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Introduction 
 
Three structural firefighting ensembles were submitted by W.L. Gore to the Textile Protection and 
Comfort Center (T-PACC) in the College of Textiles at North Carolina State University.  A human 
subject trial designed by W.L. Gore was conducted to compare the physiological response during 
wear of these three ensembles.  Test samples were tested at the T-PACC facility with approval 
from NC State’s Institutional Review Board (IRB) for human subject testing.  This trial was 
conducted in accordance with IRB protocol 6350. 
 
The purpose of this report is to describe the test protocol used to characterize the physiological 
response of human subjects during wear of each garment while performing a walking treadmill 
exercise protocol, and to present the results of the testing. 
 
 

 
Figure 1: Test chamber with subjects during a test session 
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Test Garments 
 
Test garments were tested as received and consisted of a firefighter turnout jacket (size 44) and 
pants (size 34) with suspenders.  Subjects were provided boxer briefs, gym shorts, socks and a t-
shirt to wear underneath the test garments.  Subjects wore their own athletic shoes during the 
testing.  Subjects were also provided structural firefighting gloves (Honeywell Super Glove 
Gauntlet) and helmet (MSA 660C Metro®).  Subjects did not wear a structural hood or SCBA 
during the study.  Test samples were identical in design, size, and contained the same outer shell 
(PBI Max).   Suits varied by the moisture barrier/thermal liner system and are identified below.  
All markings associated with the Moisture barrier/Thermal liner system were hidden from the 
subjects so they did not know anything about the suit they were testing.    
 

 
Figure 2:  Test ensemble example 

 
ID Moisture barrier/Thermal 

liner system 
X Parallon system 
Y Crosstech Black/Glide G2 
Z Stedair Gold/Glide G2 
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Methods            
 
Test Subjects 
Test subjects were recruited from a local pool of firefighters from the Raleigh Fire Department, 
and consisted of 10 male subjects.  Table 1 shows the demographic and anthropometric data for 
each subject along with the means and standard deviations. 
 

Table 1: Subject demographic and anthropometric data 

Subject 
ID 

Gender Age Weight 
(lbs) 

Weight 
(Kg) 

Height 
(in) 

Height 
(cm) 

*BMI **Max 
HR 

1 Male 51 191 86.6 73 185 25.2 175 

2 Male 41 163 74.1 72 183 22.2 183 

3 Male 45 205 93.2 72 183 27.8 180 

4 Male 41 188 85.4 70 178 27.0 183 

5 Male 31 208 94.2 72 182 28.6 192 

6 Male 32 207 93.9 74 188 26.6 191 

7 Male 33 231 104.7 72 183 31.3 190 

8 Male 34 208 94.5 70 178 29.9 189 

9 Male 31 204 92.5 71 180 28.4 192 

10 Male 29 174 79.0 72 183 23.6 193 

n=10 Mean» 36 198 90 72 182 27 187 

 Stdev» 7 19 8.8 1.2 3.1 2.8 6.2 

*Body Mass Index (BMI) = [weight (lbs)] / [height (in)]2 x 703 
**Maximum Heart Rate (MHR) = 218 – [0.85 x Age (yrs)] 
 
Test Protocol 
Note: Prior to conducting any testing, each subject received and signed the informed consent and 
photo consent documentation.  The signed documentation indicated their understanding of any 
risks associated with participating in the study and officially enrolled them as a participant in the 
study. 
 

Test	Procedure	
Each test session was conducted using the following procedure:  Each test session included up to 
three subjects.  Each subject performed the test on days at approximately the same time of day, on 
the same treadmill1, and with a minimum of 48 hours between test sessions. 
 
Prior to each test session, each subject ingested an activated core temperature capsule. The core 
temperature capsule consists of an ingestible thermistor that measures and transmits temperature 
data to an external receiver. It is comparable in size to an 800 mg Motrin (or large vitamin), and is 
commonly used by researchers to monitor core temperature eliminating the need to use a rectal 
probe.  Subjects were given the activated pills prior to their scheduled test session and were 

                                                 

1 The only exception was Subject 2, who used a second treadmill for one of the test sessions, due 
to a scheduling conflict.   
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instructed to swallow the capsule approximately 3-4 hours prior to their scheduled test time.  The 
capsule measures their core temperature throughout their test session. 
 
