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Abstract. This study has created the Playful Tray that adopts Ubicomp and per-
suasive techniques into play-based occupational therapy for reducing poor  
eating behavior in young children after they reached their self-feeding age. The 
design of the Playful Tray reinforces active participation of children in the ac-
tivity of eating by integrating digital play with eating. Results of a pilot user 
study suggest that the Playful Tray may improve child meal completion time 
and reduce negative power play interactions between parents and children, re-
sulting in an improved family mealtime experience.  

1   Introduction 

Recently, many Ubicomp researchers have been working on applying digital technol-
ogy to modify human behavior [1] [2] [3]. This area is known as persuasive comput-
ing [4]. From a computing perspective, persuasive computing involves designing and 
developing digital technology that not only can automatically sense and track behav-
ior, but can also engage people via intelligent interaction to motivate or influence 
their behavior. From an occupational therapist perspective, persuasive computing 
involves extending the reach of occupational therapists from their treatment clinic into 
the actual living environment of a client, enabling the therapists to utilize Ubicomp 
technology to implement an effective behavior intervention program at the place 
where the client’s target behavior occurs and when the treatment is most effective.  

This work targets mealtime behavior, one of the most frequently cited problems by 
parents of young children [5]. Despite nutritional concerns, spending excessive time 
to eat a meal affects the participation of children in daily school and family routines, 
and often contributes to negative parent-child interaction during mealtime [6]. For 
example, poor eating habits at home by children can cause stressful confrontations 
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with parents, often taking the form of a power play involving mental persistence and 
pitting parental persuasion against unrelenting refusal from the children. At school, 
children who eat lunch slowly are likely to experience frustration resulting from the 
disapproving looks of teachers or the scorn of their peers. Delayed meal completion 
may also reduce the time available to children to engage in after-lunch activities. To 
address this eating behavior issue, this study has designed and implemented the Play-
ful Tray as a tool to assist occupational therapists and parents in reducing poor eating 
behavior in young children. This tool can be used either at home or in school. A pilot 
user study where autistic and non-autistic children with mealtime problems partici-
pated suggested that the Playful Tray may improve child meal completion time when 
compared to traditional parental verbal persuasion. Results also suggest that the Play-
ful Tray may reduce negative power play interactions between parents and children. 

   

Fig. 1. On the left, a young child is performing her imitation skit and not paying attention to 
eating her food. By the time her parents are done with their meals, her meal is hardly touched. 
By then, her parent will become angry with her. Her parent’s angry voice will also wipe out her 
appetite. On the right, this young child is actively eating to interact with the Playful Tray.  

The Playful Tray is embedded with an interactive game played over a weight-
sensitive tray surface, which can recognize and track the natural eating actions of 
children in real time. Child eating actions are then used as game inputs. As shown in 
Fig. 1, engaging children in this fun interactive game motivates the children to change 
their eating behavior. This design connects and integrates the fun part (coming from 
the digital game activity) with the activity of eating. We believe that this is the main 
reason why the Playful Tray may be effective in reducing poor eating behavior in 
young children. 

The tray design is based on learning theories and the key components of playful-
ness [7] [8], including intrinsic motivation, internal control, and suspension of reality 
described in more detail in Section 2. The design reinforces active participation of 
children in the activity of eating by integrating digital play with eating, thus making 
mealtimes more enjoyable for both parents and children. Additionally, the flexibility 
of the digital game control enables occupational therapists to easily grade the chal-
lenge to match the ability of the child. For example, changing the weight sensibility of 
the tray affects the size of the bites required to trigger a game response.  
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Traditional eating behavior interventions depend heavily on parents actively modi-
fying their behaviors and interactions with children during mealtimes [9]. For exam-
ple, therapists seek to modify parent behaviors by teaching mealtime related parenting 
skills via didactic instruction, modeling, role playing, and behavioral rehearsal and 
structured home programs. We would like to clarify the intention of the Playful Tray 
is not to replace occupational therapists and the training they provide to parents on 
how to interact with young children, but to be used as an assistive tool that supple-
ments the skills taught by occupational therapists. This work hypothesizes that by 
using the Playful Tray, it can assist parents to enhance children’s motivation to eat. 
Results of a pilot user study involving the use of the tray by young children with eat-
ing problems suggested that the Playful Tray may address these hypotheses. 

The remainder of this paper is organized as follows. Section 2 provides an over-
view of play-based feeding behavior intervention. Section 3 then states the design 
considerations for the playful tray. Next, Section 4 presents the design and implemen-
tation. Section 5 then describes the user studies and results. Subsequently, Section 6 
discusses related work. Finally, Section 7 presents our conclusions and future work.  

