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PREFACE

This study was the third phase of a project to assist in the development

of a set of minimum physical fitness standards which would be commensurate '

with 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 maximal 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 operationally defined as: land evacuation,

0 sea evacuation, low-high crawl, entrenchment dig and sand bag carry. The

physical fitness tests selected for comparison included the EXPRES test

battery of sit-ups, push-ups, maximum grip strength and predictive oxygen

consumption as well as laboratory measures of the incremental lifting machine

te~t, flexed arm hang and endurance grip.

The study was conducted at Queen's University with 59 younger women, 28

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

selected on the basis of oxygen consumption values from EXPRES such that there

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

Correlations between EXPRES and laboratory tests to military tasks

revealed that the underlying fitness components differed between groups with a

greater difference between men and women than between younger and older womed.

In the stepwise regression analysis the variance in task performance scores

could be explained 8% to 64% depending on the task and group. On the average,

39 Of~ the~ Vfalanc LGZ p.uz o-- --- ---

measures from EXPRES and additional laboratory tests. This evidence was

sufficient to conclude that fitness is important for task performance and

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

4(ii) e
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performances could not be predicted by EXPRES, it was necessary to develop an

empirical model to determine *passers' and 'fallers' for younger and older

groups. In Phase II the data for men and women 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 ?35 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 perform the entrenchment dig at both

90% and 100% effort. Once again the 75 percentile was used to separate

'passers' from 'failerr' and the minimum physical fitness 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 necessary to use only those fitness measures where there was a

significant relationship to task performance to develop the minimum standard.

The minimum fitness standard was established as the level achieved 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. Finally, 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 A18). 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 A18 reflects the Judgments made between the two

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

(iii)



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

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

safety reasons, it is also recommended that subjects ?35 years not be

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

safety 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. Finally, it is recommended that a

technology transfer 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 oe 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. This 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 A18 which is a recommended fitness standard

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

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

reports describe the fitness measurements and determine their relation to

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

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

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

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

populations or time periods; more importantly, perhaps, it would ernit 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 clearlyI
establish the solution between fitness 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 guidance of Lieutenant Colonel Robert Swan, Major Wayne Lee and Captain

Winson Horrison (DPERA). The principal i-itlgators 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 French 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 well 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.M. Stevenson, Ph.D.
March 15, 1988
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Al DIRECTIVE OF THE CONTRACT

A1.1 Statement of the Problem

The Canadian Armed Forces wish to determine a minimum physical fitness

standard for all military peLsonnel, 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).

A1.2 Revie' of Previous Contracts

To assist in the development of physical fitness standards for the

Canadian Forces, three phases have been conducted by Queen's University (Table

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 gIOup. Lt MOJUL Z)11ULWmVt1 t ' ig4u1C--. tU &I w-"II

unreliable task protccols.

As a result, in Phase II operational definitions and revised protocols
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Table Al Phase of research and number of subjects studied in each
phase.

Group Phase I Phase II Phase III
1985 1986 1987

(U of subjects) (# of subjects) (1 of subjects)

Young Men
< 35 years 99 71 --

Older Men
>35 years -- 41 62

Young Women
< 35 years -- 88 5.9 /t- -

C Older Women
> 35 years 28

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 guidelines.

U U
d
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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 lak:ratory tests. A slightly modified protocol was established for

older subjects equal to or greater thain thirty-five years (2. 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 obs' =vation 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, additional recommendations were made to provide a more global

approach to the problem.

A1.3 Statement of Puroose 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 II 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

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:

11 1 to dpvplnn a minimum physiral fitness standard for younger women.

based on an empirical model with a common task criteria;

1.3.2 to develop a minimum physical fitness standard for older men, based on
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an empirical model with a common task criteria; and,

1.3.3 to develop a minimum physical fitness standard for older women, based

on an empirical model using-common task criteria.

Within this contract, a small but vital sub-study was conducted to

examine the importance of the restrtction 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

older subjects.
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A? TASK CRITERIA

A2.1 The Identified Common Military Tasks

Seven common military tasks which 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 auspices of DPERA. The

original definitions of the common tasks are presented in Appendix A. The

tasks were:

i) operate one's personal weapon (shoot-to-live test);

ii) function effectively In nuclear biochemical warrare (NBCW) clothing

environment;

iii) perform first-aid and casualty evacuation:

a) land evacuation

b) sea evacuation;

iv) perform firefighting duties;

v) execute survival search and rescue techniques; -

vi) perform general security duties:

a) march eight kilometres

b) entrenchment dig

c) lift and carry sandbags

d) low and high crawl

e) rush and shoot with weapon;

vii) live and work in NBCW clothing, as applied to condition vi).

Not all of these tasks require high physical fitness standard, while

others are physically demanding, but not as exhaustive as those selected for

the original task battery (see Phase I Report for selection process). Still

other common tasks, such as functioning in NBCW clothing, were considered too

complex for an original assessment of EXPRES tests but are even more limiting_ :

because of bulkiness and lack of heat transmission. Hence, the select ,n
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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 Definitions of Tas Criteria

In order to develop reliable task definitions equipment 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.,

wheels 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

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

evaluation and repeatability testing before the present five task battery wa

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 t3sk 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

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

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

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
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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) Oxygen cons'imption
c) Push-ups
d) Sit-ups

2. Additional Laboratory tests
a) Flexed arm hang
b) Endurance grip
c) Free-style ILM

0I
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low crawl (all body parts close to the ground) for 30 a 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 self-protection in

face of enemy fire by digging an entrenchment. Each person dug a

one-person entrenchment 1.82 m long, .61 m wide, and .46 m in depth.

The entrenchment task entailed shoveling 1 a2 of crushed rock

dampened only to prevent dust, from one box to another of s!.milar

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

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 currently 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.

2.3.1 Oxygen consumption 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.
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2.3.2 Mximum grIp . tb.. In this EXPRES item a hand held dynamometer
is used to measure maximal grip !orce. 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 E.Li1h=s. This is an EXPRES item which uses arms at shoulder width

and toes as a fulcrum to execute as many pushups as possible until

exhaustion.

2.3.4 gj&=. This EXPRES 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 Elexed arm han. The body mass was supported at a fixed hanging

point with bent arms, chin above bar level, until fatigue.

2.4.2 Endurangce grip. The subject was asked to hold a 20 kg grip force as

long as possible for each hand.

2.4.2 ILM freestyle lift. Subjects were asked to lift as much weight as

possible to a height of 1.8 m. Subjects were allowed to stop during

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

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

*lift time.

, , + I I P !'fli +:+:+ ++ + +-+|'++: '+i- +'+l : -+-+= ..... +: .... ........... i:+:+ '+ ' ":+



A3 METHODS

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

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

h3.1 Testing Location

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 August

21st, 1987. Subjects were transported to Kingston from various CF Bases, most

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

A3.2 Subject Selection

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

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

subjects per group from each fitness quartile, based on aerobic capacity were

requested for the study. For older women L 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

standards would not be skewed unduly high because of a more fit sample. Hence

by the end of Phase III, 2 leparite samples of men 35 (Phase II and III)

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

Only one sample of women >35 (Phase III) were investigated due mainly to the

difficulty in acquiring subjects.

A3.3 Testing Seauence

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

briefing by an officer from DPERA and the project manager from Queen's

University. Subjects were then provided with a short tour of the testing
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facilities, shown accommodation, and provided with lunch. Upon return, a

formal briefing on the purpose of the study was held, which addressed such

matters as a review of the test and 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 one test item was performed in each

half-day, in order to reduce and control levels of fatigue. Each 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

heart rate monitor which was programmed to signal when the heart rate exceeded

90% 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 monitor

exceeded 90 maximal capacity and rest until the heart rate returned to the

target zone. This protocol was in compliance with the American College of

Sport Medicine guidelines on safety precautions when subjects are being tested

without direct medical supervision or a medical history available.

A3.4 Data Processing

After each testing day the station leader entered raw data on each

subject onto disk using a Zenith micro-computer and Lotus software. Data,

once entered, were then checked by the project leader for errors in data

input. Data files were merged, processed and transferred to the mainframe for

statistical analysis.
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&3.5 Statistical &nalyses

The statistical analyses were performed within SPSSX with certain

graphing routines performed within Lotus and Sigmaplot. Figure Al is a flow

diagram of the analytical steps involved.

A3.5.1 Graphs of raw data. Graphic Comparisons were made between the three

groups in performance of various military tasks as well as EXPRES

and laboratory tests.

A3.5.2 Simple correlations. Pearson correlation coefficients were derived

between tasks, EXPRES scores and other test variables to identify

the relationship between fitness test variables and complex military

tasks. Because of the number of variables being assessed, a

probability level of .001 was identified as significant.

A3.5.3 Multiple correlations. Multiple correlations based on backwards

stepwise regressions analysis were performed on each task to

identify which fitness variables combined to measure the

relationship between many variables and one task.

A3.5.4 Determination of passing criteria. In Phase III the sample was

predominantly older subjects, all of whom were restricted in task

performance by a safety constraint of 90% maximal heart rate. To

determine the passing group equal samples of men and women were
--S

selected and the 75th percentile was identified as the passing

criteria. To determine if this correction factor was appropriate

between older and younger groups, a sub-study with 19 subjects was

performed to compare restricted and unrestricted protocols. For

younqer women, the same passing criteria as in Phase II was used.

A3.5.5 Discriminant Analysis. Discriminant analysis was

performed to compare passers and failers on each task based on

fitness variables. This discriminant analysis identified two
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points, namely when a fitness variable was able to discriminate

3 between passers and failers, and secondly, when a reliable

difference existed between the means of the passing and failing j
groups in the predicted direction.

A3.5.6 Establishment of passing criteria. The EXPRES variables for each

task were then examined for reliable relationships using: simple

correlation; stepwise regression; discriminant analysis; and,

reliable differences in passing and failing group means. The

passing scores for each group were then converted to normalized z-

score values in order to determine the point at which 95% of the

subjects would have passed the task. In other words, the lowest 5%

of the fitness scores obtained by passing subjects was taken to be

the minimum requirement to perform the task.

A3.5.7 Prediction of oassing and failing. The overall impact of these

minimum stand-rds was examined by cross tabulation of predicted

versus actual performance to determine the accuracy of prediction of

*passers and failers based on these standards.

A3.5.8 Comparison to normative data. The standards proposed were then

compared to the normative data for military and Canadian population

to see the impact of the proposed fitness level to all military

subjects based on age.

A3.5.9 Probability analysis. Because these standards are not flexible or

transferable from one sample to another, a more universal analysis,

namely a probability analysis was performed. Although limited by

sample size, probability tables were created for fitness tests and

task performance. From these probability values it would be

possible to upgrade the standards based on stronger rationale,

thereby making them more universally accepted.

-LA
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A4 DESCRIPTIVE RESULTS

The data below are presented.under three headings. In this section each

component is dealt with separately without reference to statistical

approaches. In addition, each section reviews the results from the previous

two samples for comparison.

A4.1 Physical Characteristics of Subiects

The sample consisted of a total of 149 subjects comprised of 59 women <35

years, 28 women 135 years and 62 men 135 years of age. Means, standard

deviation and ranges of all subjects in Phase III are divided by age and

gender in Table A3. The characteristics of age, height and weight of the

sample population were representative of military normative data. A I

significant difference was noted between height and weight variables across

gender, though not in regard to age. The younger women in Phase III were

similar in age, height and weight characteristics to other phaser. However,

the older men and women categories contiined a subject pool approximately

three years older than the previous phase and older women were 5.4 kg heavier

than the previous sample. _

A4.2 Sample Distribution by EXPR,

The distribution of the subjects on the basis of EXPRES percentile scores

is shown in Table A4 with descriptive data in Figure A2. Subjects had been

requested at random but within quartiles of fitness scores based on oxygen

consumption values. For women under thiity-five years, the sample was evenly

distributed in oxygen consumption but skewed positively in combined grip and

negatively In push-ups. However, for older women there was a preponderance of

subjects who fell in the excellent category, in oxygen consumption and grip,

although some subjects were distributed in lower fitness levels. The sit-up

scores were well distributed, but push-ups were negatively skewed. For older
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Table A3 Summary of Physical Characteristics of the Sample by
Age Group and Sex.

