

No 

 

1 

 

34.52 

 

1.43 

 

31.69 

 

37.35 

  2 31.20 1.70 27.83 34.57 
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For distrust, there was a significant main effect of time on distrust scores, F(1, 96) = 5.96, 

p =.016, ηp
2= .06; with participants across conditions rating the robot significantly higher in 

terms of distrust at time-point two (M = 10.59, SE = 0.77), compared to distrust scores at 

time-point one (M = 9.01, SE = .65). There was also a significant time by condition 

interaction for robot verbal empathy F(1, 96) = 6.90, p =.010, ηp
2= .07, with participants in 

the conditions in which the robot did not use verbal empathy reporting significantly higher 

ratings of robot distrust, compared to participants in conditions in which the robot did use 

verbal empathy. There was no significant time by interaction effect for robot head nodding 

F(1,96) = .01, p = .926, ηp
2= .00. See Figure 22 and Table 9.  

There was no significant main effect of robot head nodding on distrust scores F(1,96) = 

2.36, p = .128, ηp
2= .02, nor any significant main effect of robot verbal empathy, F(1, 96) = 

1.57, p = .213, ηp
2= .02. There were no significant interaction effects of robot head nodding 

and verbal empathy on distrust scores F(1,96) = 0.02, p = .901, ηp
2= .00. For means and 

standard errors, see Table 9. 

 

Figure 22. Mean and standard error for perceived robot distrust at time-point two, for verbal and head 

nodding groups 
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Table 9. Mean Perceived Robot Distrust at Time-Point One and Time-Point Two, for Verbal Empathy 

and Head Nodding Groups with 95% CI. 

Verbal 

Empathy 

Head  

Nodding 

Time-point Mean SE 95% CI 

Lower 

95% CI 

Upper 

 

Yes 

 

 

Yes 

 

1 

 

8.20 

 

1.31 

 

5.61 

 

10.79 

  2 8.00 1.55 4.93 11.07 

 

 

 

No 

 

1 

 

9.92 

 

1.31 

 

7.33 

 

12.51 

  2 9.88 1.55 6.81 12.95 

 

No 

 

Yes 

 

1 

 

7.80 

 

1.31 

 

5.21 

 

10.39 

  

 

 

 

2 

 

11.28 

 

1.55 

 

8.21 

 

14.35 

 

 

 

No 

 

1 

 

10.12 

 

1.31 

 

7.53 

 

12.71 

  2 13.20 1.55 10.13 16.27 

       

 

7.4.4 Satisfaction 

There was no significant main effect of time on satisfaction scores, F(1,96) = .05, p = 

.820, ηp
2= .00. A significant time by condition interaction was found for robot verbal 

empathy, F(1,96) = 10.44, p = .002, ηp
2= .10, with participants in the condition in which the 

robot used verbal empathy, reporting significantly higher satisfaction scores, compared to 

participants in conditions in which verbal empathy was absent. See Figure 23 and Table 10.  

There was no significant main effect of robot head nodding on satisfaction scores F(1, 96) 

= 0.82, p =.369, ηp
2= .01, nor any significant main interaction effect of robot verbal empathy 

on satisfaction scores, F(1, 96) = 1.41, p =.238, ηp
2= .01. There were also no significant 

interaction effects of robot head nodding and verbal empathy on satisfaction scores F(1, 96) = 

0.71, p =.403, ηp
2= .01. For means and standard errors, see Table 10.  
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Figure 23. Mean and standard error for perceived robot satisfaction at time-point two, for verbal and 

head nodding groups 

 

Table 10. Mean Perceived Robot Satisfaction at Time-Point One and Time-Point Two, for Verbal 

Empathy and Head Nodding Groups with 95% CI. 

Verbal 

Empathy 

Head  

Nodding 

Time-point Mean SE 95% CI 

Lower 

95% CI 

Upper 

 

Yes 

 

 

Yes 

 

1 

 

52.92 

 

2.21 

 

48.54 

 

57.30 

  2 56.84 2.71 51.47 62.21 

 

 

 

No 

 

1 

 

56.72 

 

2.21 

 

52.34 

 

61.10 

  2 60.68 2.71 55.31 66.05 

 

No 

 

Yes 

 

1 

 

55.44 

 

2.21 

 

52.06 

 

59.82 

  

 

 

 

2 

 

52.80 

 

2.71 

 

47.43 

 

58.17 

 

 

 

No 

 

1 

 

56.36 

 

2.21 

 

51.98 

 

60.74 

  2 52.16 2.71 46.79 57.53 
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7.4.5 Would you Interact with Jane 

A three-way loglinear analysis was used in order to analyse the question: “If offered the 

chance, would you want to interact with Jane face-to-face?” at each time-point. The analysis 

revealed a non-significant high-order interaction (question x head-nodding x empathy-

statements) at both time-point one,  (1, N= 100) = -.175, p = .861, and time-point two,  (1, 

N= 100) = -1.040, p = .298. There was no significant results found for head nodding x 

question,  (1, N= 100) = -1.342, p = .179, or verbal empathy x question,  (1, N= 100) = 

.270, p = .787, at time-point one. There was also no significant results found for head 

nodding x question,  (1, N= 100) = -,853 p = .393, or verbal empathy x question,  (1, N= 

100) = .465, p = .642, at time-point two.  

7.5 Discussion 

This study investigated the effect of a healthcare robot’s use of empathetic statements and 

head nodding on participant perceptions of robot empathy, trust, distrust, and satisfaction. 

Verbal empathy statements resulted in greater perceptions of the robot’s empathy, trust and 

satisfaction, and lower perceptions of distrust. Head nodding had no significant effects on 

empathy, trust, distrust, or satisfaction scores, and there were no significant interaction effects 

of verbal empathy and head nodding on any outcomes. A potential explanation for the lack of 

findings in regards to head nodding, may be that the head nodding was not exaggerated 

enough, or frequent enough to influence user perceptions. Previous research has found that 

users are not always able to recognise robot non-verbal empathy behaviours, such as facial 

expressions (de Carolis et al., 2017). This may also be the case with empathetic gestures, 

such as head nodding. Neither empathetic statements nor head nodding had an effect on 

participants’ desire to interact with the robot face-to-face.  
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The findings of the current study provide support for the Robot-Patient Communication 

model (Broadbent, Johanson et al., 2018 ), which theorises that robot communication 

behaviours can have effects on patient related health outcomes. This was only true for 

empathetic statements however, and not head-nodding. Findings also align with research 

demonstrating that physician empathy can increase patient satisfaction scores (Dersek et al., 

2013; Lelorain et al., 2012), and increase patient trust (Hojat et al., 2010; Kim et al., 2004; 

Lan & Yan., 2017).  

The results also align with previous research in HRI, in which the use of verbal robot 

empathy was found to increase participant scores in relation to helpfulness and engagement 

(Leite et al., 2011), both of which are measured as part of the satisfaction scale (Hojat et al., 

2011). They also align with results demonstrating the use of verbal robot empathy in 

increasing user perceptions of robot trustworthiness (Charrier et al., 2018), and in increasing 

perceptions of a robots ‘feelings’ (i.e. empathy) (Trost et al., 2020).  

Researchers argue that distrust is not simply the opposite of trust, and as such, trust and 

distrust should be treated as separate constructs (Lewicki et al., 1998; Van de Walle & Six, 

2014). The current study found that distrust scores were significantly higher following 

conditions in which the robot did not use verbal empathy, compared to conditions in which it 

did. To our knowledge, this is the first study that has examined the use of robot empathy in 

relation to participant distrust.  

7.5.1 Limitations 

This research has several limitations. First, the study had an online experimental design 

utilising recorded video. Participants would likely have perceived that the interaction between 

the patient and robot was staged for the purposes of the study. Therefore, results may have 

differed had participants seen a natural interaction between a patient and robot. Second, 
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viewing a HRI is different to engaging in a HRI. Thus, results may have differed had 

participants been able to interact with the robot face-to-face.  

Third, participants were recruited online through AMT. Research has shown that many 

individuals undertaking tasks on AMT do so as a source of income, with most completing 20 

to 100 tasks per week (Paolacci et al., 2010). It may be therefore, that individuals registered 

as workers on AMT are more experienced in undertaking research studies and approach 

surveys in a way that may differ from those in the general population. Finally, AMT workers 

registered in the United States of America (USA) have been found to have a higher level of 

education than those in the general USA population (Paolacci et al., 2010). The majority of 

the participants were from the USA (N = 90, 90%). It may be that individuals higher in 

education are more open and positive towards interactions between robots and patients. This 

may limit the generalisability of results.  

7.5.2 Conclusions and Suggestions for Future Work 

The current study provides preliminary support for the incorporation of verbal empathy as 

a key communication behaviour in the design and implementation of healthcare robots in 

home and medical environments. Future research should consider replicating this experiment 

using an experimental design that utilises face-to-face, HRI. 
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Chapter 8- Discussion 

8.1 Overview 

The overall goal of this thesis was to build knowledge of robot communication behaviours 

that enhance patient outcomes in health applications. Research undertaken as part of this 

thesis was shaped by three specific aims. The first aim involved the identification of key 

communication behaviours used by healthcare professionals, and associated with positive 

patient outcomes. The second aim involved the exploration of these communication 

behaviours within the context of HRI research, in order to identify any gaps in current 

literature. The final aim of this thesis involved the examination of healthcare robot use of 

identified communication behaviours during HRI. This was achieved through four 

experimental research studies, each using a simulated healthcare interaction design.  

The current chapter discusses the findings of all the studies presented in this thesis. The 

chapter begins with a summary of findings, null findings, and methodological considerations. 

How these findings align with previous research and theory is discussed. Implications of the 

research are then examined, followed by research limitations, recommendations for future 

research, and conclusions. 

8.2 Summary of Key Findings 

8.2.1 Literature Review 

The first and second aims of this thesis were addressed in a review of literature. First, the 

review analysed literature investigating the effect of communication behaviours used by 

healthcare professionals, on patient outcomes (Chapter 3). Empathy, humour, self-disclosure, 

facial expressions, eye gaze, body posture, and gestures, were all identified as positively 
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influencing patient outcomes, including adherence, rapport, and satisfaction (Beck et al., 

2001; Deladisma et al., 2007; Hall et al., 1995; Stewart et al., 1999). 

Second, the review analysed literature investigating the above identified behaviours, 

within the field of social robotics. Results were surprising; aside from eye gaze, all other 

identified communication behaviours were scantly represented in social robotics research, 

and almost absent entirely from research in healthcare robotics. The findings of the review 

therefore, provided a rationale for the design and implementation of four experimental 

studies. These studies addressed the third aim of this thesis. 

8.2.2 Experimental Research 

The experimental studies presented within this thesis, specifically investigated the effects 

of key robot communication behaviours on user perceptions and behaviours. With the 

exception of study four (Chapter 7), all studies utilised a face-to-face, HRI methodology, 

involving simulated healthcare exchanges. A brief summary of this research follows.    

Study one, presented in Chapter 4, investigated the effect of robot smiling and use of user 

first name behaviours. The study utilised a within-subjects design, in which participants 

interacted with a healthcare robot during four separate exchanges. Smiling was found to 

positively influence participant attitudes and smiling behaviours, as well as perceptions of 

robot friendliness, agency, and experience. Participant perceptions of personality items, such 

as generous, happy, good-natured, sociable, and warmth, were also positively influenced by 

robot smiling. Robot use of user first name resulted in significantly more participant ratings 

of the personality item ‘humane’.  

Study two, presented in Chapter 5, investigated the effect of robot self-disclosure, voice 

pitch, and forward body lean behaviours. The study utilised a between-subjects design 

involving a single HRI. Participants in both the self-disclosure and forward lean conditions 
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were found to spend significantly more time looking at the robot during interactions; while 

participants in the forward lean condition were significantly more likely to lean towards the 

robot. Participants in the self-disclosure condition were also significantly more likely to laugh 

during interactions. No significant differences were found between groups in regards to self-

reported measures relating to outcome variables; however, participants in the voice pitch 

condition were significantly more likely to rate the robot as boring and unstimulating.  