Upon arrival in the laboratory, a test administrator verified through the external receiver (a 
computer that will detect that the pill is transmitting temperature data) that the core temperature 
capsule is actively working.    The subject was then asked the pre-test questions from the pre/post-
test questionnaire (Appendix A) regarding consumption of caffeine, nicotine, and over the counter 
(OTC) medications.  An Emergency Medical Technician (EMT) then measured the baseline pre-
test measurements of blood pressure, pulse, and body temperature.  These questions and measures 
taken by the EMT were only used for safety monitoring during the testing and were not used for 
any analysis purposes. 
 
Next, the test subjects were given their test undergarments (t-shirt, boxer briefs, athletic shorts, 
and athletic socks) and entered a private dressing room.  Subjects wore their own athletic shoes.  
Each subject donned the undergarments and then entered a habituation room adjacent to the 
environmental test chamber.  The habituation room was controlled at ~24oC (75.2oF)/ ~50% RH.  
Subjects remained in the habituation room for a minimum of 60 minutes prior to entering the 
environmental test chamber to allow them to acclimate to the habituation room conditions.    
During this period, each subject was asked to sit and rest, read magazines, and talk prior to being 
instrumented for the exercise portion of the test session.  Toward the end of the 60 minute period, 
each subject was instrumented for data collection.  In order to get instrumented, each subject had 
to doff their t-shirt in order to don the physiological monitoring vest and have the MSR sensors 
(skin temperature probes) placed on their skin.  Additionally, they were fitted with a H1 Polar heart 
rate monitoring strap. Appendix B: Instrumentation Locations shows a diagram of the various 
instrumentation locations on the body.   
 
 

 
Figure 3:  Instrumentation (front and back) 

 
Once instrumented, they were weighed while in their underwear (Wnude (pretest)) and then asked to 
don the test ensembles (shorts, shirt, socks, turnout suit jacket and pants, structural fire gloves, and 
helmet).  The trouser legs were then taped at the ankles to prevent excess circulation of air to the 
lower extremities (i.e. air flow no greater than what would occur when wearing boots).  Prior to 
entering the chamber the subject was weighed again (Wclothed (pretest)) followed by the subject 
entering the environmental test chamber, controlled at 40oC (104oF)/20% RH with an air flow of 
1 m/s. 
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Once inside the test chamber, the subject immediately sat in a chair for 15 minutes (Figure 4).  
 

  
Figure 4: Subjects seated during trial 

Next they began walking on a treadmill at ~450 Watts (approximately 3.3 mph at a 1% incline) 
for 25 minutes.  
 

 
Figure 5:  Subjects walking during trial 

The subject(s) then sat and rested 15 minutes, followed by a walking session on a treadmill at 275 
Watts or 2.7 METS (approximately 2.2 mph at a 1% incline) for 25 minutes. Finally, the subject(s) 
then sat and rested for 15 minutes.  Table 2 provides a tabular description of the walk/rest cycles 
during the testing protocol.  The subjects continued this work/rest cycle until the end of the test 
was reached or one of the cut off criteria is encountered (see Cutoff Criteria section below). 
 
During each rest cycle, the subjects were allowed to drink water to replace fluid lost during 
exercise. During the treadmill walk, the subject were asked, at specific time intervals, to provide 
subjective ratings on perceived exertion, perceived comfort, and temperature sensation. The rating 
scales can be found in Appendix C.   
 

Table 2: Tabular description of walk/rest cycles 

Time Duration (min) Subject Position Description 
0-15 Seated Seated rest 
15-40 Treadmill 3.3 mph, 1% incline 
40-55 Seated Seated rest, drink water 
55-80 Treadmill 2.2 mph, 1% incline 
80-95 Seated Seated rest, drink water 
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Following the final 15 minute rest period, the test subject(s) exited the chamber and were weighed 
immediately (Wclothed (post-test)).  They then doffed the entire test ensemble (helmet, gloves, 
protective garment, and footwear), and were weighed in their underwear - prior to removal of 
sensors and heart rate monitor (Wnude (post-test)).  
 

    
Figure 6: Subject after exiting the chamber 

The test subject then proceeded to the dressing room to shower and ready themselves for the 
remainder of their day. An EMT or medical professional administered the post-test questionnaire 
as well as measured and recorded measurements of blood pressure, pulse, and body temperature 
(Appendix A).  The subjects were not dismissed from the lab until the test subject indicates 
readiness and the EMT or medical professional cleared them for departure. A tabular 
representation of the Test Protocol can be found in  
Appendix D.  
 