Age Height Weight
(yr) (cm) (kg)

Women < 35 years
n= 59

Mean 25.9 165.1 63.8
SD 3.6 6.4 8.4

(min-max) (18-34) (152-180) (49-91)

Women > 35 Yearg
n= 28

Mean 38.2 i65.3 67.3
SD 2.0 6.2 9.7

(min-max) (35-44) (151-175) (52-92)

Men 1 35 years

n= 62

Mean 42.5 175.4 80.3
SD 4.8 5.7 10.1

U (min-max) (35-53) (164-189) (63-112)

. f [ " Ii ,: .
-
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Table A4 Population Distribution by EXPRES Percentiles based on
Military Normative Data. Values indicated are the counts
observed in each category.

Test Variables Women Women Men
< 35 Years >.35 Years . 35 years -

OXYGEN CONSUMPTION
(ml/kg/min)

Excellent 11 12 27
Good 14 6 4
Average 11 4 9
Below Average 12 3 15
Poor 11 3 7

COMBINED GRIP
(kg)

Excellent 32 1 29
Good 14 10 10
Average 4 4 14
Below Average 7 4 6 -

Poor 2 9 4

SITUPS
(no.)

Excellent 17 6 22
Good 6 5 15
Average 10 9 15
Below Average 11 6 3
Poor 15 2 8

PUSHUPS
(no.)

Excellent 4 1 23
Good 0 1 13
Average 5 2 10
Below Average 8 4 10
Poor 42 20 7

Excellent - 81-100 %ile Below Averaqe - 21-40 %ile
Good - 61-80 %ile Poor - <20 %ile
Average - 41-60 %ile .!

•I
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Figure A2. Graphic display of EXPRES scores of the sample by age and gZGUP.
The o represents the mean scores and the bar represents one

standard deviation.
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men there was a large grouping at excellent and below average categories for

oxygen consumption, but subjects were skewed positively for all other fitness

categories.

physically demanding tasks. Unfortunately, this natural selection process

tended to render higher prediction values of MPFS. As the subjects were

selected based on oxygen consumption values, it was not possible to account

for grip, push-up or sit-up scores. If a larger sample were selected for

study then it would be anticipated that all EXPRES variables would become

normally distributed.

The push-up data were skewed toward the poor category for both younger

and older women. Between Phase II and Phase III, a push-up protocol was

implemented for women to be the same as men's push-up. When comparing data

from Phase I and II, where push-up scores were excellent and normally

distributed respectively using the knee style push-up, Phase III data would

indicate that the preponderance of poor push-up scores were highly

questionable for establishment of a standard.

The EXPRES data for the three groups are plotted for comparison (Figure

A2) and the actual EXPRES scores by age group and sex for the sample

population are presented in Table A5. With all EXPRES variables older men

have higher scores than younger women who also have higher mean scores than

older women. This tendency would be expected based on the normative data by

gender and age. The only variable which did not follow this trend was sit-

ups, where younger women had a slightly higher mean score than older men.

Both sit-ups and push-ups would be naturally adjusted by one's own body weight

.hence the impact of body size was not as obvious. This was not evident in the

pus..-up scores, where women were asked to execute a different push-up between

Phase II and Phase III. The drop-off in MV02 was expected by gender and age,
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Table AS Summary of EXPRES scores of the sample by age group
and sex.

Predicted Combined Situp Pushup
V02MAX Grip (no.) (no.)

(Rg)

Women < 35 years
n= 59

Mean 36.9 73.2 32.7 18.4
SD 3.6 11.2 11.8 12.1

(min-max) (30.4-50.2) (43-98) (7-59) (0-70)

Women > 35 years
n= 28

Mean 33.3 58.6 24.3 9.1
SD 3.3 11.4 9.5 8.6

(min-max) (27.5-39.8) (37-80) (4-42) (0-35)

n= 62

Mean 40.6 109.5 31.6 27.1
SD 6.1 21.8 9.9 13.5

(min-max) (30.4-57.8) (14-159) (8-62) (5-81) --

-S

[ _ 1
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and combined grip scores, responded to body mass as well as age.

A4.3 Summary of Laboratory Tests

Based on previous reports, three additional laboratory tests were

included in the test battery; namely, flexed-arm hang, combined endurance

grip, and free-style maximal Incremental Lifting Machine (ILM) lift. These

data are plotted in Figure A3a-c and reported in Table A6. In all cases older

men had higher scores for all three variables than younger and older women.

Younger women had higher scores than older women on flexed arm riang and ILM

lift; however, endurance grip was greater, although not significant, for cider

women. When comparing tests across groups and years, the sample of younger

women for Phase III were higher on all test categories than women from the

previous phase. This result paralleled the EXPRES data across younger women.

The opposite effect was true for older women in that the small sample (n = 8)

in Phase II were elite women, whereas this sample was larger (n = 28) and more F

widely distributed. Likewise, the older men were less proficient at flexed-

arm hang and combined grip in comparison to the previous year. This followed

the profile of older men on the EXPRES test, where all scores were lower _

except for maximal combined grip.

The ILM test could not be compared between phases because a freestyle ILM

lift was a change in protocol incorporated in this Phase III. A freestyle

lift was selected as this test is being considered in recruiting stations as

an indicator of strength. For all groups the Lft scores were higher than

Izevious years. This was to be expected as subjects were permitted to stop

(usually at *he wrist change-over point) and continue upward to 1.8 m. The

difference in ILM scores from Phase II to Phase III tor younger women, uldei

women and older men, were 7.0 kg, 4.1 kg, and 7.3 kg, respectively. The

higher scores on ILM tests across all groups, indicated that the previous
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Figure A3. Graphic display of laboratory test scores of the sample by age and
group. The o represents the mean scores and the bar represents
one standard deviation.



24

Table A6 Summary of Laboratory Test Scores of the Sample by Age

Group and Sex.

Flexed Combined ILM
Arm Endurance Freestyle
Hang Grip Lift to l.8m
(s) (s) (kg)

Women < 35 Years
n= 59

Mean 20.0 82.4 30.8
SD 17.1 46.2 5.4

(min-max) (0-62) (15-203) (20.0-55.0)

Women > 35 years
n= 28

Mean 11.3 89.8 26.6
SD 13.7 62.0 5.4

(min-max) (0-45.8) (25-275) (20.0-42.5)

Men > 35 years
n= 62

Mean 30.4 231.2 52.4
SD 16.7 108.6 10.0

(min-max) (2.2-76.1) (59-547) (35.0-80.0) -- -

A
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protocol lowered the ILM scores. In Phase III, the less restrictive freestyle

protocol allowed subjects to improve their ILM score; this occurred despite

the fact that the structure of the ILM required a unique wanoeuver not found

in actual lifting tasks. The ILM freestyle lift has been performed on 149

subjects in this study, and no incidents of injury resulted. This would

indicate that the ILM test protocol was safe for all subjects.

A4.4 Summary of Field Tasks

Table 7 presents the summary of field tasks by sex, group and age levels.

In performance of the tasks, older men completed them more quickly than

younger women, despite being restrained with heart rate monitors. Similar

significant differences were found between younger and older women, probably

due to the heart rate restriction. However, individuals differed widely as

suggested by the standard deviations in the data. A graphic presentation of

the tasks is provided in Figure 4a-e. The graphs contain data for men <35

years for comparative purposes. In addition, the graphs have pass/fail lines

representing the proposed time for oldex and younger groups. The men

performed better on the average than women in the same age group, however the

range of scores was greater for women. Older men also performed tasks on the

average faster than younger women despite the safety restriction. This in

part is due to the nature of the tasks selected in that they were physically

demanding tasks and partly due to male-dominant task definitions (carry an 80

kg person or lift 20 kg sandbags). As male strength has been reported to be

35%-70% greater than female strength depending on task definition sample

studied or predictive tests used, it is not surprising that this study would

demonstrate this magnitude of disparity by gender.

Comparing Phase II with Phase Il data for younger women, differences in

the entrenchment dig, sea evacuation, low high crawl and sand bag tasks were

small (12.6 s, 12.5 s, -5.3 s and +1 s respectively). The land evacuation

-
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Table A7 Summary of field tasks by sex-and age level.

Land Low-high Entrenchment Sea Sandbag
Evacuation Crawl Dig Evacuation Carry
Total time Total time Total time Total time Total #

(s) (s) (s) (s) bags carried

Women < 35

Mean 771.6 144.1 498.2 148.0 12.2
SD 226.4 43.0 135.7 158.3 2.0
(min-
max) (445-1656) (64.6-295.3) (256-953) (27-747) (7-18)

Women > 35

Mean 960.3 212.0 630.5 259.5 9.5
SD 297.6 66.6 180.4 244.1 1.4
(min--
max) (470.5-1607) (86.1-355.8) (373-1081) (36-912) (8-12)

Men > 35

Mean 582.9 122.2 408.9 40.1 12.1
SD 167.5 56.8 136.6 15.1 2.6
(min-
max) (288-1084) (58.7-330.7) (216-809) (21-97) (8-19)

A1
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task could not be compared as the course length had been changed from 1 km to

750 m. Older women required slightly longer (1.5-2.5 min) on tasks than the

small group of elite women in Phase II. The older men in Phase III were

faster in low high crawl, entrenchment dig and sea evacuation than men from

Phase II (9.0 s, 50.8 s, 34.8 s respectively). This was probably a result of

a more fit sample than in the previous year, as determined by EXPRES.

Is

0

-S!

S3
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A5 INFERENTIAL RESULTS

A5.1 introduction

In previous contracts It has been shown that one could not reliably

predict task performance from general fitness measurements. However, some of

the variance in task scores was attributable to fitness scores, thus

indicating with reasonable assurance that general fitness did relate to task

performance. Hence, a minimum physical fitness standard for CF personnel was

warranted.

A similar analytical approach to previous years was taken with this

sample population; however, because of the predominance of older men and women

in Phase III (in contrast with the younger subjects in Phase II), it was

possible to address the important question of age restriction ana its effect

on older subjects. Figure Al (shown in the Methods section under A3.5) is a

depiction of the procedures which were followed and explained earlier in this

report. Each step will be explained in greater detail below and comparisons

to previous years data will be identified more substantially in Part B.

A5.2 Simple Correlation

Simple correlations between performance measures and selected fitness

components are shown in TablesA8a - 8c. The Tables are divided into

anthropometric measures, muscular strength and endurance measures, and aerobic

capacity. Those variables which had a significant probability (p<.001) of

being correlated to fitness test variables are plotted in Figures A5a-c.

In Table A8a for women <35 years, no single test variable accounted for

'Ga' n a-s qrnres (entrenchment dig r=.62; r2=38%).

When EXPRES variables only were considered, less than 26% of the variance in

task score data could be explained. This was similar to results found in

Phase II. The correlation between performance measures and fitness components
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Table A8a Correlations (r) Between Performance Measures and Selected

Fitness Components for Women less than 35 years.

Fitness Land Low High Entrenchment Sea Sandbag
Parameters Evacuation Crawl Dig Evacuation Carry

Anthropometry

Age .37 .32 .08 .18 -.24

Height -.38 .08 -.33 -.32 .15

Weight -.08 .31 -.22 .09 -.05

Muscular Strength and Endurance

Situ- -.45 -.41 -.28 -.20 .42

Pushup -.37 -.47 -.35 -.21 .44

Combined Grip -.38 -.22 -.43 -.13 .39

Endurance Grip -.32 -.27 -.50 -.25 .24 -.

