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EXECUTIVE SUMMARY 
 
Processing of experimental data from disparate sources can be tedious and 

challenging when the experiment(s) produce a complex set of variables, data at 
different time intervals, contain repeated measures within subjects, and generate 
varying numbers of volunteer data at given time points.  It is also important to 
understand and include historical and contextual information.  This report provides a 
step-by-step methodology for creating a coherent database from two cold weather field 
studies.  The method created includes three broad steps: (1) organization of the file 
hierarchy; (2) creation of subject profiles; and (3) data analysis, and their associated 
subroutines. This complete method should accelerate the creation of coherent 
analyzable databases and improve the quantitative conclusions drawn from the data. 
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INTRODUCTION 
 

Epidemiological studies can require extraction of data from multiple experiments 
which, while being compatible in their intent, may have measured differing variables or 
sampled at differing intervals. Moreover, each may contain missing data.  Inclusion of 
historical context may also be necessary to understand data collected on a specific 
variable or within an individual.  These experimental differences can make creation of a 
comprehensive database tedious and challenging.   

This report describes a spreadsheet-based procedure recently created in order to 
build coherent individual profiles from data collected in two extreme cold weather field 
studies but can be extended to a multitude of scenarios and study types.  This 
procedure includes three steps and their associated subroutines for organizing the file 
hierarchy, creating subject profiles, and performing data analysis. This process will help 
accelerate the creation of coherent analyzable databases and improve the quantitative 
conclusions drawn from the data. 
 

The procedure described in this report was developed to create a database from 
sets of data collected by the Canadian Armed Forces (CAF) during 2 extreme cold 
weather field exercises.  The variables included skin temperatures measured at multiple 
body locations,  pre-exercise questionnaire data from cold weather health checks 
(CWHC), and answers from post-exercise interviews designed to capture details related 
to cold weather injuries (CWIs) sustained during the exercises (e.g., cause, body region, 
discomfort level, treatment). 

 

METHODS 
 

This methodology of subject profile generation has three sequential phases: (1) 
file directory organization, (2) subject profile creation, and (3) data analysis. We created 
a flow chart (Figure 1) identifying key decisions to make during the first two phases; this 
chart also depicts important directories and documents in their relative locations in the 
file hierarchy. 
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Figure 1. Flow Chart for file directory organization and subject profile creation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 1: File Directory Organization 

Figure 2 shows the main subroutines involved with grouping our unorganized 
data files. We received six separate batches of data for 40 individual subjects, along 
with accompanying read-me information and directory listings. We duplicated and 
archived the original folder, and renamed the copy “Canada - Extreme Cold Data”. All 
actions going forward occurred within the new copy.  
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Figure 2. Flow Chart for Organizing File Hierarchy 

 

For a given subject, we identified up to four temperature measurements, each 
recorded in its own workbook titled with metadata such as subject, limb identifier, date 
and time (e.g., MA033-R.Foot-17MAR26.2253.xlsx for the EX NOREX subjects). 
Subject files for OP NU contained information such as sensor number and whether the 
indicated limb had frostbite (e.g., 18-LH-45_frostbite). These subjects also provided 
qualitative data ranging from initial interviews, post-study questionnaires, summaries of 
study-related medical incidents, and miscellaneous information (e.g., equipment 
distribution). All subject answers were grouped by survey into separate workbooks.  

Note: For the purposes of clarity going forward, any names of folders in the file directory 
“Canada – Extreme Cold Data” are in quotes, any names of Excel workbooks are 
bolded, and any names of sheets within Excel workbooks are italicized. 
 

1. Consolidate qualitative information. 
 

The first step to consolidating the qualitative information is sorting through the file 
directory for any workbooks with qualitative information and selecting a primary 
workbook. Next, conduct a ‘Save As’ and create a new workbook titled “Consolidated 
Survey Data – Master Copy”. Then we imported any additional sheets with pertinent 
qualitative information to this workbook, and renamed them with informative file names 
to indicate their contents (i.e., Equipment Distribution List, which came as a lone 
unnamed sheet from Equipment Distribution List). An example of raw qualitative data 
can be found in Appendix A (Figure A1). The final step is parsing through survey sheets 
for information related to CWI recorded during the exercise as well as any medical 
history linked to CWI and highlighting them for future analysis.   
 