2   Play-Based Feeding Behavior Intervention 

“Play is a child’s way of learning and an outlet for his innate need of activity” [10]. 
For a child, any activity can be turned into a game. Children often engage actively and 
fully in an activity only if that activity includes the critical ingredients of play. There-
fore, traditionally, pediatric occupational therapists (OTs) frequently leverage the 
desire of children to play as an effective means to cultivate the general skills and 
abilities needed to perform their functional activities. This is an indirect approach of 
training children in general skills via play activities, rather than directly targeting 
specific functional activities. For example, by feeding dolls or scooping play dough 
from one container to the other, children can improve their fine motor skills and the 
eye-hand coordination required for eating. However, this indirect approach suffers 
from the problem that improvements in perceptual-motor skills do not guarantee im-
proved performance in the target functional activity, i.e., self-feeding. A more direct 
approach is to make the target functional activity playful to engage the child into 
active participation.  

According to the model of human occupation (MOHO) [11], an occupational be-
havior such as eating is the result of the organization of three subsystems of a person: 
volition, mind-brain-body performance and habituation. To develop children’s func-
tional ability and become a part of their daily routines, they first need to have motiva-
tion to participate in the target behavior and sufficient physical and mental functions 
to meet the need of performing the target activity. Based on MOHO, this work devel-
oped a play-based occupational therapy model for designing the playful tray shown in 
Fig. 2. In this model, the three subsystems are facilitated by applying theories of play-
fulness and reinforcement into the design. According to theories of play and playful-
ness [8], play comprises three primary elements: intrinsic motivation, internal control, 
and suspension of reality. Intrinsic motivation means that the individual pays more 
attention to the process than to the product or outcome. It is the activity itself rather 
than its consequences that attracts the individual to active participation. Moreover, 
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internal control is defined as individuals being in charge of their actions and at least 
some aspects of the activity outcome. Suspension of reality refers to the pretend qual-
ity of play. The three elements of play comprise the foundation of activity design. To 
successfully induce active child participation in an activity, activity designs should 
provide a strategy to elevate the degree of intrinsic motivation (less extrinsic motiva-
tion), internal control (less external control), and suspension of reality. Mind-brain-
body performance refers to an individual’s physical and cognitive capability to  
perform a target activity. Introducing digital play into an activity design should avoid 
increasing the physical and cognitive difficulty levels beyond those in the target activ-
ity. For example, the digital play in our Playful Tray adopts the strategy of using natu-
ral eating actions, which all children know how to do, to play a game.  

On the other hand, acquisitional theory views behavior as a response to an envi-
ronment [12]. The environment thus either reinforces behavior or fails to provide 
positive reinforcement by instead giving no reinforcement at all. Positive reinforce-
ment strengthens behavior by rewarding the desired behavioral response. Previous 
studies [7] have shown that partial reinforcement is the strongest form of reinforce-
ment in shaping behavior. Partial reinforcement is defined as reinforcement only 
given on some occasions when the behavior occurs, meaning there is no discernible 
pattern regarding when the reinforcement will take place. To strengthen desirable 
behavior, the design should employ the principle of partial reinforcement embedded 
in an activity. Through partial reinforcement, the desired behavior can be internalized 
and become a habit. 

 

Fig. 2. Our play-based occupational therapy model 

Feeding problems can occur in children with normal development and those with 
developmental problems. For children with significant developmental problems, feed-
ing problems are treated seriously because the treatment outcome significantly affects 
child development [13]. However, for children with normal development or mild 
developmental problems, such as those with Asperger’s Syndrome or High Function 
Autism, feeding problems are generally ignored or underscored. The most common 
complaint regarding mealtime behavior for these children is eating too slowly. Such 
problems create stress for caregivers, often the children’s parents, negatively impact-
ing the parent-child relationship. Therefore, this study targeted the second group of 
children and applied the play-based occupational therapy model to design a playful 
tray for them with the goal of improving their eating pace and reducing their maladap-
tive behavior.  
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3   Playful Tray Design Considerations 

Based on the play-based occupational therapy model described above, this work has 
identified the following four main design considerations for the proposed playful tray: 
(1) attention split between game playing and eating activities, (2) enjoyment to en-
courage intrinsic motivation of children, (3) engagement to connect digital playful-
ness to active participation in the target activity of eating, and (4) control to give 
children choices in determining game outcome.  

The first design consideration is the degree to which a child pays attention to the 
digital interaction. Since children need to focus their attention on feeding activity 
during mealtimes, introducing a digital game will inevitably divert some of their at-
tention away from the eating activity. Because the use of the digital game is intended 
to motivate active child participation in the eating activity, the digital game design 
should not draw too much attention away from the eating activity and thus lead to the 
undesirable result of digital playing overtaking or distracting eating. That is, a game 
design should bring in just enough digital interactivity to maintain the interest of chil-
dren in the eating activity. The game thus should avoid fast-moving, excessively 
fancy animation or frequent input and output.  