Flexed Arm Hang -.45 -.59 -.43 -.42 .53

Maximum ILM to . *
Full Extension -.52 -.46 -.62 -.27 .50

Aerobic Capacity

Step test -.40 -.51 -.16 .38 .42

Note * p<.001.
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Table A8b Correlations (r) Between Performance Measures and Selected

Fitness Components for Women 35 years or older.

Fitness Land Low High Entrenchment Sea Sandbag
Parameters Evacuation Crawl Dig Evacuation Carry

Anthropometry

Age -.25 -.06 -.04 -.05 .05

Height -.49 -.09 -.42 -.65 .32

Weight -.06 .46 -.19 .10 .06

Muscular Strength and Endurance

Situp -.32 -.37 -.11 -.31 .21

Pushup -.10 -.10 -.19 -.08 .08

Combined Grip -.64 -.34 -.46 -.63 .42

Endurance Grip -.64 -.49 -.43 -.56 .48

Flexed Arm Hang -.49 -.64 -.11 -.53 .20

Maximum ILM to
Full E::tension -.34 -.20 -.23 -.27 .20

Aerobic Capacity

Step test -.33 -.56 -.40 -.32 .56

Note * p<.001.

I
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Table Afc Correlations (r) Between Performance Measures and Selected
Fitness Components for Men 35 years or older.

Fitness Land Low High Entrenchment Sea Sandbag
Parameters Evacuation Crawl Dig Evacuation Carry

Anthropometry

Age .30 .30 .21 .24 -.34

Height -.21 -.07 -.09 .03 .27

Weight -.01 .37 -.21 .16 .04 S

Muscular Strength and Endurance

Situp -.46 -.52 -.27 -.30 .48

Pushup -.41 -.38 -.17 -.32 .53

Combined Grip .01 .09 -.14 -.02 -.02

Endurance Grip -.47 -.21 -.25 -.40 .45

Flexed Arm Hang -.36 -.49 .09 -.43 .42 -

Maximum ILK to
Full Extension -.34 -.18 -.31 -.25 .42

Aerobic Capacity

Step test -.52 -.46 -.27 -.32 .62

Note * p<.001.

-I

I
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for older women is shown in Table A8b. Again, no variable could account for

more than 40% of the variance in performance scores. Similar observations

were made for the older male population in Table A8c, where not more than 27%

of the variance in performance scores could be accounted for by EXPRES fitness

variables. The Figures A5a-c highlight the variability of performance. This

variability is not unexpected as fitness measures are only one component of

task performance. As with Phase II the variables which related to performance

differed between the three groups.

A5.3 Multiple Linear Regressions

While simple correlation indicated a high probability of a relationship

among certain fitness parameters and task performances, correlations were

poor. Thus, in order to test the possibility that several parameters

interacted in a way to produce a highly correlated predictive model for task

performance, multiple correlations using regression analysis were determined;

the pass test for a variable to be included in the regression model was p<.05.

A summary of the results of the multiple linear regression models are

shown in Tables A9a - A9c. An examination of the regression coefficients for

the produced equations showed little improvement over the simple correlation

case. For younger women, multiple linear regression equations could explain

from 18% to 50% of the variance in task performance 4cores. The regression

equations included almost an equal number of EXPRES and additional laboratory

tests in the equations. The variables for the younger women's group differed

from the variables within the equations for older women and older men.

Muscular strength or endurance variables were identified for the entrenchment

dig and sea evacuation, whereas strength and aerobic variables were indicative

of performance in the land evacuation, low-high crawl and sandbag carry.

In Table A9b, for older women, fitness variables explained 22% - 64% of

the variance in task performance. Although small differences existed, older



37

Table A9a Stepwlse Regression for Tasks using all fitness parameters

with women less than 35 years.

Task/Variables B SE B Mult R R2  F P
in Equation

Entrenchment Dig

Constant 1061.70 111.45
ILM -11.92 2.63 .57 .32 24.72 .001
Max Grip -2.77 1.29 .61 .38 15.51 .001

Land Evacuation

Constant 1886.36 235.89
Situps -5.74 1.83 .49 .24 16.54 .001
ILM -12.14 4.02 .58 .34 13.25 .001
V02 Max -15.59 5.62 .66 .43 12.55 .001

Low High Crawl

Constant 392.03 55.66
* Flexed Arm Hang -.91 .30 .58 .34 26.56 .001

V02 Max -4.00 1.31 .64 .41 17.91 .001
ILM -2.66 .89 .71 .50 16,80 .001

Sea Evacuation

Constant 233.78 31.39
Flexed Arm Hang -4.07 1.21 42 .18 11.34 .001 A
Sandbag Carry

Constant 2.21 2.81
Flexed Arm Hang .03 .02 .48 .23 15.87 .001
ILH .13 .04 .57 .32 12.07 .001
V02 Max .15 .07 .62 .38 10.32 .001

a



38

Table A9b Stepwise Regression for tasks using all fitness parameters
with women 35 years and older.

Task/Variables B SE B Mult R R2  F P
in Equation

Entrenchment Dig

Constant 750.27 .54
Endurance Grip -1.32 63.15 .47 .22 6.03 .05

Land Evacuation

Constant 2923.68 451.39
Max Grip -16.55 3.82 .66 .44 16.42 .001
V02 Max -24.81 11.98 .75 .57 13.22 .001

Low High Crawl

Constant 500.97 93.16
Flexed Arm Hang -2.82 .79 .63 .40 13.76 .001
V02 Max -8.48 2.91 .73 .53 11.31 1001
Pushups 2.70 1.51 .80 .64 11.08 .001

Sea Evacuation

Constant 1092.20 224.83
Max Grip -13.71 3.64 .63 .40 14.17 .001

Sandbag Carry

Constant .28 2.14
V02 Max .24 .06 .57 .32 9.99 .01
Endurance Grip .02 .004 .72 .52 10.81 .001

Flexed Arm Hang -.05 .02 .78 .61 9.89 .001
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Table A9c Stepwise Regression for tasks using all fitness parameters
with men 35 years and older.

!2

Task/Variables B SE B Mult R R F P
in Equation

Entrenchment Dig

Constant 615.72 92.39
ILM -3.96 1.74 .29 .08 5.19 .05

Land Evacuation

Constant 1124.10 122.06
V02 Max -10.71 2.96 .46 .21 14.72 .001
Endurance Grip -.48 .17 .56 .31 12.26 .001

Low High Crawl

Constant 233.86 22.77
Situps -2.60 .82 .54 .29 23.0 .001
Flexed Arm Hang -.93 .43 .59 .35 14.65 .001

Sea Evacuation

Constant 58.07 4.60
Flexed Arm Hang -.31 .09 .41 .17 11.22 .001
Endurance Grip -.04 .02 .51 .26 9.85 .00i

Sand Bag Carry

Constant -2.18 1.97
V02 Max .23 .04 .61 .36 32.50 .001
ILK .07 .03 .71 .50 27.48 .001
Endurance Grip .01 .002 .74 .54 21.20 .001

$1

!I
•I
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women had many of the same variables in the regression equation as younger

women. It is noted that both the entrenchwent dig and sea evacuation

contained variables of muscle strength and endurance only, whereas the

remaining three tasks consi3ted of both aerobic and strength variables.

In Table A9c are the linear regression equations for older men, where 8%-

54% of the task variance could be explained by fitness parameters. Unlike the

women's data, the land evacuation and the sandbag carry contained both aerobic

and strength variables, whereas the entrenchment dig, low-high crawl and sea

evacuation :onsisted only of strength variables. This was consistent with

observations of task performance where men and women performed the tasks

differently. It would therefore be logical to assume that different

parameters would be related to task performance between genders.

A5.4 Determination of Passing Criteri.

In Phase II, a common task criteria was determined based on the point at

which 75% of the pooled sample of young men and women passed the task. In

this study, no younger men were tested so the women <35 years were subjected

to the same 75th percentile time for passing each task as determined in Phase

II. This cut off did not appear inappropriate as the task times for women

were comparable between the two samples. In Phase II older men were assessed

using the 90% heart rate restriction with results matching the combined scores

of men and women <35 years very closely. However, no data were collected to

examine the impact of restricted performance nor were any data collected with

older women. As a result, a passing criteria was required !or older subjects

which would reflect the extent to which the 90% safety restriction altered

task performance scores, and to create a standard which was baseQ on the

performance results of older men and women.

A small sub-study was undertaken on subjects 35 years to compare
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restricted versus unrestricted protocols. Volunteers completed both a 90%

5 heart rate entrenchment dig and a 100% entrenchment dig under the supervision

of a physician. In addition, a maximal treadmill test was performed to

determine directly the true maximal heart rate and aerobic capacity.

Table A10 presents data on 16 men and 3 women for maximal oxygen

consumption and for heart rate and dig time for both the restricted and

unrestricted tasks. In the case of the restricted task, 90% heart rate maxima

were established using the formula 90% HR =.9([220-age]-70)+70 bpm. The mean

V02 max for men was 40.88 ml/kg/min with an average maximum heart rate of

185.8 beats/minute. The 90% heart rate calculated by means of an age adjusted

maximum was 161.54 beats/minute for men whereas the true 90% heart rate as

calculated from true maximals was 166.25 beats/minute. Some calculations were

over- or under- estimated by as many as 20 beats/minute. Although maximal

heart race in general was related to age, the forced restriction affected some

subjects.

The unrestricted dig times were improved by 110.25 seconds with nine

males achieving scores which were either within a minute or less than their

previous score (x=-.67s); the remaining nine subjects improved their scores

(x=213.8 s). In other words, when the heart rate restriction was removed,

entrenchment dig scores on average were improved 36.2% for the men and 32.3%

for the women. Closer examination of individual results clearly indicates

that performance scores of those with true maximal heart rates higher than

predicted were adversely affected (i.e., performance underestimated); the

opposite applies to those with lower maximal heart rate. In short, not all

As the safety restriction created a different protocol for older

subjects, it was necessary to determine a passing criteria based on a sample

of well distributed equal numbers of older men and women. As there were

eJ
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Table A10 Raw data and summary statistics for subjects who performed the

entren=hment dig under restricted and unrestricted conditions.

Unrestricted Performance Restricted Performance

*Maximal True Predicted
Age Oxygen 100% Heart Entrenchment 90% Heart Entrenchment

Subject In Consumption Rate Dig (100%) Rate Dig (90%)I I.D. Years ml/kg/min beats/min seconds beats/min seconds

Males

1409 35 47.4 200 306 174 566

1503 35 48.8 208 227 174 464
1602 36 45.8 189 286 173 445
1301 38 31.8 190 239 171 216
1604 38 45.0 209 360 171 646
1702 38 44.3 183 511 171 470
1804 38 44.6 186 362 171 316
1603 40 32.6 189 218 169 301
1703 40 39.5 165 369 169 300
1701 41 37.0 176 317 168 375
1302 44 36.2 173 318 165 260
1401 44 28.8 176 334 165 604
1403 45 36.6 189 266 165 501
1404 45 45.8 181 245 165 637
1803 49 37.2 175 269 161 273
1801 49 40.6 179 234 161 248

Mean 40.88 185.81 303.62 161.54 413.88
S.D. 5.28 11.70 72.28 29.73 142.34

Females

1709 39 33.3 197 448.9 170 490
1509 40 39.8 185 325.0 169 483
1305 40 36.3 184 487.7 169 680

Mean 36.47 188.67 420.53 169.33 551
S.D. 2.66 5.91 69.36 0.47 91.26

* A maximal oxygen consumption test was used to determine true maximal heart

rate.