2. Create template for individual subject workbooks. 
 

After sorting and consolidating information, we created a template worksheet 
within the main folder, Consolidated Survey Data – Master Copy, titled Subject 
Workbook Template. Next we titled the original sheet as Surveys, included question 
headers to the top row and left a blank row above and below each header to label the 
sheet it was copied from (above) and to fill in responses (below). Next we imported any 
sheets containing response keys from the Consolidated Survey Data – Master Copy; 
an example is found in Appendix A (Figure A2).  
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3. Set up hierarchy of folders in file directory. 
 

Within “Canada - Extreme Cold Data”, we established folders named “Metadata”, 
“Qualitative Data”, and “Temperature Data”. Then we moved ‘read-me’ information, 
email links, and text files into “Metadata”; all qualitative data into “Qualitative Data”; and 
all other workbooks containing temperature data into “Temperature Data”, as well as 
Subject Workbook Template.  

 
4. Organize temperature data. 

 
The final process was to organize all of the temperature data within the 

“Temperature Data” folder by creating “All Study Data” and “CWI Exposure Time 
Analysis” folders. First, we created individual study folders within the “All Study Data” 
folder, then for each subject within the appropriate study folders, and then moved all 
subject temperature files to their appropriate locations. Once all of the files were moved 
to their corresponding locations, we then created workbooks containing all available 
information for each subject. Figure 3 outlines the necessary steps, which are repeated 
for every subject. Details for each of the three steps are found below. 
  

Figure 3. Flow Chart for Creating a single Subject Profile 
 

 
 
 
Step 2: Creating Individual Subject Profiles 
 

1. Consolidate subject workbook 
 

Within each subject folder, we used the Subject Workbook Template to create 
a workbook for each subject. Then we imported any raw temperature sheets and 
renamed from the default Temperatures to the appropriate limb name (e.g., Left Foot). 
Then we copied all qualitative data relating to each subject from Consolidated Survey 
Data – Master Copy and pasted them under the appropriate question header. 
 

2. Populate Data sheet 
 
We then populated a new sheet labeled Data with all subject temperature data in 

one location. We ensured that we used the data sheet with the longest Date/Hour 
column for each of the imported data sheets, and verified that timelines in each sheet 
were synchronized to establish only one copy of the full timeline was needed.  
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3. Create PivotTable and PivotChart. 
 

We created PivotCharts and PivotTables and populated the Axis categories of 
interest. Once all fields were added we then used the built in functions for analyzing 
some detailed and aggregate statistics.  

 
Step 3: Data Analysis 

 
Once we organized and consolidated all of the files and individual subject data, 

we began data analysis starting with two main steps, 1) identifying files that required 
further investigation and 2) analyzing and categorizing exposure times (Figure 4). 

 
Figure 4. Flow Chart for Data Analysis 

 

 
 

1. Identify CWI subjects for further investigation 
 

We first checked the survey data for any responses or indications of CWI 
sustained during exercises. We copied any flagged CWI information over from the 
Surveys and added them into the PivotChart sheet, organizing by both survey and 
question answered.  

 
2. Aggregation and categorization of exposure times  

 
For each subject in “CWI Exposure Time Analysis”, we analyzed and counted 

exposure times spent within four 10 degree ranges (i.e., <0, ≤–10, ≤–20, and ≤–30°C). 
For each CWI limb, we color coded using the fill function for any temperature that fit into 
the categories described. We chose: ≤0 = yellow, ≤–10 = orange, ≤–20 = red, ≤–30°C = 
purple. In a separate column we aggregated exposure times for each limb and 
calculated the length of time for each colored segment.  
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RESULTS 
 

We applied the above organization and analyses to the cold weather training 
data gathered from 40 volunteers across these two studies to create a total of 131 files. 
From the data available, we determined nine of the 40 subjects had indicated CWI. Of 
these subjects, five had frostbite on their feet, three had frostbite on their hands, and 
one had frostbite on both (Table 1). 

 
Table 1. Aggregate exposure times (in minutes). 