	 Climates	
All testing was conducted in an environmentally controlled chamber, where the ambient 
temperature and relative humidity (RH) were maintained at ~40 oC and ~20% respectively.  Table 
3 summarizes the ambient temperature and RH conditions measured during the trial.  
Measurements were recorded at the start and end of each test.  If a subject was pulled early from 
the test, the conditions at the time of exit were also recorded.  All testing was conducted in a 
constant air flow of 1 m/s with all subject(s) facing windward. 
 

Table 3: Ambient temperature and relative humidity for the test chamber summary 

  Tambient (oC)  RHambient (%) 

Mean  39.6  21 

Stdev  0.3  2 

 
 
	 Cutoff	Criteria	
Several cutoff criteria were established to indicate the end of each test.  Subjects would continue 
with the protocol until one of the following criteria was encountered: 
 

 The maximum exercise time of 95 minutes is reached 
 Core temperature (Tcore) exceeds 39.5 oC  
 Core temperature (Tcore) rises 0.6 oC in a 5 minute period 
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 Heart rate (HR) reaches 90% of the calculated limit for the age of the test subject (see Table 
1 for formula used) 

 EMT or principle investigator chooses to terminate the test for any reason 
 The test subject wishes to stop the test due to discomfort, dizziness or any other reason. 

 
These are common cut-off criteria and are consistent with those used by the U.S. Military labs and 
by many other government and academic research institutions for physiological response testing.  
 

Instrumentation	and	Data	Acquisition	Equipment	
Equipment used and the purpose for each is shown in Table 4. 
 

Table 4: Equipment used during trial 

Equipment/Model  Purpose 

Modular Signal Recorder MSR®/MSR145  Skin Temperature Sensors 

Adam Equipment Company/GFK 330aH  Body and Clothing Weight 

Polar®/RS 400 Watch and H1 Heart Rate Sensor   Hear Rate Monitoring 

Equivital™ Inc./Equivital EQ‐02 SEM LifeMonitor   Core Temp Monitoring System 

Philips Respironics/VitalSense® Core Temperature Capsule  Core Temp Capsule 

 
Measurement	Variables	

Measured variables and their definitions used for this trial are shown in Table 5. 
 

Table 5: Measured variables 

ID  Description  Units 

Tcore  Core body temperature  °C 

Tskin  Mean Skin temperature  °C 

HR  Heart Rate  Beats Per Minute (BPM) 

Wclothed  Fully clothed weight  kg 

Wnude  Nude weight  kg 

Wensemble  Ensemble weight  kg 

Wwater  Drinking water bottle weight  kg 

Dt  Duration completed   Minutes (min) 

	
Duration	

Duration (Dt) is the number of minutes from when the subject enters the test chamber to the point 
at which they exit the test chamber, for any reason.  For example, if a subject reached one of the 
cutoff criteria and has to be pulled from test before completing the entire protocol, their time of 
exit would be recorded.  The maximum duration for completing the test is 95 minutes.   
 

Physiological	Measures	
Core Temperature, Skin  Temperature,  and  Heart  Rate 

Subjects were instrumented, to collect skin temperature, heart rate and core body temperature to 
be used as measures for comparisons of physiological response differences between worn garment 
configurations.  The core temperature pill was ingested approximately 3-4 hours prior to each 
session.  The MSR sensors were attached in 4 different locations, with the mean skin temperature 
being calculated per ISO 9886.  See Appendix E for the mean skin temperature calculation and 
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how it relates to each sensor location.  Subjects wore an Equivital™ vest with a Sensor Electronics 
Module (SEM) data logger for core body temperature.  They also wore a Polar® H1 heart rate 
monitoring strap and a RS400 watch for receiving and logging heart rate data during the trial. 
 
Each set of physiological data (Tcore, Tskin, and HR) was reduced down to the average of each 
minute during the trial.  Measures used for comparison are described below. 
 

∆Tcore = Tcore (max) – Tcore (start) 

 

∆Tskin = Tskin (max) – Tskin (start) 

 

∆HR = HR (max) – HR (start) 

	
Weight	Change	

Subjects were weighed before entering and immediately after leaving the test chamber in both 
nude (with boxer shorts and after being instrumented) and fully clothed configurations.  
Additionally, the clothing was also weighed separately both before and after the testing. Measured 
weights were used to calculate the changes in weight that occurred during the testing protocol.  
Weight change values are expressed as weight gain or weight loss, with weight gain indicating a 
positive difference in weight between pre and post-test, and weight loss indicating a negative 
difference in weight between pre and post-test values.  Measures used for comparison are described 
below. 
 