I
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unequal sample sizes, three randomized subsamples of 28 males were selected,

and averaged to combine with the total sample of 28 females. Cumulative

frequency histograms were created and the 75th percentile task performance

scores were determined. Interesting to note is that the average difference in

task requirements were 32% longer than for younger subjects. As these results

were comparable to the restricted versus unrestricted substudy using the

entrenchment dig, it was assumed that all other tasks likewise were restricted

by the heart rate monitor, as evidenced by the number of times older subjects

were required to stop and wait until the heart rate monitors returned into the

target zone. This adjustment seemed a reasonable criterion to compensate

older subjects for the safety restraint. The younger subjects task

performance criteria and older subjects task times are presented in Table All.

A5.5 Description of Passing Groups

Having established reasonable passing criteria for the task performances,

all subjects were identified as having passed or failed individual tasks. For

the passers, a profile of EXPRES and additional laboratory tests were

established for each task. This provided a mean and standard deviation for

each of the EXPRES variables for the passing group. Using this description as

a basis, z-scores for normal distributions were used to predict the 5th

percentile of the passing group. That is, of the fitness scores obtained by

the passing group, the lowest 5% of these scores were taken to be the minimum

required to perform the task. By inference, this creates a 5% likelihood of

falsely classifying a passing person as a failing one. For each of the tasks,

the EXPRES scores for the 5th percentile of the passing groups were tabulated

(Table Al2a-e). Using Table Al2a as an example the 5th percentile score for

personnel passing the entrenchment dig are shown. For women <35 years, a

maximal grip score of 58.8 kg represented the 5th percentile of the passing

group. This variable appeared in the regression equation and was evident in
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Table All Criterion used as pass/fail times for each of the task
performances.

Task Criteria Men and Women Men and Women
< 35 years 1 35 years

Entrenchment Dig (s) 510 673

Land Evacuation (s) 900 1188

Low High Crawl (s) 140 185

Sea Evacuation (s) 210 277

Sandbag Carry (I of bags) 12 9

The 32% reduction in passing criteria was based on a substudy of men
and women comparing restricted and maximal dig performance which
revealed a 32% reduction in performance with the 90% heart rate
restriction criteria.

There were no data available for younger men on 750 m Land
Evacuation tasks. The passing time was calculated as 3/4 of the
total time for 1 km from Phase II.

The number of sandbags to be carried by younger subjects was
determined on the basis of a matched sample size of men and women
<35 from Phase II.

0 I

r11
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Table Al2a Fifth percentile scores for personnel passing Entrenchment
*Dig by sex and age level.

Variables Women < 35 Women > 35 Men > 35

Maximum Grip 58 .8bd 42 .2a 73.0

V02 Max 31.1 29 .1a 3 1 .1a

Situps 12.9 10.1 15.2

Pushups -2.5 -5.8a 5.0

Queen's

ILM 2 4 .0abcd 1 6 .9a 35 .8d

Endurance Grip 1 9 .2abc -13.7 d  
5 9 .5a

Flexed Arm Hang -5.5ab -10.0a 2 .9a

UNote. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis.
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Table Al2b Fifth percentile scores for personnel passing Land
Evacuation by sex and age level.

Variables Women < 35 Women 35 Men > 35

EXPRES

Maximum Grip 57.7 1 7 .9bcd 72.9

V02 Max 31.2ad 2 8 .1d 3 1 .2abcd

Situps 15 .2abcd 9.9 1 5 .4ac

Pushups -2.11 -2.26 5.1

Queen's

2*abcd 1 8 abILK 22.9 a c  18.3 a  35.9

Endurance Grip 15.8 9 . 8abc 5 8 . 3 acd

Flexed Arm Hang -6.9b -7.8b 2.8

Note a=Variable identified in discriminant analysis

b=.Reliable difference exists between means of passing
and failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performan:e indicated by simple correlation

d=Variable identified in stepwise multiple regression analysis

tS

!-
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Table Al2c Fifth percentile scores for personnel passing Low-High Crawl
by sex and age level.

Variables Women < 35 Women 1 35 Men > 35

Maximum Grip 65.3 43.2 72.7

V02 Max 3 3 .1abcd 2 9 .7a
bd  

3 1.1 c

Situps 1 5 .4b 11 .8b 16 .8abcd

Pushups 0 .7 5abc -3.0ad 5.5

Queen's

ILM 2 3 .1abcd 1 7 .6a 36.1

Endurance Grip 10.3 -2.9b 54.6

Flexed Arm Hang 1 .2abcd -9.1 5abcd 4 .4cd

*Note. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis



48

Table Al2d Fifth percentile scores for personnel passing Sea
Evacuation by sex and age level.

Variables Women < 35 Wemen > 35 Men > 35

Maximum Grip 56.3 49 .5bd 73.5

V02 Max 31.2 28.0 30.7

Situps 13.3 9.9 15.6

Pushups -1.3 -2.5 7.0

Queen's

ILM 2 3 .5ab 17.6 36.6

Endurance Grip 13.3 1 3 .5ab 59.4 d

Flexed Arm Hang -4.0abd -7.1a  2.8d

Note. a=Variable identified in discriminant analysis

b=Reliable differencc xists between means of passing and

failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified In stepwise multiple regression
analysis

IL

A
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Table Al2e Fifth percentile scores for personnel passing Sandbag Carry
by sex and age level.

Variables Women < 3 Women > 35 Men . 35

EXPRES

Maxlmum Gzip 57.0 4 1 .5a 72.7

V02 Max 3 2 .0abd 2 9 .1ad 3 1 .3acd

Situps 15.1 b  7.4a 1 5 .3c

Pushups 0.42 b  -5.7a 7.1c

Queen's

ILM 2 3.0abcd 19.1 36 .4d

Endurance Grip 13.8 -10.4ad 72 .3abcd

Flexed Arm Hang 0 .0 2abcd -1 1.3ad 3.6

*I Note. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis

H.
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the mean differences between passing and failing groups. The other

characteristics which depicted this passing population of younger women were

an oxygen consumption of 31.1 kg/ml/min, 12.9 sit-ups, and -2.5 push-ups. As

the original push-up data were unrealistically low, the z-scores would create

a negative push-up requirement; this, of course, is not logical. The

requirements for older women who passed the entrenchment dig were lower scores

for all EXPRES variables, especially the grip strength. For older men, the

grip requirement was 24.2 kg to 30.8 kg more than younger or older women

respectively, whereas the oxygen consumption value was relatively low for men

at 31.1 kg/ml/min, in comparison to their female counterparts. Sit-ups,

however, were higher for older men than for both younger and older women.

It was obvious from Tables Al2a-e that significant relationships in

fitness variables differ between groups. For example in Table Al2b, the land

evacuation task, a relationship existed between oxygen consumption and sit-ups

for younger women, whereas the relationship was between maximum grip strength

and oxygen consumption for older women. For men, the relationships were

oxygen consumption and sit-ups. It was interesting to note that grip strength

required for younger women was far greater than that for older women. This

trend continued through all of the tasks and was attributed to a skewed sample

of grip scores by younger women. The variables of oxygen consumption and sit-

up scores followed a logical drop-off, as would be expected with age. For

older men, the grip values were much higher than for women; however, oxygen

consumption requirements were very close to that of younger women but larger

than that for older women. The sit-ups for older men were often two or three

more than required for younqer women but often as many as six more than older

women. The number of push-ups for the men varied from five to seven, as the

5th percentile of the passing group; howeveL, the push-up data for women was

not acceptable as there was doubt to the authenticity of the data.
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It was interesting to note that from the Queen's station, the ILM test

was more closely related to task performances for women than for men. This

was particularly true of younger women, where there was a relationship between

ILH and every task. The flexed-arm hang also tended to show a close

relationship to performance variables.

In summary Tables Al2a-e the 5th percentile of the passing group for each

task were identified . In addition, variables which were related to EXPRES

and laboratox tests were identified. Results revealed that the underlying

fitness varia 'es which related to task performance differed for each group.

Second, each group had differant fitness scores to represent the 5th

percentile of the passing group. Lastly, poor performance by women's push-up,

endurance grip and flexed arm hang created erroneous 5th percentile values and

thus cannot be used for creation of standards.

5.6 Development of a Physical Fitness Standard

Table A13 is a summary of the reliable relationships between EXPRES items

*and the ILM and the five task variables. As with Phase II, the relationships

differed between groups, as could be expected because of different techniques,

especially between men and women. Table A13 was used as the basis to develop

a minimum physical fitness standard (MPFS) for each of the identified fitness

parameters individually. As in prevIouz years, the value which was chosen as

a minimum was selected on the basis of being related to the task as indicated

* in Table A13 and by being the highest of the passing requirements. For

example, oxygen consumption for younger women was related to the land

iaCUati4n tak, 1-high ,..I .nA canuhan r.Arv. with oyvapn cnnsumntion

requirements of 31.2, 33.1, and 32.0 ml/kg/min, respectively (Tables

Al2b,c,e). As the low-high crawl required the highest oxygen consumption

value (33 ml/kg/min), this was the recommended physical fitness standard for
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Table A13 Summary of reliable relat-onships between EXPRES items and j
task variables using simple correlation, regression and
discriminant analysis. ]

EXPRES Entrenchment Land Low High Sea Sandbag
Dig Evacuation Crawl Evacuation Carry

Women < 35 years

Grip bd
V02 Max ad abcd abd
Situps abcd b b
Pushups abc b
ILM abcd abcd abcd ab abcd

Women 1 35 years

Grip a bcd bd a
V02 Max a d abd ad
Situps b a
Pushups a ad a
ILK a ab a

Men 1 35 years

Grip

V02 Max a abcd c acd
Situps ac abcd c
Pushups c
ILK d

Not_ a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis

'1

LI
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that EXPRES variable. This process was continued for all EXPRES parameters

and the ILH test. The results of this process are presented in combination

with previous data in Table A14.

Comparing results for Phase III and Phase II, for the younger women it

.. could be seen that there was a great disparity in minimum grip requirement

(Table A14). This was attributed to a skewed sample in Phase III in that 78%

of the women tested under thirty-five years of age had a combined grip score

of excellent or good (Table A4), in comparison to 32.2% in the same categories

in Phase II. The oxygen consumption requirement was somewhat higher than

Phase II data, presumably a result of a more fit sample in this phase.

Unfortunately, the push-up minimum fitness standard was not valid as the

EXPRES scores for push-ups contained forty-two of the fifty-one subjects in

the poor category. This was a result of the protocol change in push-up

requirements between Phase II and Phase III. An explanation for the

differences in sit-ups was not obvious and hence was probably a result of

other factors affecting the variance in the data. The ILM lift could net be

* compared between Phase II and Phase III because the protocol differed. Phase

III consi ted of a free-style ILM lift to 1.8 m, whereas Phase II was a lift

without stopping to 1.8 m.

For older women, since there were no data from Phase II available, a

detailed description of the EXPRES characteristics were identified. In

combined maximum grip, 40% of the women sampled were in the good and

excellent categories. This would skew the values somewhat higher than might

be expected. This was also true for oxygen consumption, in that 64% of the

sample population were at the 80th percentile or above. As with younger

women, the push-up values were of no consequence; however, the sit-ups were

normally distributed and might, therefore, be reasonable. There were no data

to compare ILM lift scores as the protocol also differed.
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Table A14 Minimum Physical Fitness Standards

,

Women <35 Women 35 Men <35 Men >35
MPFS2 MPFS3 MPFS3 MPFS1 MPFS2 HPFS2 MPFS3

Maximum

Grip (kg) (45) 59 48 75 77 (77) 731

VO2 Max (30) 33 30 39 40 (35) 31

Pushup (#) (21) 1 0 19 14 (14) 7

Situp (1) (24) 15 12 22 21 (27) 17

ILM (kg) (17.5) 25 18.5 ** ** (35) 35

Note. 1 Variable not identified as relevant to any task, therefore
mean 5th percentile of passing groups across tasks was used.