The second design consideration is enjoyment. The digital game activity must 
bring sufficient enjoyment and pleasure to children to attract their active participation 
in eating. Motivation to perform an activity usually comes from two sources: external 
rewards and enjoyment of the activity itself. External rewards mean the accompany-
ing benefit of performing an activity. When the rewards seem unattractive to a person, 
he/she will feel a lack of motivation to participate in the activity. On the other hand, if 
an activity is playful, i.e., with high levels of the three elements of play, carrying out 
the activity itself will be enjoyable and self-reinforced rather than reinforced by ex-
ternal rewards [14]. This study used a game design based on self-reinforcement.  

The third design consideration is engagement. Since target users are young chil-
dren and most young children are not capable of operating digital devices, the game 
design relies on using the natural eating actions of children as game input. Because 
eating is the target activity, once children are attracted to the game, they find that they 
have to eat to continue playing. Through this engagement design, this work links fun 
(from the digital game) with eating. 

The fourth design consideration is control. Control refers to the opportunities for 
children to make choices and decisions during a game. The game design allows chil-
dren to choose from a selection of characters and determine their eating pace. 

Two further design considerations are presented below: 

 It is important to minimize the change on the lunch tableware accustomed to 
young children during their normal eating routines at home or in schools. 
Hiding digital components beneath a tray surface prevented the installed 
digital hardware from adversely affecting the normal eating of the children.  

 Given the limited cognitive level of young children, the design of the interac-
tive game must be simple enough for them to understand and attractive 
enough to maintain their attention.  
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4   Playful Tray Design and Implementation 

Two prototypes of playful trays were created. Fig. 3 shows the initial prototype, 
called the Coloring Game Tray. The design of this tray incorporates a dining surface 
of 30x45 cm2, divided into a matrix of 2x3 cells. Besides the middle top cell onto 
which the game is projected, each of the other five cells contains a weighing sensor 
underneath the cell plate to detect eating events. The eating events are then fed as 
inputs to a coloring game played on the middle top cell. Each food item corresponds 
to a specific crayon color. When a child eats a specific food item, the corresponding 
color is drawn on a cartoon character selected by the child. To make the selected 
cartoon character colorful, the child thus should be motivated to eat and finish all food 
items on the table, including disliked items.  

  

Fig. 3. Initial playful tray prototype called the Coloring Game Tray 

A preliminary pilot user study of the Coloring Game Tray reported in [15] identi-
fied four problems with the initial design. (1) Some children felt extreme frustration 
when the cartoon character did not look colorful and happy at the end of the game, 
and refused to play again. (2) Although some children were attracted to the coloring 
game the first few times they played with it, they quickly became bored because the 
color mappings never changed. (3) Some children paid so much attention to playing 
the digital game that they became distracted from eating properly. (4) Some children 
ate too quickly as they became impatient to see their favorite cartoon characters fully 
colored.  

Based on the problems of the initial prototype, a second, simpler prototype was 
created, called the Racing Game Tray. Although the revised design and implementa-
tion are simpler than the initial prototype, results of a pilot user study (discussed  
below in Section 5) suggest that the Racing Game Tray is more effective than the 
Coloring Game Tray. 

4.1   Single-Cell Tray 

The Racing Game Tray prototype is shown in Fig. 4. The dimensions of the tray are 
33 cm x 31cm x 3.5cm. The top of the tray is embedded with a small palm-top PC 
containing a touch-screen LCD showing the racing game. The tray uses only one 
weighing sensor to detect child eating behavior. This weighing sensor is placed below 
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the slightly lower rectangular area on the tray, and has a bowl positioned directly 
above it. The weighing sensor can detect and recognize child eating actions and the 
weight of food consumed from the bowl during each eating action. Since children are 
likely to touch all areas of the tray, the weight sensing area was just large enough to 
fit a bowl, minimizing the chance of touching of the tray interfering with the weight 
readings on the weight sensing area.  

 

Fig. 4. The revised playful tray prototype, called the Racing Game Tray 

The system architecture is shown in Fig. 5. Child eating activity was first sensed by 
the weight sensing surface, then recognized via the Weight Change Detector. The 
weight change detector performs one task: reporting Weight-Change events involving 
the food container by filtering out noises from the stream of weight samples. These 
weight change events include the amount (weight) of food consumed. A weight de-
crease event is generated each time the weight of the bowl decreases.  