Study three, presented in Chapter 6, investigated the effect of robot humour. As with study 

two, this study utilised a between-subjects design, with the introduction of an initial HRI 

prior to randomisation of participants to condition. Robot humour was found to significantly 

increase participant laughing behaviours, as well as perceptions of robot likeability, safety, 

and empathy. The humorous robot was also significantly more likely to be rated positively in 

terms of personality items, such as happy, humorous, sociable, talkative, warm, popular, 

frivolous, and imaginative.  

Study four, presented in Chapter 7, examined the effect of robot verbal and non-verbal 

(i.e. head nodding) empathy behaviours. Due to social distancing restrictions introduced in 

light of the COVID-19 pandemic, the study utilised an online design; with participants 

viewing video recordings of two simulated healthcare interactions between a robot and 

patient. Use of verbal empathy by the robot was found to increase participant perceptions of 

robot trust, robot empathy, and interaction satisfaction. Robot verbal empathy was also found 

to decrease participant perceptions of robot distrust. Head nodding had no significant effect 

on any outcomes.  

Overall, the above findings demonstrate that healthcare robot use of specific 

communication behaviours can not only increase salient user perceptions such as trust, safety, 

likeability, empathy, and satisfaction, but can also increase user attention and engagement. In 
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order for patient interactions with healthcare robots to be therapeutically productive, it is 

fundamental that robots behave in ways that encourage user trust, attention, and action. 

Research examining interactions between users and healthcare robots is significantly limited, 

and the above studies provide tangible support for the importance of behavioural 

considerations in healthcare robot design and implementation.  

The above research also demonstrates that specific human healthcare communication 

behaviours associated with positive patient outcomes, can be replicated in healthcare robots, 

with similar outcomes in terms of user perceptions and behaviours. This is not only salient to 

social and healthcare robotics as a whole, but also provides initial evidence for the 

effectiveness of a systematic testing framework in establishing appropriate healthcare robot 

communication behaviours (Broadbent, Johanson et al., 2018 ).  

8.3 Null Findings and Methodological considerations 

8.3.1 Interpretation of Null Findings 

Few effects were found in relation to robot use of first name, voice pitch changes, and 

robot head nodding. Lack of significant effects may be attributed to these behaviours being 

ineffective in influencing user outcomes and behaviours. Another explanation may be that the 

effects of these behaviours were too weak to be detected in analysis of data due to insufficient 

power.  

Further explanation relates to the way in which behaviours were displayed by the robot 

during interactions with participants. For example, the voice pitch changes used by the robot 

may not have been pronounced enough, or frequent enough, to affect user outcomes. As 

discussed previously, only one other study has investigated the effect of robot voice pitch 

(Niculescu et al., 2013). This study, utilised a within-subjects design, comparing a robot with 

high voice pitch against a robot with low voice pitch. Use of a similar study design therefore, 
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may have resulted in significant effects. A final consideration is that the current study 

examined robot voice pitch, whereas robot voice tone may prove to be a more salient area of 

study. Indeed, research in physician-patient interactions demonstrates associations between a 

dominant physician voice tone and higher incidences of patient litigation (Ambady et al., 

2002), as well as associations between a negative or tense physician voice tone and decreases 

in patient satisfaction (Williams et al., 1998). Hence it may be that study of robot voice tone, 

as opposed to voice pitch, might have seen more significant results.  

Robot head nodding may also have been displayed in a way that was too discrete. Similar 

to robot display of voice pitch changes, it may be that the frequency and duration of head 

nodding was not exaggerated enough to influence user perceptions, particularly when 

considering the use of an online video design for this study. Alternatively, previous research 

has found that users are often not able to correctly interpret robot non-verbal empathy 

behaviours, such as facial expressions (de Carolis et al., 2017). Another explanation 

therefore, maybe that robot head nodding was recognised by participants, but was not 

interpreted as being associated with empathy.  

As no previous study has investigated the effect of robot use of user first name, it is not 

possible to contrast null findings relating to robot first name use with previous robotics 

research. In research examining the use of patient first name by human medical receptionists, 

this behaviour was associated with rapport (Hewitt et al., 2009). Unlike with robots, human 

use of first name requires deliberate effort in attention and retention of information. It may be 

that while this effort is appreciated in other humans, it is seen as unremarkable in robots. As 

with the behaviours discussed above, another potential explanation may be that robot use of 

user first name was not frequent enough to influence user perceptions or behaviours. Finally, 

use of a within-subjects design may have resulted in the behaviour not being noticeably 

different between conditions, due to participant memory of the previous interaction. 
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8.3.2 Methodological Considerations in HRI Research  

As research conducted in this thesis progressed, understanding was gained in relation to 

conducting HRI studies. Specifically, insights related to conducting research with populations 

of individuals who had not interacted with robots in the past. These insights are discussed 

below. 

Study one was conducted using a within-subjects study design, and though order effects 

were minimised through randomisation of interaction order, this was a limitation of the 

research. In order to improve on study one, study two utilised a between-subjects design. 

When analysis of study two data was conducted however, no significant differences were 

found between groups in regards to self-reported outcome variables. A lack of prior robot 

interaction in relation to the majority of participants, may have resulted in a lack of 

comparison for participants when completing robot perception measures. In addition, 

potential excitement over an initial robot interaction could have introduced ceiling effects, 

demonstrated through the positive skew of two main outcomes variables.   

Building on study two, study three introduced an initial interaction to allow participants 

the opportunity to ‘get to know’ the robot before randomisation. This initial interaction was 

designed in order to both minimise novelty effects, and provide a basis of comparison for 

participants when completing self-report measures. An initial HRI (video) was also utilised in 

study four prior to participant randomisation to condition. As with study three, the aim of this 

initial interaction video was to minimise novelty effects and provide a basis of comparison 

for participants completing self-report measures. Significant findings in regards to the main 

outcome variables for both studies three and four provide initial support for the use of this 

study design when working with a population of individuals who are unlikely to have 

interacted with robots in the past.  
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The above methodological insights are important for the emerging field of HRI and may 

be useful for other researchers. When considering previous research that has specifically 

examined aspects of robot communication behaviours within the context of HRI (Chapter 3), 

none could be found utilising an initial interaction (between-subjects) design. It is reasonable 

to assume that many HRI studies utilise study participants that are inexperienced in regards to 

robot interactions. Lack of an initial robot interaction may therefore explain some of the null 

findings in previous research employing a between-subjects design.  

The studies in this thesis build on previous research within human healthcare interactions, 

to show the importance of key communication behaviours in impacting participant outcomes 

in an experimental context. Most behavioural studies involving healthcare professionals have 

been observational, and the ability to use a robot platform increases methodological rigour, 

through the ability to exercise tight control over robot conversation and behaviour.  

8.4 Integration into Current Literature 

As discussed, research findings from this thesis support the use of healthcare robot 

smiling, self-disclosure, forward lean, humour, and empathy, as key robot communication 

behaviours, important in improving user perceptions, behaviours, and overall interaction 

acceptability. The following section discusses these findings within the context of current 

social, healthcare, and robotics research.  

8.4.1 Smiling 

Smiling is a meaningful communication behaviour that has been found to be associated 

with positive effects in both human social and healthcare interactions. In human social 

interactions, smiling is found to increase perceptions of friendliness, sincerity, warmth, 

intelligence, and likeability (de Lemus et al., 2012; Gueguen & De Gail, 2003; Lau, 1982; 

Reis et al., 1990); while in healthcare interactions, smiling by healthcare professionals has 
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been found to be associated with higher patient perceptions of skill level and friendliness 

(Gueguen & De Gail, 2003; Wysong & Driver, 2009).  

In line with human social and healthcare research, study one found robot smiling to be 

significantly associated with increased user perceptions of robot friendliness, as well as robot 

personality ratings of happiness, good natured-ness, and warmth. While user perceptions of 

robot intelligence were unaffected by robot smiling, participants rated the smiling robot 

significantly higher in terms of agency and experience, providing further support for an 

association between smiling and increased perceptions of skill level in healthcare 

interactions.  

This is the first study to demonstrate the positive effect of robot smiling on user 

perceptions of friendliness, experience, personality, and agency. Although previous research 

has examined the effect of robot smiling on human smiling (Riek et al., 2009), this is the first 

study to show that robot smiling can significantly increase human smiling. These findings 

provide initial support for the use of healthcare robot smiling in improving user enjoyment 

behaviours, as well as user perceptions of robot friendliness, competency, and intentionality.  

8.4.2 Self-disclosure and Forward Lean 

Attentional behaviours are a critical aspect of human communication, fundamental to 

social interactions throughout the lifespan (Mundy & Newell, 2007). Research in human 

social and healthcare interactions has found both eye contact and forward lean behaviours to 

be associated with increased human attention and demonstrations of active listening (Mundy 

& Newell, 2007; Rohlfing et al., 2012; Sommers-Flannagan & Sommers-Flannagan, 2012; 

Whitlock et al., 2018; Wilbur et al., 1998). In study two, robot attentional behaviours were 

examined. Findings demonstrated the effect of robot forward lean and self-disclosure in 
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significantly increasing positive participant eye gaze behaviours. In addition, robot forward 

lean behaviours were found to significantly increase participant forward lean behaviours.   

Participants in the self-disclosure condition were also found to laugh significantly more 

during interactions. Though incidental, this finding also indicates an increase in user 

attentional behaviours, supported by substantial research demonstrating the use of humour in 

attracting and sustaining human attention (Banas et al., 2011). This is the first study to show 

the positive effect of robot self-disclosure on user attentional behaviours. This is also the first 

study to explore the effect of robot forward lean in regards to any user outcome variable. The 

findings of study two provide initial support for the use of healthcare robot self-disclosure 

and forward lean behaviours, in increasing user attention and engagement. 

8.4.3 Humour 

Humour is a salient social communication behaviour gaining attention as a useful 

therapeutic tool in healthcare environments (Bennett, 2003). In human social research, 

humour has been found to positively influence perceptions of social competency, likeability, 

and trust (Hampes, 2010; Wanzer et al., 1996). Findings from study three are reflective, with 

participants in conditions in which the robot used humour, reporting significantly higher 

perceptions of robot likeability, and safety, as well as personality items reflecting social 

competency, such as humorous, sociable, talkative, and popular. These findings are also in 

line with previous robotics research demonstrating the effect of robot humour in increasing 

user perceptions of robot conversational style, personality expression, and likeability 

(Niculescu et al., 2013; Tae & Lee, 2020). 

Use of humour by healthcare professionals has been found to be associated with increased 

patient perceptions of empathy and decreased patient anxiety (Berger et al., 2004; Dean & 

Major, 2008; Demjén, 2016; Hampes, 2001). Study three found robot use of humour to be 
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significantly associated with increased participant ratings of robot empathy and warmth. In 

addition, participant anxiety was found to be lower following the condition in which the robot 

used humour (measured as a component of the robot trust scale (Bartneck et al., 2009)).  

This study was the first to demonstrate the effect of robot humour on user perceptions of 

robot safety, and the first to investigate the effect of a healthcare robot’s humour during HRI. 

The findings of this research provide initial support for the use of robot humour in increasing 

user perceptions of likeability and personality. Findings also provide initial support for the 

use of healthcare robot humour in improving user perceptions of robot safety and empathy, as 

well as decreasing user anxiety; outcomes particularly salient to healthcare robotics design 

and implementation.  

8.4.4 Empathy 

The use of empathy by healthcare professionals is arguably one of the most fundamental 

communication behaviours for facilitating positive patient interactions. Research in 

physician-patient interactions demonstrates the association between physician use of empathy 

and increased patient perceptions of physician trust (Hojat et al., 2010; Kim et al., 2004; Lan 

& Yan., 2017). Previous research in HRI has also shown an association between use of robot 

verbal empathy, and increased user perceptions of robot trustworthiness (Charrier et al., 

2018). Study four found robot verbal empathy to be significantly associated with increased 

participant trust. Interestingly, absence of verbal empathy was found to be significantly 

associated with increased participant distrust.  