Note these data are from the Phase I and Phase II reports.

Protocol changes between Phase II and Phase III. Only Phase III
data is approporiate for present implimentation.
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For older men the combined grip scores closely matched those of the

previous year; this was not unexpected as the samples appear to be similar.

The oxygen consumption value was lower than in Phase II. A similar trend was

evident for push-ups and sit-ups, where the values dropped markedly from the

previous year. The reduced standards were a direct result of combining men

and women in order to develop a common task criteria. As men's task

performance times were significantly better than women's (Table A7), the 75th

percentile cut off would in effect lower the fitness requirement in Phase III.

It could be argued that Phase II data were more reasonable ior older men in

that a restricted but safe criteria were used and that three of the four

subgroups could be accommodated by this model. This would create a situation

where special criteria would be required fs: older women. For the ILM test

with a different protocol, the lifting requirements would appear the same at

35 kg.

_S

0
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A6 IMPLICATIONS

A6.1 Introduction

As with Phase II, no common standard could be used to describe the

fitness of those subjects able to pass performance standards for the tasks

without taking into account gender and age. As a result, three sets of

standards were proposed and outlined in Table A14.

The justification for separate standards can be made in several ways:

1. Biomechanically, it was observed that the tasks were performed

differently between groups;

2. Older subjects were restrained to performance at 90% of their

maximal capacity based on a common heart rz"e corrected by age;

3. The strength difference on maximal grip scores was closely related

to body size and thus the differences in grip scores between men and

women were more marked than for sit-ups and push-ups; and

4. The fitness variables underlying task performance differed between

the three groups, particularly between men and women.

A6.2 Prediction of Passing and Failing

The standards were developed task by task with no consideration given for

the ability of an individual to pass all tasks. To examine this likelihood

the performance criteria established for each group were used to divide the

populations into passing and failing groups based on fitness scores. Next,

the efficacy of this prediction was tested by counting those of the predicted

passing group who were actually able to pass all task criteria. By inference,

the 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. This method meant that the number of false positives was not

controlled. In other words, subjects may have failed the task criteria but

J .1
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passed the fitness scores.

The results of cross-tabulation of predicted vs actual performance are

shown in Table A15. For younger women, of those subjects who were predicted

to pass all tasks, based on fitness scores, 34% were able to do so. Of those

subjects who were predicted to fail the task, based on fitness scores, 22%

were classified correctly. In the controlled variable, of false negatives,

the incidence of subjects who were predicted to fail tasks but actually passed

all tasks was 2% of the total younger women sample. In other words, the

chance of error was 2% that a woman who was classified incorrectly as a person

who would fail the tasks. Hopefully these subjects would be given a second

chance to perform the task before sanctions by the Canadian Forces. However,

the number of subjects who were false positives, or classified as being able

to pass the task based on higher EXPRES scores, was 42% of the sample. This

large value was a result of the poor predictive power of general EXPRES

fitness variables in relationship to task performance.

For older women, a total of 68.2% were correctly classified, based on

their EXPRES fitness scores. In this sample, no subjects would have been

failed on false classification by EXPRES; however, 31.8% of older women who

failed one or more of the tasks would have passed their EXPRES fitness test.

For older men, 74.6% were classified correctly by their EXPRES scores;

however, of the ones incorrectly classified, 10.1% would have been classified

as failers when they were actually passers in task performance and 15.3% would

have been classified as passers when they actually failed the task

performance.

passers or failers of task performance, based on EXPRES fitness scores. The

incidence of subjects who failed EXPRES but actually passed all tasks was 5.4%

of the total sample. However, once again, hidden within the data was the
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Table A15 Impact of M..nimum Physical Fitness Standards on correct or
incorrect classification by number of fitness standards
attained by number of task requirements attained.

Fitness Task Performance
Test , **
Performance Correctly Classified Incorrectly Classified

Subjects %ubjects %

Women < 35 years

Pass all EXPRES 17 34 21 42

Fail 1 or more 11 22 1 2

Total 18 56 22 44

Women . 35 years

Pass all EXPRES 8 36.4 7 31.8

Fall 1 or more 7 31.8 - -

Total 15 68.2 7 31.8

Men > 35 years

Pass all EXPRES 44 74.6 9 15.3

Fail 1 or more -- -- 6 10.1

Total 44 74.6 15 25.4

Total

Pass all EXPRES 69 52.7 37 28.2

Fail 1 or more 18 13.7 7 5.4

Total 87 66.4 44 33.6

W*Pass all 5

Fail 1 or more
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large 28.2% of the population which would fail one or more of the tasks but

passed their fitness test. It was not possible to control both false

negatives and false positives at the same time within this analytical approach

to establish standards.

A6.3 A Comparison of Proposed Standards to Military and Canadian Population

In a similar manner to Phase II of the contract, a comparison was made

between the proposed standards for this sample population with normative data
0

from military and Canadian populations. The impact of the proposed standards

could then be used to identify the number of military personnel who would

require remedial programs to attain the minimum fitness score (see Table A16).

For younger women, the proposed grip strength of 59 kg from this sample -_

would require the 35th percentile for women between the ages of 20 to 29, and

40th percentile for 30 to 39 years of the military normative data. Since the

military are more fit than Canadians, this would mean that the 73rd percentile

for women 20 to 29 years and 70th percentile for women 30 to 39 years would be

required. Since the military is attempting to define a minimum physical

-fitness standard, it is not logical that levels which exceed the 50th

percentile of the Canadian population would be considered. In addition this

minimum requirement is markedly different from Phase II data, where a combined

grip requirement was a the 5th percentile of military normative data and at

the 20 to 25th percentile for Canadian normative data. This extreme

difference is reflective of the skewed sample population in combined grip

score in Phase III. Upon examination of the proposed standard for oxygen

consumption, younger women would be required to be above the 10th to 35th

percentile, depending on age. In terms of Canadian normative data, this would

require aerobic capacities in the 15th to 45th percentile. These percentile

requirements are 10 percentage points above the expectations from the sample

population in Phase II; again, this seemingly due to a skewed sample in Phase
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Table A16 Examination of the Minimum Physical Fitness 
Standards

relative to normal.

Normative Age Combined VO2  Pushups Situps

Sample Range Grip Max

Women < 35 years
Proposed MPFS 59 33 1 15

Military 20-29 35 10 - <5

Rank (%ile) 30-39 40 35 - 10

Canadian 20-29 73 15 - <15

Rank (%ile) 30-39 70 45 - 25

Women > 35 years

Proposed MPFS 48 30 0 12

Mili~ary 30-39 5 10 - <5

Rank (%ile) 40-49 10 40 - 20

Canadian 30-39 27 15 - 15

Rank (%ile) 40-49 35 60 - 30 -

Men > 35 years
Proposed MPFS 73 31 7 17

Military 30-39 <5 <5 <5 <5

Rank (%ile) 40-44 <5 <5 <5 10

Canadian 30-39 7 <5 12 10

Rank (%ile) 40-49 10 25 15 15

Note. Because of the change in protocol, norm for pushups for women

are not available.

J 
j
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*III. The opposite effect is true for sit-ups, where the Phase III requirement

is fifteen sit-ups, in comparison to twenty-four sit-ups in Phase II,

resulting in a percentile ranking from five to ten based on military normative

data, and fifteen to twenty-five for Canadian normative data.

The differences between Phases are reflective of the difficulty in making

standards when only 20% to 50% of the variance in task performance can be

explained by fitness scores. It is therefore necessary for the military to

use sound Judgment in interpretation of data presented in this manner. This

becomes a difficult and arguable process which must be defended by the

military in cases brought before the Canadian Human Rights Act. As only a

maximum of 50% of the variance can ba explained on any one task by fitness

scores, this would suggest that if a subject had a 50% probability of

completing the task, then they should be considered at an acceptable fitness

level. This concept will be explored in the next section.

With older women the proposed minimum fitness scores are based on the

hypothesis that subjects were restrained on the average 32% from their maximal

capacity based on a safety restriction. With this adjustment the proposed

minima fall between the 5th to 20th percentile on military normative data and

15th to 60th percentile for Canadian normative data. The variable of greatest

concern is maximal oxygen consumption score for subjects in the 40 to 49 age

range where older military women should be asked to be at the 60th percentile

of Canadians. Once again, it is important to note that any minimum

requirement above the 50th percentile should be considered unacceptable as a

minimum fitness level. This is particularly true of oxygen consumption, where

genetic make-up has a large bearing on aerobic capacity and training can

improve this score only marginally (±20%). This would create a fitness level

that is unattainable by subjects, regardless of how hard they worked to

improved their aerobic capacity. The problem introduced here (a genetic limit

- N
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on fitness potential) introduces another possible alternative in that a

composite score could be used to evaluate fitness. For example both maximum

grip strength and aerobic capacity were related to performance on the land

evacuation task (Table A9b). The equation to predict a task performance would

consist of the following elements; Predicted Land evacuation score = constant1

+ coefficientl(Grip score) + coefficient2(V02 max). This process would permit

an individual to compensate for a lower aerobic fitness with an improved

strength variable. As this type of compensation was observed in the way tasks

are performed, this would be a reasonable and logical approach to standards.

This concept and method of analysis are discussed further in Section C.

For older men the propcsed fitness standards are also corrected by 32%

based on the average restraint of subjects during task performance. This

would create minimum standards between the first 5th and 10th percentile on

military data; these values are equivalent to the 5th to 45th percentile on

Canadian normative data. These standards are below the criteria established

in Phase II and as discussed in Section A5.6. The CF could Justify using the

Phase II requirements based on safety concerns and a special program created

for older women. Once again, the aerobic capacity value must be observed

closely so that standards are not created which are beyond fitness capability

with training.

A6.4 Evaluation of the Incremental Lifting Machine

The Canadian Forces has been giving serious consideration to the

Incremental Lifting Machine as part of the occupational physical selection

requirements for the Canadian Forces. As a result of this knowledge, all

subjects in the present study performed a free-style ILM lift to 1.8 m using a

standardized protocol where the subject was permitted 10 second to execute a

maximal lift to the target height. This was a unique lift type from previous
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protocols in that the removal of restrictions was designed to aid subjects by

allowing a more individualized approach to the lifting problem. It was hoped

that this strategy would allow subjects to take advantage of their unique body

strength and timing to provide their maximal possible lift on this uni-

dimensional task.

Table A17 is a reminder of statistical analyses in which the ILM score

and task performance were compared (also In Tables A8, 12 and 14). Although

the simple correlations varied from -.18 to -.63, the correlations were

somewhat higher and in greater frequency than in Phase !I data, where a

different ILM protocol was used. This was particularly true for younger

women, where the ILM was a part of all task analyses. As a result, the ILM

exceeded many of the other fitness variables in statistical relationships for

this sample of younger women. This, however, was not the case in the Phase II

data with the altered protocol.

For the older women's group, the ±LM was related equally well to other

fitness variables, whereas for older men the ILM was one of the weaker test

items. When the ILM test was used as one of the minimum physical fitness

parameters, minimum scores of 25 kg for younger women, 18.5 kg for older

women, and 35 kg for older man were recommended. Neither the protocol nor the

sample populations have been repeated and, hence, the suggestion of a standard

was not appropriate. However, as the ILM test was equally as strong as other

fitness measures, It is suggested that ILM testing be continued, especially if

the device is to be used as an occupational strength requirement. Acquisition

of normative data would, therefore, appear mandatory if judgments :re to be

Made Oil VdLiUUb OCLUpdLIUIlb ulbilfl Lhib 5.zeening deviLe. HU,'evel, dL Lhib

time no fitness standards are proposed without further investigation.

I
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Table A17 Statistical summary of relationships between ILM scores and
task performance for each group.