 

Fig. 5. System architecture 

Through observations of young children taking meals in our clinic and interviews 
with their parents, we have realized that young children can exhibit a wide variety of 
eating and non-eating behaviors during meal times. As a result, not all weight de-
crease events will in fact be eating actions. For example, children may play with their 
food by hitting the bowl with their hands or utensils, scoop up some food and then put 
it back without eating it or after taking only a tiny bite, they may press their hands 
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into the bowl, they may knock hard or push the tray, and so on. Since these non-eating 
actions affect the weight readings, they can confuse the system in recognizing some 
of these non-eating actions as valid eating actions. As a result, some non-eating ac-
tions may receive the same positive reinforcement and encouragement from the digi-
tal game as valid eating actions. To give an example, children may first press their 
hands into the bowl, creating a weight increase reading, and then lift their hands away 
from the bowl, creating a weight decrease reading. Because of the potential for these 
and other similar behaviors, simply using relative weight decrease over time will not 
accurately identify poor eating behaviors. 

To address this issue, eating actions are recognized by calculating the absolute 
weight decrease over time value (Δwt

abs), defined as follows: 

Δwt
abs= wt – min (w1..t-1) . (1) 

wt denotes the current weight reading, and min (w1..t-1) represents the accumulative 
minimum weight reading from the start of the meal to the last reading. All relative 
weight decreases or increases are ignored. This method was found to be effective in 
filtering out most non-eating actions, though at the cost of missing some good eating 
actions. However, this tradeoff is acceptable given that encouraging bad eating ac-
tions is worse than missing feedback to some valid eating actions. Notably, this me-
thod can fail in one case, namely when a child picks up the entire bowl from the tray, 
causing the minimum weight reading to reach zero and creating a situation in which 
good eating actions can no longer be detected. To address this problem, the bowl is 
taped and fixed to the tray, preventing a child from easily lifting it up. Another situa-
tion can involve a child scooping up food and then putting it back without eating it. 
Although our system would incorrectly recognize this non-eating action as a valid 
eating event the first time it occurred, repeating the action would have no effect. 
When applied to young children in the pilot study discussed below, analyzing the 
logged eating events and the taped videos shows that this method can achieve accu-
racy of 70~80 % in recognizing valid eating actions, and only very rarely incorrectly 
recognizes bad eating actions as good ones. These eating actions are then used as 
inputs to the racing game described below.  

4.2   The Racing Game 

Screenshots for the racing game are shown in Fig. 6. Upon detecting each eating ac-
tion, one of the characters would race one step forward to the right. The character is 
selected based on a random probability similar to a slot machine. The rationale for 
applying this randomness in this game is to adopt the partial reinforcement described 
in Section 2, which is the strongest form of reinforcement in shaping behavior. The 
distance traveled is fixed regardless of the size of the weight change from each eating 
action. The right screenshot in Fig. 6 shows the state of a race after a number of eating 
actions. When starting a meal, a child selects a favorite cartoon character, marked 
under the red arrow in the screenshot of Fig. 6. When the child finishes all of the food 
in the bowl, the game ends and the character that has traveled the furthest distance  
to the right wins. When a child eats too quickly (that is, the time interval between 
subsequent eating actions is smaller than a pre-defined eating-too-quick value), a  
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Fig. 6. Screen shots for the Racing Game Tray 

notification is sent to the child to slow down his/her eating since eating will temporar-
ily no longer be rewarded. This system prevents excessively aggressive eating.  

The racing game design strategies follow the play-based occupational therapy 
model described in Section 2. It adopts partial reinforcement strategy by randomly 
selecting a character to race one step forward after each eating action. Due to the 
effect of partial reinforcement, children are motivated to continue eating to try and 
help their character win the game. The game motivation and enjoyment confirm to the 
self-reinforced strategy. This game also provides internal control to children, allowing 
them to choose a favorite cartoon character to compete in the race. The pace of the 
game is also controlled by children’s eating behavior. Using the natural eating actions 
of children as inputs to the game is critical because eating is the target activity. Once 
children become attracted to the playful digital game, they find that they must eat to 
continue playing. Compared to video games, the racing game diverts only a moderate 
portion of the child’s attention away from eating. This design connects and integrates 
the fun part (coming from the digital game activity) with the activity of eating.  

5   Pilot User Studies and Results 

In this section, we describe the details of a pilot study. 
 

Participants.  The participants comprised four child-parent pairs: three were recruited 
from the occupational therapy clinic of a teaching hospital; one was recruited by an 
office colleague. The four children were 4 to 7 years old. All participants are Taiwan-
ese living in Taiwan. These four child-parent pairs are referred to here as A, B, C, and 
D. Children A and B were diagnosed with Asperger’s syndrome, child C had high 
function autism, and child D had no specific diagnosis. The common complaint re-
garding mealtime for all parent participants was long meals, ranging from near 30 
minutes to over one hour, after the children reached the age of self-feeding.  