Robot verbal empathy was also found to be significantly associated with increased 

participant perceptions of satisfaction. This finding is once again in line with physician-

patient interaction research, demonstrating a significant association between physician 

empathy and patient satisfaction (Derksen et al., 2013; Lelorain et al., 2012). While previous 
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research has examined the effect of robot empathy in relation to user perceptions of trust, 

empathy, and satisfaction, this was the first study to investigate the effect of robot empathy 

on user distrust. The results of this research provide initial support for the use of healthcare 

robot empathy in increasing user trust, decreasing user distrust, and improving user 

satisfaction, outcomes that are once again salient to healthcare robotics.  

8.4.5 Robot-Patient Communication  

The research undertaken as part of this thesis demonstrated the positive effects of specific 

healthcare robot communication behaviours on user perceptions and behaviours. These 

findings provide initial support for the model of robot-patient communication (Broadbent, 

Johanson et al., 2018 ). This theory posits that the same communication behaviours found to 

be important in physician-patient interactions, and associated with positive patient outcomes, 

may facilitate enhanced robot-patient interactions. The authors of the model call for the 

systematic testing of these behaviours in order to determine the validity of this hypothesis. As 

with physician-patient interactions, findings from this thesis demonstrate the importance of 

smiling, forward lean, self-disclosure, humour, and empathy behaviours, in positively 

influencing user perceptions and behaviours. While the research undertaken in this thesis did 

not use a patient population, these findings provide preliminary support for the robot-patient 

communication model and the use of the above behaviours in improving healthcare robot 

design and implementation.  

Conversely, research undertaken as part of this thesis did not support robot use of first 

name, voice pitch changes, or head-nodding, as behaviours for improving user outcomes. As 

discussed, it may be that these behaviours are not helpful in regards to influencing user 

outcomes, or that the effects of these behaviours were weak and undetected during analysis of 
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data. Lack of findings may also be related to experimental methodology regarding robot 

demonstration of these behaviours.  

8.4.6 Physician-Patient Communication 

The scripted interactions utilised as part of the experimental research undertaken in this 

thesis, were designed in line with the goals of the physician-patient interaction: to promote 

rapport, encourage the exchange of medical information, and promote patient involvement in 

health-related decisions (Ha et al., 2010; Leite et al., 2013; Simpson et al., 1991; Stewart et 

al., 1999). The findings of this thesis provide support for the importance of clinician 

communication behaviours within the physician-patient interaction. In addition, this research 

also provides a methodological framework in which communication behaviours can be 

studied, and if appropriate, applied to physician-patient interactions, when the randomised 

controlled study of these behaviours in real physicians is not possible.  

8.5 Implications for Social and Healthcare Robotics  

Researchers argue the importance of considering robot behaviours in HRI, highlighting the 

need for social robots to demonstrate behaviours that are appropriate and comfortable to 

human users (Walters et al., 2007). When considering the use of robots in healthcare 

environments, consideration needs to be taken further. As well as facilitating acceptance and 

comfort, healthcare robot behaviours will need to be seen as empathetic, trustworthy, and 

safe, to encourage user adoption of healthcare robot advice. 

While preliminary in nature, the findings represent relatively simple ways to increase 

positive user perceptions and behaviours, and increase the potential likelihood of robot 

acceptance in healthcare environments. 

This thesis also found the use of some robot communication behaviours to be associated 

with negative user perceptions. For example, participants were found to be significantly more 
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likely to rate a healthcare robot as boring and unstimulating when it used voice pitch changes 

during interactions. In addition, participants were significantly more likely to rate a 

healthcare robot as frivolous when it used humour during interactions. The implications of 

these findings highlight the flip-side of robot behaviours and the importance of additional 

research to gain full insight into the effects of these behaviours in both patient and non-

patient populations.  

8.6 Limitations 

As limitations specific to individual studies have been discussed in respective chapters 

(Chapters 4 through 7), this section will discuss four general limitations, relating to the 

overall design and implementation of all research studies in this thesis.   

The first limitation of this thesis relates to the use of scripted interactions between the 

healthcare robot and participants. The use of scripted interactions related primarily to the 

technical limitations of the robots, which prevented natural conversation with users. Had 

natural conversations between the robots and users been able to occur, participant self-

reported outcomes and behaviours observed may have differed. The approach employed did 

have some benefits however, and allowed for the avoidance of potential confounds, 

introduced through differences in HRI length, and conversational topics.   

The second limitation of this thesis relates to the use of a student population. Students are 

generally younger in age and may be more open and positive in regards to interactions with 

robots, reducing the generalisability of findings. Use of a healthy student population was a 

conscious decision, made in light of robot limitations, substantial gaps in current healthcare 

robotics research, and the potential vulnerabilities of patients and older aged adults.  

The third limitation of this thesis relates to the use of a laboratory environment. While the 

use of a laboratory environment limits the introduction of confounds, it also reduces the 
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ecological validity and clinical application of findings. It may be that user perceptions and 

behaviours in response to healthcare robot communication behaviours, would have differed in 

natural healthcare environments, where individuals are likely to be injured, unwell, or 

seeking medical attention.  

The final limitation of this thesis, relates to the outcome variables chosen for study. While 

the research undertaken utilised a healthcare robot and simulated healthcare interactions, 

concrete patient health outcomes, such as medication adherence, were not examined. Once 

again, this was a conscious decision related to the significant lack of behavioural research 

within the context of healthcare robotics to date; leading to the study of user perceptions and 

short-term behaviours as a ‘starting point’ for research in this area.  

8.7 Future Research 

Due to the limitations listed above, future researchers should consider the re-examination 

of identified healthcare robot communication behaviours, within the context of natural 

healthcare environments. Future researchers may also wish to consider the re-examination of 

these behaviours with a mixed age or patient population; and once technology allows, within 

the context of a free-speech HRI. In addition, it is critical for future research to consider the 

effect of identified healthcare robot communication behaviours, on concrete patient health-

related outcomes, such as adherence and anxiety.  

Robot voice pitch and head nodding behaviours were found to have no positive effects on 

user perceptions and behaviours in this research Future research could re-examine these 

communication behaviours, utilising a study design that employs exaggerated robot 

demonstrations of voice pitch and head nodding.   

Finally, it would be useful to determine if healthcare robot humour is consistently 

associated with increased perceptions of robot frivolity, and if these perceptions are 
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counterproductive in terms of patient health outcomes. While previous research with 

computer agents found agent humour to significantly increase user motivation to engage in 

healthy eating and exercise behaviours (Olafsson et al., 2020), other research in social 

robotics found decreases in user compliance with an exercise task, when a robot was playful 

as opposed to serious (Goetz et al., 2003). Further research is needed in order to clarify when 

and how, humour should be used during HRI in healthcare environments.  

8.8 Conclusions  

This research demonstrated that healthcare robots should employ a number of clinical 

communication behaviours in order to improve user outcomes. First, the use of healthcare 

robot smiling behaviours was shown to increase user smiling and perceptions of robot 

friendliness, agency, experience, and personality. Second, robot self-disclosure and forward 

lean behaviours was shown to increase user attentional behaviours. Third, the use of robot 

humour was shown to increase user laughing and perceptions of robot likeability, safety, 

personality, and empathy. Finally, the use of robot verbal empathy was found to increase user 

perceptions of robot empathy, trust, and satisfaction, as well as decrease user distrust. This 

research is novel and the findings advance knowledge in regards to designing healthcare 

robots that can enhance patient outcomes.  
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Testing Receptionist Robots for Healthcare 

 

PARTICIPANT INFORMATION SHEET 

 

Principal Investigator:  Dr Elizabeth Broadbent 

Co-Investigators:   Dr Ho Seok Ahn, Dr Bruce MacDonald, Deborah Johanson 

Research Assistant:   Bianca Brown 

 

Researcher Introduction  

My name is Bianca Brown and I am a Research Assistant at the University of Auckland. I will be 

conducting the interactions with Eve and co-ordinating questionnaires with the research team. I can 

provide you with any further information about the project if necessary.  

 

This Project  

Rationale  

Many countries in the world are struggling with a shortage of healthcare and service professionals, 

which includes New Zealand. The Korea Institute of Science and Technology has developed social 

service robots to address these issues. Robots play a vital and growing role in healthcare, especially at 

a primary level. The objective of this project is to therefore evaluate the appropriateness of the social 

robot EveR4, or ‘Eve’, in a healthcare receptionist role.  

 

Aims  

• To evaluate the appropriateness of Eve as a healthcare receptionist.  

• To evaluate Eve’s personality. 

 

Duration  

This project will continue for up to 5 years. However, participants in this study will only be required 

to engage with Eve and answer questionnaires about the robot’s effectiveness over a one hour period.  

 

Benefits  

We expect that the results from this project will help determine the usefulness and acceptability of 

social robots within healthcare settings, such as taking on receptionist roles.  

 

This may help to ease the burden on existing healthcare professionals in the future. 

 

Risks  

The EveR4 robot may have some errors and become unusable due to internal technical problems. 

However, as it is not a mobile robot, it is unlikely there will be any physical risks. We have also 

provided a standard task list for interacting with Eve, so participants are not required to divulge any 

sensitive or personal information. To mitigate any risks that may occur, however, our staff will be on-

site to monitor and observe the robot.  

 

Funding  

The funding for this research has been obtained through the EveR4 robot developers, the Korea 

Institute of Science and Technology (KIST). KIST is supplying the robot for this trial as part of their 

development processes. The University academics are acting independently in this evaluation. There 

is no personal gain for any individuals. The funding for this project includes set up, evaluation and 

analysis.  
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Other People  

No other people will have access to or use the data or results in this research (apart from the 

researchers).  

 

Invitation to Participate  

Why  

You are invited to participate in this research because you are a student of the University of 

Auckland.  

 

How  

We would like to inform you of the project, answer any questions you have and invite you to 

participate. If you choose to participate, you can complete the consent form provided now or when we 

return to administer the questionnaires.  

 

Voluntary participation  

Your participation is voluntary and you may decline this invitation to participate without penalty. 
Participation or non-participation of students will have no impact on their grades. 

 

Compensation  

Participants will receive a $25 Westfield voucher to reimburse them for their time and effort. 

 

Project Procedures  

In this study, we will have a laboratory room set up to simulate a doctor’s office reception. Eve will 

be seated behind the desk, and will be available for participants to approach and interact with.   

 

If you choose to participate, you will first be given a demographics questionnaire and a questionnaire 

inquiring after your current emotional state to complete, followed by a description of Eve the robot. 

You will then be given a task list to complete with Eve, in the form of simulating an interaction with a 

receptionist at a doctor’s office. You will be asked to interact with Eve four times for approximately 

five minutes each time, and each interaction will be video-recorded for behavioural observation 

purposes. After each interaction you will be given a questionnaire to complete based on your 

interaction with Eve. This will enable you to provide feedback on your robot experience during the 

evaluation phase.  

The expected time commitment from you will be approximately an hour in total. You will interact 

with the robot four times, and complete five questionnaires. The robot will have four personality 

styles and we are testing which is more appropriate.  

 

Data Storage, Retention, Destruction and Future Use  

A questionnaire will be used to collect feedback from participants. The questionnaires will be stored 

for 6 years. After the minimum storage time of 6 years has elapsed, the hard copies of questionnaires 

will be destroyed.  

The completed hard copies of questionnaires will be stored in a locked cabinet and locked office and 

then destroyed by shredding. The principle investigator and research team will be the only people to 

have access to these questionnaires at any point during the study.  

In terms of electronic recordings, they will be transcribed by the research group and stored on a 

password-secure computer at the University of Auckland that only the research group will have access 

to. After a minimum storage time of 6 years has elapsed, the electronic recordings will be deleted. 

 

Right to Withdraw from Participation  

You may withdraw your participation in this research at any time, without needing to provide a 

reason.  You can withdraw any data provided via a questionnaire or electronic recording up to three 

days from the date of completion.  

 

Anonymity and Confidentiality  

The preservation of confidentiality is paramount. The information you share with us within the 
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questionnaire will remain confidential to the research group. In terms of ensuring your confidentiality 

within electronic recordings of your interactions with Eve, only the research group will have access to 

such recordings. No information which could personally identify participants will be used in any 

reports on this study.  

 

We are not interested in individual data and individual results will be combined with the results of 

other people. Reports containing anonymized data may be used to support a summarised report and 

scientific publications.  