Nude Weight Loss (∆Wnude) = Wnude (post-test) – Wwater consumed
1 – Wnude (pretest) 

 
Clothed Weight Loss (∆Wclothed) = Wclothed (post-test) – Wwater consumed

1 – Wclothed (pretest) 

 

Ensemble Weight Gain (∆Wensemble) = Wensemble (post-test) – Wensemble (pretest) 

 
Subjective	Evaluation	

Throughout the protocol, the subjects were asked to subjectively indicate their perceived level of 
exertion, comfort, and temperature sensation.  All perceived data was collected manually by non-
verbal communication (i.e. pointing to responses on a chart) between the investigators and the 
subjects.  All perception data was summarized by subject and garment type and is presented below 
in a frequency table format. 
 

 
Figure 7: Example of subjective data collection 

 

                                                 
1 [Wwater consumed = Wwater (pre-test) – Wwater (post-test)] 
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Statistical	Analysis	
After collection and reduction of data, the data sets were analyzed for statistical significance 
between ensemble types using an appropriate statistical method based on the measured variables 
(continuous or categorical) and distribution of each data set.  When appropriate, multiple 
comparative approaches are included.  All statistical analysis was conducted with JMP® Pro 12 
statistical software.    
 
The physiological and weight data were stacked by ensemble type and a paired t-test was 
conducted. The paired t-test method is used to test the null hypothesis that the mean of the 
differences for a series of paired observations is zero.  It assumes that the differences between the 
pairs are normally distributed.  A normal distribution was confirmed prior to using this analysis.  
In this study the paired observations are the within-subject measurements taken while wearing 
each ensemble style (e.g. Subj(1,2,3…10)∆Tcore (X), Subj(1,2,3…10)∆Tcore (Y), Subj(1,2,3…10)∆Tcore (Z)).  It is 
appropriate to use this procedure whenever there is a natural pairing of observations in the sample, 
such as when a sample group is tested twice, or in this case three times.  Each possible pair was 
evaluated for statistical significance (i.e. X vs. Y, X vs Z, and Y vs Z).  The input ranges of data 
must contain the same number of data points.  
 
The test duration data were also stacked by ensemble type and was statistically compared using 
the Wilcoxon or Mann-Whitney Test.  This is a non-parametric test, which is used to test whether 
group means or medians are located the same across groups.  This test does not make the 
assumption of normality.  In this case the test duration data is non-normal.   
 
The response values for each of the three subjective measurements (perceived exertion, perceived 
comfort, and temperature sensation) are summarized by ensemble type for each rating period 
throughout the test.  These data are presented as a frequency chart for each rating period.  The 
scale for each subjective measurement category is detailed in Appendix C: Subjective Rating 
Scales for reference.  
 
For all statistical analysis, and where applicable, the statistical p-values are provided.  Values 
returned that are at 0.01 or below indicate a difference which is significant at the 99% level, 
whereas a value above 0.01 up to and including 0.05 is significant at the 95% level, and a value 
above 0.05 up to and including 0.10 is significant at the 90% level. Values that are greater than 
0.10 are interpreted as no significant difference between ensembles. 
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Test Results: Measured Data  
 
Duration 
 
The Z ensemble was the only ensemble worn where subjects had to be pulled from the test early 
for reaching any of the cut-off criteria.  Subjects five, seven, eight, and nine were pulled early from 
their tests when wearing the Z ensemble.  Figure 8, Table 6 and Table 7 summarize the ensemble 
comparisons using test duration.   
 
 

 
Figure 8: Mean test duration (with 95% CI) by ensemble type 

 
Table 6: Summary of test duration completed 

     
X  Y  Z 

Duration 
(min) 

Mean  95 95 86 

Std Dev  0 0 12 

N  10 10 10 
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Table 7: P-value comparison for test duration completed (non-parametric Wilcoxon test) 

Ensemble comparison  Duration 

Y > X  1  N 

Z > X  0.0348 ** 

Z > Y  0.0348 ** 
* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 
 
Physiological Measures 
 
The physiological measures data is presented in three sections; All subjects (N=10), subjects that 
finished the entire 95 minute protocol (N=6), and those subjects that were pulled early and didn’t 
finish the entire 95 minute protocol (N=4).  Where appropriate, the data is presented at both Dt=65 
min, when the first participant was pulled, and/or at Dt=95 min, the entire protocol time.  The data 
is presented with a graphical summary, a tabular summary and a comparison p-value table for 
statistical comparison.  