 
Procedure and measures. This study was conducted in Taipei, Taiwan. An occupa-
tional therapist first administered a semi-structured interview. A parent-report, Chil-
dren’s Mealtime Behavior Checklist (shown in Appendix A), was filled out and  
followed by an interview to clarify behavioral details. This checklist, including 19 
types of child behaviors and nine types of parent behaviors, was modified from the 
Behavioral Pediatrics Feeding Assessment Scale [16] and the Children’s Eating  
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Behavior Questionnaire [17]. After receiving informed consent from parents, the 
child/parent pair were: (1) invited to take their meals at our clinic or an investigator 
was dispatched to the home of the pair during their mealtime to record their eating 
activities before using the Racing Game Tray, then (2) another mealtime appointment 
was made within one week to record their eating activities using the Racing Game 
Tray. As for the locations of the studies, the Child D’s study was conducted at her 
home, and other studies were conducted in the clinic. The served meals were familiar, 
traditional Chinese food prepared by the children’s parents, consisting of mostly rice 
mixed with vegetables and meat. The mealtime episodes were videotaped via a video 
camera set in the same room. After setting up the video camera and/or Racing Game 
Tray, the parent and the child were left in the room by themselves until the meal was 
finished. To perform a fair comparison on child eating behavior, approximately the 
same amount of food was served during the meals with and without the Racing Game 
Tray.  

An eating behavior coding system, as listed in Appendix B, was modified from the 
system created by Moore et al. [18]. The coding system consists of three behavioral 
categories: active feeding, interaction, and social behaviors. Active feeding refers to 
child active eating behavior or any related behavior. Furthermore, interaction refers to 
actively initiated behavior and the synchronous responsive behavior of the feeding 
partner. Finally, social behavior only refers to the behavior toward the feeding partner 
but not that directly related to feeding. In the active feeding and interaction categories, 
behavior was classified as either positive or negative: positive behavior describes 
behavior associated with promotion of self-feeding, whereas negative behavior de-
scribes behavior associated with aversion, intrusion, or interruption of self-feeding. 
The codes are mutually exclusive. Appendix B lists the details of the codes together 
with behavioral examples. 

The mealtime videos of each child/parent pair were coded based on the eating be-
havior coding system listed in Appendix B, according to which unit of behavior was 
the smallest meaningful action or utterance. The coding was done by an occupational 
therapist trained in identifying the behaviors of interest. A pilot coding was conducted 
on two different child/parent mealtime videos twice to check for the reliability of the 
coding. Each parent and child received scores of three behavioral categories reflecting 
the frequencies at which they exhibited behaviors in these categories. 

 
Results. Table 1 lists the age and diagnosis of individual participants. All children 
had average or above-average intelligence. Regarding the Children’s Mealtime Be-
havior Checklist, all of the children had at least 10 of the 19 eating behavioral prob-
lems, and their parents had at least six of the nine types of maladaptive behavior. We 
caution that since the results presented here are from a small, pilot user study, they do 
not provide conclusive evidence of the Racing Game Tray reducing poor eating be-
havior in young children. A much longer study with more subjects would be needed 
to show its effectiveness. However, we provide these results as they suggest that the 
Racing Game Tray affects eating behavior. Fig. 7 shows the mealtime duration of the 
four child/parent pairs both with and without the Racing Game Tray. Mealtime dura-
tion was measured by rounding up the time taken to complete the meal to the nearest 
minute. Before using the Racing Game Tray, the mealtimes for the four children (A, 
B, C, D) were (23, 40, 41, 25) minutes. Meanwhile, with the Racing Game Tray, their 
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mealtimes were reduced to (23, 25, 29, 9) minutes. Except for child A whose meal 
time duration remained the same with the Racing Game Tray, children B, C, and D all 
exhibited improvements, reducing mealtime duration from 29% to 64%, suggesting 
that the Racing Game Tray may improve meal completion time. The lack of im-
provement in child A might be that her mealtime duration in our observation session 
was fine under 30 minutes without the Racing Game Tray, despite a complaint from 
her parent regarding long mealtime behavior.   

Table 1. Results from the Children’s Mealtime Behavior Checklist completed by parents 

Child Parent 
 Gender Age (Year) Diagnosis Relation Age (Year) 

A Girl 7 Asperger’s Syndrome Mother 33 
B Boy 5 High function autism Mother 43 
C Boy 5 Asperger’s Syndrome Mother 45 
D Boy 4 No specific diagnosis Father 36 

 

Fig. 7. Mealtime duration with and without the Racing Game Tray for the four children 

