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PREFACE -

This study vas the third phase of a project to assist in the development
of a set of minimum physical fitness standards which would be commensurate
vith performance of common military tasks. The specific purpose of this phase
was to validate the minimum physical fitness standards for younger women and
older men and to develop a standard for older women. In addition a sub-study
was to examine the importance of the restriction of older subjects to 90% of
their maximel capacity. With the permission of the CF, the common tasks were
modified substantially in order to create one person simulated tasks that were
reliable. The tasks performed were coperationally defined as: land evacuation,
sea evacuation, low-high crawl, entrenchment dig and sand bag carry. The
physical fitness tests selected for comparison included the EBXPRES test
battery of sit-ups, push-ups, maximum grip strength and predictive oxygen

consumption as well as laboratory measures of the incremental lifting machine

text, flexed arm hang and endurance grip.

TONES g p

) The study vas conducted at Queen's University with 53 younger women, 28

older women and 62 older men tested over a three week period. Subjects were

.“'Ru TR

selected on the basis of oxygen consumption values from BXPREBS such that there
‘.

was an equal number selected from each quartile of aerobic fitness. .

X
——

sufficient to conclude that fitness is important for task performance and

therefore the devalopment of a minimum standard seemed appropriate. As task

(ii) —

¥ 3
? Correlations between EXPRES and laboratory tests to military tasks ¥
g revealed that the underlying fitness components differed between groups with a ) %
E’ —_— greater difference between men and women than between younger and older women. ) ;
é ) In the stepwise regression analysis the variance in task performance scores 'é
§ could be explained 8% to 64% depending on the task and group. On the average, _ ~;
; 35% of the veriance in task performance data could ba evnlainad with fitness ’ %
’ measures from EXPRES and additionpal labozgtory tests. This evidence was . ;%
%;
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performances could not be predicted by BXPRBS, it was necessary to develop an

empirical model to deteraine ‘passeis' and ‘fajlers' for younger and older
groups. In Phase II the data for wmen and vomen were combined to develop a
cumulative frequency with the passing criteria set at the time at which 75% of
the individuals completed the task. This procedure was repeated for men and
women 235 years but the heart rate restriction of 90% maximum forced a 32%
adjustment in task completion times. %This adjustment was validated in a sub-
study of 19 subjects who were asked to pérfo:n the entrenchment dig at both
90% and 100% effort. COnce again the 75 percentile was used to separate
‘passers' from ‘failers' and the minimum physical £itness standards were
daveloped on the passing group. Additional comparisons were made using
discriminant analysis and differences between means to examine the passing and
failing groups. As the underlying fitness variables differed between groups,
it was pecessary to use only those fitness measures where there was a
significant relationship to task performance to develop the minimum standard.
The minisum fitness standard was established as the level aciiieved by 95% of
the passers for each task and group. By inference a number of false negatives
was controlled at 5% in that the minimum fitness standard was the point at
which 95% of the passing group attained the fitness score. These scores where
then compared using a cross-tabulation for ail tasks to see the chance of
falsely classifying ¢ subject as a failure. Pinally, minimum fitness scores
were compared to normative data tables to examine the impact of standards by
gender and age. The minimum standards are based on two samples from military
personnel of wide fitness levels (Table Al18). We recommended that EXPRES
standards could be set based on the evidence from this study and the previous
phases for each of the four sub-groups. These standards reflect the
population studied and Table Al8 reflects the judgments made between the two

sample populations. In addition, we recommend that the simulated tasks, as

(iii)
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indicated in the present task protocols, be continued rather than the actual

tasks themselves in that they are one person tasks and more reliable. Por

R Ly T o, o
e R T TR T T

safety reasons, it is also recommended that subjects 235 years not be

permitted to exceed 90% of their maximum heart rate reserve and that this

PR

zafety limit be constantly monitored and enforced throughout the performance
of the task unless sanctions are considered, in which case medical personnel
must be present for all out exertion. Pinally, it is recommended that a
tecnnology transier phase be initiated which would permit the Canadian Forces
to continue to monitor changes in task performance with fitness changes. By
continuing to collect data at a common site, it will be possible to expand the
type of analysis'used and allow the Military to improve long range planning
for tests and tasks.