	
All	Subjects	

Figure 9 through Figure 11 shows the average change in physiological response (∆Tcore, ∆Tskin, 
∆HR) across all subjects as measured throughout the duration of the protocol.  Each figure also 
contains a vertical dotted line indicating the point at which the first subject was pulled (Dt=65 
min).     

 
Figure 9: Average change in core temperature by test duration (includes all subjects, N=10) 

Dt=65 min 
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Figure 10: Average change in skin temperature by test duration (includes all subjects, N=10) 

 
Figure 11: Average change in heart rate by test duration (includes all subjects, N=10) 

Dt=65 min 

Dt=65 min 
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Table 8 shows the average physiological response values for all subjects at the entire duration of 
the protocol (Dt=95 min).  Table 9 provides the paired t-test p-values for the comparisons between 
ensembles X, Y and Z for each of the physiological measures. 
 

Note: This comparative approach may have some bias towards those systems that 
were being worn when subjects were pulled early from the protocol. 

 
Table 8: ∆Core temperature, ∆skin temperature, and ∆heart rate descriptive statistics for all subjects (N=10) at Dt=95 min. 

      X  Y  Z 

∆Tcore(C°) 

Mean  1.06 1.14  1.24

Std Dev  0.25 0.22  0.3

N  10 10  10

∆Tskin(C°) 

Mean  4.2 4.4  4.5

Std Dev  0.7 0.5  0.6

N  10 10  10

∆HR(beats per minute) 

Mean  53 55  60

Std Dev  20 20  21

N  10 10  10

 
Table 9: P-values for comparisons between garment configurations for physiological measures (N=10) at Dt=95 min 

Comparison 
∆Tcore ∆Tskin ∆HR  

(p‐value)  (p‐value)  (p‐value) 

Y > X  0.261  N  0.148  N 0.288  N 

Z > X  0.051  *** 0.183  N 0.026  ** 

Z > Y  0.190  N  0.366  N 0.0002  * 

* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 
 
 
Table 10 shows the average physiological response values for all subjects at the time when the 
first subject was pulled (Dt=65 min).  Table 11 provides the paired t-test p-values for the 
comparisons between ensembles X, Y and Z for each of the physiological measures. 
 

Note: This comparative approach eliminates any bias based on when/if a subject 
was pulled early from the protocol.  However, in this case, the length of the 
protocol is limited, which may reduce the possible maximum response within each 
system. 
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Table 10: ∆Core temperature, ∆skin temperature, and ∆heart rate descriptive statistics for all subjects (N=10) at Dt=65 min. 

      X  Y  Z 

∆Tcore(C°) 

Mean  0.66 0.73  0.84

Std Dev  0.2 0.13  0.4

N  10 10  10

∆Tskin(C°) 

Mean  4 4.2  4.2

Std Dev  0.7 0.5  0.6

N  10 10  10

∆HR(beats per minute) 

Mean  48 50  55

Std Dev  16 16  21

N  10 10  10

 
Table 11: P-values for comparisons between garment configurations for physiological measures (N=10) at Dt=65 min 

Comparison 
∆Tcore ∆Tskin ∆HR  

(p‐value)  (p‐value)  (p‐value) 

Y > X  0.125  N  0.219  N 0.325  N 

Z > X  0.099  *** 0.295  N 0.050  ** 

Z > Y  0.181  N  0.500  N 0.020  ** 

* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 
 
In order to reduce the effect of a subject being pulled early on their average response data, an 
additional comparison was made using all of the subjects, but excluding some data.  For subjects 
that were pulled before completing the entire protocol, only their data up to the time at which they 
were pulled was included in the data for each of their three ensembles.  For example, if subject 5 
was pulled at 65 minutes while wearing ensemble Z, then the data after 65 minutes was not used 
for ensembles X and Y, when summarizing the data.  This was done to ensure there were no 
artificial effects on the mean values due to being pulled early.  Table 12 provides these average 
change values for each physiological measure and Table 13 provides the paired t-test p-values for 
the comparisons between ensembles X, Y and Z for each of the physiological measures. 
 