Table 2 shows the results of mealtime interaction behavior between the four chil-
dren and their parents with and without the use of the Racing Game Tray. By manu-
ally analyzing the recorded mealtime videos with and without the Racing Game Tray, 
this study identified positive, negative, and social behaviors of the parent and the 
child according to the definitions listed in Appendix B. For all parents and three chil-
dren, the frequency of negative behavior decreased after using the Racing Game Tray; 
the frequency of negative behavior for child D was modest and showed only a slight 
increase from 3 to 8. The frequency of positive behavior for children either increased 
or didn’t change much. However, for the parent’s positive behavior in mealtime, the 
changes varied. Since the children were actively engaged in the eating activity when 
using the Racing Game Tray, their negative behaviors decreased. As a result, the 
necessity for the parents to promote self-feeding to their children might actually de-
crease. Regarding social behavior frequency, such behavior decreased for three of the  
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Table 2. The mealtime behavior with and without the Racing Game Tray 

Pair Location Positive behavior Negative behavior Social behavior 

  
Without 

tray 
With tray 

Without 
tray 

With tray 
Without 

tray 
With tray 

    Child's behavior 
A Lab 52 88 18 6 19 9 
B Lab 80 76 37 4 19 12 
C Lab 40 79 50 5 6 28 
D Home 40 39 3 8 21 6 
  Parent's behavior 

A Lab 22 43 14 10 19 9 
B Lab 43 30 20 1 19 12 
C Lab 27 25 34 3 6 28 
D Home 8 10 2 0 14 6  

 

Fig. 8. On the left shows the child’s on-task/off-task behavior ratio with and without the Racing 
Game Tray. On the right shows the parent’s on-task/off-task behavior ratio with and without 
the Racing Game Tray. Positive behavior is on-task behavior, whereas both negative and social 
behaviors are off-task behavior. A high ratio of the on-task/off-task behavior is considered 
desirable, because it suggests greater frequency of on-task behavior versus off-task behavior. 

child-parent pairs, and increased for one of the pairs. Since social behavior in this 
study is defined as behavior directed toward the feeding partner only but not directly 
related to feeding, such behavior can be a cause and/or effect of poor eating behavior. 

Since the target task of this study is self-feeding, according to the definition listed 
in Appendix B, positive behavior is on-task behavior, while both negative and social 
behaviors is off-task behavior. A high ratio of the on-task/off-task behavior suggests 
greater frequency of on-task behavior versus off-task behavior. Results from Fig. 8 
show that the ratios of on-task/off-task behavior improve for all children and parents. 
Without using the Racing Game Tray, child C had more off-task behavior than on-
task behavior. For the other three children, about 40% of behavior is off-task. By 
using the Racing Game Tray, only 14~29% of behavior is off-task. These results 
suggest that by using the Racing Game Tray, children were more focused on  
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self-feeding than without using the Racing Game Tray. In other words, the Racing 
Game Tray did not appear to distract them from self-feeding. In addition, Fig. 8 sug-
gests that the parents also became more focused on the feeding task. 

In summary, the preliminary results of using the Racing Game Tray designed 
based on the play-based occupational therapy model are encouraging. Due to the time 
constraint, we adopted a single-subject research design with four subjects. Each sub-
ject child used the Racing Game Tray only once. Continuing research is needed to 
investigate whether the effects of this study will be maintained when a child uses this 
Racing Game Tray repetitively until good eating behavior becomes a habit. 

6   Related Work 

King et al. [19] describe five persuasive strategies of adopting digital technology to 
change people’s attitudes and behaviors. Specifically, these five strategies are simu-
lated experiences, surveillance, environments of discovery, virtual groups, and per-
sonalizing. In the simulated experiences strategy, a simulated environment or object 
similar to its real part is created for a person to experience results of choosing differ-
ent behavior. The surveillance strategy works by using monitoring and tracking to 
affect a person’s behavior. The strategy of environments of discovery presents a fan-
tasy environment where people’s positive rewards can be given for their good behav-
ior. The virtual group strategy leverages social competition and collaboration for 
persuasion.  The personalizing strategy enhances the persuasiveness of information by 
tailoring it to individual users’ interests or concerns. Fogg [4] introduces Captology, 
the study of computer-based persuasion. He presents a functional triad on how people 
view or respond to computers in three general ways, as tools, as media, and as social 
actors. Different functions suggest different types or designs for persuasive influence. 
He also maps out a total of 42 principles to design persuasive technologies. An exam-
ple is called the Principle of Social Learning, which states that observing other people 
being rewarded for performing a certain behavior can serve as a good motivation. 
Some of these persuasive strategies and principles from King et al. [19] and Fogg [4] 
are adapted in the design presented here, including using digital media feedback as 
positive reinforcement for behavioral intervention. Additionally, this study empha-
sizes the playful aspect of the persuasive technology to maintain the interest of the 
children during the persuasion process.  

