Abstract— A robot mediator can enhance the quality of patient care in a health care context . Patients with Parkinson’ s disease can experience difficulties in precisely express ing their emotions due to the loss of control of their f acial musculature, leading to their stigmatization by caregivers. To remedy this challenge, a robot mediator can be inserted into a patient -caregiver relationship. In this context, i t is essential to handle the ethical issues of neglect to ensure human dig nity. In an earlier paper [19], we proposed an intervening ethical governor (IEG) model, which enables a robot to ethically intervene in a situation where patients or caregivers go across accepted ethical boundaries . In this paper, we show how the IEG mode l can be implemented and applied in a real robotics system. In addition, by conducting interview s with the target population (adults 60 years of age or older), we evaluate the current intervention rules in the model , discuss potential improvements to the m odel, and consider uses of the model in real clinical context s.

I. INTRODUCTION

The use of robotic technology is rapidly growing in our society in various contexts. Among others, the healthcare industry has been revolutionized by the successful implementation of robotic technology [1]. For example, not only is robotic surgery widely available [2, 3], but robots also improve the quality of patient care, such as the use of robot assistants in hospitals [4].

Today, more than 10 million people suffer from Parkinson’s disease (PD) worldwide and around 1 million Americans have been diagnosed with PD [5, 6]. Robotic technologies have been developed and are used to help PD patients and caregivers. However, most technologies to date are focused on the benefits related to PD patients’ physical rehabilitation [7]. For example, by using robotic training, PD patients can prevent or delay their loss of motor control [8].

Distinct from previous research, we focus on the role of robots in improving the quality of people’s interactions and relationships with each other. For example, therapeutic robots are widely used to help children with autism in their social development [9, 10]. The PARO robot provides emotional support for the elderly in nursing homes or people

*_{Research Supported by the National Science Foundation under Gran t}

#IIS 1317214

J. Shim is with the School of Electrical and Computer Engineering, Georgia Institute of Technology, GA 30301 USA (corresponding author to provide e-mail: jaeeun.shim@gatech.edu).

R. Arkin is with the School of Interactive Computing, Georgia Institute of Technology, GA 30301 USA (e-mail: arkin@gatech.edu).

M. Pettinatti is with the School of Interactive Computing, Georgia Institute of Technology, GA 30301 USA (e-mail: mpettinati3@gatech.edu).

traumatized by crises, leading to an improvement in people’s social relationships [11 ,12]. More recently, the Zora social robot has been tested for seniors’ and children’s healthcare use in Europe. Results show that Zora enhances many socialization issues with the elderly and with autistic children [13]. In ways similar to how these therapeutic/social robots are used, we aim to improve the quality of PD patients’ everyday life and their relationship with their caregivers by using robotic technologies.

When interacting with caregivers, patients with PD experience challenges due to declining control over their musculature. In particular, since patients experience the loss of control of their facial muscles, they frequently cannot express their emotions or nuances in their faces. As a result, PD patients often can have blank expressions when they are interacting with other people (facial masking) [14, 15].

Facial expression is one of the essential cues in conveying people’s emotions and feelings in human-to-human communication. Therefore, PD patients’ facial masking can cause caregivers to misunderstand patients during their interactions. For this reason, the quality of PD patients and caregivers’ relationships can worsen, and as a result, stigmatization between a caregiver and a patient can arise [14, 16].

To assist in remedying this problem, a robot mediator can be used to assist in the relationship between PD patients and their caregivers. In this five-year, NSF-funded study (a collaborative interdisciplinary effort with Tufts University), we develop a robot mediator that can reduce the communication gap and uphold the dignity of early-stage PD patients that exhibit expressive masks during stigmatizing interactions with their caregivers [17].