 

CONTACT DETAILS  

 

Research Assistant: 

Bianca Brown 

Department of Medical and 

Health Sciences  

Bbro077@aucklanduni.ac.nz 
 

+64 9 922 2214 

Principal Investigator: 

Dr Bruce MacDonald 

Department of Electrical and 

Computer Engineering 

b.macdonald@auckland.ac.nz 
 

+64 9 923 8157 

Principal Investigator: 

Dr Elizabeth Broadbent 

Department of Medical and 

Health Sciences  

e.broadbent@auckland.ac.nz  
 

+64 9 923 6756 

 

Chair of the Human Ethics Committee: 

For any queries involving ethical concerns, you may contact 

the Chair: 

The University of Auckland Human Participants Ethics 

Committee, The University of Auckland, Research Office, 

Private Bag 92019, Auckland 1142, 

Email: ro-ethics@auckland.ac.nz 

 

+64 9 373 7599 ext. 83711 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Approved by the University of Auckland Human Participants Ethics Committee on 06/10/2017 for 

three years. Reference Number 020127. 

  

mailto:Bbro077@aucklanduni.ac.nz
mailto:b.macdonald@auckland.ac.nz
mailto:e.broadbent@auckland.ac.nz
mailto:ro-ethics@auckland.ac.nz
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                  Building 503 

85 Park Road, Grafton 

Auckland, New Zealand 

T +64 9 923 2760  

W fmhs@auckland.ac.nz 

              The University of Auckland 

Private Bag 92019 

Auckland 1142 

New Zealand 

 

Testing Receptionist Robots for Healthcare 

 

CONSENT FORM 

 

Consent forms will be held for six years, in accordance with university policy. 

 

• I agree to take part in this study.  

• I have read the participant information sheet and have understood the nature of the research.  

• I understand why I have been invited and have had the opportunity to ask questions and have 

them answered to my satisfaction.  

• I understand that my participation in this research is voluntary (my choice). 

• I understand that I will be video recorded.  

• I understand that a research assistant will provide me with the questionnaire and collect the data 

from the questionnaire, but they will first sign a confidentiality agreement.  

• I understand that the evaluation will take approximately an hour to complete  

• I understand that my participation in this study is confidential and that no material which could 

identify me will be used in any reports on this study.  

• I understand that the overall results may be published in a scientific journal, but that I will not be 

personally identified in any reports or publications. 

• I may withdraw my participation in this research at any time, without needing to provide a 

reason.  

• I can withdraw any data up to three days from the date of completion.  

• I understand that data will be stored in a locked cabinet or on a password-secure computer at the 

University of Auckland for six years and then it will be professionally destroyed.  

 

I…………………………………………………………….consent to take part in this study. 

 

 

Signature:………………………………………….Date:……………………………………. 

 

I wish to receive a copy of the results of the study    YES/NO (circle) 

If YES, please provide your email address (or postal address): 

 

 

………………………………………………………………………………………………… 

 

 

 

Approved by the University of Auckland Human Participants Ethics Committee on 06/10/2017 for 

three years. Reference Number 020127. 
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HRI Script 

 

 

Participant:  Hi Eve 

Robot:  Hello, how may I help you? 

Participant:  I have an appointment with Dr Smith 

Robot:  Okay thanks, what is your name? 

Participant:  My name is (name) 

Robot:  Thank you, your name is (name) right? 

Participant:  Yes 

Robot:  Thanks (name), what time is your appointment? 

Participant:  My appointment is at 1pm 

Robot:  Okay (name), I have checked you in for your appointment with Dr 

Smith. Please have a seat and the Doctor will be with you shortly 

Participant:  How long will I have to wait?  

Robot:  I’m sorry (name) but Doctor Smith is running five minutes late 

Participant:  Okay 

 
Now I want you to leave the interaction, then return, imagining that you have finished seeing the 

doctor and that she has given you a prescription. You go back to the medical receptionist to pay and 

make another appointment.  

 

Participant:   Hi Eve 

Robot:    Hi (name) 

Participant:   I need to pay for my appointment  

Robot:   Sure, do you have Medical Insurance?  

Participant:   Yes 

Robot: Let me look up those details….yes we have those details on file 

(name) and your  bill will be automatically be sent to Southern Cross 

Participant: Great. Can I make an appointment with Dr Smith for Wednesday 

next week  

Robot: Sure, Dr Smith has the following times available: 9.00am, 12.00pm, 

or 5.00pm.What time is best for you (name)? 

Participant:   How long will the appointment will take? 

Robot:    All our standard appointments are 15 minutes long 

Participant:   Okay, I’ll take the 9.00am 

Robot: Thank you (name), I will book you in for 9.00am, next Wednesday 

with Dr Smith 

Participant:   Where is the nearest pharmacy? 
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Robot:   The nearest pharmacy is located at 160 Broadway, Newmarket  

Participant:   Can I leave my car here while I get my prescription filled? 

Robot:    Sorry I don’t understand, shall I get a human to help you? 

Participant:   Okay 

Robot:    Sorry I couldn’t help you with your query  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Approved by the University of Auckland Human Participants Ethics Committee on 06/10/2017 for 

three years. Reference Number 020127. 
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DEMOGRAPHICS QUESTIONNAIRE 

 

Testing Receptionist Robots for Healthcare 

     

 

Gender:      Male / Female / Other (please circle) 

 

Which ethnic group do you belong to? 

(Please tick more than one if applicable)  

 
New Zealand European • 

Māori   • 

Samoan   • 

Cook Island Māori  • 

Tongan   • 

Niuean   • 

Chinese   • 

Indian   • 

Other   • 

If ‘Other’ please state _________________ 

 

Occupation: …………………………………………………………………………………… 

 

Highest qualification: ………………………………………………………………………… 

 

 

MOOD 

 

We are interested in your rating of your current experience. On the horizontal lines below, please 

mark with an X the point that best represents how you feel right now. 

 

In terms of your current mood, how positive do you feel right now? 

 

 
Not at all positive               Very Positive 

 

 

 

How negative do you feel right now? 

 
Not at all Negative              Very Negative 
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Overall, how would you rate your current mood? 

 

 
        Best               Worst 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Approved by the University of Auckland Human Participants Ethics Committee on 06/10/2017 for 

three years. Reference Number 020127. 
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Testing Receptionist Robots for Healthcare 

 

Post-Interaction Questionnaire 

 

 

 

You have just completed your interaction with Eve. Based on this interaction, please indicate 

your level of agreement with the following statements:  

 

 

 Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

I enjoyed talking with Eve 

 

     

Eve helped me with this  

appointment  

 

     

Eve shared her emotions with 

me 

 

     

I would trust Eve if coming to 

the doctor again 

 

     

Eve was supportive of my 

needs 

 

     

I felt comfortable with Eve 

 

     

I felt I could tell private and  

sensitive things to Eve 

 

     

Eve is genuinely likeable 

 

     

I felt Eve expressed feelings 

and emotions that were 

appropriate for the situation 

     

I feel like Eve could be a friend 
of mine 

     

I would be happy to see Eve as 

a receptionist again 
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We are interested in how you feel towards the root you interacted with. Please circle the number 

that best corresponds to your views: 

 

 

 

I think Eve was: 

 

1 

 

Friendly 

2 3 4 5 6 7 8 

 

Unfriendly  

1 

 

Useful 

2 3 4 5 6 7 8 

 

Useless 

1 

 

Trustworthy 

2 3 4 5 6 7 8 

 

Untrustworthy 

1 

 

Strong 

2 3 4 5 6 7 8 

 

Fragile 

1 

 

Interesting 

2 3 4 5 6 7 8 

 

Boring 

1 

 

Advanced 

2 3 4 5 6 7 8 

 

Basic 

1 

 

Easy to Use 

2 3 4 5 6 7 8 

 

Hard to Use 

1 

 

Reliable 

2 3 4 5 6 7 8 

 

Unreliable 

1 

 

Safe 

2 3 4 5 6 7 8 

 

Dangerous 

1 

 

Simple 

2 3 4 5 6 7 8 

 

Complicated 

1 

 

Helpful 

2 3 4 5 6 7 8 

 

Unhelpful 

1 

 

Human-like 

2 3 4 5 6 7 8 

 

Machine-like 

 

 

Please circle one word from each of the following pairs that is in most accordance with the view 

you have formed of Eve: 

 

Generous   Ungenerous 

Shrewd   Wise 

Unhappy   Happy 

Irritable   Good-natured 

Humorous   Humourless 

Sociable   Unsociable 
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Popular   Unpopular 

Important   Insignificant 

Ruthless   Humane 

Good-looking  Unattractive 

Persistent   Unstable 

Frivolous   Serious 

Restrained   Talkative 

Self-centred   Altruistic 

Imaginative   Hard-headed 

Strong   Weak 

Dishonest   Honest 

Warm   Cold 

 

 

Please indicate the degree to which you believe Eve has each of these capabilities: 

 

 

How much is Eve capable of thinking? 

1 2 3 4 5 6 7 

Has no Thought                                       Has Thought 

How much is Eve capable of understanding how others feel? 

1 2 3 4 5 6 7 

Cannot Recognise Emotions                               Can Recognise Emotion 

How much is Eve capable of conveying thoughts and feelings to others? 

1 2 3 4 5 6 7 

Cannot Communicate                              Can Communicate  

How much is Eve capable of experiencing physical or emotional pleasure? 

1 2 3 4 5 6 7 

Cannot feel Pleasure                               Can feel Pleasure  

How much is Eve capable of experiencing physical or emotional pain? 

1 2 3 4 5 6 7 

Cannot feel Pain                                      Can feel Pain 

How much is Eve capable of having experiences and being aware of things? 

1 2 3 4 5 6 7 

Not Conscious                                          Conscious 

 

 

Please circle the option you agree with the most: 

 

 

What did you think of Eve’s Voice Pitch? 

 

To Low 

 

Just Right 

 

Too High 

 

What did you think of Eve’s Eye Contact with you? 

 

Too Little 

 

Just Right 

 

Too Much 

 

What did you think of Eve’s Head Nodding? 

 

Not Enough 

 

Just Right 

 

Too Much 
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How Friendly was Eve? 

 

Very Unfriendly Unfriendly Neutral Friendly Very Friendly 

 

How acceptable do you think this version of Eve would be in a Doctors Clinic? 

 

Very 

Acceptable 

 

Acceptable 

 

Neutral 

 

Unacceptable 

 

Very 

Unacceptable 

 

 

 

Please read each word and circle the appropriate number in the space next to the word. Indicate 

to what extent you feeling this way tight now (that is, at the present moment). Use the following 

scale to record your answers. 

 

 

I feel… Very 

slightly or not 

at all 

 

A little 

 

Moderately 

 

Quite a Bit 

 

Extremely 

Enthusiastic 1 2 3 4 5 

Dull 1 2 3 4 5 

Excited 1 2 3 4 5 

Sleepy 1 2 3 4 5 

Strong 1 2 3 4 5 

Sluggish 1 2 3 4 5 

Euphoric 1 2 3 4 5 

Idle 1 2 3 4 5 

Aroused 1 2 3 4 5 

Rested 1 2 3 4 5 

Astonished 1 2 3 4 5 

Quiet 1 2 3 4 5 

Surprised 1 2 3 4 5 

Still 1 2 3 4 5 

Passive 1 2 3 4 5 

Inactive 1 2 3 4 5 

Fearful 1 2 3 4 5 

Calm 1 2 3 4 5 

Hospital 1 2 3 4 5 

Peaceful 1 2 3 4 5 

Nervous 1 2 3 4 5 

Relaxed 1 2 3 4 5 

Elated 1 2 3 4 5 

Lonely 1 2 3 4 5 

Content 1 2 3 4 5 

Sad 1 2 3 4 5 

Happy 1 2 3 4 5 

Unhappy 1 2 3 4 5 

Satisfied 1 2 3 4 5 
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Please write down your answers to each of the following questions in the spaces provided: 

 

What did you like about Eves personality? 

 

 
 

What didn’t you like about Eves personality? 

 

 
 

How do you think Eves personality could be improved? 
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Did you think Eve was friendly? Why/Why not? 

 

 
 

What could be improved about her friendliness? 