There have been several case studies of persuasive technologies that target differ-
ent behaviors with varying physical manifestations. We group these case studies  
under two general categories. The first category is focused on promoting physical 
activity in people’s everyday life. Fish’n’Steps [2] is an interactive computer game to 
encourage physical activity. This game is based on a metaphor in which the act of 
growing a virtual fish in a tank symbolizes a similar act of caring for one’s own body 
by walking a high step count. That is, the more players walk, the bigger their fishes 
grow in a virtual fish tank. By showing fishes from different players in the same vir-
tual fish tank, this game adds the elements of social cooperation and competition 
among players. Houston [3] is a mobile phone application that encourages physical 
activity by sharing step counts and supportive comments among friends. Sharing of  
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step counts and supportive comments provide social influence to persuade users to 
increase their daily step counts. The UbiFit Garden system [20] also wants to encour-
age physical activities. By using wearable sensors to detect and track people’s physi-
cal activities, UbiFit displays their levels of exercises on a flower garden shown a cell 
phone. ViTo (as opposed to TiVo) [1] is a persuasive TV remote controller. This 
technology targets excessive TV watchers. By suggesting alternatives to TV watch-
ing, such as playing the Non-Exercise Activity Thermogenesis (NEAT) games (i.e., 
simple puzzles that use physical activity as their input), ViTo promotes reduced tele-
vision viewing time. 

The second category includes demonstrations of persuasive technology manifested 
into various everyday objects at home or in cars to motivate different behavioral 
change. These everyday objects are ideal for embedding persuasive technology be-
cause everyday activities naturally involve their use. The persuasive mirror [21] aims 
to motivate a lifestyle change by showing individuals what they may become in the 
future. If a person has poor lifestyle habits such as excessive eating, smoking, lack of 
exercise, etc., the mirror will conjecture an unpleasant future-face to persuade life-
style change. Tooth Tunes [22] is a smart toothbrush designed to encourage better 
teeth-brushing in young children. The toothbrush is embedded with small pressure 
sensors to recognize brushing activity when the toothbrush is pressed against teeth. 
Upon the sensors being activated, a two-minute piece of music is played to reinforce 
children in continuing brushing for at least two minutes. Waterbot [23] is a persuasive 
device installed at a bathroom sink to track the amount of water usage in each wash. 
The system contains flow sensors to detect the amount of water usage. By showing 
the current water usage in comparison to the average household water usage, the sys-
tem encourages behavioral change toward water conservation. Out [24] designed a 
high-tech doll that resembles a human baby to simulate the difficulty of caring for a 
baby. The target users are teenagers with the goal being to prevent teen pregnancy. 
The doll contains an embedded computer that triggers a crying sound at random inter-
vals. To stop the crying, a caregiver must pay immediate attention to the doll by in-
serting a key into the back of the baby for a specific length of time to simulate a care 
session. CarCoach [25] is an educational car system that can utilize sensors in a car to 
detect good or bad driving habits, such as excessive braking, sudden acceleration, the 
use of signals when turning, etc. Subsequently, CarCoach aims to provide polite, 
proactive, and considerate feedback to drivers by factoring into their mental state and 
current road conditions. 

Compared to the related work described above, the work presented here adopts a 
similar approach of embedding behavioral intervention into everyday objects. How-
ever, the approach proposed in this study also differs from that above. Most signifi-
cantly, the proposed approach takes a play-based occupational therapy approach that 
uses persuasive technology to target young children, in which play-based persuasion 
provides the most effective means of solving child behavioral problems. In this work, 
we have found that persuasive, ubicomp technology is a good match for occupational 
therapy because occupational therapy emphasizes functional behavioral improve-
ments that are often observable and measurable. Ubicomp technology can be  
deployed in patients’ environments to detect their functional behaviors and provide 
just-in-time behavior modification intervention.  
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7   Conclusion and Future Work 

In this paper, we have presented the Racing Game Tray, a playful tray that adopts 
Ubicomp and persuasive techniques into play-based occupational therapy for reducing 
poor eating behavior in young children after they reach their self-feeding age. Utiliz-
ing Ubicomp and persuasive technology extends the reach of occupational therapists 
from their treatment clinic into the actual living environment of a patient, enabling 
therapists to implement a direct intervention approach at the place where young chil-
dren’s eating behavior occurs and when the treatment is most effective. The design of 
the playful tray connects physical eating to digital playing activities to reinforce ac-
tive participation of children in the activity of eating. Results of a pilot user study 
suggest that the Racing Game Tray may improve child meal completion time and 
reduce negative power play interactions between parents and children, resulting in an 
improved family mealtime experience.  