In this report Section A is a summary of the findings from all aspects of

the study. fthis includes the essential description of the objectives and

workplan, descriptive results, inferential results, implications, discussion,

conclusions and recommendations. Contained within the conclusion and

_ recommendation section is Table Al8 which is a recommended fitness standard

1 based on these three phases of data acquisition., The detailed experimental

R

reports are contained in Section B, individualized by each task. These

reports describe the fitness measurements and determine their relation to

ITIPIC IR bell DRGNP

1

{i

f performance for each of the five tasks studied. Section C of the report

3 presents, from a more theoretical perspective an alternate method of data 3
E

? analysis using probability theories. This method of analysis would permit the 3

s "I

i3

use of a combination of fitness scores in determining ‘passers'. In addition

: the probability of successful task performance could be evaluated for each

task and group, thus making the standards more flexible for different

&"h.m;va:. A

populations or time periods; more importantly, perhaps, it would permit a low

measure in a given variable to be offset by a high score achieved in others.

(iv)
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This seems important, particularily in light of the facts which clearly

establish the solution between f£itness variables and performance. However, it
must be appreciated that before this probability approach can be validated and
this accepted, this proposed model needs substantial additional data to give
it the needed statistical power. The final section of the report includes
appendices which document the protocols and raw data from this phase of the
study.

This project was truly a team effort. I wish to acknowledge the impetus
and quidance of Lieutenant Colonel Robert Swan, Major Wayne Lee and Captain
Vinson Horrison (DPBRA)}. %he principal invesctigators of Drs. George Andrew,
Tim Bryant and John Thompson have always formed a cohesive unit which makes
these undertakings efficient and enjoyable. The daily management of the data
acquisition and analysis phases were under the leadership of Sheryl Prench and
Mary Byrnes with continuing support throughout the contract by Shelly Drake.
Many capable research assistants, namely Cheryl Johnson, Kathy Moore, Gary
Osborne and Drew Stephens as vell as other students also assisted with the
extensive data acquisition phase, In addition I wish to acknowledge the
support of the School of Physical and Health Rducation and Queen's University
personnel who cooperated with the effort of the Ergonomics Research
Laboratory. To all of these people I wish to convey my thanks and gratitude

for your continued enthusiasm and support.

. J.H. 8tevenson, Ph.D.
March 15, 1368
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Al DIRECTIVE OF THE CONTRACT

Al.]l Statement of the Problem

The Canadian Armed Forces wish to determine a minimum physical fitness

standard for all military peisonnel, regardless of trade classification, age
or gender. Various NDHQ directorates determined seven common military tasks
which all CF personnel might be expected to perform in time of emergency.

This rationale was then used as the basis to establish bona fide occupational
requirements in compliance with the Canadian Charter of Human Rights. To this
end, the Ergonomics Research Laboratory at Queen's University has been
contracted to assist with the study, initially under the direction of the
Defense and Civil Institute for Environment Medicine and for this contract
under the leadership of the Department of Physical Education and Recreation

(DPERA) .

eview o v ontra

To assist in the development of physical fitness standards for the
Canadian Porces, three phases have been conducted by Queen's University (TaSIe
Al). Within each phase refinements have been made in task protocols and
subjects studied, as well as statistical approaches and comprehension of the
problem.

