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INTRODUCTION 
The number of older adults is increasing; it is predicted that older adults will represent 23% to 25% of the total 
Canadian population by 2036 (1). Intergenerational interaction, specifically the interaction between a grandparent 
and their grandchild, has mutual as well as individual benefits in both the generations (2). Grandparent-grandchild 
communication helps in the emotional development of the grandchild, and the grandparents obtain satisfaction and 
companionship from the interaction (3).  
Many studies suggest that collaborative gameplay fosters meaningful intergenerational interactions since games 
are conventionally attractive for both generations (4). Digital games that promote collaborative gameplay have 
produced enjoyable experiences among intergenerational members; however, these games involve the use of a 
PC or smartphone (5), which sometimes limits the interaction of the older generations. It has been shown that under 
specific conditions, a social robot can increase the interaction time between two players in multiplayer gameplay 
(6). For example, the study by S.Joshi et al. suggests that social robots have a positive impact on the 
intergenerational interaction in non-familial settings (7), demonstrating how social robots can be effectively used as 
a vehicle to foster connectivity and the creation of meaningful experiences among older adults and children. 
However, little is known on how to create interactive experiences that can leverage social robots empowered with 
games in fostering collaboration in intergenerational scenarios.  
This research focuses on using an iterative design approach involving grandparents and their grandchildren to 
explore how a robot could mediate interaction in intergenerational gameplay. In this paper, we present the 
preliminary results of the first of a three-stage project that aims at exploring the role of a humanoid social robot in 
connecting dyads of grandparents and grandchildren. This first stage involves exploratory research to inform the 
design of robot-mediated gameplay for fostering intergenerational interactions.  
METHODS  
Objective: The primary question that guided the research described in this paper is: what could the role of a social 
robot in an intergenerational multiplayer game be? This was explored through two sub-questions: i) How do dyads 
perceive their collaboration in a game? ii) What do the dyads of grandparent-grandchild envision the role of a social 
robot could be in a game? 
Participants: Participants were recruited as grandparent-grandchild dyads who could come to the research 
laboratory to participate in our study. The study was reviewed and approved by the University of Waterloo Research 
Ethics Committee. Our inclusion/exclusion criteria were: 
Grandparent: i) age does not matter, ii) must have a grandchild (6-10 years) who can come to the study location, 
iii) must be able to travel to the study location, iv) should be able to understand and speak English, v) normal to 
corrected vision.  
Grandchild: i) 6-10 years old, ii) should be able to understand and speak English. 
Robot Used: We use a commercially available humanoid social robot, Pepper (Figure 1), for this study (8). Pepper 
is a good fit for this research as Human-Robot Interaction (HRI) studies have used it in different social scenarios, 
such as guiding people in a museum, and shopping malls, and it has been proposed for care for older adults (9-
11). Pepper has a wide range of capabilities like speech, emotion recognition, which can make the interaction more 
engaging (12). 
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Pepper has 20 DOF and has tactile sensors in its head and hands. It has two cameras 
of 640*480 resolution each. The cameras are positioned in the head and mouth of 
the robot. Pepper also has four microphones at the top of its head and 3D sensors 
behind the eyes. A screen on Pepper’s chest allows for audio-video display. 
Game: 
Several categories of games have been proposed as activities to mediate human-
robot interactions for learning and entertainment. One of the most popular categories 
is puzzle games (13). We chose a puzzle game called Tangram, in which seven 
pieces of different geometric shapes are arranged together to form a desired shape 
(14). We chose the Tangram game as it can offer a collaborative activity, is suitable 
to be played by both children and adults, and it also provides a potential role for 
Pepper as a mediator in the gameplay. To make the interaction natural and 
comfortable for the participants, we used physical Tangram pieces. We modified the 
classic Tangram gameplay by dividing the pieces among the players to allow two 
players (instead of one), to arrange the shape collaboratively. 

  
Study Setup: To study the role of Pepper in mediating the interaction, we decided to first observe dyads while 
playing the Tangram game naturally, without the presence of Pepper. In the second part of the session, Pepper 
was introduced to the dyads, and it was acting as an observer while players played another Tangram puzzle. 
Therefore, the study involved two sub-tasks (Figure 2): 

a) Sub-task 1 - Participants play Tangram with a human mediator: Dyads played Tangram in the presence of 
a human mediator. The human mediator observed the participants and provided help when asked. 
Afterward, participants provided feedback on their experience. 

b) Sub-task 2 - Participants play Tangram with a human mediator and the robot Pepper present: During this 
sub-task, the robot was present but did not interact in the game. The purpose of this sub-task was to 
introduce the robot and collect the participants’ initial perception of the robot. The human mediator 
introduced Pepper to participants and collected feedback about their first impression as well as their 
thoughts regarding expected behavior from the robot.  

The difficulty level of the Tangram challenge increased from sub-task 1 to sub-task 2.   

