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Abstract 23 

 24 

Background: Play is critical for children’s physical, cognitive, and social development. 25 

Technology-based toys like robots are especially of interest to children. This pilot study explores 26 

the affordances of the play area provided by developmentally appropriate toys and a mobile 27 

socially assistive robot (SAR). The objective of this study is to assess the role of the SAR on 28 

physical activity, play behavior, and toy-use behavior of children during free play.  29 

Methods: Six children (5 females, Mage = 3.6 ± 1.9 years) participated in the majority of our pilot 30 

study’s seven 30-minute-long weekly play sessions (4 baseline and 3 intervention). During 31 

baseline sessions, the SAR was powered off. During intervention sessions, the SAR was 32 

teleoperated to move in the play area and offered rewards of lights, sounds, and bubbles to 33 

children. Thirty-minute videos of the play sessions were annotated using a momentary time 34 

sampling observation system. Mean percentage of time spent in behaviors of interest in 35 

baseline and intervention sessions were calculated. Paired-Wilcoxon signed rank tests were 36 

conducted to assess differences between baseline and intervention sessions.  37 

Results: There was a significant increase in children’s standing (~15%; Z = -2.09; p = 0.037) 38 

and a tendency for less time sitting (~19%; Z = -1.89; p = 0.059) in the intervention phase as 39 

compared to the baseline phase. There was also a significant decrease (~4.5%, Z = -2.70; p = 40 

0.007) in peer interaction play and a tendency for greater (~4.5%, Z = -1.89; p = 0.059) 41 

interaction with adults in the intervention phase as compared to the baseline phase. There was 42 

a significant increase in children’s interaction with the robot (~11.5%, Z = -2.52; p = 0.012) in the 43 

intervention phase as compared to the baseline phase. Conclusions: These results may 44 

indicate that a mobile SAR provides affordances through rewards that elicit children’s interaction 45 

with the SAR and more time standing in free play. This pilot study lays a foundation for exploring 46 
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the role of SARs in inclusive play environments for children with and without mobility disabilities 47 

in real-world settings like day-care centers and preschools. 48 

 49 
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I. Background 72 

The Office of Disease Prevention and Health Promotion reports that physical activity for 73 

children improves bone health, cardiorespiratory and muscular fitness, cognitive skills, 74 

concentration in tasks, and body fat content (Kohl & Cook, 2013; Kohrt et al., 2004; Warburton, 75 

Nicol & Bredin, 2006). Yet, about half of preschool-aged children do not engage in the 76 

recommended amount of physical activity throughout the day (Tucker, 2008). The U.S. 77 

Department of Health and Human Services recommends that preschool-aged children be active 78 

all day (Physical Activities Guidelines for Americans, 2nd Edition, 2018). Preschool-aged children 79 

spend a considerable amount of time in free play. Free play is an important context to observe 80 

children's behavior because it provides autonomy for children to engage with peers, toys, and the 81 

environment. Free play is also an under-studied context for the use of robots with young children. 82 

However, it is concerning that only a portion of free play time is spent in moderate to vigorous 83 

physical activity (Verstraete et al., 2006). Our work considers the use of robots as a potential 84 

means to encourage children to engage in moderate to vigorous physical activity during free play. 85 

One of the goals of this study was to incorporate the use of a SAR in a free play setting. In a real-86 

world context such as a playground, it is likely that children of varying ages will be in the same 87 

environment and engage in free play together. Play with children of different ages may also occur 88 

with siblings. Therefore, we included children with a wide variety of ages to provide a real-world 89 

context for use of the SAR. In addition, we were interested in if the SAR had broad appeal to 90 

children of different ages; our pilot study was an appropriate first step to determine this feasibility. 91 

The affordance of a play area, defined as the environment it provides to a child, plays an 92 

important role in the child’s active engagement in play (Herrington & Brussoni, 2015). Modifying 93 

the play area with children’s evolving interests to stimulate various senses and promote social 94 

interactions are strategies to keep children excited about play time (Shackell et al, 2008). In the 95 

past decades different kinds of robotic toys, including socially assistive robots (SAR) have made 96 

their way into play spaces (Bian et al., 2020; Lund, 1999; Michaud, Duquette & Nadeau, 2003). 97 
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In a closely related work by our study team using a complementary set of annotated data 98 

compared to the current manuscript, we observed greater engagement of children with a SAR 99 