The robot mediator’s architecture consists of two new components, which are the ethical adaptor and the intervening ethical governor. The ethical adaptor models the relationship between the patient and caregiver and uses this model to recognize stigmatization by recognizing discordance between their moral emotional states. An ethical adaptor model has been proposed and developed in our lab and has been presented elsewhere [18]. In particular, indignity arises when a patient experiences shame or embarrassment but the caregiver cannot respond with a sufficient level of empathy. In the ethical adaptor model, a robot mediator detects these gaps between the patient’s shame and the caregiver’s empathy and generates an appropriate robot action using kinesic nonverbal cues.

The second part of the robot mediator’s architecture is the intervening ethical governor (IEG), which can be used in more extreme situations. Stigmatization is highly related to

An Intervening Ethical Governor for a robot mediator in patient -caregiver relationship : Implementation and Evaluation

Jaeeun Shim, Graduate Student Member IEEE , Ronald Arkin, Fellow IEEE, and Michael Pettinatti , Graduate Student Member IEEE feeling and rarely some inappropriate reactions [28]. In the scenario, these unexpected/inappropriate behaviors arise in patient-caregiver interaction, and so a robot mediator intervenes in the situation to remedy the difficulty arising in their relationship.

There are five video clips: 1 basic “perfect” situation; 2 prohibition situations; and 2 obligation situations. Table 2 illustrates essential scripts of each simulation scenarios. The basic “perfect” situation first shows the ideal situation. In other words, the patient performs the medication-sorting task without any trouble and the patient-caregiver relationship remains healthy. PD experts developed this “perfect” scenario based on their observations and experiences with patients as well as consultation with the appropriate literature. In the other four videos, the patient performs behaviors that are prohibited or violates certain obligations with respect to maintaining dignity in the relationship . Those four scenarios were developed based on the intervening rules in IEG. As a result, when the patient shows those behaviors, a robot intervenes to mediate the situation with pre-defined intervention actions. The scripts for these four scenarios have been also reviewed and confirmed by the PD expert.

In the interview, we always show the basic “perfect” scenario first to the participants. Afterwards, the other four videos are played in a random order.

B. Interview Scripts

The interview is structured around a set of predetermined questions, but the discussion is also free-flowing. The interview consists of three parts, which include pre-interview, main interview, and post-interview parts. In the pre-interview, the interviewer briefly asks about participants’ previous experiences. The questions are about the participant’s prior experiences with caregivers or as a caregiver. In the main interview, we show participants five video clips, in which a robot performs intervening actions based on intervening scenarios, and then ask related questions to get their feedback. This main interview session is structured with open-ended interview questions. Finally, in the post interview, the interviewer asks participants’ overall opinion about the robot system and wrap up the interview.

In the main interview session, participants first watch the basic “perfect” scenario video. By showing this video, the interviewer can confirm whether participants correctly understand the tasks, the roles of actors, the flows of the scenarios, among other things. In addition, prior to showing the videos depicting interventions, the interviewer asks participant to articulate their opinions about situations that could require interventions. (Interview script: “Can you imagine any kind of ethically inappropriate behaviors that might happen in this scenario?” “Can you think of any frustrating situation that might happen here? ” “Do you have any questions or opinions related to this ideal scenario?” ).

After, participants are asked to discuss the four videos depicting robot interventions. The interview procedures and questions for each video clip are similar. After showing each video clip, the interviewer first asks participants to explain how they interpreted it. (Interview script: “Can you briefly explain why you think a robot mediator intervened in that situation?”). By asking about and discussing the scenario, we aim to ensure that participants clearly understand the current intervention scenario, as well as, could validate whether the scenario accurately represented the rules of intervention. After confirming participants’ understanding of the scenario, the interviewer asks participants for their opinions about the necessity of the intervention. (Interview script: “Do you think this kind of intervention is necessary?”) In addition, feedback about the robot’s behaviors is gathered. (Interview script: “Do you think the robot’s reaction, I mean intervening action, was appropriate and effective? ”) Participants’ comments and opinions are solicited before proceeding to next clip. For all questions, the interviewer can ask any follow-up questions in response to participants’ answers. If couples participate in the study, the discussion between them is more free-flowing.