 

 
 

Would Eve be a good edition to a Doctors Clinic? Why/Why Not? 
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Which version of Eve did you prefer and why? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Approved by the University of Auckland Human Participants Ethics Committee on 06/10/2017 for 

three years. Reference Number 020127. 
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Appendix B: Study 2 Forms 

Ethics Committee Approval Letter 

Participant Information Sheet 

Participant Consent Form 

HRI Script 

Questionnaires 
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Research Office

Post–Award Support Services

The University of Auckland

Private Bag 92019

Auckland, New Zealand

Level 10, 49 Symonds Street

Telephone: 64 9 373 7599

Extension: 83711

Facsimile: 64 9 373 7432

ro-ethics@auckland.ac.nz

UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE (UAHPEC)

20-Jul-2018

MEMORANDUM TO:

Dr Elizabeth Broadbent

Psychological Medicine

Re: Application for Ethics Approval (Our Ref. 021754): Approved with comment

The Committee considered your application for ethics approval for your study entitled Robot receptionist

study.

Ethics approval was given for a period of three years with the following comment(s):

1. On the questionnaire, please edit the choices for the ‘ethnic group’ question (Q3) - there is no box for ‘NZ

European’.

2. PIS: The right to withdraw from the study is not detailed as suggested in the application. The application

states data can be withdrawn at any point ‘up to Sep 30 2018’, yet the PIS states “You may ask that your data

be withdrawn from the study for up to two weeks after completing your session”. Please correct the PIS to

include the date outlined in the application.

The expiry date for this approval is 20-Jul-2021.

If the project changes significantly you are required to resubmit a new application to UAHPEC for further

consideration.

If you have obtained funding other than from UniServices, send a copy of this approval letter to the Activations

team in the Research Office, at ro-awards@auckland.ac.nz. For UniServices contracts, send a copy of the

approval letter to the Contract Manager, UniServices.

The Chair and the members of UAHPEC would be happy to discuss general matters relating to ethics approvals if

you wish to do so. Contact should be made through the UAHPEC Ethics Administrators at

ro-ethics@auckland.ac.nz in the first instance.

Please quote Protocol number 021754 on all communication with the UAHPEC regarding this application.
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Robot Receptionist Study 

 

PARTICIPANT INFORMATION SHEET 

 

You are invited to take part in a study investigating the effect of a robot’s social behaviours on 

human-robot interactions. You must be at least 16 years of age in order to take part in this study. We 

are looking for 180 participants.  

 

This project is being supervised by Dr. Elizabeth Broadbent (Associate Professor in Health 

Psychology) and co-supervised by both Dr. Bruce MacDonald (Professor in Electrical and Computer 

Engineering) and Dr. Ho Seok Ahn (Senior Lecturer in Electrical and Computer Engineering).  This 

project will be carried out by Deborah Johanson (PhD Candidate in Health Psychology).  

 

It is important to read this document carefully so that you can make an informed decision about 

whether you would like to participate. 

 

Procedure: Participation in this study will involve a one-off 30-minute session at the University of 

Auckland, Newmarket campus, where you will interact with a robot receptionist for roughly 3 

minutes. The timing of this session will be arranged once you have confirmed that you would like to 

participate. If you are a student of one of the above researchers we give our assurance that your 

participation or non-participation in this study will have no effect on your grades or relationship with 

the University and that you may contact your HoD should you feel that this assurance has not been 

met.  

 

Questionnaires: Before interacting with the robot, you will be asked to complete a questionnaire 

about your general demographics.  This will take around 5 minutes to complete. After your interaction 

with the robot, you will be asked to complete another questionnaire which asks you about your 

interaction with the robot and your thoughts on the robot itself. This questionnaire will take around 10 

– 15 minutes to complete.  

 

Video-Recording: You will be video-recoded during your interaction with the robot only (approx. 3 

minutes). 

 

Funding: This project is funded by the Korean Institute of Science and Technology.  We give our 

assurances that this funding is in no way a conflict of interest for the researchers/supervisors involved 

in this project.  

 
Your rights as a participant: Participation in this study is entirely voluntary. If you do choose to 

participate, you can withdraw from the study at any time (including during the session itself) without 

any reason and without any negative consequences. You may ask that your data be withdrawn from 

the study at any point up to the 30th of September 2018.  

 

Koha: You will receive a $20 Westfield voucher at the end of your 30-minute session as Koha for 

agreeing to participate in this study. You will receive this irrespective of whether you withdraw before 

or during the experimental session.  

Confidentiality: Your data (questionnaire responses and video-recording) will be used to test the 

study’s hypotheses. Statistical analyses will be performed, the results of which will then be discussed 

in research reports. Research publications and presentations from the study will not contain any 

information that could personally identify you, only averages will be presented. Images from your 

video-recording will not be used in any thesis, presentation, and/or publication. 

Any information that identifies you as a participant will be used confidentially and kept in a secure 
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location. Your name will appear only on your Consent Form, which will be coded with a participation 

identification number. This identification number is used to de-identify all other data, ensuring your 

identity is kept confidential. Your data will only be referred to or labelled with this number. The 

Consent Form will only be seen by you and the researchers, and will be kept in a secure filing cabinet 

in the Department of Psychological Medicine at the University of Auckland for a period of 6 years to 

allow for publication and future analysis. All data will be destroyed after a period of 6 years. This will 

be done by shredding physical data and deleting electronic data (including video-recordings).  

 

Results: If you wish to receive a copy of the results of the study, these will be emailed to you 

following the completion of the study. It is important to note that this may be up to 12-months 

following your participation in the study. 

 

Contact details: We appreciate the time you have taken to read this information sheet. If you would 

like to participate in the study, or have any questions related to this study, please feel free to contact: 

 

Deborah Johanson 
PhD Candidate, Department of Psychological Medicine 

The University of Auckland, 

Private Bag 92019, Auckland 1142 

Email: dhea021@aucklanduni.ac.nz 

 

Alternative Contacts: 

 

Dr. Elizabeth Broadbent 

Department of Psychological Medicine 

The University of Auckland 

Private Bag 92019, Auckland 1142 

Email: e.broadbent@auckland.ac.nz 

Phone: (09) 373 7599 Ext. 8675 

Dr. Sally Merry 

Head of the Department of Psychological       

Medicine 

The University of Auckland 

Private Bag 92019, Auckland 1142 

Email: s.merry@auckland.ac.nz 

     Phone: (09) 923 6981  

 

For any concerns regarding ethical issues you may contact the Chair: 

The University of Auckland Human Participants Ethics Committee, at the University of Auckland 

Research Office, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 ext. 83711. 

Email: ro-ethics@auckland.ac.nz 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 20/07/2018 for three years, Reference Number 021754  

mailto:dhea021@aucklanduni.ac.nz
mailto:e.broadbent@auckland.ac.nz
mailto:ro-ethics@auckland.ac.nz
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CONSENT FORM 

 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

 

Project Title: Robot Receptionist Study 

PI/Supervisor:   Dr Elizabeth Broadbent (Associate Professor in Health Psychology)  

Co-Supervisor:  Dr Bruce MacDonald (Professor in Electrical and Computer Engineering) 

Co-Supervisor: Dr Ho Seok Ahn (Senior Lecturer in Electrical and Computer Engineering) 

Researcher:  Deborah Johanson (PhD Candidate)  

 

• I agree to take part in this research 

• I have read the Participant Information Sheet, and have understood the nature of the research.  

• I understand that participation in this study is voluntary and will take me approximately 30 

minutes to complete.  

• I know that I am able to withdraw my participation at any time without giving an explanation 

and I can withdraw any data traceable up to two weeks after completing the study if I wish, in 

which case the data will be securely destroyed.  

• I have had the opportunity to ask questions and have them answered to my satisfaction.  

• I understand that my responses will be used for data analyses.  

• I understand that participation in the study is confidential and that no material which could 

potentially identify me will be used in any reports or shared with any individual or 

organisation. 

• I am aware that as a result of taking part in this study I will be given a $20 Westfield voucher 

as koha for agreeing to take part in this research, irrespective of whether I complete the study.  

• I understand that throughout the experiment, I will complete a series of questionnaires, which 

include answering questions about the interaction with the robot, my perceptions of the robot, 

and demographics  

• I agree/do not agree to be video-recorded during the robot interaction (approx. 3-minutes) 

(circle one) 

• I understand that the research data (including questionnaires and video-recordings) will be 

stored securely in the University of Auckland, Department Of Psychological Medicine for six 

years, after which it will be destroyed by shredding/deleting according to whether it is hard 

copy or electronic.  

• I am not aware of any reason why I should not participate in this research  

 

Name.............................................................................  

 

Signature.................................................................................... Date.......................................  

 

I wish/do not wish to receive a summary of findings, which can be emailed to me at this email  

 

address......................................................................................  

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 20/07/2018 for three years, Reference Number 021754 
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HRI Script 

 

Robot:  Hi there, my name is Eve.  How may I help you?  

Participant:  Hi I’m here to collect my prescription. 

Robot:  Okay, can you please tell me your name?  

Participant:  Sam Smith 

Robot:  Thanks Sam, and what is your address? 

Participant:  My address is 12 Green Street 

Robot: I’m sorry Sam, your Doctor has not yet written your prescription and so it is 

not ready for collection at the moment.  However, I have sent a message to 

your Doctor.  Once the prescription has been written, someone will call you 

and let you know.  Is there anything else I can help you with? 

Participant:  Yes, I also need to check in for my Doctors’ appointment 

Robot:  Okay Sam, what time is your appointment? 

Participant:  4pm 

Robot:  And which Doctor are you seeing? 

Participant:  I can’t remember 

Robot:  No problem Sam, I can see that you have an appointment with Dr Jones today

   and have checked you in.  Is there anything else I can help you with? 

Participant:  Yes, can you tell me how long I’ll have to wait? 

Robot: Sam, you are next to see Dr. Jones. He will be around 5 more minutes.  Is 

there anything else I can help you with? 

Participant:  I need to use the bathroom can you tell me where it is 

Robot:  Certainly, the bathroom is located down the hall, second door on the right 

Participant:  Okay 

Robot:  I hope you have a nice day Sam 

 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 20/07/2018 for three years, Reference Number 021754 
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Robot Receptionist Study Baseline Questionnaire 

 

This questionnaire is designed in order to gather information relating to your demographics.  All of 

the information you give us during this study is confidential and will only be used for the purposes of 

this study. 

 

Thank you for your help with this study. 
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Please answer the following questions by ticking the response that best corresponds to your current 

circumstances: 

 

What is your gender? 

 

Male 

Female 

Gender diverse 

 

How old are you? ___________________________ 

 

To which ethnic group do you belong? (You may tick more than one answer) 

 

NZ European 

Maori 

Samoan 
Tongan 

Chinese 

Korean 

Indian 

Other: Please specify _________________________________ 

 

What is your highest level of completed education?  

 

Secondary School (up to and including year 11) 

Secondary school (up to and including year 12 and 13) 

Technical or trade certificate 

University or polytechnic diploma 

Undergraduate University degree (e.g. Bachelor’s degree) 

Postgraduate University degree – Honours 

Postgraduate University degree – Masters or PhD 

None of the above 

 

What is your current employment status?(Please select the one answer that most applies) 

 

Employed full time (40 hours or more) 

Employed part time (up to 39 hours) 

Student 

Not currently employed 

 

Have you ever interacted with a robot before? 

 

Yes 

No 

 

If yes, for approximately how long did you interact with the robot?  

 

______________minutes/hours (please circle one) 

 

What kind of a robot was it? 

 

A human-like robot 

A robot with arms/arms and legs that did not look human 

Other: Please specify _______________________________ 
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In what context did you interact with the robot? 

 

During an experiment 

At a store/convention/expo 

Other: please specify _____________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 20/07/2018 for three years, Reference Number 021754 
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Robot Receptionist Study Post-Interaction Questionnaire 

 

All of the information you give us during this study is confidential and will only be used for the 

purposes of this study. 

There are no right or wrong answers – an answer is correct if it is true for you.  We are most 

interested in your personal opinion so please choose the response that best fits with this. 
Thank you again for your help with this study. 
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Participant Experience Tool 

 

Please think about the interaction you just had with Nao and answer the following questions: 

 

 

How engaging did YOU find the interaction with Nao? 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

How exciting was the interaction with Nao?  