In the first phase, five of the actual common tasks were examined on the
basis of speed of completion only, and compared to EXPRES, the fitness test
battery presently in place in the Canadian Forces. In this first phase only
data for young men were appropriate for analysis. An empirical model was
developed whereby a minimum fitness standard could be determined for the
passing group. T1he @majol shoficoming identificd in this phase was the
unreliable task protccols. . g

As a result, in Phase II operational definitions and revised protocols

sttt I
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Table Al Phase of research and number of subjects studied in each

, phase.
- N
Group Phase 1 Phase II Phase III
1985 1986 1987
|- (# of subjects) (% of subjects) (# of subjects)
4 Young Men (
< 35 years 99 11 - IS
Older Men
2 35 years -- 4] 62 |02,
Young Women
< 35 years -- 88 53 O
¢ Older Women .
> 35 years - -- 28 2%
ad < ¥ a7,
) : 5 T
li Subjects 35 years of age and older were restrained to 90% maximal

capacity as a safety restriction in compliance with ethics and the
American Collegr of Sports Medicine quidelines.
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were developed for each of the most demanding tasks. Samples of younger men,
older men and younger women were assessed on the refined task protocols,
EXPRES and lal :ratory tests. A slightly modified protocol was established for
older subjects equal to or greater thawm thirty-five years (> 35) based on an
ethics and safety restriction which complied with the American College of
Sports Medicine guidelines. The empirical model was developed further to
maintain a common task requirement for each of the three sample populations.
) The main obsszvation from this phase was that, although the task requirements
were the same for all three groups of younger men, older men, and younger
women, the underlying fitness parameters which related to task performance
differed for each group. Based on results of this phase, it seemed possible
to establish the minimum fitness standard; using a representative and equal
sample of men and women and based on those subjects who passed each task.
However, additiornal recommendations were made to provide a more global

approach to the problenm.

Al.3 Statement of Purpose and Objectives
The specific purpose of this contract was to validate the fitness

standards suggested for women and older men in the Canadian Forces. Within

this contract it was proposed that the same operational definitions as used in
Phase I1 be repeated with a different population. The empirical model

developed in previous contracts was a representative sample from each of the &

four groups, namely younger men and women, and older men and women. Therefore

LS

this approach was to be repeated along with any additional new approaches
which could be used in the development of a minimum physical fitness standard.

More specifically, the objectives of this study were:

(R o AT S g e

1.31 to develon a minimum physical fitness standard for vounger women,

based on an empirical model with a common task criteria;

1

1.3.2 to develop a minimum physical fitness standard for older men, Lased on
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an empirical model with a common task criteria; and,
1.3.3 to develop ; ninimum physical fitness standard for older women, based
on an empirical model using.common task criteria.
3 Within this contract, a small but vital sub-study was conducted to

examine the importance of the restriction of older subjects to 90% of their

- maximal capacity. The specific objective was:
. 1.3.4 to examine the impact of a 90% restriction of task performance on
y
3 older subjects.
;
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A2 TASK CRITERIA
T tified C k
Seven common military tasks wﬁich all CF personnel might be expected for
perform in time of emergency were identified and defined by various NDHQ
directorates with the studies conducted under the auvspices of DPERA. The
original definitions of the common tasks are presented iﬁ Appendix A. The
tasks were:
i} operate one's personal weapon (shoot-to-live test);
i1)  function effectively in nuclear blochemical warrare (NBCW) clothing
environment;
iii) perform first-aid and casualty evacvation:
a) land evacuation
b) sea evacuation;
iv) perform firefighting duties;
: v) execute survival search and rescue techniques;
: vij} perform general security duties:
i a) march eight kilometres
%ﬁﬁ b) entrenchment dig
: c}) 1lift and carry sandbags
% d} 1low and high crawl
?’ e) rush and shoot with weapon;
; vii) 1live and work in NBC¥ clothing, as applied to condition vi).
: Not all of these tasks requize high physical fitness standard, while :
?' cthers are physicalily demanding, but not as exhaustive as those selected for =
; the original task battery (see Phase I Report for selection process). Still ‘
1 other common tasks, such as functioning in NBCW clothing, were considered too ?
é»‘ complex for an original assessment of EXPRES tests but are even more limiting A j
% because of bulkiness and lack of heat transmission. Hence, the select 'n :
e KR
' ]
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process for which tasks were to be evaluated was based on literature,

scientific testing, or ease of data acquisition (Table A2).

