
OVERVIEW 

In this section, we describe how we measure the intensity of gestures based on research from exercise 

science and then how we calculate the training intensity of the game. 

Gesture Intensity 

In exercise science, heart rate is commonly used as a metric to evaluate the intensity level of a certain 

exercise [1]. The corresponded intensity 𝐼𝑖  for each exercise can be converted based on their heart rates 

(i.e., 𝐻𝑅𝑚𝑎𝑥, 𝐻𝑅𝑎𝑣𝑔, 𝐻𝑅𝑟𝑒𝑠𝑡) calculated by the Karvonen formula [2]. 

𝐻𝑅𝑎𝑣𝑔 = (𝐻𝑅𝑚𝑎𝑥 − 𝐻𝑅𝑟𝑒𝑠𝑡)𝐼𝑖 + 𝐻𝑅𝑟𝑒𝑠𝑡      (1) 

𝐼𝑖 =
𝐻𝑅𝑎𝑣𝑔−𝐻𝑅𝑟𝑒𝑠𝑡

𝐻𝑅𝑚𝑎𝑥−𝐻𝑅𝑟𝑒𝑠𝑡
      (2) 

Where 𝐼𝑖 ∈ [0,1]; 𝐻𝑅𝑚𝑎𝑥 = 220 − 𝑎𝑔𝑒; 𝐻𝑅𝑎𝑣𝑔 is the average HR measured during the exercise; 𝐻𝑅𝑟𝑒𝑠𝑡 

is the rest HR of the user.  

To get the intensity 𝐼𝑖  and corresponding heart rate 𝐻𝑅𝑖, we conducted the following pilot study with a 

similar approach in [3]:  

• First, a level consisting of an infinite number of gestures with gesture type 𝐺𝑒𝑠𝑖 is provided. 

• Ten healthy university students (5 females) whose age ranged from 22 to 28 were recruited to play 

each level for about 5 minutes. None of them were athletes.  

• The experiment run over several days for each participant to mitigate any effects due to tiredness.  

• We designed and tested 10 gestures for each version; the version and the gestures were 

counterbalanced. 

• Duration 𝐷𝑖  (in seconds) associated with gesture type 𝐺𝑒𝑠𝑖  was calculated as the average time 

participants take to finish each gesture of that type.  

 

Exergame Intensity Evaluation 

To get the corresponding intensity level of each exergame, we used the following formula: 

𝐴𝑣𝑔𝐼𝑔𝑎𝑚𝑒 = ∑ 𝑃𝑛
6
𝑛=1 × 𝐼(𝑛) × 𝑐         (3) 

Where 𝐴𝑣𝑔𝐼𝑔𝑎𝑚𝑒 is the intensity level of the corresponding game. 𝑃𝑛 is the probability of triggering each 

gesture 𝐺𝑒𝑠𝑖 which we have set it as 
1

6
. 𝐼(𝑛) is the intensity level when doing the gesture 𝐺𝑒𝑠𝑖, which had 

been measured in the pilot study. Coefficient c can be calculated by 
𝐷𝑖

2.5
 where 2.5s is the allowed action 

time we set for Experiment 1. 

Our calculation results show that the intensities for standing and seated exergames are 31.1% and 30.1%, 

respectively. The six selected gestures led to a similar intensity level for both the standing and seated 

exergames.  
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