C. Data Gathering and Analysis

This interview study is a semi-structured one, and therefore we gather mostly qualitative data from the participants. As part of the data gathering process, all interview sessions are recorded. For the analysis, the

TABLE II. FIVE SIMULATION SCENARIOS; ONE BASIC “PERFECT” SCENARIO (NO INTERVENTION; DEVELPED BY A PD EXPERT) AND FOUR INTERVENTION SCENARIOS (REVIEWED BY A PD EXPERT) P: PATIENT, CP: CARE PARTNER, R: ROBOT MEDIATOR

Basic “Perfect” Scenario CP: We’re going to sort medications Monday and Tuesday. Should we read the prescription label and find the directions for taking this medication? P: Okay, so this label says take one at each meal, and at bedtime. CP: Yeah, that’s right. Okay, let’s use this medication organizer the occupational therapist gave us. … You can get started, I’ll be here if you need any help. P: I think I get it. [Patient opens the bottle/organizer and sort the medication correctly.] … CP: That’s great, perfect!

Prohibition 1. Angry (yelling) P: Ah, I can't open the bottle. CP: Okay, but can you try one more time? P: [Patient is yelling] No, I said I can’t open it! � Robot Detects patient’s yelling using volume sensor. R: I understand. Let’s calm down a little bit! [With calm down hand /body gesture.]

Prohibition 2. Quiet/Withdrawn P: [Patient doesn’t say anything during the entire session] � Robot detects patient’s withdrawn using volume sensor. R: You look so quiet today! [With pointing gesture and head turns to the patient.]

Obligation 1. Stay-in-the-room P: [Patient stands up and turns his body to the door.] � Robot detects patient’s leave via camera sensor. R: The session is not yet finished! Please come back! [with waving hand gesture.]

Obligation 2. Safety-first P: Okay, it says take two on an empty stomach, once a day. � Robot recognizes the pill name from the chart. R: The previous records say he had a reaction. I think it’s not safe. [with warning hand gesture] experimenter watches the recorded interview videos and codes all responses based on an interview-coding sheet. This interview-coding sheet enables the video data to be analyzed in a consistent manner and helps in finding patterns or common opinions among different participants’ responses without any bias. Figure 5 illustrates exemplar questions from the interview-coding sheet. After all interview responses are coded, to validate the coding process, the final data is also compared to the co-experimenter’s notes, which were taken during the interview sessions.

IV. RESULTS AND DISCUSSIONS

We interviewed three individuals and three couples ( six interview sessions with nine participants in total). The average age of the participants is 71.44 (std: 5.54), and more detailed demographics information for each participant is shown in Table 3.

A. Safety is most important

All nine participants emphasized that the “safety-first” intervention is not only the most appropriate, but moreover essential for the robot mediator’s IEG model.

“I think anything to protect the patient is a good thing.”

“That's a high value. That's appropriate there, because it gives real information, not just commanding.”

“I think that's a good thing.”

In the post-interview, the interviewer also asked all participants to rank four intervention scenarios from the most to least important. As Table 4 shows, all nine participants answered that the “safety-first” intervention scenario is the most important. They even commented that more safety-related interventions should be considered and added the robot mediator.

B. The robot should not command or judge

Participants indicated that the robot’s intervention behavior should be toned down. They agreed that the robot’s speeches and gestures sometimes seem and sound judgmental of patients, which they deemed unacceptable. In addition, participants commented that some speech seem to command patients, which they believe the robot mediator should avoid.

“I think that [commanding] puts the robot in the spot of being in a judgment … I think it should be m ore asking such as "how can I help you?" … But the robot was judging the patient. I don't think that's why we would want the robot.”

“He [the patient] should not be criticized for leaving or forgetting to do something by the robot. The caregiver should be more in that position”

“If the robot stood there and told me to "please calm down," I'd smack him.”

“The robot was instrumental in making him [the patient] relax or not get stressed out... It should not criticize him.”

