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 Abstract
We are developing a prototype for a sensor-enabled 
smartphone app that tracks arm movement, measures energy 
expenditure and captures children’s self-reported motivation to 
play active video games in order to facilitate communication 
and decision-making between the child and his/her physical 
therapist. 
Background
● Virtual reality active videogames (AVGs) are popular physical 

therapy interventions for children with hemiplegic cerebral 
palsy (CP) because they can motivate children to engage in 
repetitive arm movements

● Adherence to home-based AVG exercise programs is low 
and therapists require a way of monitoring children’s game 
play in order to progress game challenge and provide 
motivating feedback

Purpose
The purpose of our research is to develop the prototype for a 
sensor-enabled smartphone app that tracks arm movement, 
measures energy expenditure, records game difficulty levels 
and captures children’s self-reported motivation, in order to 
facilitate child-therapist communication.
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Conclusion
The prototype in development, with further refinements, may successfully allow 
physical therapists to monitor the progress of children playing AVGs. Children will 
answer select games and difficulty levels from a drop-down menu and answer 
questions related to their motivation and effort following each game. The Wireless 
Home Activity Monitor (W.H.A.M) will track the motion and heart rate of a child during 
gameplay and  provide data to the iOS app via bluetooth. The iOS app will then allow 
for users to submit data online. Finally, the website under development will allow 
therapists to login and view data. Moving forward we will address the limitations 
found during our game play testing session. Feasibility and usability testing is 
planned with a small group of children and their families.  We will finish the iOS app 
to upload data to Firebase database, improve the website to display data in a 
graphical format. Finally, we will update the W.H.A.M prototype to increase comfort 
and aesthetics while maintaining functional requirements.

Results
● As seen in Figure 4, W.H.A.M did not do a good job capturing heart rate data. This is 

because the HR sensor is extremely sensitive and works only at specific position on 
the user’s finger, which is not optimal during gameplay with rapid movement.

● W.H.A.M, however, successfully captured the difference in movement during 
gameplay between 2 games with differing movement requirements and speeds. 
From figure 5, we can determine how frequently the user is moving his or her hand 
vertically based solely on acceleration in the z-axis.

● From the data collected, we can find the means of the x, y, and z axis for the 
gyroscope and accelerometer. Then, computing a weighted sum of the means should 
result in a score for the quality of movement encompassing the total workout.  

● Besides inaccurate HR data, the prototype has another limitation. For different 
games, different accel and gyro values would need to be assigned a different weight, 
and the challenge is determining those weights.  

Figure 1: Child playing XBox AVG while wearing WHAM

Figure 7: Graphical Representation of Heart Rate Data 
during game play

Figure 8: Graphical Representation of Acceleration Data 
during game play

Figure 6: Demonstration of Website Retrieving and Displaying Data

Figure 5: iOS App Prototype

Figure 4: Prototype of
W.H.A.M: Wireless Home Activity Monitor

Figure 3: Kinect for XBox 360

Figure 2: Kinect Adventures
Reflex Ridge

Methods
To develop our prototype, we:
● Programmed an Arduino to measure and report heart 

rate, acceleration, rotation and temperature. 
● Developed an iOS app to calibrate the sensors, detect 

movement and cue the player to record game 
information and respond to survey questions. 

● Sent data to a website database that displays it in 
readable form for therapists to facilitate decision-making 
about exercise progression. 

● Children receive positive reinforcement via 
understandable metrics. 

● Developed a working website prototype: https:
//burning-heat-5840.firebaseapp.com

To test the W.H.A.M during game play, we:
● Had 3 Northeastern students wear it while playing 2 

different Kinect Adventures AVGs
● Each student played each game twice for 90 seconds
● The W.H.A.M recorded heart rate and movements during 

game play 
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