-J

Groups/ Land Low High Entrenchment Sea Sandbag
Statistics Evacuation Crawl Dig Evacuation Carry

Women < 35 years

Simple correlation (r) -.52 -.46 -.62 -.27

In regression equation

In discriminant analysis

Women > 35 years

Simple correlation (r) -.34 -.20 -.23 -.63

in reqLession equation

in discriminant analysis

Men 1 35 years

Simple correlation (r) -.34 -.18 -.31 -.25
**

In regression equation

In discriminant analysis

represents a significant relationship (p<.05) between the ILM and the task,
either by being in the regression equation o a discriminator of passing
and failing groLfs.

I

i

t .1
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A7 DISCUSSION

AT.l Review of Problem

Over the past three years, research projects have been undertaken to find

a model which will be fair and reliable and has a measure of content validity

to emergency tasks. The model that has been developed was based on a

representative sample of C? personnel from four groups, men and women under 35

years and men and women over 35 years. The subject selection process was an

atteupt to test an evenly distributed cross-section from various fitness

levels; this process was repeated on a second sample as a measure of

reliability of the standards. In all tasks the criterion measure was time of

task completion (except sandbag task where the criterion was number of bags

carried). This model was based on using an equal representation of men and

women to determine the pass/fail criteria for task perfor..nce. In order toi6

comply with the Charter of Human Rights, a common pass/fail criteria was

established for all groups set at the 75th percentile of the sample

population. This percentile was designated based on an arbitrary Judgment for

logical task completion scores. The EXPRES and additional fitness variables

were compared to task perfornance by means of simple correlation, step-wise

regression, discriminant analysis and differences between passing and failing

groups. Results of these analyses identified that the variables relating to

task performance differed among groups as did the level of fitness required on

the part of each passing group.

The tasks which were selected from the list of seven common tasks were

t deemed to be the most physically demanding and, hence, muscular strength and

endurance requirements were consistently higher for women than men. This

result was not unexpected; however, one major concern of the CF with this

model was the reduced expectations of male performance. The problems

associated with the establishment of CF minimum physical fitness standards
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should be identified so that this and other models can be appraised

appropriately. Although this is by no means an exhaustive review of

difficulties it may serve to assist in the evaluation and determination of

future directions in creation of fitness standards.

A7.2 Determination of Common Tasks

The common emergency tasks and criterion measures given to Queen's

University for assessment were already defined by the Canadian Forces.

Although not all tasks were assessed with empirical data, there were logical

assumptions on certain tasks in terms of physiological demand. However, it is

important to note that nuclear biochemical warfare (N.B.C.W.) clothing

increases physiological demands in terms of the task difficulty, task

duration, and type of clothing worn. Unfortunately, no studies were conducted

within this contract to determine the extent of increase in demand; however,

it might be possible to use related literature to determine an appropriate -

multiplier for N.B.C.W. clothing. Regardless of whether all tests were

evaluated, the Canadian Forces might still be asked to speak to the common

tasks and the ctiterion measures used for task performance.

A7.3 Evaluation oL.T..k&

In the first year of the study the actual task definitions as laid out in

the list of seven common taski were attempted. This did not prove

satisfactory as individual differences in conditions, (i.e.,digging in soil),

proved to be unreliable measures. Therefore, operational definitions were

created for each task which improved the reliability of task measures

definitions could portray the true task performance was not consistent across

all tasks. For example, the box dig removed strength and technique components

which contributed to scores in the actual task performance. This may not have
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been as obvious in the land evacuation and other tasks. Nonetheless, with

these improved operational definitions, fitness scores accounted for anywhere

from 8% to 64% of variance in task performance data, depending on the task and

the group. To improve the relationship to the point where results are

predictive, it would be necessary to execute the tasks themselves.

A7.4 Determination of Passing Criteria

In this study an equal and representative number of men and women were

used to determine the common passing criteria. As the correlations were

relatively poor, the 75th percentile used as the common passing criteria was

relatively insensitive to changes of 10% - 15%. This was especially true for

men as the passing criteria tended to accept most men and only the upper half

of women. If the requirement were raised where there would be a comparable

impact on the male population then the female requirements would rise

unreasonably high. This is because the tasks were designed with the

preconceived notion of who would undertake the tasks as well as how the tasks

should be performed. If the task definitions were strictly applied to women

in the simple view of finding women who can meet a higher task criteria, this

solution is pragmatic in the short term but does not go any distance towards

equality. I
It remains to be shown that the task has been designed in an optimal

manner. Both the land evacuation and sandbag carry task definitions can be

used to describe the importanci of creating optimally-designed tasks prior to

trying to screen individuals to meet task criteria. For example, the load on

the land stretcher was fixed at slightly heavier than the average man's weight

of 80 kg. As indicated earlier, this type of definition mean that the women W

whose average weight is less than men are constantly carrying greater

proportionate loads than their zale counterparts. Therefore, it is reasonable



68

to expect that the underlying fitness parameters also change between genders

as the loads are not comparable between genders. In addition, this task was

not modified to optimize the task. The simple addition of shoulder straps on

the stretcher would have improved the task definition considerably for women

and men, regardless of whether the load was changed. For the sandbag carry

the bags were filled to 20 kg. The amount of sand in the bag is also an

arbitrarily determined load. Perhaps both men and women would move more total

sand if 15 kg per bag were used. Once again, no attempt to optimize task

performance for both genders has been undertaken prior to determination of

optimal fitness standards. It would seem loqical that the Canadian Forces

should first attempt to create optimal task definitions for men and women

prior to the creation of screening tests.

L&.5 Minimum Physical Fitness Standard

The minisum physical fitness standard could be defined as: the lowest

possible fitness level at which an Individual may be reasonably expected to

successfully undertake standing orders. Vithin this definition, "lowest

possible fitnes* level" must be selected as the 5th percentile of passing

qroups fitness levels. The terms "reasonably expected" to sacceed refers to

the likelihood of success rather than failure on the task. As the variance in

scores can be explained from 8% - 64% by EXPRES, depending on task and group,

it would be reasonable to accept a fifty/fifty chance that the individual has

an equal probability of passing or failing. This might be particularly

appropriate lor women seeing as the task definitions can be challenged.

Perhaps a higher probability might be argued for the male standard of task

men. Also within the definition is the term "successfully undertake standing

orders.* Success therefore dep~ctn a pass and fail criterion. In our model

wc have determined 75% of the popularon as the level that should be
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considered a pass. This is essentially arbitrary but based on history and _

current practices. This entire definition rides on the assumption that all CF

personnel in the Armed Forces in addition to their military duties have

certain other occupational duties. For example, a CF member is also a clerk

rather than a clerk who also has military duties. The only question that remains

is, how reasonable are the standing orders.

A7.6 An Alternate Solution

One concept which has not been adequately explored is the idea that an

individual often uses one attribute to compensate for adother. For example if
0

a person has a good aerobic capacity but reduced muscular strength, they may

carry smaller loads but move more quickly. This information is available

using the regression equations to predict task performance: constant1 +

coefficient1 (grip score) + coefficient2(VO2 max). By using probability

tables it would be possible to determine the likelihood of success at each of

the tasks. In addition, the probability tables could be used to evaluate the

impact by gender and age of moving the task performance criteria higner or

lower. These tables would give the CF long term planning potential in terms

of fitness levels and an opportunity to change some tasks in the battery and

measure the impact of this change. Ia addition the CF would have the

potential to accept the same or dif~tent probabilities of success by gender.

This potential could be beneficial at this time in history in that social

constructs and systemic bias in task design favour men. If the CF wished to

accept differing probabilities of success as a compensation measure, then the

barriers are removed, the probability of sL.(-:ess could also be raised. This

concept is explored with examples from Phase III data in Section C of this

report.
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A7.7 Technology Transfer

The information found within this contract reveals that further research

must be continued In order to assess changes in task performance score

resulting from fitness and to increase the confidence of the data base at

hand. In addition we recommend that any CF personnel for whom sanctions are

considered be given a final opportunity to redeem themselves by executing the

tasks themselves.

We therefore encourage the Canadian Forces to establish a testing site to

continue data acquisition. In addition, wp- propose that the Canadian Forces

create a central computerized data base of EXPRES variables so that these

measures may be monitored over time to assess the relationship between ERPRES,

fitness, task performance and occupational trades.
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A8 CONCLUSIONS AND RECOMMENDATIONS

The following statements represent our opinion of the findings from the

experiments undertaken in this contract.

A8.1 Operational Definitions and Performance C~iteria

The operational task protocols used in this study were sufficiently

objective and reliable to be considered reasonable measures of task

performance. Further, the selection of a task performance criteria set at the

75th percentile of the total sample population performance was based on

realistic task requirements.

WE THEREFORE RECOMMEND THAT:

The Canadia'i Armed Forces continue to use operational task protocols

rather than field task definitions and that the 75th percentiles should be

continued as the passi;.g criteria to evaluate performance.

Since the present protocols and standa:ds are relative to the current

populat:ons sampled, these task criteria should be upgraded as CF personnel

improve their fitness.

A8,2 Fitness Content in the Common Military Tasks

Across all tasks and groups, not less than 8% nor greater than 64% of

task performance can be explained by measures of physical fitness. The

remaining variance In the data is probably a result of factors such as

motivation, skill, training and other unmeasured variables. Furthermore, it

was evident that EXPRES variables which related to task performance differed

among the three groups studied, (women under 35 years, women over 35 years,

and men over 35 years of age) despite the fact that task performance

requirements were identical for all three groups. (This result also occurred

in previous phases of this study.)

) S
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WE THEREFORE RECOMMEND THAT:

EXPRES, which is a reasonable indicator of general physical fitness,

continue to be developed as an indicator of task performance but, that the

Minimum Physical Fitness Standards be established based on those fitness

variables which relate to task performance for a particular group.

A8.3 Minimum Physical Fitness Standards for Women Under 35 Years

In our opinion the EXPRES scores listed in Table A14 reasonably represent

the 5th percentile of this female population sample under 35 years of age able

to pass the performance criteria established for the common military tasks.

However, this sample may not adequately represent the total population since

there was a disproportionate number of subjects with excellent grip strength.

WE THEREFORE RECOMMEND THAT:

Minimum Fitness Standards be established for women under 35 years of age

based on a combination of data from the sample populations observed in MPFS II

and MPFS III and shown in Table A18.

A8.4 Safety Restriction for Older Subjects

Compliant with the American College of Sports Medicine, no CF personnel

over thirty-five years of age was permitted to execute tasks at maximal heart

rate. This safety restriction modified the MPFS task protocols for older

subjects.

A study was un&rtaken to compare a restricted and unrestricted task

performance. Results revealed that the constrained protocols restricted

performance on the average 32%. The task performance criteria were adjusted

to accommodatefo %LUJ.. s

WE THEREFORE RECOMMEND THAT:

Restricted task protocols continue to be used during subsequent data

acquisition phases, however, if sanctions are imposed against an individual,
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Table A18 Rec6mmended Canadian Forces Minimum Physical Fitness Standards
based on results from three phases of data acquisition for
predesignated common tasks.

Men Women Men Women
<35 years <35 years k35 years 35 years

Maximum
Grip (kg) 75 50 73 48

V02 max
(ml/kg/min) 39 32 35 30

Sit-ups (1) 19 15 17 12

Push-ups (1) 19 14 -- -7

ILM (kg) -- 25 35 20

01
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we recommend that unrestricted task protocols be conducted in the presence of

medical support.

A8.5 Minimum Physical Fitness Standards for Women Over 35 Years

The EXPRES scores listed in Table A14 and A18 reasonably represent the

5th percentile of the female & 3pulation sample over 35 years of age able tc

pass the performance criteria established for the common military tasks.

Although this sample of older women was smaller and only one sample was

tested, it was representative of a wide range of fitness levels.

WE THEREFORE RECOMMEND THAT:

A Minimum Fitness Standard for older women be established based on

results in Table A18.