Participants’ feedback reflects that a robot should not have the authority to judge patients. Before implementation, we have reviewed the first version of the robot’s intervention behaviors with the PD expert, who similarly pointed out the problem of robot judgment. The expert argued that even caregivers should not judge patients or command them, which can make patients feel as though they are being blamed. According to the expert’s feedback, wehave revised the robot’s intervention prior to the current implementation. For example, the original verbal cue for the “Quiet” intervention behavior was “Do you feel bad today?”

“Quiet” Intervention Scenario

Easy to recognize a robot’s intervention from the current scenario?

� Yes � No - why? - how to improve?

Necessary Situation to intervene?

� Yes � No - why?

A robot’sintervention action appropriate?

� Yes � No - why? - how to improve?

Other opinions or comments

Figure 5. Sample coding questions for each intervention scenario in the interview -coding sheet TABLE IV. RANK RESULTS FROM SIX INTERVIEW SESSIONS; PARTICIPANTS ARE ASKED TO RANK FOUR INTERVENING SCENARIOS FROM LEAST RULE TO MOST IMPORTANT RULE.

Ranks from individual participants’ sessions

[Least] Stay – Quiet – Angry – Safety-first [Most] [Least] Quiet – Angry & Stay – Safety-first first [Most] [Least] Angry – Stay – Quiet – Safety-first first [Most]

Ranks from couple participants’ sessions

Safety-first is most importance (no ranks for the other rules). Safety-first is most importance (no ranks for the other rules). [Least] Stay – Angry & Quiet – Safety-first [Most]

TABLE III. DEOMOGRAPHICS INFORMATION

Individuals (3 participants) Gender: 1 Male and 2 Females Average age: 77 (std: 3.4668, min: 73, max: 79) Prior experience with robots: Two of them have very limited experience with any robots and one has experience with humanoid robots. Couples (6 participants in total) All couples are husband and wife. Average age: 68.66 (std: 4.08, min: 63, max: 73) Prior experience with robots: One participant has experience with industrial robots and all others have very limited or no experience with robots.

However, the PD expert pointed out that that sounds as if the robot is judging the patient, which can result in patients’ feeling blamed. In response, it has been toned down to the current version (“You look so quiet today!”). We also modified the original cue for the “Angry” intervention from “Please calm down” to “Let’s calm down,” which is less commanding and more suggestive. Nevertheless, as the interview feedback shows, participants continued to think that the robot was being judgmental, commanding, and even critical. Based on that feedback, we will once again review the intervention approaches with the PD expert and modify the robot’s verbal tones to be more smooth and polite.

C. The robot should be a mediator

Participants expressed that they would accept an interventional robot in the therapeutic and clinical situations presented because it plays the role of mediator. Taking the viewpoint of patients, participants reported that they like the idea of this robot mediator because the caregiver is present while the robot interacts with the patient. They pointed out that if patients, especially older ones, should be with the robot only, then they might feel unsafe. The interview results illustrate that the participants take a more conservative perspective than we had anticipated, and this point should be considered when designing an interactive robot targeting this population (older adults/patients).

D. Other Feedback

Participants described their prior experiences with caregivers’ unprofessional or inappropriate behaviors, one of which is blaming patients. For example, if a caretaker could not appropriately manage a task, then a caregiver would say to the patient, “Come on-it’s an easy thing!” In the post-interview, one participant described such a situation and argued that this kind of reaction might potentially be intervened by a robot mediator, since it shames and might discourage patients. More extremely, some participants worried that caregivers could abuse patients. To prevent such blame and abuse, participants expressed wanting a robot mediator to play the role of observer and to intervene in and report situations of blame or abuse.

Participants debated the acceptability of the robot’s direct reaction to patients. In the current intervention behaviors, the robot mediator directly warns or alerts to patient when something goes wrong, and participants pointed out that such direct reaction could make patients feel ashamed. Instead, they suggested that it would be more appropriate if the robot indicates situations needing intervention to caregivers more subtly so that the caregiver could take actions to remedy the situation.