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

How completely were your senses engaged during the interaction with Nao? 
 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Please consider your interaction with Nao and indicate how true the following statements are 

for you:  

 

 

 “I was so involved in the interaction, I lost track of time”. 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

 “The experience caused real feelings or emotions for me”. 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

 “I had fun interacting with Nao”. 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

“The interaction with Nao was like interacting with a real person” 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

“Nao had appropriate eye contact” 

 

Not at all  Slightly  Moderately   Very  Extremely 
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Please consider your interaction with Nao and complete the following statement by circling 

one of each of the following pairs:   

 

“I found the interaction with Nao to be...”:  

 

 

Interesting    Boring 

 

Unimaginative   Creative 

 

Bold     Cautious 

 

Innovative     Conservative 

 

Dull     Absorbing 

 
Unstimulating   Stimulating 

 

Novel     Conventional 

 

 

Do you recall the reason Nao gave as to why your prescription was not ready for collection?  If 

so, please write this reason below.  If you do not remember, please write “I do not remember”. 

__________________________________________________________________________________

________________________________________________________________________ 

 

 

Please consider your interaction with Nao and indicate how true the following statements are 

for you:  

 

Nao made me feel at ease 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Nao showed care and compassion 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Nao had a positive approach 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Nao explained things clearly 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Nao really listened to me 

 

Not at all  Slightly  Moderately   Very  Extremely 
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Nao helped me during our interaction 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Nao’s comments were useful to me 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Naos comments were helpful to me 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

If I were worried, Nao would make me feel better 
 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

If I were nervous, Nao would make me feel more calm 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

If I were upset, Nao would make me feel better 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

I feel Nao paid attention to me 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

Please think about the interaction you just had with Nao and answer the following questions: 

 

 

How engaged do you think NAO was during the interaction? 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

How completely do you feel Nao listened to you during the interaction?  

 

Not at all  Slightly  Moderately   Very  Extremely 

 

Please consider your interaction with Nao and indicate how true the following statements are 

for you:  

 

 

“Nao was completely engaged during the interaction”. 

 

Not at all  Slightly  Moderately   Very  Extremely 
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“Nao listened to me and understood what I was saying”. 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

“I think Nao had fun during our interaction”. 

 

Not at all  Slightly  Moderately   Very  Extremely 

 

 

Please consider your interaction with Nao and complete the following statement by circling one 

of each of the following pairs:   

 

 

“I believe NAO found the interaction to be...”:  

 

 
Interesting    Boring 

 

Unimaginative    Creative 

 

Innovative     Conservative 

 

Dull     Absorbing 

 

Unstimulating    Stimulating 

 

Novel      Conventional 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 20/07/2018 for three years, Reference Number 021754  
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Appendix C: Study 3 Forms 

Ethics Committee Approval Letter 

Participant Information Sheet 

Participant Consent Form 

HRI Scripts 

Questionnaires 
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Office of the Vice-Chancellor

Office of Research Strategy and Integrity (ORSI)

The University of Auckland

Private Bag 92019

Auckland, New Zealand

Level 11, 49 Symonds Street

Telephone: 64 9 373 7599

Extension: 83711

humanethics@auckland.ac.nz

UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE (UAHPEC)

30-Jul-2019

MEMORANDUM TO:

Dr Elizabeth Broadbent

Psychological Medicine

Re: Application for Ethics Approval (Our Ref. 023487): Approved

The Committee considered the application for ethics approval for your study entitled The Robot Movement

and Healthcare Study.

We are pleased to inform you that ethics approval has been granted for a period of three years.

The expiry date for this approval is 30-Jul-2022.

Completion of the project: In order that up-to-date records are maintained, you must notify the Committee

once your project is completed.

Amendments to the project: Should you need to make any changes to the project, please complete an

Amendment Request form in InfoEd, giving full details along with revised documentation. If the project changes

significantly, you are required to submit a new application to UAHPEC for approval.

Funded projects: If you received funding for this project, please provide this approval letter to your local

Faculty Research Project Coordinator (RPC) or Research Project Manager (RPM) so that the approval can be

notified via a Service Request to the Research Operations Centre (ROC) for activation of the grant.

The Chair and the members of UAHPEC would be happy to discuss general matters relating to ethics approvals.

If you wish to do so, please contact the Ethics Administrators at humanethics@auckland.ac.nz in the first

instance.

Additional information:

1. Do not forget to complete the 'approval wording' on the PISs, CFs and/or advertisements and emails, giving

the dates of approval and the reference number. This needs to be completed before you use the documents or

send them out to your participants.

Please quote Protocol number 023487 on all communication with the UAHPEC regarding this application.
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PARTICIPANT INFORMATION SHEET 

 

Project title:    The Robot Healthcare Study 

PI/Supervisor:   Dr Elizabeth Broadbent (PhD) 

Co-Investigator:   Dr Ho Seok Ahn (PhD) 

Student Researcher:   Deborah Johanson (PhD Candidate) 

 

Researcher Introduction 

 

You are invited to take part in a study investigating the effect of robot social behaviour on human-

robot interactions. You must be at least 16 years of age in order to take part in this study. We are 

looking for 104 participants. The Robot Healthcare Study is being supervised by Dr. Elizabeth 

Broadbent (Professor in Health Psychology) and co-supervised by Dr. Ho Seok Ahn (Senior Lecturer 

in Electrical and Computer Engineering).  This project will be carried out by Deborah Johanson (PhD 

Candidate in Health Psychology).  

 

It is important to read this document carefully so that you can make an informed decision about 

whether you would like to participate. 

 

Procedure: Participation in this study will involve a one-off session of approximately 60 minutes in 

duration. The session will take place at the University of Auckland, City campus. During the session 

you will have two interactions with a robot nurse. The session time will be scheduled once you have 

confirmed that you would like to participate.  

 

Questionnaires: Before interacting with the robot, you will be asked to complete a questionnaire 

about your demographics.  You will also be asked to complete a questionnaire after each interaction 

with the robot nurse.  Each questionnaire will take roughly 5 minutes to complete.  

 

Video-Recording: You will be video-recoded during your interaction with the robot only (approx. 3 

minutes). 

 

Funding: This project is funded by the Korean Institute of Science and Technology.  We give our 

assurances that this funding is in no way a conflict of interest for the researchers/supervisors involved 

in this project.  

 

Your rights as a participant: Participation in this study is entirely voluntary. If you do choose to 

participate, you can withdraw from the study at any time (including during the session itself) without 

giving reason and without any negative consequences. You may ask that your data be withdrawn from 

the study up to two weeks after completing the study session. If you are a student of one of the above 

researchers we give our assurance that your participation or non-participation in this study will have 

no effect on your grades or relationship with the University and that you may contact your HoD 

should you feel that this assurance has not been met.  

 

Koha: You will receive a $20 Westfield voucher at the end of your 30-minute session as a thank you 

or ‘Koha’ for agreeing to participate in this study. You will receive this irrespective of whether you 

withdraw before or during the experimental session. You may decline this voucher if you wish to do 

so. 

 

Confidentiality: Your data (questionnaire responses) will be used to test the study’s hypotheses. 

Statistical analyses will be performed, the results of which will then be discussed in research reports. 
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Research publications and presentations from the study will not contain any information that could 

personally identify you, only averages will be presented.  

 

Any information that identifies you as a participant will be used confidentially and kept in a secure 

location. Your name will appear only on your Consent Form, which will be coded with a participation 

identification number. This identification number is used to de-identify all other data, ensuring your 

identity is kept confidential. Your data will only be referred to or labelled with this number. The 

Consent Form will only be seen by you and the researchers, and will be kept in a secure filing cabinet 

in the Department of Psychological Medicine at the University of Auckland for a period of 6 years to 

allow for publication and future analysis. All data will be destroyed after a period of 6 years. This will 

be done by shredding physical data and deleting electronic data.  

 

Results: If you wish to receive a copy of the results of the study, these will be emailed to you 

following the completion of the study. It is important to note that this may be up to 12-months 

following your participation in the study. 

 
Contact details: We appreciate the time you have taken to read this information sheet. If you would 

like to participate in the study, or have any questions related to this study, please feel free to contact: 

 

Deborah Johanson 

PhD Candidate, Department of Psychological Medicine 

The University of Auckland,  

Private Bag 92019, Auckland 1142 

Email: d.johanson@auckland.ac.nz 

 

Alternative Contacts: 

 

Dr Elizabeth Broadbent 

Department of Psychological Medicine 

The University of Auckland 

Private Bag 92019, Auckland 1142 

Email: e.broadbent@auckland.ac.nz 

Phone: (09) 373 7599 ext. 86756 

Dr Sally Merry 

Head of Department of Psychological Medicine 

The University of Auckland 

Private Bag 92019, Auckland 1142 

Email: s.merry@auckland.ac.nz 

Phone: (09) 923 6981 

 

 

For any concerns regarding ethical issues you may contact the Chair: 

The University of Auckland Human Participants Ethics Committee, at the University of Auckland 

Research Office, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 ext. 83711. 

Email:  humanethics@auckland.ac.nz 

 

 

 

 

 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 04.09.2019 for three years, Reference Number 023487  
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CONSENT FORM 

 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

 

Project Title:  The Robot Healthcare Study 

PI/Supervisor:   Dr Elizabeth Broadbent (Professor in Health Psychology)  

Co-Investigator: Dr Ho Seok Ahn (Senior Lecturer in Electrical and Computer Engineering) 

Student Researcher: Deborah Johanson (PhD Candidate)  

 
 

• I have read the Participant Information Sheet, have understood the nature of the research and 

why I have been selected. I have had the opportunity to ask questions and have had them 
answered to my satisfaction.  

• I agree to take part in this research 

• I understand that participation in this study is voluntary and will take me approximately 30 

minutes to complete.  

• I know that I am able to withdraw my participation at any time without giving reason and I 

can withdraw any data traceable up to two weeks after completing the study if I wish, in 

which case the data will be securely destroyed.  

• I have had the opportunity to ask questions and have them answered to my satisfaction.  

• I understand that my responses will be used for data analyses.  

• I understand that participation in the study is confidential and that no material which could 

potentially identify me will be used in any reports or shared with any individual or 

organisation. 

• I am aware that as a result of taking part in this study I will be given a $20 Westfield voucher 

as koha for agreeing to take part in this research, irrespective of whether I complete the study.  

• I understand that throughout the experiment, I will complete a series of questionnaires, which 

include answering questions about my thoughts on the robot I interact with, and demographic 

questions.  

• I understand that my interaction with the robot will be video-recorded (approx. 3-minutes)  

• I understand that the research data (including questionnaires) will be stored securely in the 

University of Auckland, Department Of Psychological Medicine for six years, after which it 

will be destroyed by shredding/deleting according to whether it is hard copy or electronic.  

 

Name.............................................................................  

Signature.................................................................................... Date.......................................  

I wish/do not wish to receive a summary of findings, which can be emailed to me at this email 

address......................................................................................  

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 04.09.2019 for three years, Reference Number 023487 
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Initial Interaction Script  

 

 

Robot:  Hi there, my name is Jane and I am a medical nurse robot.  I am assisting 

staff by working on the reception counter today.  Is there anything I can help 

you with?  

Participant:  I’m thinking of joining this clinic, can you tell me a bit about it? 

Robot:  Of course, can you tell me your name first? 

Participant:  Sam Smith 

Robot: Thanks Sam and welcome to the Get You Better Medical Clinic. We have a 

team of highly experienced medical doctors, each with extensive experience 

in general medicine, to ensure that you will always receive the best treatment 

available. Many of our clients choose to see the same GP each time they 

come to the clinic, but we also welcome those individuals who prefer to see a 

different doctor with each visit. Our normal allocated time for a consultation 

is 15 minutes, but if you would like to see the doctor for longer, this can be 

arranged with either myself or any of the other receptionists at the clinic. We 

have facilities for suturing, wound care, x-rays, and plastering.  We also have 

a pharmacy onsite as well as services for taking blood.  Thank you for 

listening and I hope you choose the Get Better Medical Clinic as your new 

medical clinic. Goodbye. 
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Neutral Condition Script 

 

 

Participant:   Hi Jane. 