A2.2 Operation Pefinjtions of Task Criteria

In order to develop reliable task definitions eguipment was ccnstructed

to allow each task to be performed single-handedly. For example, both the sea

and land evacuation tasks were restructured to be one-person tasks (i.e.,
- vheels on the land stretcher; a push-skid for the sea evacuation stairs
stretcher). Other tasks were altered to ensure standardization of the tasks

for all subjects (i.e., the entrenchment dig became a task of removing crushed

TRV

rock from a box to one of the same dimensions). RFach task underwent serious

evaluation and repeatability testing before the present five task battery was

g

developed for Phase II and Phase III. The Pearson correlation coefficients on

test-retest scores for each operational definition varied from r=.93 to r=.99.

A2.2.1 Sea evacuation. This task simulated casualty evacuation during a
fire on board ship. Working against time, the subject was required
to carry an 80 kg stoker stretcher 12.5 m to the base of a flight of

stairs. The subject then pushed a skid carrying one subject's share

of the mass up and down a flight of ship staircase, returning the
3 stoker stretcher to the starting point.

A2.2.2 Land stretcher evacuation. This task was designed to simulate a

land evacuation of a casualty on a stretcher over a distance of 750

}-W
!
PENCI Y. ‘Q,i:iem el

3 m. A subject carried half of an 80 kg mass on a normal stretcher
- with wheels attached at one end, as quickly as possible over a g

distance of 750 m. (The original 1 km task was reduced to 750 m as

the correlation coefficient was r=,94 between the times for these
distances.)
A2.2.3 Low-high crawl. This task simulated conditions of self protection

when moving in front of enemy fire. Each subject was to perform a

Sisnosat TN dvia 2o o




Table A2 Identification of selected emergency tasks and fitness
tests used in the development of minimum physical fitness
standards for the Canadian Armed Forces.

Item Description of Item

Emergency Tasks 1. Land Evacuation
2. Low-High Crawl
3. Sea Evacuation
4, Entrenchment Dig
5. Sand Bag Carry

Fitness Tests 1. EXPRES test
a) Grip strength
b) 0Oxygen consnmption
¢) Push-ups
d) Sit-ups

2. Additional Laboratory tests i
a) Flexed arm hang :
b} Endurance grip
¢) Free-style ILM

(% 7057




: low crawl (all body parts close to the ground) for 30 m by moving

under restraining barriers; turn 180 degrees, and perform a high
crawl {on hands and knees) for 45 m. Throughout the task the
subject wore a helmet and carried a facsimile of the FN/C 1 rifle.

Time to complete the task was the primary performance criterion.

- A2.2.4 Entrenchment dig. This task intended to simulate s2lf-protection in
g face of enemy fire by digging an entrenchment. Each person duqg a

: one-person entrenchment 1.82 m long, .61 m wide, and .46 m in depth.
The entrenchment task entailed shoveling 1 n2 of crushed rock

dampened only to prevent dust, from one box to another of similar

Eiicd

dimensions in the shortest period of time.

; A2.2.5 Sandbag Carry. This task was to simulate self-protection or

- protection of others from natural elements. The subject was asked
to move the maximum number of sandbags a distance of 50 m in ten

minutes. Bach sandbag had a mass of 20 kg and the performance score

S e s

was the number of bags moved.

A2.3 Fitness Tests

Two sets of laboratory tests were conducted, the EXPRES fitness test and
additional laboratory tests (Table A2). The EXPRES test, which is the
standard test battery curreatly in use in the Canadian Forces, was
administered by trained CF personnel prior to the present contract. Results
of the oxygen consumption scores were used to select subjects equally
distributed in each quartile of the fitness range. The battery of tests will
: be explained below.
é 2.3.1 Oxygen consumptjon measure. This EXPRES item entails a sub-maximal
% step test performed at a set cadence and workload. As there is a
linear relationship between heart rate and oxygen consumption, this

test is used to predict aerobic capacity.

e vt
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10
2.3.2 Maximym grip strength. In this EXPRES item a hand held dynamometer

is used to measure maximal grip Zecrce. The subject performs two
maximal grip tests with each hand and the better test result for
each hand is summed to provide a maximum grip strength score.