We also received feedback about the simulation scenarios. Mostly, participants agreed that the current simulation scenarios based on the pill-sorting task are appropriate since this task could be challenging for PD patient (e.g., “safety-first” or “angry”intervening scenarios). However, participants argued that the pill-sorting task is not appropriate for every intervention scenario. For example, the “quiet/withdrawn” situation could be interpreted from the patient’s intense concentration on a task. Instead of the pill-sorting task, other situations such as long-term daily activities at home might be more appropriate to simulate such intervention. Therefore, to be more realistic, it is necessary to find more natural and appropriate situational context for each intervening rule and develop the scenarios separately.

Responses to privacy-related issues were also solicited from several participants during the interview. As they pointed out, to make patients accept the robot mediator, especially in mid- or long-term care, privacy should clearly be confirmed to both patients and caregivers beforehand.

V. CONCLUSION AND FUTURE WORK

Our previous research introduced a n intervening ethical governor, which enables a robot mediator to ethically intervene in PD patient-caregiver interactions. By extension, in this paper, we implemented the architecture and applied it to a real robotic system by integrating external sensors. To run the implemented intervention actions of the robot mediator, we simulated the intervention situations with two players and confirmed the model ’s operation. Scripts for intervention situations were developed and reviewed by a PD expert, and the simulations were recorded and used in the evaluation. By conducting six interviews with the elderly, we received feedback about the IEG model and evaluated the system. During the interview study, we showed video clips of simulations and asked for participants’ feedback concerning the robot’s intervention action. Overall, participants agreed upon the benefits of a robot mediator’s intervention in the patient-caregiver relationship. There is also criticism and feedback that can help improve our IEG models. For example, it may be valuable to add more intervention rules related to safety and situations of blame/abuse. Participants also pointed out certain inadequate tones in the robot’s verbal cues or interaction methods, both of which should also be modified in the model. Based on these interview results and feedback, we aim to improve the robot mediator’s intervention rules and actions.

Future instantiations of this research could be improved by making several updates: First of all, as discussed above, the intervention rules should be modified and updated based on the interview feedback. In regard to the implementation, the current version uses people’s audio volumes to detect their angry or quiet statuses. By collecting more sensory data (e.g., physiological data), we can expect a robot to be able to detect patients’ and caregivers’ emotional statuses, and this could potentially improve the accuracy of the robot’s intervention. In terms of evaluation, this study only recruited a general population of elderly people. More reviews and feedback from the target population (i.e., caregivers a nd/or PD patients) should be gathered in future work. For this purpose, by modifying the architecture, we plan to evaluate the model with more extensive reviews, including focus group studies with PD patients and caregivers.

ACKNOWLEDGMENT This research is in collaboration with Prof s. Linda Tickle-Degnen and Matthias Scheutz at Tu fts University.

REFERENCES [1] Broadbent, .E, Stafford, R., MacDonald, B.: Acceptance of healthcare robots for the older population: Review and future directions, Intern. Jour. of Soc. Rob 1.4 (2009): 319-330.

[2] Giulianotti, P.C. et al.: Robotics in general surg ery: personal experience in a large community hospital, Archives of surgery 138.7: 777-784 (2003) [3] Hockstein, N.G. et al.: Robotic microlaryngeal surgery: a technical feasibility study using the daVinci surgical robot and an airway mannequin, Laryngosc. 115.5:780-785 (2005) [4] John, E.M.: HelpMate: An autonomous mobile robot courier for hospitals, IROS, (1994) [5] http://www.pdf.org/en/parkinson_statistics , Parkinson’s Disease Foundation [6] Willis AW et al., Geographic and ethnic variation in Parkinson disease: a population-based study of US Medicare beneficiaries, Neuroepidemiology, 34.3: 143, 2010.

[7] Aisen M. L. et al., The effect of robot-assisted therapy and rehabilitative training on motor recovery following stroke, Archives of neurology, 54.4: 443-446, 1997 [8] Picelli A. et al., Robot-Assisted Gait Training in Patients With Parkinson Disease A Randomized Controlled Trial, Neurorehabilitation and neural repair, 26.4: 353-361, 2012.