Note: This approach is designed to reduce bias due to a subject being pulled 
early, however may introduce some physiological response variability when 
comparing between systems. 
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Table 12: ∆Core temperature, ∆skin temperature, and ∆heart rate descriptive statistics for all subjects (with exclusions, N=10) 
at Dt=95 min 

      X  Y  Z 

∆Tcore(C°) 

Mean  0.98 1.01  1.24 

Std Dev  0.3 0.2  0.3 

N  10 10  10 

∆Tskin(C°) 

Mean  4.08 4.30  4.48 

Std Dev  0.7 0.5  0.6 

N  10 10  10 

∆HR(beats per minute) 

Mean  51 52  60 

Std Dev  17 16  21 

N  10 10  10 

Note:  This data includes all subjects.  For subjects that were pulled before completing the entire protocol, 
only their data up to the time at which they were pulled was included in the data for each of their three 
ensembles.  For example, if subject 5 was pulled at 65 minutes while wearing ensemble Z, then the data 
after 65 minutes was not used for ensembles X and Y, when summarizing the data.  This was done to ensure 
there were no artificial effects on the mean values due to being pulled early. 
 
Table 13: P-values for comparisons between garment configurations for physiological measures of all subjects (with exclusions, 

N=10) at Dt=95 min 

Comparison 
∆Tcore 

(p‐value) 
∆Tskin 

(p‐value) 
∆HR  

(p‐value) 

Y > X  0.361  N  0.188  N  0.301  N 

Z > X  0.028  **  0.141  N  0.014  ** 

Z > Y  0.045  **  0.249  N  0.001  * 

* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 
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Subjects	that	completed	the	entire	protocol	
Figure 12 through Figure 14 shows the average change in physiological response (∆Tcore, ∆Tskin, 
∆HR) across those subjects that completed the entire protocol (N=6) from the start to the end of 
the protocol (Dt=95 min). 
 

 
Figure 12: Average change in core temperature by test duration (does not include subjects pulled early, N=6) 

 

 
Figure 13: Average change in mean skin temperature by test duration (does not include subjects pulled early, N=6) 
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Figure 14: Average change in heart rate by test duration (does not include subjects pulled early, N=6) 

 
Table 14 shows the average physiological response values for those subjects that completed the 
entire duration of the protocol.  Table 15 provides the paired t-test p-values for the comparisons 
between ensembles X, Y and Z for each of the physiological measures. 
 

Note: This approach groups those subjects that completed the entire protocol and 
compares the systems within this group. 

 
Table 14: ∆Core temperature, ∆skin temperature, and ∆heart rate descriptive statistics for subjects who completed the entire 

protocol (N=6) at Dt=95 min. 

      X  Y  Z 

∆Tcore(C°) 

Mean  1.13 1.05  1.18

Std Dev  0.21 0.2  0.22

N  6 6  6

∆Tskin(C°) 

Mean  3.9 4.1  4.5

Std Dev  0.7 0.4  0.4

N  6 6  6

∆HR(beats per minute) 

Mean  41 41  46

Std Dev  8 8  8

N  6 6  6
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Table 15: P-values for comparisons between garment configurations for physiological measures using subjects who completed 
the entire protocol (N=6) at Dt=95 min 

Comparison 
∆Tcore ∆Tskin ∆HR  

(p‐value)  (p‐value)  (p‐value) 

Y > X  0.783  N  0.228  N  0.567  N 

Z > X  0.226  N  0.105  N  0.006  * 

Z > Y  0.125  N  0.129  N  0.0001  * 

* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 
 

Subjects	pulled	early	
Figure 15 through Figure 17 show the physiological response data for only those subjects that were 
pulled early from a test session (subject’s 5, 7, 8, 9), with the data being shown from the start to 
the finish of the protocol.  A vertical dotted line on each graph indicates the time at which the first 
subject was pulled (Dt=65 min).   
 

 
Figure 15: Average change in core temperature by test duration (only includes those pulled early, N=4) 

Dt=65 min 
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Figure 16: Average change in mean skin temperature by test duration (only includes those pulled early, N=4) 

 
Figure 17: Average change in heart rate by test duration (only includes those pulled early, N=4) 

 
Table 16 shows the average physiological response values for those subjects pulled early from the 
protocol.  Table 17 provides the paired t-test p-values for the comparisons between ensembles X, 
Y and Z for each of the physiological measures. 
 

Dt=65 min 

Dt=65 min 
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Note: This approach groups those subjects that did not complete the entire protocol 
and compares the systems within this group. 

 
Table 16: ∆Core temperature, ∆skin temperature, and ∆heart rate descriptive statistics for subjects who were pulled early from 

the protocol (N=4) at Dt=65 min. 

      X  Y  Z 

∆Tcore(C°) 

Mean  0.57 0.71  1.12

Std Dev  0.26 0.11  0.49

N  4 4  4

∆Tskin(C°) 

Mean  4.3 4.6  4.4

Std Dev  0.8 0.3  0.8

N  4 4  4

∆HR(beats per minute) 

Mean  61 65  76

Std Dev  17 11  16

N  4 4  4

 
 
Table 17: P-values for comparisons between garment configurations for physiological measures using subjects who were pulled 

early from the protocol (N=4) at Dt=65 min. 