that was mobile in the play area, and provided visual, tactile, and auditory rewards to children, as 100 

compared to SAR stationary conditions (Vinoo et al., 2021). 101 

This paper presents a study that introduces an infant-sized mobile SAR in a free play 102 

environment. The objectives of our study are to enhance the affordances of the play area by 103 

providing developmentally appropriate toys and a SAR. We aim to assess the influence of a 104 

mobile SAR with rewards of lights, sounds, and bubbles on physical activity, play behavior, and 105 

toy-use behavior of children in a free play environment. The study consists of a baseline phase 106 

and intervention phase. In the baseline phase, the SAR is an inactive (i.e., immobile and powered 107 

off) part of the play area. In the intervention phase, the SAR is mobile and adds to the affordances 108 

of the play space by offering rewards (lights, sounds, and bubbles) to children. In this paper, we 109 

describe related work (Section II) that informed our aims, outline the methods (Section III), report 110 

our main findings (Section IV), discuss the results (Section V), note limitations and future work 111 

(Section VI), and summarize the conclusions from our study (Section VII). 112 

 113 

II. Related Work 114 

Key past work discussed in this section has enabled us to develop our study objectives 115 

and design our study. Broadly, we are interested in exploring the affordances provided by the 116 

SAR in children’s play behavior. The United Nations recognizes the importance of play and 117 

recreational activities and regards them as a child’s basic right (United Nations Convention on the 118 

Rights of the Child, 1990). In describing play, Pellegrini and Smith (1998) summarize play as an 119 

enjoyable activity that children engage in without a specific purpose. 120 

Play Behavior and Child Development 121 

Play has a vital role in a child’s life and development (Ahmad et al., 2016; Vygotsky, 1967). 122 

Play helps a child grow physically, emotionally, and cognitively (Thomas & Harding, 2011), and 123 
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serves as a conduit to explore the environment and interact with peers, adults, and objects such 124 

as toys (Logan et al., 2015, 2016).  125 

Play has been defined in different ways over the past few centuries and is difficult to define 126 

in a single sentence (Miller, 1973). Aristotle associated play with freedom and self-sufficiency 127 

(Besio et al., 2017). Play has been described as an activity that although is not considered serious, 128 

completely engrosses the individual (Huizinga, 1949). According to Piaget (1951), play develops 129 

from a stage of sensorimotor activity to a more advanced symbolic or imaginative play. Further, 130 

Piaget also stated that assimilation and accommodation are factors that determine a child's 131 

adaptation to its environment (Besio et al., 2017; Piaget, 1951). Graham and Burghardt (2010) 132 

took a broader lens in describing play, stating that five criteria need to be met for a behavior to be 133 

categorized as play. These criteria for play behavior require the activity to be: (i) not completely 134 

functional in its context; (ii) voluntary, spontaneous, enjoyable, and rewarding to the individual; 135 

(iii) different from more serious behaviors in terms of its form and timing, meaning that play is 136 

usually exaggerated and that children engage in play much earlier in life than they engage in other 137 

serious behaviors; (iv) usually repeated; and (v) often engaged in when an individual is not in 138 

severe stress. 139 

Exposure to various kinds of play involving multiple motor skills early in life predicts a child's 140 

ability to excel in those skills and learn new motor skills later in life. For example, a child who 141 

has learned an overhand throw can build on this skill to learn various sport like tennis, 142 

badminton and volleyball later on (Bunker, 1991).  Play has also been shown to improve social 143 

interaction and reduce disruptive behavior in schools, especially among children with intellectual 144 

disabilities. Engaging in play that starts at the skill level of the child and gradually challenges the 145 

child to enhance their play skills helps the child connect better with their peers (O'Connor & 146 

Stagnitti, 2011). Finally, play, especially physical activity play, contributes to the cognitive 147 

development of the child as well. Participating in physical activity play wherein children engage 148 

in moderate to vigorous physical activity during play leads to a feeling of arousal or vigilance. An 149 
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appropriate amount of arousal due to physical activity enhances mental performance (Pellegrini 150 

& Smith, 1998; Shepard, 1982). Interventions like the Sitting Together and Reaching to Play 151 