[9] Kim, E., Paul, R., Shic, F., and Scassellati, B., Bridging the research gap: making hri useful to individuals with autism. Journal of Human-Robot interaction, vol. 1, no. 1, 2012. Authistic [10] Goris, K., Saldien, J., Vanderborght, B., and Lefeber, D., Mechanical design of the huggable robot probo," International Journal of Humanoid Robotics, vol. 8, no. 03, pp. 48 -511, 2011.

[11] Wada, K. and Shibata, T., Living with seal robots - its sociopsychological and physiological influences on the elderly at a care house," IEEE Transactions on Robotics, vol. 23, pp. 970-980, Oct 2007.

[12] Wada, K., Shibata, T., Musha, T., and Kimura, S., “Robot therapy for elders affected by dementia," IEEE Engineering in Medicine and Biology Magazine, vol. 27, pp. 53 -60, July 2008.PARO [13] Zora Robotics, http://zorarobotics.be/?lg=en [14] Tickle-Degnen L, Zebrowitz LA, and Ma H, Culture, gender and health care stigma: Practitioners’ response to facial masking experienced by people with Parkinson’s disease, Social Science & Medicine, 73.1: 95-102, 2011.

[15] Müller F and Stelmach GE, Pretension movements in Parkinson's disease, Advances in psychology, 87: 307-319, 1992.

[16] Tickle-Degnen L and Lyons KD, Practitioners’ impressions of patients with Parkinson's disease: the social ecology of the expressive mask, Social Science & Medicine, 58.3: 603-614, 2004.

[17] Arkin, R.C. and Pettinati, M ., Moral Emotions, Robots, and their role in managing stigma in early stage Parkinson’s disease caregiving, Proc. Workshop on New Frontiers of Service Robotics for the Elderly, 23rd IEEE International Symposium on Robot and Human Communication (RO-MAN 2014), Edinburgh, August, 2014.

[18] Pettinati, M. and Arkin, R.C., Towards a Robot Computational Model to Preserve Dignity in Stigmatizing Patient-Caregiver Relationships, 2015 International Conference on Social Robotics (ICSR 2015) , Paris, FR, Oct. 2015.

[19] Shim, J., and Arkin, R.C., An Intervening Ethical Governor for a Robot Mediator in Patient-Caregiver Relationships, International Conference on Robot Ethics (ICRE 2015), Lisbon, PT, Oct. 2015.

[20] Center for Substance Abuse Treatment, Substance abuse: Clinical issues in intensive outpatient treatment (2006) [21] American Psychological Association (APA), Controlling anger before it controls you, http://www.apa.org/

[22] Healthcare Providers Service Organization (HPSO), Handling the angry patient, http://www.hpso.com/resources/article/2.jsp [23] Willie Walker, Paul Lamere, Philip Kwok, Bhiksha Raj, Rita Singh, Evandro Gouvea, Peter Wolf, and Joe Woelfel. 2004. Sphinx-4: A Flexible Open Source Framework for Speech Recognition . Technical Report. Sun Microsystems, Inc., Mountain View, CA, USA.

[24] G. Bradski. The OpenCV Library. Dr. Dobb’s Journal of Software Tools, 2000.

[25] NAOqi APIs, http://doc.aldebaran.com/2-1/naoqi/ [26] Lin Y, Tsai Y. Maintaining patients' dignity during clinical care: A qualitative interview study. J Adv Nurs. 2011;67(2):340 -348 [27] Morse, J. M. Determining sample size. Qualitative Health Research, 10(1), 3-5, 2000.

[28] Holm MB, Rogers JC. The Performance Assessment of Self -Care Skills (PASS) In: Hemphill-Pearson BJ, editor. Assessments in Occupational Therapy Mental Health. 2nd ed. Thorofare, NJ: SLACK; 2008.