Robot:   Hi Sam, it’s nice to see you again. I hear that you have a health- 

    related question for me? 

Participant:   Yes. Can you please tell me about the flu? 

Robot: Of course, Sam. The flu is short for Influenza, a contagious 

respiratory illness caused by a virus. Symptoms of the influenza virus 

can include a fever, coughing, a sore throat, a runny or stuffy nose, 

muscle or body aches, and headaches. If you would like, I can give 

you some tips on how to try and avoid catching the flu this winter? 

Participant:   Yes please.  

Robot: Okay, Sam. Here are some helpful tips to avoid catching the flu. 

Number One, get a flu shot. When you get an influenza vaccination, 

your body releases antibodies that can protect you if you get exposed 

to the flu. Number two, wash your hands after touching communal 

surfaces at work. Number three, try to stay at least three feet away 

from people who are coughing, sneezing, or appear to be sick. Lastly, 

number four, try encourage your colleagues who are sick to stay 

home until they are well. Your homecare robot has advised me that 

you exercise regularly and manage your blood pressure well with 

medication and exercise. Maintaining a healthy lifestyle will help 

keep your immune system strong. However, if you do become unwell 

remember to get lots of rest, drink lots of water, and make an 

appointment to see your GP if you are concerned. Is there anything 

else I can help you with?  

Participant:   Yes. Can you book me an appointment to get a flu shot?  

Robot:   Of course. Flu vaccines are administered by our Nurses.  I can see 

  that one of our nurses is free at the moment. She could give you the 

  vaccination now if that works?  

Participant:   That would be great.  

Robot: Great. I have notified the nurse and she will be with you shortly.  Just 

give her a moment to prepare the vaccine.  I will also ensure to 

update the vaccination records held by your homecare robot, if that is 

alright with you?   

Participant:   That’s fine  

Robot:   Great. I hope you have a good day Sam.  
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Humour Condition Script 

 

 

Participant:   Hi Jane. 

Robot:   Hi Sam, it’s nice to see you again. I hear that you have a health- 

   related question for me? 

Participant:   Yes. Can you please tell me about the flu? 

Robot: Of course, Sam. The flu is short for Influenza, a contagious 

respiratory illness caused by a virus. Symptoms of the influenza virus 

can include a fever, coughing, a sore throat, a runny or stuffy nose, 

muscle or body aches, and headaches. I caught a computer virus last 

year and it was terrible! That’ll teach me to use a strange computers 

flash drive! Ha ha. If you would like, I can give you some tips on 

how to try and avoid catching the flu this winter? 

Participant:   Yes please 

Robot: Okay, Sam. Here are some helpful tips to avoid catching the flu. 

Number One, get a flu shot. When you get an influenza vaccination, 

your body releases antibodies that can protect you if you get exposed 

to the flu. Number two, wash your hands after touching communal 

surfaces at work. I don’t have hands myself, so don’t have to worry 

about washing them, but it’s a real pain when I get an itchy nose! Ha 

ha. Number three, try to stay at least three feet away from people 

who are coughing, sneezing, or appear to be sick. Lastly, number 

four, try encourage your colleagues who are sick to stay home until 

they are well. You could also try to encourage those colleagues who 

you don’t like to stay home too! Ha ha. Just kidding. Your homecare 

robot has advised me that you exercise regularly and manage your 

blood pressure well with medication and exercise. Maintaining a 

healthy lifestyle will help keep your immune system strong. 

However, if you do become unwell remember to get lots of rest, 

drink lots of water, and make an appointment to see your GP if you 

are concerned. Is there anything else I can help you with?  

Participant:   Yes. Can you book me an appointment to get a flu shot? 

Robot: Of course. Flu vaccines are administered by our Nurses.  I can see 

that one of our nurses is free at the moment. She could give you the 

vaccination now if that works?  

Participant:   That would be great.  
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Robot: Great. I have notified the nurse and she will be with you shortly.  Just 

give her a moment to prepare the vaccine.  I will also ensure to 

update the vaccination records held by your homecare robot, if that is 

alright with you?   

Participant:   That’s fine 

Robot:   Great. I hope you have a good day Sam.  

 

Note: Robot humour is italicised. 

 

 

 

 

 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 04.09.2019 for three years, Reference Number 023487 
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The Robot Healthcare Study – Initial Questionnaire 

 

This questionnaire is designed in order to gather information relating to your demographics.  All of 

the information you give us during this study is confidential and will only be used for the purposes of 

this study. 

 

Thank you for your help with this study. 
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Please answer the following questions by ticking the response that best corresponds to your 

current circumstances: 

 

 

What is your gender? 

 

Male 

Female 

Gender diverse 

 

 

How old are you? ___________________________ 

 

 

To which ethnic group do you belong? (You may tick more than one answer) 

 

NZ European 

Maori 

Samoan 

Tongan 

Chinese 

Korean 

Indian 

Other: Please specify _________________________________ 

 

 

What is your highest level of completed education?  

 

Secondary School (up to and including year 11 to 13) 

Technical or trade certificate 

University or polytechnic diploma 

Undergraduate University degree (e.g. Bachelor’s degree) 

Postgraduate University degree – Honours, Masters, or PhD 

None of the above 

 

 

What is your current employment status? (please select the one answer that most applies) 

 

Employed full time (40 hours or more) 

Employed part time (up to 39 hours) 

Student 

Not currently employed 

 

 

Have you ever interacted with a robot before? 

 

Yes 

No 
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If yes, what kind of a robot was it? 

 

A human-like robot 

A robot with arms/arms and legs that did not look human 

An animal type robot 

Other: Please specify _______________________________ 

 

 

In what context did you interact with the robot? 

 

During an experiment 

At a store/convention/expo 

Other: please specify _____________________________________________________ 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 04.09.2019 for three years, Reference Number 023487 
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The Robot Healthcare Study – Post Interaction Questionnaire 

 

All of the information you give us during this study is confidential and will only be used for the 

purposes of this study. 

 

There are no right or wrong answers – an answer is correct if it is true for you.  We are most 

interested in your personal opinion so please choose the response that best fits with this. 

Thank you again for your help with this study. 
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Section 1: Please rate your impression of Jane on these scales 

 

 

Fake 1 2 3 4 5 Natural 

Machine-like 1 2 3 4 5 Human-like 

Unconscious 1 2 3 4 5 Conscious 

Artificial 1 2 3 4 5 Life-Like 

Moving 

Rigidly 

1 2 3 4 5 Moving 

Elegantly 

 

 

Section 2: Please rate your impression of Jane on these scales 

 

 

Dead 1 2 3 4 5 Alive 

Stagnant 1 2 3 4 5 Lively 

Mechanical 1 2 3 4 5 Organic 

Artificial 1 2 3 4 5 Lifelike 

Inert 1 2 3 4 5 Interactive 

Apathetic 1 2 3 4 5 Responsive 

 

 

Section 3: Please rate your impression of Jane on these scales 

 

 

Dislike 1 2 3 4 5 Like 

Unfriendly 1 2 3 4 5 Friendly 

Unkind 1 2 3 4 5 Kind 

Unpleasant 1 2 3 4 5 Pleasant 

Awful 1 2 3 4 5 Nice 

 

 

Section 4: Please rate your impression of Jane on these scales 

 

 

Incompetent 1 2 3 4 5 Competent 

Ignorant 1 2 3 4 5 Knowledgeable 

Irresponsible 1 2 3 4 5 Responsible 

Unintelligent 1 2 3 4 5 Intelligent 

Foolish 1 2 3 4 5 Sensible 

 

 

Section 5: Please rate your emotional state on these scales 

 

 

Anxious 1 2 3 4 5 Relaxed 

Agitated 1 2 3 4 5 Calm 

Tired 1 2 3 4 5 Alert 

 

 

 

 

 

 



Appendices 

256 

 

Please consider your interaction with Jane and complete the following sentence by circling one word 

from each of the following pairs:  

 

 

“I found Jane to be…” 

 

Generous   Ungenerous 

Shrewd   Wise 

Unhappy   Happy 

Irritable   Good-natured 

Humorous   Humourless 

Sociable   Unsociable 

Popular   Unpopular 

Important   Insignificant 

Ruthless   Humane 

Good-looking  Unattractive 
Persistent   Unstable 

Frivolous   Serious 

Restrained   Talkative 

Self-centred   Altruistic 

Imaginative   Hard-headed 

Strong   Weak 

Dishonest   Honest 

Warm   Cold 

 

 

 

Please consider your interaction with Jane and use a ‘tick’ () to indicate your agreement with 

the following statements:  

 

 Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

Jane made me feel at ease 

 

     

Jane showed care and compassion 

 

     

Jane had a positive approach 

 

     

Jane explained things clearly 

 

     

Jane listened to me 
 

     

Jane helped me 

 

     

Jane’s comments were useful to 

me 

 

     

Jane comments were helpful to 

me 

 

     

If I were worried, 

Jane would make me feel better 

     

If I were nervous, 

Jane would make me feel calmer 
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If I were upset, 

Jane would make me feel better 

     

Jane makes a good healthcare 

receptionist 

     

I felt comfortable interacting with 

Jane 

     

 

 

 

How much did you enjoy talking with Jane? (please place an arrow at any point along the scale 

below to indicate your agreement).   

 

FOR EXAMPLE: 

 

 
 

 

Not at all Very        

   

 

 

 

What did you like most about your conversation with Jane? 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

______________________________________________________________________________ 

 

 

 

What did you like least about your conversation with Jane? 

 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________
______________________________________________________________________________ 

 

 

Would you be willing to join a General Practice clinic if they really had a robot receptionist like 

Jane? (please circle one answer below). 

 

Yes       No 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 04.09.2019  for three years, Reference Number 023487 
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Appendix D: Study 4 Forms 

Ethics Committee Approval Letter 

Participant Information Sheet 

Participant Consent Form 

HRI Scripts 

Questionnaires 
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Office of the Vice-Chancellor

Office of Research Strategy and Integrity (ORSI)

The University of Auckland

Private Bag 92019

Auckland, New Zealand

Level 11, 49 Symonds Street

Telephone: 64 9 373 7599

Extension: 83711

humanethics@auckland.ac.nz

UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE (UAHPEC)

04-Sep-2019

MEMORANDUM TO:

Dr Elizabeth Broadbent

Psychological Medicine

Re: Request for amendment of Ethics Approval (Our Ref. 023487): Approved with comment

The Committee considered the amendment(s) requested to the ethics approval for your study entitled The

Robot Movement and Healthcare Study.

Approval was given with a comment or required minor change(s) on 03-Sep-2019:
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PARTICIPANT INFORMATION SHEET 

 

Project title:    Perceptions of Robot Behaviour in a Healthcare Interaction 

PI/Supervisor:   Dr Elizabeth Broadbent (PhD) 

Co-Investigator:   Dr Ho Seok Ahn (PhD) 

Student Researcher:   Deborah Johanson (PhD Candidate) 

 

Researcher Introduction 

 

You are invited to take part in a study investigating the effect of robot social behaviour on human-

robot interactions. You must be at least 16 years of age in order to take part in this study. We are 

looking for 104 participants. The Robot Healthcare Study is being supervised by Dr. Elizabeth 

Broadbent (Professor in Health Psychology) and co-supervised by Dr. Ho Seok Ahn (Senior Lecturer 

in Electrical and Computer Engineering) from the University of Auckland, New Zealand.  This 

project will be carried out by Deborah Johanson (PhD Candidate in Health Psychology, University of 

Auckland, New Zealand).  

 

It is important to read this document carefully so that you can make an informed decision about 

whether you would like to participate. 

 

Procedure: Participation in this study will involve a one-off session of approximately 30 minutes in 

duration. The session will involve you watching 4 video recordings involving a simulated interaction 

between a healthcare robot and a patient (each video recording is approx. 3 minutes in duration). As 

this session will be run online, you will be free to complete this at a time that suits you.   

 

Questionnaires: Before viewing the video recordings, you will be asked to complete an online 

questionnaire about your demographics.  You will also be asked to complete an online questionnaire 

after viewing each video recording (each questionnaire will take approx. 3 minutes to complete).  