(START-Play) that incorporated cognitive constructs and motor challenges into play are 152 

effective in improving cognitive outcomes in infants as young as seven months of age. Infants 153 

with severe motor delays who underwent the START-Play intervention showed advanced 154 

problem-solving skills and cognitive ability compared to their counterparts receiving the usual 155 

early intervention care (Harbourne et al., 2021). These studies exemplify the significance of play 156 

in the physical, social, and cognitive development of children. 157 

Play behavior advances as a child grows and develops, as listed in Table 1. For example, 158 

play during infancy is associated with exploration of the environment (Rusher, Cross & Ware, 159 

1995), engagement with adults, and interaction with objects, including toys (Bradley, 1985). 160 

Infancy (three to 18 months) is typically associated with solitary play that mostly occurs 161 

independently of nearby people. Although it is most dominant in early months of life, children also 162 

engage in solitary play later in childhood (Anderson-McNamee, 2010). Toddlerhood (18 to 24 163 

months) is typically associated with parallel play that occurs when children start playing in 164 

proximity with other children, but without actively interacting with them (Howes, 1980). Early 165 

childhood (three to four years) is typically associated with peer interaction that may be associative 166 

or social play. Associative play is when a child becomes interested in a peer’s toys and interacts 167 

with them with the intention of playing with their toys. Social play may include when children 168 

cooperate with each other and share toys to interact (Anderson-McNamee, 2010). Apart from toys 169 

and peers, children also engage with adults in the play area. Adults interact actively or passively 170 

with children in the play area, especially in early stages of development (Parten, 1932). Our study 171 

seeks to explore changes in play behavior in children at various developmental stages as a result 172 

of the affordances provided by the SAR in the play area. 173 

 174 
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Placeholder – Table 1 175 

 176 

Affordances and Child Development 177 

Affordances within a play area provide children with opportunities to explore the world. 178 

These may include substances, objects, and persons in the environment (Gibson, 1979). In a 179 

child’s play area, affordances may be provided by toys, peers, and adults who facilitate play. The 180 

availability of developmentally appropriate toys enhances the quality of play (Trawick-Smith et al., 181 

2014). The number and variety of toys available during play contribute towards improving the 182 

child’s development, including cognitive (Bradley, 1985) and motor (Abbott & Bartlett, 2001) skills. 183 

Children up to the age of eight prefer exploratory, building, pretend play, physical activity and 184 

recreational, learning, sensory, and technological toys (Consumer Product Safety Commission, 185 

2020). Among technology-based toys, one that is of broad interest to toddlers and older children 186 

alike are robotic toys. Although these toys appeal to children, little work to date has explored the 187 

influence of mobile robots on children’s free play. 188 

Socially Assistive Robots 189 

SARs have been used extensively to teach children cognitive, social, and motor skills 190 

(Marino et al., 2020). Fitter et al. (2019) reported that infants as young as six months of age could 191 

imitate knee extension ball-kick behavior demonstrated by the Aldebaran NAO SAR. While some 192 

infants in this study imitated the SAR without any rewards, others showed greater kicking 193 

acceleration when rewarded by lights or sounds generated by the robot. Guneysu and Arnrich 194 

(2017) demonstrated feasibility of using the humanoid NAO robot in one-on-one exercise 195 

instruction and imitation by children. In another study, the NAO and the Wonder Workshop Dash 196 

(a small, wheeled toy robot) were part of a robot-assisted learning environment in a child 197 

rehabilitation setting (Kokkoni et al., 2020). Two infants and a toddler supported by a body weight 198 

support system exhibited complex motor tasks like climbing when following the robots. Children 199 
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also aided the robots to complete motor tasks like going up an inclined surface, tasks that these 200 

toys were unable to complete without assistance.  201 

Among the few studies that explored the impact of robots in a social setting was the work 202 

by Kozima and Nakagawa (2007) who introduced an interactive Keepon robot to a group of 203 

preschoolers. They report initiation of interactions between the robot and children, and among 204 

children themselves in the presence of the robot. The lifelike properties or animism of robots plays 205 

an important role in captivating the interest of children (Beran et al., 2011; Melson et al., 2009). 206 

Researchers and practitioners capitalize on children’s interest in robots to teach skills for which 207 

traditional teaching/therapy techniques may not be as effective. For example, there are multiple 208 

interventions for children with autism that employ robots to teach psychomotor skills such as 209 

movement in the four main directions (Moorthy & Pugazhenthi, 2017), coach children on the 210 

recognition of social and gestural cues, and enhance communication skills (Cabibihan et al., 2013; 211 