A8.6 Minimum Physical Fitnes Standards foc Men Over 35 Years

The EXPRES scores listed in Table A4 reasonably represent the 5th

percentile of the male population sample over 35 years of age able to pass the

performance criteria established for the common military tasks. However the

population sample tends to represent individuals in the good to excellent

fitness classifications and is skewed to a lower minimum by combination with

older women's data.

WE THEREFORE RECOMMEND THAT:

A Minimum Fitness Standard for older men be established based on a

combination of data from the two sample populations observed in MPFS II and

MPFS III as shown in Table Ai.

A8.7 &uranent Testing FacilUg.

After two years of refinement, MPFS protocols and system for data

processing are now consolidated. -i

S~ .~,.-- --- J



WE THEREFORE RECOMM4END THAT:

II A technology transfer phase be implemented and that a permanent testing

facility be constructed at a CF Base to routinely upgrade these criteria as

weil as to further evaluate individuals whio fail to achieve MPFS fitness

m criteria.
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SECTION B

DETAILED EXPERIMENTAL REPORTS
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SECTION BI

ANTHROPOMETRIC. EXPRES AND LABORATORY DATA ANALYSIS
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B1 ANTHROPOMETRIC, EXPRES AND LABORATORY

DATA ANALYSIS

B1.1 Introduction

This section describes the military personnel according to EXPRES, the CF

anthropometric and fitness test battery and selected laboratory tests. The

anthropometric measures and EXPRES data consisted of height, weight, selected

girth measurements, percent body fat and the EXPRES measures of muscular

endurance In sit-ups and push-ups, aerobic endurance (a predictive sub-maximal

step test) and %uscular strength (a combined hand grip score). The laboratory

tests included endurance hand grip, endurance upper body flexed arm hang and

maximal Incremental Lifting Machine (lift to 1.80 m). The number of tests

which were included in this report have been reduced in number based on

results from Phase I and Phase II, where correlations were sufficiently low to

remove specific items from the battery. The purpose of this test battery was

to profile each subject according to fitness in order that these data might be

used in developing minimum physical fitness levels required for satisfactory-

performance of the Military tasks (Sections B2 to B6).

B1.2 Subjects

A total of 149 subjects participated in Phase III at Queen's University

from August 4 to August 21, 1987. The subjects were transported in from

various CF bases, most frequently CFB Kingston, Trenton and Ottawa as well as

NDHQ in Ottawa. The original request for subjects was to test 80 younger

women and older men, 20 from each quartile of EXPRES oxygen consumption score,

and 40 older women, 20 from each half of the oxyqen consumption percentiles.

The intent of requesting subjects from varying fitness levels was to guarantee

a representative sample and ensure that the fitness standards were not skewed

by either testing a very unfit group or a very fit group of individuals. The
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younger women and older men's groups represented a second independent sample

of military personnel so that minimum fitness standards could be developed

based on two representative samples. The older women's group had not been

previously tested, except for a small group of 8 women in Phase I. As this

sub-group represents a very small percentage of the total military population,

it was difficult to repeat the tests on a second sample.

B1.3 Procedures

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

briefing by an officer from DPERA and the project manager from Queen's

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

facilities, shown accommodation and provided with lunch. Upon return, a

formal briefing on the purpose of the study was held which addressed such

matters as; a review of the test and task batteries, assurance of

confidentiality, safety and general procedures. Subjects were divided into

small groups and rotated in a circuit through all 6 stations. See Appendix B

for subject information booklets.

Only 1 test item was performed in each half day in order to reduce and

control levels of fatigue. Each 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 each task. Leaders tried to remain

consistent in encouragement, reinforcement and protocol requirements.

The American College of Sports Medicine Guidelines (85: 39-42) clearly

states that persons greater than or equal to 35 years of age should not

sustain an exercise intensity in excess of 90% of maximal capacity. As a

consequence, in the present study, in the interest of safety subjects 35 years

of age or older were required to wear heart rate monitors throughout testing
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in order to monitor their on going heart rate changes. 90% capacity was

determined by heart rate response as predicted by the following equation and

pre-programmed into each heart rate monitor: 90% heart rate = 0.9[(220-age)-

70) + 70 bpm; where 70 bpm is assumed to be the resting heart rate. When the

subjects 35 years of age achieved their predicted 90% of capacity limit, they

either discontinued that exercise, or paused until their heart rate recovered

sufficiently to allow them to proceed at the low 90%. In other words, these

subjects Z35 years were not given the freedom to complete the tasks and tests

as vigorously as younger subjects, often having to pace themselves throughout

the longer task performances. Therefore, data for older subjects were

analysed separately from younger groups and the findings interpreted in this

light. Throughout section B, specific instances are highlighted and discussed

accordingly.

There were approximately 12 subjects per group and each group rotated

through 6 stations during their week at Queen's University. 5 stations

consisted of tasks, namely Low-high Crawl, Land Evacuation, Sea Evacuation,

Entrenchment Dig and Sand bag Carry and the additional laboratory test

stations consisting of Flexed Arm Hang, Endurance Grip and Freestyle ILM. The

EXPRES data had been administered by qualified CF Physical Education and

Recreation Instructors (PERI) not less than 6 months prior to testing subjects

in the tasks. The oxygen consumption score from the EXPRES test was also used

as the criteria for selection of a representative and random group of

subjects.

Si.4 Results and Discussion

B1.4.1 Physical Characteristics of the Subjects

The sample consisted of a total of 149 subjects comprised of 59 women <35 -

years, 28 women 135 years and 62 men 35 years of age. Means, standard



deviation and ranges of all subjects in Phase III are divided by age and

gender in Table B1.1. The characteristics of age, height and weight of the

sample population were representative of military normative data. A

significant difference was noted between height and weight variables across

h gender, though not in regard to age. The younger women in Phase III were

similar in age, height and weight characteristics to other phases. However,

the older men and women categories contained a subject pool approximately

three years older than the previous phase and older women were 5.4 kg heavier

than the previous nample.

B1.4.2 Sample Distribution by EXPRES

The distribution of the subjects on the basis of EXPRES percentile scores

is shown in Table B1.2 with descriptive data in Figure BI. Subjects had been

requested at random but within quartiles of fitness scores based on oxygen

consumption values. For women under thirty-five years, the sample was evenly

distributed in oxygen consumption but skewed positively in cmbined grip and

negatively in push-ups. However, for older women there was a preponderance of

subjects wno fell in the excellent category, in oxygen consumption and grip,

although some subjects were distributed in lower fitness levels. The sit-up

scores were well distributed, but push-ups were negatively skewed. For older

men there was a large grouping at excellent and below average categories for

oxygen consumption, but subjects were skewed positively for all other fitness

categories.

There would be a natural tendency for more fit subjects to volunteer for

physically demanding tasks. Unfortunately, this natural selection process

tended to render higher prediction values of MPFS. As the subjects were

selected based on oxygen consumption values, it was not possible to account

for grip, push-up or sit-up scores. If a larger sample were selected for

study then it would be anticipated that all EXPRES variables would become
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Table B1.. Distribution of CF personnel by sex and age level.

z6

Under 35 years Over 35 years Total
n n

Women 59 28 87 - j

Men -- 62 62

Total 59 90 149

-LI
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Table B1.2 Population Distribution by EXPRES Percentiles based on
Military Normative Data. Values indicated are the counts
observed in each category.

Test Variables Women Women Men
< 35 Years 35 Years 35 years

OXYGEN CONSUMPTION
(ml/kg/min)

Excellent 11 12 27
Good 14 6 4
Average 11 4 9
Below Average 12 3 15
Poor 11 3 7

COMBINED GRIP
(kg)

Excellent 32 1 29
Good 14 10 10
Average 4 4 14
Below Average 7 4 6
Poor 2 9 4

SITUPS
(no.)

Excellent 17 6 22
Good 6 5 15
Average 10 9 15
Below Average 11 6 3
Poor 15 2 8

PUSHUPS
(no.)

Excellent 4 1 23
Good 0 1 13
Average 5 2 10
Below Average 8 4 10
Poor 42 20 7

Excellent - 81-100 %ile Below Average - 21-40 ile

Good - 61-80 %ile Poor - (20 %ile
Average - 41-60 %ile

L
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Figure Ell. Gaphic display of EXPRES scores of the sample by age and group.
The o epesen s he mean scores and the ba rplesens one

standard deviation.
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normally distributed.

The push-up data were skewed toward the poor category for both younger

and older women. Between Phase II and Phase III, a push-up similar to the

men's push-up was implemented for women. When comparing data from Phase I and

II, where push-up scores were excellent and normally distributed respectively

using the knee style push-up, Phase III data would indicate that the

preponderance of poor push-up scores were highly questionable for

establishment of a standard. 4

The EXPRES data for the three groups are plotted for comparison (Figure

91) and the actual EXPRES scores by age group and sex for the sample

population are presented in Table B1.3. With all EXPRES variables older men 4

have higher scores than younger women who also have higher mean scores than

older women. This tendency would be expected based on the normative data by

£ gender and age. The only variable which did not follow this trend was sit-

ups, where younger women had a slightly higher mean score than older men.

Both sit-ups and push-ups should naturally adjusted by one's own body weiqht

*hence the impact iof body size was not as obvious. This was not evident in the

push-up scores, where women were asked to execute a different push-up between

Phase II and Phase III. The drop-off in MV02 was expected by gender and age,

and combined grip scores, responded to body mass as well as age.

B1.4.3 Summary of Laboratory Tests

Based on previous reports, three additional laboratory tests were

included in the test battery; namely, flexed-arm hang, combined endurance

grip, and tree-style maximal incremental Liting Hachine (IL.) I 6it. &t

data are plotted in Figure B2 and reported in Taole B1.4. In all cases

older men 'had higher scores for all three variables than younger and older

women. Younger women had higher scores than older women on flexed arm hang
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Table Bl.3 Summary of EXPRES scores of the sample by age group
and sex.

Predicted Combined Situp Pushup
V02MAX Grip (no.) (no.)

(kg)

Women < 35 years
n- 59

Mean 36.9 73.2 32.7 18.4
SD 3.6 11.2 11.8 12.1

(min-max) (30.4-50.2) (43-98) (7-59) (0-70)

'Women 35 years
n= 28

Mean 33.3 58.6 24.3 9.1
SD 3.3 11.4 9.5 8.6

(min-max) (27.5-39.8) (37-80) (4-42) (0-35)

n= 62

Mean 40.6 109.5 31.6 27.1
SD 6.1 21.8 9.9 13.5

(min-max) (30.4-57.8) (14-159) (8-62) (5-81)

>S
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Figure B2. Graphic display of laboratory test scores of the sample by age and
group. The o represents the mean scores and the bar represents
one standard deviation.
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Table BI.4 Summary of Laboratory Test Scores of the Sample by Age
Group and-Sex.

Flexed Combined ILM
Arm Endurance Freestyle
Hang Grip Lift to 1.8m
(S) (s) (kg)

Women < 35 years
n= 59

Mean 20.0 82.4 30.8
SD 17.1 46.2 5.4

(min-max) (0-62) (15-203) (20.0-55.0)

Wome L35 vear
n= 28

Mean 11.3 89.8 26.6
SD 13.7 62.0 5.4

(min-max) (0-45.8) (25-275) (20.0-42.5)

n= 62

Mean 30.4 231.2 52.4
SD 16.7 108.6 10.0

(min-max) (2.2-76.1) (59-547) (35.0-80.0)
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and ILM lift; however, endurance grip was greater, although not significant,

for older women. When comparing tests across groups and years, the sample of

younger women for Phase III were higher on all test categories than women from

the previous phase. This result paralleled the EXPRES data across younger

women. The opposite effect was true for older women in that the small sample

(n = 8) in Phase II were elite women, whereas this sample was larger (n = 28)

and more widely distributed. Likewise, the older men were less proficient at

flexed-arm hang and combined grip in comparison to the previous year. This

followed the profile of older men on the EXPRES test, where all scores were

lower except for maximal combined grip.