Comparison 
∆Tcore ∆Tskin ∆HR  

(p‐value)  (p‐value)  (p‐value) 

Y > X  0.108  N  0.317  N 0.319  N 

Z > X  0.032  **  0.486  N 0.069  *** 

Z > Y  0.073  *** 0.695  N 0.016  ** 

* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 
 
Weight 
Table 18 provides the average change values for the weight measures, and Table 19 provides the 
p-values for the paired t-test comparisons between each pair. 
 

Table 18: Weight change descriptive statistics 

      X  Y  Z 

∆Wnude (kg) 

Mean  ‐1.019  ‐1.055  ‐1.093 

Std Dev  0.26  0.27  0.31 

N  10  10  10 

∆Wclothed (kg) 

Mean  ‐0.530  ‐0.529  ‐0.410 

Std Dev  0.08  0.06  0.07 

N  10  10  10 

∆Wensemble (kg) 

Mean  0.402  0.431  0.528 

Std Dev  0.19  0.21  0.16 

N  10  10  10 
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Table 19:  P-values for comparisons between ensemble configurations for changes in weight 

Comparisons 
∆Wnude 

(p-value)
∆Wclothed 

(p-value)
∆Wensemble 

(p-value) 

Y > X  0.238 N 0.534 N  0.264  N 

Z > X  0.173 N 0.997 N  0.005  * 

Z > Y  0.316 N 0.999 N  0.006  * 

Y < X  0.762 N 0.466 N  0.736  N 

Z < X  0.827 N 0.003 *  0.995  N 

Z < Y  0.684 N 0.001 *  0.994  N 

* = Significant @ 99% level   
** = Significant @ 95% level 
*** = Significant @ 90% level   
N = Not significant 

 
Subjective Evaluation 
 
Table 20 provides the summary statistics for the subjective data.  
 

Table 20: Subjective evaluation descriptive statistics 

      X  Y  Z 

Perceived Exertion 
 

Scale: 6 (Extremely light) to 20 (Extremely 
hard) 

Median  7.5 8.5  9

Interquartile Range  3.3 2.3  4.0

N  10 10  10

Perceived Comfort 
 

Scale: 0 (Comfortable) to 4 (Extremely 
uncomfortable) 

Median  1 0.75  0.75

Interquartile Range  1.6 1.6  1.6

N  10 10  10

Temperature Sensation 
 

Scale: ‐4 (Very cold) to 4 (Very hot) 

Median  2 2  2

Interquartile Range  1.1 1.0  1.0

N  10 10  10

 
 
Table 21 through Table 23 provides a frequency chart for each of the subjective categories shown 
by ensemble and rating period. 
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Table 21: Frequency table for perceived exertion 

 
Rating Scale: 6 (Extremely light) to 20 (Extremely hard) 
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Table 22: Frequency table for perceived comfort 

 
Rating Scale: 0 (Comfortable) to 4 (Extremely uncomfortable) 
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Table 23:  Frequency table for temperature sensation 

 
Rating Scale: ‐4 (Very cold) to 4 (Very hot) 

 

 

Caveat 
 
These data, obtained under controlled laboratory conditions, characterize the physiological 
response of humans during wear of the test samples under specific environmental conditions. 
These results should not be used to appraise the safety benefits or risks of the materials, products, 
or assemblies in extreme use conditions. The relationships between laboratory tests and field 
performance are not simple, and many things must be considered when making practical 
translations. Clothing comfort, physiological response and heat stress performance are 
determined by many factors including material properties, garment design and fit, activity level, 
and the environmental conditions of use. These results do not address the full range of these 
issues. It is not our intention to recommend, exclude, or predict the suitability of any commercial 
product for a particular end use. 
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Appendix A: Pre/Post Test Questionnaire 
 
 
 

 

Date:      Subject ID:      Garment ID:     
 
Provide EMT with information on the Core Temperature Capsule. 
 
PRE EXPOSURE QUESTIONNAIRE 
 
Within the last 24 hours, have you consumed any alcoholic beverages?                   Yes          No 
 
Within the last 24 hours, have you taken any stimulants (caffeine, nicotine, some  
      weight loss products and some medications)?                                                      Yes          No 
 
Within the last 24 hours, have you taken any OTC medications?                              Yes          No 
 
Have you had within the past week or do you now have any influenza like illness such as any of 
the following symptoms:  documented or suspected fever (feeling hot, cold, chills, and/or 
sweats), headache, body aches, runny nose, sore throat, cough, fatigue, nausea, vomiting, or 
diarrhea.  If person has had these symptoms they should not participate. 
 