An essential part of learning at home or in school for young children is about de-
veloping good habits, from brushing teeth properly in the morning to going to sleep 
on time at night. As shown in this study, children love to play and persuading behav-
ior through games is effective for children. This study opens up many potential appli-
cations for adopting Ubicomp and persuasive techniques in play-based occupational 
therapy of young children. 
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Appendix A: Children’s Mealtime Behavior Checklist 

Child’s Name: Date: 
Filled by: Relation to the child: 

Child Behavior  Descriptions 
My child eats  less   more   the same  when s/he is upset.  
My child eats  less   more   the same  when s/he is angry.   
My child eats  less   more   the same  when s/he is tired.   
My child eats  less   more   the same  when s/he is happy.   
My child eats  less   more   the same  when s/he is anxious.  
My child eats  less   more   the same  when s/he is annoyed.  
My child eats  less   more   the same  when s/he is worried.   
My child eats  less   more   the same  when s/he has nothing to do.  

 
Please check all boxes that apply Descriptions 

□ My child chokes at mealtime.  
□ My child eats only ground or soft food.  
□ My child refuses to eat meals but requests food immediately after meal.  
□ My child has trouble tasting new foods.  
□ My child gags or vomits at mealtime. When? How 

often? 
□ My child is a picky eater. Likes or dislikes 

what? 
□ My child gets up from table during a meal.  
□ My child keeps food in his/her mouth without swallowing it.  
□ My child Spits out food during a meal.  
□ My child plays with food, such as eating rice one grain at a time, or noodles one 

string at a time. 
 

□ My child stops eating by talking or singing during a meal.  
□ My child stops eating or chewing while doing nothing.  
□ My child attempts to negotiate what he/she will and will not eat.  
□ My child always leaves leftover or requires other people to feed him/her.  
□ My child would rather drink milk than eat meals.  
□ My child likes to eat snack foods. Type? Time? 

Frequency?  
□ My child always asks for a drink.  
□ My child eats slowly.  
□ My child eats more and more slowly during the course of a meal.  

 
Parent Behavior Descriptions 

□ I get anxious and/or frustrated when feeding my child.  
□ I coax my child to get him/her to take a bite.  
□ I use threats to get my child to eat.  
□ I feel worried my child doesn’t get enough to eat.  
□ If child doesn’t like what is served, I make something else.  
□ I feel that there is no way for me to get my child to eat in a well-behaved manner.  
□ When my child refuses food, I force food into his/her mouth.  
□ Getting my child to eat often makes me very angry.  
□ I will feed my child if he/she doesn’t eat himself/herself.  
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Appendix B: Behavioral Feeding Codes for Children 

(1) Self-feeding: a child place food into his/her own mouth 

Parent Child 

Positive: A parent allows or promotes self-feeding, 
such as verbal encouragement, praises, etc. 

Positive: A child attempts self-feeding, such as 
holding utensils, putting food into mouth, etc. 

Negative: A parent discourages, disallows, or 
interrupts self-feeding, such as pushing the child’s 
hands away, telling the child that she will feed the 
child, etc. 

Negative: A child rejects self-feeding, such as 
saying “no” or pushing away given food. 

(2) Interaction: Actively initiated behavior and the synchronous responsive behavior of the feeding 
partner 

Parent as the actor Child’s responsive behavior 

Positive: A child accepts food when it is of-
fered, or self-feeds food. 

Positive: A parent attempts to arouse a child’s 
interest, such as talking about food, models, food 
games, etc. A parent refocuses the child’s attention 
on food when the child is distracted. Negative: A child ignores the parent’s cue, 

refuses, or walks away from the parent’s cue. 

Positive: A child responds by self-feeding. Negative: A parent intrusively attempts to direct 
feeding, such as force-feeding the child, holding a 
child’s head, body, or hand, and threatening the 
child. 

Negative: A child ignores the parent’s attempts, 
refuses, or walks away from the parent’s at-
tempts. 

Parent’s responsive behavior Child as the actor 

Positive: A parent synchronously responds to 
promote continuous feeding, such as interpreting a 
child feeding cues, responding to a child’s needs, 
etc. 

Negative: A parent synchronously responds to 
interrupt the child’s feeding. 

Positive: A child initiates an attempt to eat, such 
as looking at food, talking about food, request-
ing food/drink, or touching food. 

Positive: A parent synchronously responds to 
promote continuous feeding, such as interpreting 
the child feeding cues, responding to the child’s 
needs, etc. 

Negative: A parent synchronously responds to 
interrupt the child’s feeding. 

Negative: A child shows disinterest, discour-
agement, or stops eating or chewing. 

(3) Social behavior: Toward feeding partner only but not directly related to feeding 

Behavior such as talking, touching, smiling, look-
ing, laughing, etc. 

Behavior such as talking, touching, smiling, 
looking, laughing, whining, or crying. 

(4) Others 

The parent feeds the child directly without any 
special responsive or encouraging strategy. 

A child stops or refuses to eat without any evi-
dence of environmental distracters. 
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