So et al., 2018). Robot imitation has also been used extensively, especially with children with 212 

autism, to teach skills through play and physical activity (Conti et al., 2015; Robins et al., 2008). 213 

For example, in one past study, two children with autism engaged in a game of imitation and turn-214 

taking with the Kaspar humanoid robot (Robins et al., 2008). The goal of this robot study was to 215 

teach children with autism to engage in interactive play while learning skills in turn-taking by 216 

imitating the robot’s posture change over time. Robot imitation has also inculcated the 217 

participating children with social skills. 218 

SARs have also been used extensively to promote efficient learning in children of various 219 

ages, skill levels, and abilities. For example, a study by Hsiao et al. in 2015 reported that children 220 

between the ages of two and three have greater literacy in a language when they practiced 221 

reading with a “learning buddy” that was an SAR as compared to a tablet PC. The bidirectional 222 

modality of learning with the SAR was highly effective in keeping children engaged to learn more 223 

content. In another study involving the NAO robot as a learning peer among primary school 224 
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children, researchers reported that with personalization, the SAR helped children learn a novel 225 

task while keeping them interested in the task through the entire study (Baxter et al., 2017). These 226 

studies provide evidence for SARs to be seamlessly incorporated with existing technology to 227 

motivate children in active learning. 228 

Many of these interventions use SARs to engage participants in social interactions (Feil-229 

Seifer & Mataric, 2005). There is, however, a dearth of research using mobile SARs, particularly 230 

those with a child-sized form factor and a base motion speed capable of matching the pace of 231 

children during moderate to vigorous physical play activity. Our SAR, which includes a TurtleBot 232 

2 base, possesses this combination of compelling size and suitable motion speed for active play. 233 

 234 

III. Methods 235 

The study involved seven weekly free play sessions with a within-subjects group design. 236 

During the first four sessions (baseline phase), the SAR was powered off. In the last three 237 

sessions (intervention phase), the SAR was teleoperated to move in the play area and offered 238 

rewards of lights, sounds, and bubbles to children. 239 

Participants 240 

Six children between the ages of one and seven (Range = 1.6 to 6.7 years; M = 3.6; SD 241 

= 1.9; five females; all Caucasian), who attended two or more play sessions during both the 242 

baseline and intervention phases were included for analyses. 243 

Procedure 244 

IRB and Informed Consent 245 
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Approval for all study procedures was obtained from the Oregon State University 246 

Institutional Review Board. Written informed consent from parents was obtained prior to the start 247 

of the study.  248 

Play Area 249 

The play area (approximately 440 sq. ft or 41 m2) was lined with alternately colored blue 250 

and green foam squares (each 2’ X 2’ or 0.6 X 0.6 m), and children were instructed to remain in 251 

the play area for the entire session. At the start of each play session, developmentally appropriate 252 

toys were set up in the same location, as shown in Fig. 1. Toys for the age range included physical 253 

activity and recreational toys, sensory toys, learning toys, pretend play toys, and the SAR. 254 

Placeholder – Fig 1 255 

Play Session Description  256 

There was a total of seven weekly sessions with four baseline sessions (weeks one to 257 

four) and three intervention phases (weeks five to seven). A fourth planned weekly session for 258 

the intervention phase was cancelled due to the COVID-19 pandemic. Each weekly session was 259 

approximately 30 minutes long wherein children engaged in free play. In this study, free play is 260 

defined as play behavior that is controlled by the child, with minimal involvement of adults (O’Brien 261 

& Smith, 2002). Parents and research team members intervened minimally during play time. All 262 

adults stayed in the periphery of the play area. Adults were instructed to intervene in children's 263 

play only when the interaction was initiated by a child or when the intervention was necessary 264 

(e.g., when requested to intervene due to a potential safety issue, to facilitate sharing of toys 265 

between children). 266 

The SAR used in the study was an infant-sized mobile robot which is capable of providing 267 

configurable rewards of lights, sounds, and bubbles. The TurtleBot 2 base of the SAR houses a 268 

Raspberry Pi 3 B+, which controls the release of the rewards, and a 12 V power supply. The 269 
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reward stack was 3D-printed with orange and clear polylactic acid (PLA). The SAR could provide 270 

six animations for the light rewards in different colors and frequencies. It was programmed to 271 

produce 200 different types of sounds (e.g., musical notes, animal noises) that were inspired by 272 

infant toys. Finally, the SAR had a bubble-producing module that consisted of a motor and a radial 273 

fan to make and dispense bubbles.  274 

During the baseline phase the SAR was powered off, and during the intervention phase, 275 

a research team member used a teleoperation interface to maneuver the SAR to approach each 276 

child in the play area at varying intervals and activated the rewards of lights, sounds, or bubbles. 277 