EMT Measurements: 
 
B/P                     Pulse               .     Body Temp                .  
 
POST EXPOSURE QUESTIONNAIRE 
 
EMT Measurements: 
 
B/P                     Pulse               .     Body Temp                .  
 
Did you drink a bottle of water?                                                                                      Yes     No 
 
Do you have any medical complaints at this time?                                                          Yes     No
 
     If yes, what are they?                                                                                                  . 
 
Would you like to speak with an Investigator for any reason?                                         Yes    No 
 
Do you feel like you are ready to leave?                                                                          Yes     No
 
 
Subject is cleared to depart lab:  Time out:                                       . 
 
EMT Signature:                                                                       . 
 
Subject Signature:                                                                           . 
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Appendix B: Instrumentation Locations 
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Appendix C: Subjective Rating Scales 
 
 
Perceived comfort scale (ISO 10551, 2001) 
Question asked by the researcher: “How do you perceive your whole body comfort at this moment?”  

Rating  
0 Comfortable 
1 Slightly uncomfortable 
2 Uncomfortable 
3 Very uncomfortable 
4 Extremely uncomfortable 

Rating of perceived exertion (Borg 1982) 
Question asked by the researcher:  “How do you perceive the exercise at this moment?”  

Rating  
6  
7 Extremely light
8  
9 Very light 
10  
11 Light 
12  
13 Somewhat hard
14  
15 Hard 
16  
17 Very hard 
18  
19 Extremely hard 
20  

Temperature sensation scale (ISO10551, 1995) 
Question asked by the researcher: “How do you perceive your whole body temperature at this 
moment?”  

Rating  
+4 Very hot 
+3 Hot 
+2 Warm 
+1 Slightly warm
0 Neutral 
-1 Slightly cool 
-2 Cool 
-3 Cold 
-4 Very cold 
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Appendix D: Tabular Protocol 
 
 

Step  Time  Description

1  Before Arriving  Ingest Core Temperature Pill 

2  Arrival  Subjects arrive

3 
15 minutes 

Verify active pill and wristband

4  Complete pre‐test questionnaire 

5  Subject dresses in assigned underwear, shorts, t‐shirt and socks  
6 

60 minutes 

Subject enters controlled habituation room to sit and rest for 60 min.

7  EMT takes blood pressure 45 minutes into stabilization hour 
8  EMT takes pulse 45 minutes into stabilization hour 
9  EMT takes body temperature 45 minutes into stabilization hour 

10  Skin temperature sensors placed on subject (MSR)

11  Subject dons heart rate monitoring strap and watch 
12  Subject dons Equivital vest with SEM inserted 

13  Record weight of subject (W nude (pretest) )

14  Subject dons test ensemble

15  Record weight of subject (W clothed (pretest) ) 

16  Test start time  Enter controlled chamber

17 

95 minutes 

Subject sits and rests, perceived ratings taken

18  Perceived ratings taken (15 minutes)

19  Subject starts walking on treadmill (15 minutes)

20  Perceived ratings taken (17 minutes)

21  Perceived ratings taken (25 minutes)

22  Perceived ratings taken (35 minutes)

23  Seated rest period; perceived ratings taken  (40 minutes) 
24  Perceived ratings taken; Subject resumes walking (55 minutes) 
25  Perceived ratings taken (57 minutes) 

26  Perceived ratings taken (65 minutes)

27  Perceived ratings taken (75 minutes)

28  Seated rest period; perceived ratings taken (80 minutes) 
29  Perceived ratings taken, then EXIT chamber (95 minutes) 
30  Test end time  Concludes testing period

31 

10 minutes 

Record weight of subject (W clothed (post‐test)) 

32  Subject doffs the test ensemble (boxer short, sensors and watch remain)

33  Record weight of subject (W nude (post‐test) )

34  Record amount of consumed water by weight

35  Remaining instrumentation removed

36 

15 minutes 

Subject proceeds to dressing room to ready themselves for the remainder 
of their day

37  EMT administers post‐test questionnaire

38  EMT take and record blood pressure

39  EMT take and record pulse

40  EMT take and record body temperature

41  EMT clears the Subject to leave
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Appendix E: Mean Skin Temperature Calculation 
 
 

 
 
 
 
 