 
 
Study Protocol: 
After obtaining written informed consent from the grandparent and the child’s legal guardian for their participation, 
we also asked verbal assent from the child before the start of the session. The session started with participants 
completing a demographic form containing the dyad’s demographic information as well as questions regarding how 

    
Figure 1: Pepper robot 
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often they play games together, and what games they play. The moderator gave a basic introduction to the game, 
after which participants were asked to solve Tangram puzzles together in two sub-tasks. At the end of the session, 
participants were asked follow-up questions and completed a collaboration questionnaire. The whole session lasted 
no more than 90 minutes for each dyad. 
Questionnaires: 
Perceived Collaboration: To measure the collaboration between the dyads, we used a self-assessment 
collaboration questionnaire derived from the Coalition Effectiveness Inventory (CEI) (15). To make the scale more 
accessible to children, we collected the rating from the dyads using a pictorial scale of five smiley faces used by 
Miriam Donath1 based on a standard scale Smileyometer (16). We asked the grandchild to rate first so that the 
decision of their grandparent did not influence the grandchild. Particularly we asked: i) team working: how well did 
the two of you work together while playing Tangram? ii) communication: how well did you communicate today? and 
iii) problem-solving: how well did you solve problems together? 
Post Session Questions: To understand how the dyads envision the role of Pepper in the Tangram gameplay, we 
asked the dyads the following questions: i) Let’s imagine that Pepper learned how to play Tangram from observing 
you today. Would you like Pepper to be here the next time you play Tangram? ii) Why/why not? iii) What would 
Pepper be doing? 
RESULTS 
We conducted this study with four dyads of grandparents and grandchildren (grandparents aged between 52-74 
years, and grandchildren aged between 7-9 years).  
Perceived Collaboration: 
Figure 3 shows the dyads’ response to the questions on team working and communication from the Collaboration 
questionnaire. Their response suggests that the dyads perceived good team working and communication 
between them. For the problem-solving, 2 dyads rated ‘okay’, one dyad rated ‘Fantastic’ and the other dyad rated 
‘Really good’. 

 
Post Session Questions: All four dyads said they would like to have Pepper present for the next time they play 
Tangram together. When we asked participants, ‘What Pepper would be doing the next time they play Tangram?’ 
most participants responded that they would like the robot to help them in the game. For example, one of the 
grandchildren responded, 

 
1 https://medium.com/@mdonath/red-and-green-when-paired-with-smiley-faces-7b065dd9d38f 

 

 
                                                      Figure 3: Questionnaire response 
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‘He will help us figure it out like just step-by-step, not like to tell us the exact answers but like just slowly work 
through.’ One of the grandparents responded to the same question with ‘We would appreciate some help when we 
are stuck.’ 
DISCUSSION AND CONCLUSION: 
In some Tangram HRI studies, robots had been used as an active turn-taking player (14,17). In other studies, the 
robot helped the participants in the Tangram game, e.g., giving clues, revealing the correct and wrong pieces, 
picking up the pieces (14,18-20). In order to make the human-robot interaction more engaging, a few researchers 
have used storytelling robots with children (21,22). Unlike many HRI studies that focus on the interaction between 
a human and a robot, our research focuses on the collaboration between the intergenerational team mediated by a 
robot; namely, the intent is to use a social robot enrich the interactive experience of the humans with their interaction 
with each other (not the robot) as the focal point.  
One of the results of our preliminary study in fostering collaboration for intergenerational dyads show that the dyads 
rated a high level of perceived collaboration for the Tangram game. This suggests that the Tangram game, along 
with our study setup, suited well in the collaborative intergenerational scenario. The high perceived collaboration 
can also be influenced by their previous experience of playing games together. Thus, in the next stage of our 
research, we will have the same game with a similar study setup. 
Regarding the envisioned role of the Pepper, the responses of the participants suggest that having the robot provide 
help during gameplay would align with what they would expect, and what they feel would be a valuable contribution.  
Considering this result, we include Pepper providing help in the gameplay as one of its characteristics. Therefore, 
we propose the role of a robot as a mediator where it would combine interactive storytelling along with the Tangram 
game. In other words, the robot would display tangram puzzles while unfolding a story and would also provide help 
while interacting during the gameplay.  
The next step is to test how the proposed role of the robot works for the intergenerational scenario. For this, we 
plan to have a Wizard-of-Oz setting, in which a researcher (wizard) will control the robot. During the gameplay, 
when participants ask for help, the robot will either display a clue on its tablet or will give a verbal hint. This stage 
aims to understand the following aspects: 1- when and how the robot should interact with the dyads while they play 
the Tangram game and; 2- to see the suitability of the story narrating in this context. We believe this stage will give 
us insights for proposing a fully/semi-autonomous social robot in intergenerational gameplay.    
To conclude, in this paper, we have presented the results of the first stage of a multi-stage study on a robot-mediated 
intergenerational Tangram game. To the best of our knowledge, using a social robot to foster interaction among 
grandparent and grandchild is an underexplored area of research. We believe that Pepper robot mediating the 
Tangram game might provide a meaningful and entertaining experience for the intergenerational interaction.  
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