We randomized the order in which children were approached each session using a random 278 

number generator. Every child received all three rewards during every play session in the 279 

intervention phase. 280 

Data Collection and Video Coding 281 

Overhead GoPro cameras were used to record the 30-minute play sessions, and these 282 

videos were used for data analyses. 283 

Measurement 284 

As summarized in Table 2, physical activity, play behavior, and toy-use behavior variables 285 

were annotated based on a predefined codebook, and the child and robot positions were tracked 286 

using computer vision. 287 

Physical Activity 288 

Physical activity behaviors were adapted from a direct observation system called the 289 

Observational System for Recording Physical Activity in Children: Elementary School (OCRAC-290 

E; McIver et al., 2016) to add more behaviors like catching/throwing, riding, and walking on knees 291 

based on observed behaviors during playgroup sessions (Table 2). The OSRAC observation 292 
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system is used commonly to record children’s physical activity behaviors (Logan et al., 2015; Pate 293 

et al., 2013).  294 

Play Behavior 295 

Play behaviors were adapted from the Parten’s Stages of Play (Parten, 1932), and Peer 296 

Play Scale (Howes, 1980). The adaptations from both of these scales were made to include 297 

behaviors of interest for the current study. Similar coding systems have been used to assess play 298 

behavior of children at various stages of development (Howes et al., 1992; Logan et al., 2015; 299 

Pellegrini & Perlmutter, 1989). Play behaviors were categorized as unoccupied play, solitary play, 300 

parallel play, peer interaction play, and adult interaction play (Table 2).  301 

Toy-use Behavior 302 

Toy-use behaviors were annotated based on the type of toy children were interacting with. 303 

Developmentally appropriate toys for the age range included physical activity and recreational 304 

toys, sensory toys, learning toys, pretend play toys, and the SAR (Table 2). The categorization of 305 

these toys was done as per the standard 'Age Determination Guidelines' (Consumer Product 306 

Safety Commission, 2020). 307 

Child and SAR Positioning 308 

Positional data for the child and SAR were extracted using the OpenCV multi-309 

object tracking function (Rosebrock, 2018) in a custom Python script. This region-of-interest 310 

tracker is commonly used in several different contexts such as traffic surveillance, surgery, and 311 

medical imaging since it allows for position monitoring for entities of interest (Doukas & 312 

Maglogiannis, 2007). To use the script, a research assistant selected bounding boxes for the SAR 313 

and each child in the play area. If a child or the SAR left the play area, the research assistant 314 

would re-select this target of interest when that child or robot re-entered the frame. At a rate of 25 315 
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frames per second, position data was automatically recorded at each timestep based on the 316 

position of each bounding box’s center.  317 

 318 

Placeholder – Table 2 319 

 320 

 321 

Data Analysis 322 

The videos were annotated using a momentary time sampling observation system (Brown 323 

et al., 2006; Logan et al., 2015). This technique involves breaking down the 30 minutes of video 324 

into 10-second consecutive intervals, observing the child behavior for the first two seconds of 325 

each interval, and recording the observed behaviors during the remaining eight seconds of each 326 

interval. The protocol used in this study was adapted from previous studies where the first five 327 

seconds of 15-second intervals (Logan et al., 2015) or 25-second intervals (Brown et al., 2006) 328 

were annotated for child behaviors. Shorter epochs of 10 seconds were used for recording 329 

behaviors in the present work based on accelerometer-based cut-point estimations for moderate 330 

to vigorous physical activity of toddlers (Trost et al., 2012). Six observation intervals were 331 

annotated for each minute, resulting in 180 observations per child for every session. This yielded 332 

in a total of 5,400 observation intervals across the study.  333 

Two trained coders annotated all the video recordings for behaviors. One coder annotated 334 

the physical activity behaviors, and the other coder annotated play behavior and toy-use behavior. 335 

An inter-rater reliability of at least 85% agreement was established between an additional expert 336 

coder and the two trained coders for 10% of the video recordings. Agreement of 85% or higher is 337 
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considered acceptable in observational studies of children (Logan et al., 2015). Percent 338 

agreement was calculated as the following:  339 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 =  (
# 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑐𝑜𝑑𝑒𝑟𝑠