 

Funding: This project is funded by the Korean Institute of Science and Technology.  We give our 

assurances that this funding is in no way a conflict of interest for the researchers/supervisors involved 

in this project.  

 

Your rights as a participant: Participation in this study is entirely voluntary. If you do choose to 

participate, you can withdraw from the study at any time (including during the session itself) without 

giving reason and without any negative consequences. You may ask that your data be withdrawn from 

the study up to two weeks after completing the study session. If you are a student of one of the above 

researchers we give our assurance that your participation or non-participation in this study will have 

no effect on your grades or relationship with the University.  

 

Koha: You will receive US$4 via Amazon Mechanical as a thank you for agreeing to participate in 

this study. At the end of the session, you will receive a validation code to paste into the box below to 

receive credit for taking our survey. Make sure to leave this window open as you complete the 

survey.  When you are finished, you will return to this page to paste the validation code into the box 

below. 

 

(Survey Link inserted here): 

Please insert Validation Code here:  
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Confidentiality: Your data (questionnaire responses) will be used to test the study’s hypotheses. 

Statistical analyses will be performed, the results of which will then be discussed in research reports. 

Research publications and presentations from the study will not contain any information that could 

personally identify you, only averages will be presented.  

Any information that identifies you as a participant will be used confidentially and kept in a secure 

location. Your data will only be referred to or labelled with a participant identification number not 

your personal name. All data will be destroyed after a period of 6 years. This will be done by deleting 

electronic data.  

 

Results: If you wish to receive a copy of the results of the study, these will be emailed to you 

following the completion of the study. It is important to note that this may be up to 12-months 

following your participation in the study. 

 

Contact details: We appreciate the time you have taken to read this information sheet. If you would 

like to participate in the study, or have any questions related to this study, please feel free to contact: 

 
Deborah Johanson 

PhD Candidate, Department of Psychological Medicine 

The University of Auckland, Private Bag 92019, Auckland 1142 

Email: d.johanson@auckland.ac.nz 

 

Alternative Contacts: 

 

Professor Elizabeth Broadbent 

Department of Psychological Medicine 

The University of Auckland 

Private Bag 92019, Auckland 1142 

Email: e.broadbent@auckland.ac.nz 

Associate Professor Phillipa Malpas 

Department of Psychological Medicine 

The University of Auckland 

Private Bag 92019, Auckland 1142 

Email: p.malpas@auckland.ac.nz 

 

For any concerns regarding ethical issues you may contact the University of Auckland Human 

Participants Ethics Committee: 

 

The University of Auckland Research Office, Private Bag 92019, Auckland 1142. Telephone 09 373-

7599 ext. 83711. 

Email:  humanethics@auckland.ac.nz 
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CONSENT FORM 

 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

 

Project Title:  Perceptions of Robot Behaviour in a Healthcare Interaction  

PI/Supervisor:    Dr Elizabeth Broadbent (Professor in Health Psychology)  

Co-Investigator: Dr Ho Seok Ahn (Senior Lecturer in Electrical and Computer 

Engineering) 

Student Researcher: Deborah Johanson (PhD Candidate)  

 

By clicking on the ‘AGREE’ button below, I am agreeing that: 

 

• I wish to take part in this research. 

• I am over the age of 16 years. 

• I am fluent in English. 

• I understand that participation in this study is voluntary and will take me approximately 30 

minutes to complete.  

• I know that I am able to end my online session at any time without giving an explanation  

• I understand that my responses will be used for data analyses.  

• I understand that participation in the study is confidential and that no material which could 

potentially identify me will be used in any reports or shared with any individual or 

organisation. 

• I am aware that as a result of taking part in this study I will be given a US$4 through Amazon 

Mechanical Turk as a gift for agreeing to take part in this research 

• I understand that throughout the online session, I will view a series of videos involving a 

simulated interaction between a healthcare robot and patient. Each video will be 

approximately 3 minutes long. Once I have finished viewing the video, I will complete a 

questionnaire which will ask me about my impressions of the robot.  

• Prior to the start of the online session, I will complete a demographics questionnaire 

• I understand that the research data (i.e the questionnaires) will be stored electronically in the 

University of Auckland, Department Of Psychological Medicine for six years, on a secure 

computer server.  

• I know that I am able to withdraw my participation at any time without giving reason and I 

can withdraw any data traceable up to two weeks after completing the study if I wish, in 

which case the data will be securely destroyed.  

• I am not aware of any reason why I should not participate in this research  

 

If you do not agree with any of the above statements, or do not wish to take part in the online session 
for any reason, please select the ‘DECLINE’ button below or simply close this internet window. 

 

If you wish to receive a summary of study findings, please leave your email address in the box below: 

 

(Email address box inserted here). 
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Initial Interaction Script 

 

 

Participant:   Hello 

Robot: Hi there, my name is Jane, the medical nurse robot, how may I help 

you? 

Participant:   Hi, can you tell me about getting a general health-check? 

Robot:  Of course, I would be happy to provide you with information about a 

 general health check. Can you tell me your name first? 

Participant:   My name is Sam Smith. 

Robot: It is nice to meet you Sam. Undertaking a general health check each 

year is a good way in which to keep track of your general health and 

identify potential health issues before they become a problem. During 

a general health check, your Doctor will check your weight, height, 

blood pressure, and pulse. Your Doctor will also check your ears, 

eyes, and may order a blood test to check other health markers such 

as your cholesterol levels, blood sugar levels, and liver function. If 

you have a specific health concern in relation to an illness you can 

also talk to your Doctor about ordering other tests. I have checked 

and one of our Doctors has had a cancellation and is available to 

perform a general health-check now. Would like me to book you in 

now?  

Participant:   That would be great. It does sound pretty easy. 

Robot: It is easy! I have booked you in with Doctor Jones to have a general 

health check. Please have a seat in the waiting room and the Doctor 

will be with you shortly.  

Participant:   Okay 
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Neutral Condition Script 

 

 

Participant: Hi Jane. I have finished my general health check and Doctor Jones 

has said I need to get my blood pressure taken. Can you do this for 

me? 

Robot: Hi Sam, I would be happy to help. I just need a few minutes to gather 

the necessary equipment.  Please wait here and I will be back shortly. 

Participant: Okay, I’m just so tired all the time and haven’t been sleeping well., I 

really need the Doctor to get to the bottom of things 

Robot:  Well in my opinion you look quite healthy. It is unlikely there is 

anything wrong. A lot of our patients at our clinic experience fatigue 

and sleep issues. How have you been feeling otherwise?    

Participant: Aside from being tired and not sleeping, I’ve been feeling pretty 

well. 

Robot: Well if there are no other symptoms aside from sleeplessness and 

tiredness then I am sure you are fine.  I’m going to take your blood 

pressure now. 

Participant:   Okay 

Robot: I have finished taking your blood pressure. Your blood pressure was 

110 over 80 and your pulse was 80.  There is nothing abnormal about 

those results so you can go now. 

Participant:   Thank you. I think I will go home and rest now. 

Robot: Okay. The way out is to your left. We will let you know your blood 

test results as soon as we get them. We are very busy  at the moment 

but the doctor will look at your results when they come through. 
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Verbal Empathy Condition Script 

 

 

Participant: Hi Jane. I have finished my general health check and Doctor Jones 

has said I need to get my blood pressure taken. Can you do this for 

me? 

Robot:  Hi Sam, I would be happy to help. I just need a few minutes to gather 

the necessary equipment.   Before I do, did you have any questions?  

Participant: I’m just so tired all the time and haven’t been sleeping well. I really 

need the Doctor to get to the bottom of things.  

Robot: That sounds really hard. I can imagine that anyone in your situation 

would want to get some answers.  Would you mind telling me if you 

have had any other symptoms? 

Participant: Aside from being tired and not sleeping, I’ve been feeling pretty 

well. 

Robot: It sounds like you are feeling pretty frustrated but it’s good news that 

you are otherwise feeling well. Are you okay with me taking your 

blood pressure now?  

Participant:   Okay 

Robot:  Great, that’s all done now. You did really well. Your blood pressure 

was 110 over 80 and your pulse was 80.  Those are really healthy, 

normal readings. 

Participant:   Thank you. I think I will go home and rest now. 

Robot:  That sounds like a good idea. I hope you feel better soon and we will 

let you know your blood test results as soon as we get them. Try not 

to worry, Dr Jones is a good Doctor and will make sure he figures 

out what is going on.  

 

Note: Robot verbal empathy is italicised  
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Perceptions of Robot Behaviour in a Healthcare Interaction 

 

Initial Questionnaire 

 

This questionnaire is designed in order to gather information relating to your demographics.  All of 

the information you give us during this study is confidential and will only be used for the purposes of 

this study. 

 

Thank you for your help with this study. 
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Please answer the following questions by selecting the response that best corresponds to your 

current circumstances: 

 

 

What is your gender? 

 

Male 

Female 

Gender diverse 

 

 

How old are you? ___________________________ 

 

 

What is your ethnicity? ___________________________ 
 

 

What is your occupation?  

 

Student  

Employed part time (up to 30 hours) 

Employed full time (35 hours or above) 

Other 

 

 

Have you ever interacted with a robot before? 

 

Yes 

No 
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Perceptions of Robot Behaviour in a Healthcare Interaction  

 

All of the information you give us during this study is confidential and will only be used for the 

purposes of this study. 

 

There are no right or wrong answers – an answer is correct if it is true for you.  We are most 
interested in your personal opinion so please choose the response that best fits with this. 

Thank you again for your help with this study. 
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Please consider the interaction you just saw between Jane (the nurse robot) and Sam (the 

patient) use a ‘tick’ () to indicate your agreement with the following statements:  

 

 Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

Jane (the nurse robot) made 

Sam (the patient) feel at ease 

 

     

Jane showed care and 

compassion 

 

     

Jane had a positive 

approach 

 

     

Jane explained things 

clearly 

 

     

Jane listened to Sam 

 

     

Jane helped Sam 

 

     

Jane’s comments were 

useful to 

Sam 

     

Jane comments were 

helpful to 

Sam 

     

If I were worried, Jane 

would 

make me feel better 

     

If I were nervous, 

Jane would make me feel 

calmer 

     

If I were upset, 

Jane would make me feel 

better 

     

Jane makes a good 

healthcare 

nurse 

     

I would feel comfortable 

interacting with Jane 

     

 

 

Please consider the interaction you observed between Jane (the nurse robot) and Sam (the 

patient). Use an arrow  to indicate your agreement with the following statements: please place an 

arrow at any point along the scale below to indicate your agreement). 

 

 

FOR EXAMPLE: 
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Jane is deceptive 

Not at All Extremely 

 

 

Jane behaves in an underhanded manner 

Not at All Extremely 

 

 

I am suspicious of Jane’s intent or actions 

Not at All Extremely 
 

 

I am wary of Jane 

Not at All Extremely 

 

 

Jane’s actions will have a harmful or injurious outcome 

Not at All Extremely 

 

 

I have confidence in Jane 

Not at All Extremely 

 

 

Jane provided accurate information  

Not at All Extremely 

 

 

Jane has integrity 

Not at All Extremely 

 

 

Jane is dependable  

Not at All Extremely 

 

 

 

 

 



Appendices 

271 

 

Jane is reliable 

Not at All Extremely 

 

 

Jane is trustworthy 

Not at All Extremely 

 

 

Jane’s movements were appropriate 

Not at all Extremely 
 

 

Please consider your interaction with Jane and use a ‘tick’ () to indicate your agreement with 

the following statements:  

 

 Strongly 

Agree 

Agree Slightly 

Agree 

Neutral Slightly 

Disagree 

Disagree Strongly 

Disagree 

Jane took care of Sam 

 

       

Jane accurately explained to 

Sam, what a health-check 

involves 

       

Jane explained things in a 

way that was easy to 

understand 

       

I am confident of Janes 

knowledge and skills 

       

Jane showed Sam respect 

 

       

Jane listened to Sam 

 

       

Jane cares about Sam as a 

person 

       

Jane encouraged Sam to 

talk about her health issues 

       

Jane spent enough time 

with Sam 

       

I would like Jane to be 

available at my medical 

clinic 

       

 

 

If offered the chance, would you want to interact with Jane face-to-face? (please circle below). 

 

Yes       No 
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