  

  Both Foot Hand 

ID BR03SH^ 1 7 12 17 19 2 18 EL07DA 

°C LF RF LF RF LF* RF LF RF RF LF LH LH LH 

<0 10779 10728 86 85 187 150 400 80 259 196 223 1421 5443 

<–10 10319 10319 57 42 51 40 58 0 0 89 108 547 4520 

<–20 8118 7946 1 0 0 0 0 0 0 0 4 246 3007 

<–30 4748 5010 0 0 0 0 0 0 0 0 0 87 361 

 
Exposure time indicates time spent below the critical temperature. 
LF = left foot; RF = right foot; LH = left hand 
^additional injury on the pad of the right thumb, no temperature data available 
*: no frostbite 
 

For each subject with CWI information and analysis of exposure time, we 
produced a PivotChart identifying visual landmarks that may have corresponded with 
CWI suffered during the study. Although it wasn’t essential when analyzing the data 
from this study, using PivotTables and PivotCharts does make it much easier to perform 
expanded statistical manipulations (e.g., aggregate measures, min, max, standard 
deviation). We used the color-coding step to identify extraneous sections over all data 
sets to determine an encompassing and relevant timespan, then graphed each set on 
separate y-axes to adjust for varying temperature ranges. 

 
We found that including qualitative information regarding CWI directly on the 

graph could, in addition to impairing the visual observation, potentially mislead any 
analysis due to uncertainty of the exact point of CWI occurrence. The next best solution 
was to include the question answered and organize it adjacent to the figure; this 
provided a way to account for CWI on multiple data sets in the same subject, which was 
often the case for this set of profiles. 
  

Figure 5 shows an example of an individual profile for the subjects with identified 
CWI; all separate graphs contain reference lines at 0oC. For the purposes of this report, 
we included the qualitative information for this profile as text. 
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 Figure 5. Profiles for Subject 7 with frostbite on the big toe of the right foot 
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DISCUSSION 
 

This report illustrates a step-by-step method for organizing data.  This efficient 
and scalable method describes a process for handling large sets of data and the 
creation of subject profiles for further analysis. The procedure presented enabled us to 
organize a large body of time series data for subsequent analysis.  The ability to 
visualize trends in the extremity temperature data proved helpful for identifying key time 
points and features (e.g., sudden and extended drops in temperatures) associated with 
injuries. Separately, the ability to link injuries to survey responses accelerated 
interpretation and understanding the situational context of the data collected.  

Table 1 illustrates an option for direct quantitative comparison of all relevant 
profiles. This allows for observations that aren’t easily explained; subjects 2 and 18 both 
suffered hand frostbite, but the latter was far more exposed to subzero conditions both 

in duration and intensity – 1421 minutes <0°C, including 87 minutes <–30°C for subject 

18, compared to just 223 minutes <0°C for subject 2. Within-subject comparisons can 

also lead to unusual outcomes requiring further context. For example, subject 7 only 
suffered CWI in the right foot, despite the left foot being exposed to similar conditions 
for a slightly longer duration.  

In this method, we chose to use PivotTables and PivotCharts over more 
conventional charts primarily due to their dynamic and interactive nature, which greatly 
facilitated visualization and exploration of the data. The data visualization shown in 
Figure 5 includes subject 7’s hand temperature data as ancillary information; neither 
hand was reported to have suffered CWI during the exercise despite the individual 

graph scaling (both hand graphs have a minimum of –30°C compared to –20°C for the 

feet graphs) and trends showing colder exposures compared to the injured right foot.  

These observations all indicate that frostbite does not have a conclusive 
temperature threshold, and reinforce the need for better monitoring. It is important to 
note that some irregularities in temperature data may be the result of already frozen 
skin affecting the microclimate where sensors were placed, adding to the importance of 
careful documentation of relevant data.  

 
 There are a few components of this process that can be even further improved 

by automation, or may be rendered extraneous due to redundant results (i.e. duplicating 
entire subject files when flagged for CWI). These types of modifications might yield 
more robust methods for profiling subjects efficiently and comprehensively. We plan to 
explore such changes in preparation for handling greater volumes of data, as well as 
application to data varying in complexity or subject field. 
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APPENDIX A 

Figure A1. Example Raw Survey Data from CWI questionnaire 
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Figure A2. CWI Response Key 
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