# 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠 +  # 𝑜𝑓 𝑑𝑖𝑠𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠
) ×  100 340 

For physical activity, play behavior, and toy-use behaviors, the percentage of total 341 

intervals when the child was in the field of view is reported. For child and robot positioning, the 342 

percentage of total frames when the child was within three feet of the robot in the field of view is 343 

reported. For each child, mean percentage of time spent in each behavior in each individual phase 344 

is calculated as follows: 345 

𝑀𝑒𝑎𝑛 % 𝑜𝑓 𝑇𝑖𝑚𝑒 𝑖𝑛 𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑟 =  (
# 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑏𝑒ℎ𝑎𝑣𝑖𝑜𝑟

𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑠
) × 100 346 

For the computer vision-generated data the distance between the SAR and each child 347 

was calculated for every timestep. Then, the percentage of frames where the child was within 348 

three feet of the SAR was calculated to determine time spent by the child in parallel or more 349 

complex play behaviors within close proximity of the robot (Howes and Matheson, 1992). For each 350 

child, mean percentage of time spent that the child was within three feet of the SAR is calculated 351 

as follows: 352 

𝑀𝑒𝑎𝑛 % 𝑜𝑓 𝑇𝑖𝑚𝑒 𝑓𝑟𝑎𝑚𝑒𝑠 𝑤ℎ𝑒𝑛 𝑐ℎ𝑖𝑙𝑑 𝑤𝑎𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 3 𝑓𝑡 𝑜𝑓 𝑆𝐴𝑅353 

=  (
# 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑓𝑟𝑎𝑚𝑒𝑠 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑐ℎ𝑖𝑙𝑑 𝑎𝑛𝑑 𝑆𝐴𝑅 𝑖𝑠 < 3𝑓𝑡

𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑓𝑟𝑎𝑚𝑒𝑠
) × 100 354 

 355 

Statistical Analyses 356 
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A within-subjects group design was used to analyze the data. Due to the non-parametric 357 

nature of the data, paired Wilcoxon signed rank tests were conducted using the SPSS statistical 358 

software (version 25).  359 

IV. Results 360 

In this section, we provide the breakdown of coding results for each behavioral assessment 361 

of interest. In each of the figures below, we first report behaviors for individual play sessions 362 

during the baseline and intervention phases. Then, we report behaviors combined across baseline 363 

and intervention phases. All of the SAR technology worked correctly for all sessions except the 364 

bubble-blowing attachment, which had reduced functioning during Session 6, the second session 365 

of the intervention phase. 366 

Physical Activity Type 367 

Children engaged in all types of physical activity during the play sessions (Fig. 2a and b). 368 

Much of the play time was spent in three types of physical activity including sitting/squatting 369 

(~40%) standing (~27%), and walking (~12%). The other physical activity types accounted for a 370 

combined total of ~21% of time intervals. Time spent in standing was significantly greater (~15%; 371 

Z = -2.09; p = 0.037) in the intervention phase as compared with baseline phase (Fig. 2b). 372 

Conversely, time spent in sitting tended to be lesser (~19%; Z = -1.89; p = 0.059) in the 373 

intervention phase as compared with baseline phase. There were no significant differences in 374 

time spent in other physical activity types between baseline and intervention phases. 375 

 376 

Placeholder – Fig 2 377 

 378 

Play Behavior 379 
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Children spent majority of the play time engaged in parallel play (~48%) followed by 380 

solitary play (~37%; Fig. 3a and b). There was a significant decrease (~4.5%, Z = -2.70; p = 0.007) 381 

in peer interaction play in the intervention phase as compared to the baseline phase (Fig. 3c). 382 

There was a tendency for greater (~4.5%, Z = -1.89; p = 0.059) interaction with adults in the 383 

intervention phase as compared to the baseline phase. 384 

 385 

Placeholder – Fig 3 386 

 387 

Toy-use Behavior 388 

Children played with a variety of toys including physical activity and recreation toys 389 

(~26.5% of time intervals), learning toys (~18% of time intervals), pretend play toys (~17% of time 390 

intervals), the SAR (~5% of time intervals), and sensory toys (~4% of time intervals) throughout 391 

the study. They also played with multiple toys (~16.5% of time intervals) at a time and engaged 392 

in play with no toys (~12.5% of time intervals). There was a significant increase (~11.5%, Z = -393 

