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Core Body Temperature Accuracy 

 
Problem Statement 

Increasingly hotter temperatures worldwide are leading to more workplace heat-related 
injuries and illnesses, costing companies millions of dollars and endangering the lives of their 
workers. 	

 Few products can reliably and accurately measure (or predict) core temperature (TC) 

non-invasively, especially during work or exercise in hot environments. 	

 Gold standard measurements for TC include rectal or esophageal probes, or one-time 
use gastrointestinal pills that are ~$50 per pill. These solutions simply aren’t scalable at large 
workforces. 	

 Other types of thermometers (e.g., mouth, ear, armpit, and infrared) are not accurate, and 
can be underestimated by >1.0°F when assessed during work in hot environments—this 
level of inaccuracy means that oncoming heat injuries and illnesses will be frequently missed.	

 

Kenzen Solution 
Kenzen’s device non-invasively monitors workers’ physiological responses continuously 
throughout the work day and provides continuous, accurate core body temperature readings 
that are similar to the more invasive gold standard devices. We are proud of the scientific 
rigor used to build and validate our core temperature solution, so that you can trust that your 
workers will be kept safe throughout the work day, especially in the heat. 
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Scientific Rigor 
Kenzen has the largest dataset in the world on continuous temperature 
monitoring with a gold standard (gastrointestinal pill or rectal probe), from 
which we have developed and validated our algorithms. These data were 
collected in collaboration with 4 reputable universities all over the world, and 
comprises both exercise and activities of daily living (I.e., continuous 24 h 
monitoring) 

Types of Trials 

119 total trials = 105,532 minutes of data  
• 52 trials that involved physical activity (walking, jogging and running) 
in environmental temperatures ranging from 13.4 to 43.2°C (56.12 to 109.76°F). 

• Ground truth core temperature range = 36.2-40.2°C; mean ± SD = 37.8 ± 0.7°C. 

• % of age-predicted maximum heart rate ranged from 30-100%; mean ± SD = 71 ±  16%. 
This is moderate intensity activity typical of the workplace. 

	

 

 

 

 

 

 

 

• 67 trials with activities of daily living over a 24-h continuous monitoring period. 
Continuous core temperature monitoring during activities of daily living  
(non-exercise or work throughout a 24-h period). 

• Ground truth core temperature range, mean ± SD: 36.0-39.1°C, 36.9 ± 0.4°C 
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Subject Characteristics 
76 total subjects: 42 males and 34 females 

Age range: 18-62 years; mean ± SD = 29.7 ± 9.6 years 

Height range: 149-192 cm; mean ± SD =173.7 ± 9.5 cm 

Weight range: 48.9-117.0 kg; mean ± SD = 74.5 ± 13.4 kg 

 

 

Kenzen’s Accuracy  
To our knowledge, Kenzen has the only non-invasive core temperature monitoring device 
that is accurate and reliable, and meets the established accuracy criteria1. 

• Mean absolute error = 0.3°C (0.5°F)  ✔	

• Pearson r correlation coefficient = 0.8  ✔	

• Root mean squared error = 0.3°C (0.5°F)  ✔	

• Mean bias = -0.01°C (0.02°F)  ✔	

 

Take-home message 
The Kenzen wearable device can be used as a valid core temperature monitoring device at 
rest and during physical activity, in cool and in hot and humid environments. It is 
comparable to (invasive) gold-standard measurements of core temperature like the 
gastrointestinal probe, rectal probe, or esophageal probe. 
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Continuous 24-h Monitoring  

This is a plot of all subjects’ hourly averages of core temperature (ground truth in black and 
Kenzen core temperature in orange) during 67 trials of continuous (i.e., 24-h) core 
temperature tracking. Subjects went throughout their normal daily activities, and also wore 
the device during sleep. Kenzen’s core temperature is within 0.3°C (or 0.5°F) of the ground 
truth core temperature (<1% mean percent error) at all times during the day, and is strongly 
correlated with ground truth temperature (r=0.7). Core temperature also exhibits the normal 
circadian rhythm where temperature is lowest from 4-6 AM and highest from 4-7 PM. 