2.3.3 Pushups. This is an BXPRES item which uses arms at shoulder width
and toes as a fulcrum to execute as many pushups as possible until
exhaustion.

2.3.4 Sjtups. This RXPRBS item requires the subject to execute as many
situps as possible in one minute from a posture of knees bent, hands

behind the head and toes held down.

A2.4 Laboratory Tests
In addition to the EXPRES, these other laboratory test items were

included, based on consistent correlations in Phase I and Phase II.

2.4.1 Flexed arm hang. The body mass was supported at a fixed hanging
point with bent arms, chin above bar level, until fatique.

2.4.2 Endurance grip. The subject was asked to hold a 20 kg grip force as
long as possible for each hand.

2.4.2 ILM freestyle }ift. Subjects were asked to lift as much weight as
possible to a height of 1.8 m. Subjects were allowed to stop during

the 1ift; however, they were not permitted to execute a second

attempt within the same 1lift cycle, or to exceed 10 seconds in total

lift time.
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A3 MBTHODS

The specific test items carried out were described above. This section

] describes the design of the testing and matters related to data processing.

- A3.] Testing Locatjon

In previous contracts, the Ergonomics Research Laboratory visited CF
bases in Kingston, Borden, Ottawa and Halifax. The third phase of testing was
conducted in a common location in the Jock Harty Arena of Queen's University
in Kingston, Ontario, during a three-week period, from August 4th to Augqust
21st, 1987. Subjects were transported to Kingston from various CF Bases, most

?k. frequently CFB Trenton, Kingston and Ottawa, as well as NDHQ in Ottawa.

A3.2 Subiject Selection

Pox the third phase of the contract, sample populations of younger women,

fn older women and older men, were selected by DPERA, A minimum of twenty

subjects per group from each f£itness quartile, based on aerobic capacity were

; ’ requested for the study. Foz older women > 35 years of age forty subjects

%" were requested; half above and below the 50th percentile. A distributed but @
‘ random sample population was requested to ensure that the minimum fitness ?
E standards would not be skewed unduly high because of a more f£it sample. Hence g
by the end of Phase III, 2 separate samples of men »35 (Phase II and III) .f

would have been tested to assist with the development of a fitness standard. %

Only one sample of women >35 (Phase 111} were investigated due mainly to the %

difficulty in acquiring subjects. .ﬁ

Upon arrival at Queen's University, subjects were given an initial é

briefing by an officer from DPERA and the project manager from Queen's -—!é

University. Subjects were then provided with a short tour of the testing

. !
S RTNEFER TR PPN u{‘!dz At AN T P




RS R G T St
TR A R T R T A e e R TR T T o,

TRy T R R R R T NP £
NI S L iy R i B D 0 B S e S Ui b s S sl vy

12

facilities, shown accommodation, and provided with lunch. Upon return, a
formal briefing on the purpose of the study was held, which addressed such
ratters as a review of the test ané task batteries, assurance of
confidentiality, safety and general procedures. Subjects were divided into
small groups and rotated in a circuit through all six stations. (See Appendix
B for subject information booklet.) Only oﬁe test item was performed in each
half-day, in order to reduce and control levels of fatigque. BEach testing
station had specific personnel who remained at that station throughout the
testing week in order to control supervisor impact. Leaders at each project
station used a written manual of protocol for each task, read the protocol to
subjects, and provided demonstrations and practice time prior to the task.

Leaders tried to remain consistent in encouragement, reinforcement and

protocol requirements.

Subjects who were thirty-five years and older were required to wear a

1
heart rate monitor which was programmed to signal when the heart rate exceeded ;: ?
0% of predicted maximal using the formula: 90% HR =.9((220 - age) ~70 bpml+70 ;
bpm. Older subjects were required to stop whenever the heart rate m