2.52; p = 0.012) in interaction with the robot in the intervention phase compared to baseline phase. 394 

These interactions included touching, following, looking at, pushing/pulling, or going towards the 395 

robot or its rewards (Vinoo et al., 2021). There was also a significant decrease (~6 %, Z = -2.40; 396 

p = 0.017) in play with pretend-play toys in the intervention phase as compared to baseline phase 397 

(Fig. 4). 398 

 399 

Placeholder – Fig 4 400 

 401 

Child and SAR Positioning 402 
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While interacting with the robot, children spent ~10.5% of time within three feet of the robot 403 

throughout the study. Children spent significantly greater time (~12.9%; p = 0.02) within three feet 404 

of the robot in the intervention phase as compared to the baseline phase (Fig. 5b).  405 

 406 

Placeholder – Fig 5 407 

 408 

 409 

V. Discussion 410 

This is the first study to introduce a mobile SAR in a free play environment to assess children’s 411 

physical activity, play behavior, toy-use behavior, and proximity to the robot. Enhanced child 412 

behaviors during the intervention phase when the robot was active suggest potential effects of 413 

the affordance provided by the mobile SAR in its design and the rewards of lights, sounds, and 414 

bubbles. 415 

Children spent more time standing and had a tendency to sit less in the intervention phase 416 

compared to the baseline phase. A parallel segment of this study with the SAR reports that 417 

children look at and touch the robot more when it is mobile (Vinoo et al., 2021). It is possible that 418 

children were captivated by the novelty of the SAR and its rewards, hence spent more time 419 

standing and engaging with it as it approached them and their peers (Parten, 1933). Children 420 

spent less time standing and more time sitting in the second and third intervention sessions 421 

(Session 6 and 7 of the current study, respectively), as compared to the session when the SAR 422 

was first activated. This observation implies that the novelty of the robot dwindles over time. The 423 

fading of ‘novelty effect’ is common especially in studies involving children (Leite et al., 2014; 424 

Serholt & Barendregt, 2016). Leite et al. (2009), for example, conducted a study with an iCat social 425 
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robot that played chess with children over five weeks. The research team reported that children 426 

noticed the robot less during the later weeks as compared to the earlier weeks. Similar to our 427 

study, this work attributed the waning interest of children in the robot to the novelty effect. 428 

Strategies to address the declining novelty effect include using SARs with life-like properties, 429 

staggered introduction of SAR novel behaviors, and making the SAR more adaptive to child 430 

behaviors. Gradually introducing children to different robot behaviors, rather than all at once is 431 

also likely to keep them more engaged with the robot. Kokkoni et al. (2020) noted that children 432 

are more likely to look at the robot if it exhibits unexpected behaviors. Finally, reciprocal behavior 433 

from the SAR in the form of verbal or non-verbal social interactions may also be key to keep 434 

children interested in the SAR (Castellano et al., 2008). 435 

In the intervention phase, peer interaction play decreased with a corresponding tendency of 436 

increased adult interaction as compared to baseline phase. Over the study period, as children 437 

familiarized themselves with the play environment and adults (including research staff and 438 

parents), they initiated more conversations, pretend play, and other play behaviors with adults. 439 

For example, a child brought play food on a plate to one of the research team members, while 440 

another child initiated a game of catch with other research team members. Additionally, in the 441 

intervention phase, children interacted more with the robot teleoperator to initiate more robot 442 

rewards, especially bubble rewards. Although research team members were in the outer 443 

perimeter of the play area, this finding suggests that adults are an important affordance of a child’s 444 

play area (Sando & Sandseter, 2020). In their study with a socially expressive Pleo dinosaur robot 445 

and children with ASD, Kim et al. (2013) report that children initiated spontaneous conversations 446 

with an unfamiliar adult predominantly about the robot. Our study varied slightly from the work of 447 

Kim et al, in that our participants had seen and interacted with adults for four weeks before the 448 

intervention phase when the SAR was powered on. However, like in the past study with Pleo, our 449 

participants had questions about, and expressed excitement and interest towards, the robot, 450 
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especially in the first intervention session (session 5). Solitary play, parallel play, and intervals 451 

when children were not playing did not vary significantly between the baseline and intervention 452 

phases. 453 

VI. Limitations and Future Work 454 

A limitation of our study is the small sample size (n = 6) with limited diversity (five females, all 455 