Core Temperature Comparison for Continuous Dataset (n = 67 Trials)		
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Physical Activity  
The plot below shows the core temperature for 52 trials of physical activity ranging from cool 
to extremely hot environments, and includes males and females of wide age ranges. The 
Kenzen core temperature during physical activity is strongly correlated with ground truth 
temperature (r=0.93) and has a very low mean absolute error at any given timepoint (0.25°C 
or 0.45°F), and <1% mean percent error. 

Core Temperature Comparison for Excersice Dataset (n = 52 Trials) 
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Accuracy with Increasing Core Temperatures  
• Other core temperature devices on the market are not accurate when people have 

core temperatures >38.5°C, which is just when heat injuries and illnesses start to 
emerge.  

• The table below shows that Kenzen passes the accuracy criteria at all core 
temperature ranges from 37-40°C.  

• The Kenzen device accurately predicts body temperature at each of these core 
temperature ranges, and accuracy is maintained even when people get extremely hot 
(>39°C), which is essential to protect your workers from heat-related injuries and 
illnesses.	

	

	

Accuracy in a Range of Environmental Conditions	
• This table shows that in environmental conditions ranging from 13-43°C (55-109°F) 

and relative humidity ranging from 11-75%, we maintain our strong accuracy in core 
temperature (compared to ground truth).  

• The Kenzen device can be worn in a variety of environmental conditions ranging from 
very cool to extremely hot conditions, and core temperature will be accurate. 
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APPENDIX 
Reference 1 (cited above):  

1. Casa, Douglas J., et al. "Validity of devices that assess body temperature during outdoor exercise in the 
heat." Journal of athletic training 42.3 (2007): 333.	

	

Accuracy criteria we hold ourselves to (compared to ground truth gold standard):	
 

●      Mean absolute error (i.e. MAE) ≤0.3°C 

●      Pearson r correlation coefficient ≥0.7 (strong correlation)	

●      Root mean squared error (RMSE) of ≤0.3°C	

Reference ranges for Pearson r correlation (maybe we some sort of color coding is easiest here?) 

• 0.0-0.3 is no correlation (negligible) 
• 0.31-0.49 is weak correlation	
• 0.5-0.7 is strong correlation	
• 0.71-1.0 is very strong correlation	

 

Definitions of statistics used in this report: 

●      A 1 minute average was applied to the Kenzen data and the core temperature ground truth data.	

●      Each of these 1 min data points were aggregated for each subject, and the statistics below were analyzed 
for each subject individually, before obtaining the group mean. 

●     SD is the standard deviation. 

●     Mean Absolute Error (MAE) was calculated by taking each 1 minute time point (for each subject) 
throughout exercise, rest, or overall, and then taking the absolute difference between the Kenzen device 
CBT & the ground truth CBT.  

●     Bias is calculated by taking each 1 minute time point (for each subject) throughout exercise, rest, or overall, 
and subtracting the Kenzen device CBT from the ground truth CBT. A negative bias indicates 
underestimation of CBT, while a positive value indicates an overestimation of CBT. 

●     Standard error of the measurement is calculated according to LM Harvill, and is the standard deviation of 
the errors of measurement associated with each individual and activity. 

●     Pearson r correlation coefficient was calculated by comparing the ground truth CBT to the Kenzen 
device CBT for each subject’s 1 minute time points, and then the group mean was taken. 

●     Mean percent error (% error) was calculated by taking the mean absolute error at each 1 minute time 
point and dividing the error by the ground truth core temperature at that time point, and then multiplying by 
100. 

●     Root mean square error (RMSE): was calculated by squaring the residuals (from the ground truth CBT 
vs. Kenzen device CBT) for each subject, and then taking the mean of all data points, followed by the 
square root. The mean of all subjects’ RMSE was obtained. 

 

 