Caucasian, all typically developing). Also, we had limited intervention sessions owing to the 456 

COVID-19 pandemic and could not incorporate a withdrawal phase following the intervention with 457 

the robot turned off again, similar to the baseline phase. Our study design consisted of non-458 

randomized baseline and intervention phases, leading to possible ordering effects in our 459 

observations. Another limitation of our study was the inability to control for the adult interaction 460 

with participants in the study. It is possible that even with the provided instructions, adults may 461 

have initiated extra interactions, and we did not control for the source of initiated interactions in 462 

our analyses. Finally, we had minor technical difficulties with the SAR in Session 6, leading to 463 

reduced functioning of the bubble-blowing attachment during the latter part of that session. 464 

This pilot study contributes towards the limited literature on affordances provided by a mobile SAR 465 

in a free play environment. Future work needs to expand on the current findings by increasing the 466 

sample size and purposefully recruiting children for a more diverse and inclusive playgroup. 467 

These findings also demonstrate the feasibility of using mobile SARs in social settings like 468 

classrooms, daycare centers, playgrounds, and parks for purposes apart from education and skill-469 

development. The next steps will be to study the role of mobile SARs on physical activity, play 470 

behavior, and toy-use behaviors in these natural settings with a broader user base, including 471 

children with disabilities. 472 

VII. Conclusions 473 
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The current study incorporated an infant-sized mobile SAR in the play space to assess its 474 

influence on children’s physical activity, play behavior and toy-use behavior. Results of the current 475 

study suggest that the SAR is capable of engaging children’s attention through increased 476 

proximity and play with the SAR during the intervention. Interest in, and engagement with the SAR 477 

when it moves and provides rewards demonstrates the affordance it provides to engage children 478 

in the play area. Greater interaction and closer proximity to the robot may also be attributed to the 479 

novelty of a mobile SAR with rewards. Another novel finding of our study was that our SAR 480 

encouraged children to stand more than sit during play. These findings pave a path for employing 481 

SARs in combination with assistive mobility technologies like the body weight support system, 482 

walkers, motorized wheelchairs and orthoses to augment engagement and exploration of the 483 

environment by children with mobility disabilities. Furthermore, toy companies can focus on 484 

developing SARs that offer a wide array of developmentally appropriate rewards, to engage 485 

children with and without disabilities in various kinds of moderate to vigorous physical activity. 486 
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Figures 720 
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 722 

Fig. 1A. Overhead view of the play area with developmentally appropriate toys and the SAR; Fig. 723 

1B. SAR in the play area 724 

Fig 1A) Fig 1B) 
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 725 

 726 

Fig. 2. Physical activity type. A) Average percentage of intervals spent in each type of physical 727 

activity across sessions. S# on the x-axis represents the session number. B) Average percentage 728 

of intervals spent in each type of physical activity during baseline and intervention phases. * → p 729 

< 0.05; ♦ → p < 0.06. 730 

 731 

Fig 2A) Fig 2B) 
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 732 

Fig. 3. Play behavior. A) Average percentage of intervals spent in each type of play behavior. S# 733 

on the x-axis represents the session number. B) Average percentage of intervals spent in each 734 

type of play behavior during baseline and intervention phases. * → p < 0.05; ♦ → p < 0.06. 735 

 736 

Fig 3A) Fig 3B) 
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 737 

Fig. 4. Toy-use behavior. A) Average percentage of intervals spent interacting with each type of 738 

toys. S# on the x-axis represents the session number. B) Average percentage of intervals spent 739 

playing with each type of toy during baseline and intervention phases. * → p < 0.05. 740 

 741 

Fig 4A) Fig 4B) 
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 742 

Fig. 5. SAR-child positioning. A) Average percentage of time frames when children were within 743 

three feet of the robot. S# on the x-axis represents the session number. B) Average percentage 744 

of time frames when children were within three feet of the robot during baseline and intervention 745 

phases. * → p < 0.05. 746 

 747 

 748 

Tables 749 

Table 1. Predominant play behavior based on age 750 

 751 

Age Range Predominant Play Behavior 

3 – 18 months Solitary Play 

Fig 5A) Fig 5B) 
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18 – 24 months Parallel Play 

3 – 4 years Peer interaction play, Adult 

interaction play 

 752 

 753 

Table 2. Behavior Assessments with Categories 754 

 755 