The ILM test could not be compared between phases because a frrestyle ILM

lift was incorporated in this Phase III. A freestyle lift was selected as

this test is being considered in recruiting stations as an indicator of

strength. For all groups the lift scores were higher than previous years.

This was to be expected as subjects were permitted to (usually at the Virist

change-over point) and continue upward to 1.8 m. The difference in ILM scores

from Phase II to Phase III for younger women, older women and older men, were

7.0 kg, 4.1 kg, and 7.3 kg, respectively. The higheT scores on ILM tests

across all groups, indicated that the previous protocol lowered the ILM

scores. In Phase III, the less restrictive freestyle protocol allowed

subjects to improve their ILM score; this occurred despite the fact that the

structure of the ILM required a unique manoeuver not found in actual lifting

tasks. The ILM freestyle lift has been performed on 149 subjects in this

study, and no incidents of injury resulted. This would irdicate that the ILM

LCUL PLULV1.; W4O OULU LUL a.ll QUwjuv,6Q.

B1.4.4 Summary of Field Tasks

Table B1.5 presents the summary of field tasks by sex, group and age

levels. In performance of the tasks, older men completed them more quickly
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Table Bf.5 Summary of field tasks by sex and age level.

Land Low-high Entrenchment Sea Sandba9
Evacuation Crawl Dig Evacuation Carry
Total time Total time Total time Total time Total 1

(s) (s) (s) (s) bags carried

Women < 35

Mean 771.6 144.1 498.2 148.0 12.2
SD 226.4 43.0 135.7 158.3 2.0
(min-
max) (445-1656) (64.6-295.3) (256-953) (27-747) (7-18)

Women . 35

Mean 960.3 212.0 630.5 259.5 9.5
SD 297.6 66.6 180.4 244.1 1.4
(min-
max) (470.5-1607) (86.1-355.8) (373-1081) (36-912) (8-12)

Men?. 35

Mean 582.9 122.2 408.9 40.1 12.1
SD 167.5 56.8 136.6 15.1 2.6
(min-
max) (288-1084) (58.7-330.7) (216-809) (21-97) (8-19)

iS

?S
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than younger women, despite being restrained with heart rate monitors.

Similar significant differences were found between younger and older women,

probably due to the heart rate restriction. However, individuals differed

widely as suggested by the standard deviations in the data. A graphic

- presentation of the tasks is provided in Figure B3. These histograms show

the extent of overlap between older males and females (age groups combined).

It is noted that the overlap on task performance resembled more closely the

overlap In V02 max and sit-ups scores,'rather than push-ups, grip and ILM

scores (see Figure Bl and B2).

Comparing Phase II with Phase III data younger women, differences in the

r- entrenchment dig, sea evacuation, low high crawl and sand bag tasks were small

(12.6 s, 12.5 s, -5.3 s and +1 respectively). The land evacuation task could

not be compared as the course length had been changed from 1 km to 750 m.

*Older women required slightly longer (1.5-2.5 min) on tasks than the small

group of elite women in Phase II. The older men in Phase III were faster in

low high crawl, entrenchment dig and sea evacuation than men from Phase II

(9.0 s, 50.8 s, 34.8 s respectively). This was probably a result of a more

fit sample, as determined by EXPRES, than in the previous year.

B1.5 Conclusions

The fitness testing carried out in the present study profiled 3 military

groups: female personnel less than 35 years (N=59), female personnel greater

than 35 years (N=28) and male personnel greater than 35 years (N=62). In

general, each sub-group was representative of their respective CF population

when compared to military EXPRES normative data, except for younger women

whose combined grip scores were skewed to the excellent and good categories

and push-ups for younger and older women which were skewed toward to poor

fitness category.
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The push-ups required of women vik nged between Phase II and III, such

that most women were very inexperienced in this style of push-up. As a

result, 42 of the 59 younger women and 20 of the 28 older women were in the

poor category of push-ups measures based on male normative data. Time and

experience will be necessary to compile representative data for women with the

full body push-up. Until that time, no interpretation of push-up data will be

possible.

-.
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SECTION B2

LOW HIGH CRAWL TASK ANALYSIS
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SECTION B2

LOIGH QAL, TASK ANALYSIS

B2.1 Introduction

ieSimulating a combat situation where personnel were pinned down by enemy

fire, completion of this emergency task required that two crawling techniques

be employed: through the initial 30 m of the cr=zse a low (leopard) crawl

technique was required, then over the final 45 a a high (kitten) crawl on

hands and knees. A major error In technique noted In performance of this task

during Phase I was subjects' leopard crawl. On the majority of trials

subjects actually did not perform the low crawl or performed it very poorly,

raising too high off the ground (Stevenson et al., 1985). Thus, the task

protocol was modified for Phase II with the placement of 16 barriers (45 cm in

height; width 180 cm) at 2m intervals along the initial 30m of the course

which forced subjects to perform the low crawl in a technically correct

fashion (Stevenson et al., 1986). This modification was carried through into

the present phase with the barriers again being placed over the low course.

As well for Phase II, and with agreement of DCIEM and ranking CF personnel,

the pass/fail criteria for completion of the low high crawl was revised

upwards, from 90 seconds to 134 seconds (see Stevenson et al, 1986: pp. 26 -

35); this emendation was also retained in the Phase III.

B2.2 Task Rationale

Published research quantifying the physical components of crawling does

not ex'.st. In previous studies conducted by thi oresent investigators

(Stevenson et al, 1985 & 1986) the low high crawl was shown to be very

physically demanding: maximal heart rate response and near-uaximal blood

lactate post-exercise were elicited confirming both the task's high aerobic

and anaerobic energy requirements. Unfortunately, since the physiological
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response is near-maximal in ill subjects these parameters correlated very

poorly with task performance iStevenson et al., 1985).

For both Phase II and III (the present phase) several protocol

modifications were instituted to improve test objectivity and subject

assessment on this task. Most significantly, barriers low-to-the-ground were

placed over the low crawl portion of the course which proved effective in S

forcing subjects to perform the leopard crawl correctly. As a result,

however, total time for completion of this task was lengthened. During Phase

II 75% of subjects equaled or bettered 134 seconds, therefore, this tiw' was

established as the new pass /fail criterion for the task, revised upwards from

the CF's original time criteria which was based upon the U.S. Marines' elite

standard for combat personnel. In addition, during MPFS II split-times were

recorded at intervals along the course as subjects progressed through the low

and high crawl portions; these time splits were also recorded during the

present phase of testing.

And for the first time, in Phase III the course itself was moved indoors.

During Phase I and II this task was performed outside on grass, however this

imposed several constraints upon our testing of subjects. Foremost, lush turf

* could not always be secured at the various test sites; on the other hand, when

such an area was made available it often proved too slippery for some subjects

to secure elbow- and toe-holds, inhibiting their low crawl performance

particularly. And later, this surface would become scarred and unsightly

unless the entire course was rotated about th- grassy a::ea every half day of

testing. As well, inclement weather would worsen existing conditions, on

occasion even forcing cancellation of a half day ot testing. Therefore, tor

the present phase this task was conducted Inside the Queen's University arena

with subjects crawling over a firm, yet soft, 2 a wide, rubberized runway.

Finally, because of the rigorous physical nature of this task, during

o:S
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I. performance of the low high crawl subject care and safety was paramount.

Therefore, it was required of subjects to dress in military fatigues, and pad

their elbows and knees securely with the result that some subjects felt

somewhat restricted by their attire. Moreover, for subjects 35 years, their

heart rates were continually monitored as a safety precaution. Because of the

strenuous nature of this task, many of these subjects were forced to pace

themselves throughout their performance such that their heart rate remained

<90% predicted maximal; if not, these personnel were stopped and not permitted

to continue. In either circumstance their performance times were affected

accordingly.

B2.3 Task Protocol

This task simulated a combat situation where personnel are pinned down by

enemy fire. The task required the subject to crawl through a 75 m course:

through the low course, the initial 30 m, employing leopard crawl technique;

turning 180, on hands and knees, reversing direction; then over the high

course, the final 45 m, coming back (alongside and parallel to the low course

portion) to the finish line employing kitten crawl technique. Over the low

course a chute was constructed by placing a series of 16 barriers a 2 m

intervals, wooden crossbars 45 cm off the ground, each supported by two metal

posts aligned 180 cm apart (see Appendix C). For the first time, in the

present phase this task was conducted indoors over a runway of rubberized mats

laid over the arena floor at Queen's University.

In full combat gear, including helmet, fatigues, carrying rifle (but with

elbows and knees padded to prevent abradement), the subject started in a prone

position, elbows, stomach, thighs and knees on the ground, the hands or arms

supporting a (simulated) C7 rifle (i.e., the latest CF issue duplicated in

shape, size and weight for this study). On the command "go" the subject began
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a leopard crawl for 30 a, moving through the chute, the elbows and insides of

the knees and boots gripping the rubberized runway for traction. At 30 m the

subject rose to hands and kaiees, turned 180 degrees, then began a kitten crawl

for 45 m to the finish line; during the high crawl person..al grasped the rifle

in one hand (around its barrel or stem) lugging the rifle along with them.

The variables recorded were total time (in seconds) through the course,

as well as the following split-times: through the low portion, at 20 m and at

completion at 30 m; through the high portion, at 50 m and at completion at 75

3.

B2.4 Results

B2.4.1 Descriptive Results

In Table B2.1 total times for completion of the low high crawl task and

subjects' split-times are presented. On average, men 35 years completed the

course in a faster time (just under 2 minutes) than the female groups, and

this trend was also reflected in their split-times through the course. Women

<35 years completed the course on average in 2.4 minutes, while the women >35

years required 3.5 minutes to complete the task. However, the range of times

for both the men and women's groups was noteworthy. The fastest males >35

progressed through the course just seconds faster than several of the females

<35 years; counterpoised, split-times and total times of the slowest males

,t35 were on y seconds faster than several of the female subjects 35 years.

Overall, there was considerable overlap between the groups both in their total

times for completion of the task and the various split-times through the

course.

B2.4.2 Simple Correlations

The three B2.2 Tables present correlation analyses comparing subjects'

EXPRES and laboratory test variables in relation to these performance times:
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Table B2.1 Sunimary of Low High Crawl Performance of the Sample by Age Group and
Sex.

Low Crawl Time (s) High Crawl Time (s) Total
Time

0-20 m Total Time 0-20 m Total Time (s)

Women < 35 years
n= 59

Mean 49.3 82.5 31.7 61.5 144.1
SD 18.1 30.6 7.6 14.7 43.0

(min-max) (18.3-111.3) (28.0-178.8) (16.9-58.6) (36.6-116.5) (64.6-295.3)

Women > 35 years
n= 28

Mean 76.3 127.6 44.6 84.4 212.0
SD 28.1 45.8 12.7 24.8 66.6

(min-max) (25.2-132.0) (40.0-222.3) (20.9-68.0) (46.1-133.5) (86.1-355.8)

ft 35 years

Sn= 62

Mean 39.4 62.1 31.9 60.0 122.2
SD 23.1 35.2 17.3 24.7 56.8

(min-max) (16.5-140.9) (26.6-203.3) (15.0-98.1) (28.4-143.1) (58.7-330;7)
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Table B2.2a Correlations Between Low High Crawl Performance
Measures and Fitness Parameters by Sex and Age Level:
Total Time.

Women Women Men
<35 >35 >35

Anthropometrv

Age .32 -.06 .30

*Height .08 -.09 -.07

Weight .31 .46 .37e

Muscular Strength and Endurance

Situp -.41. -.37 -.52

Pushup -.7-.10 -.38

Combined Grip -.22 -.34 .09

Endurance Grip -.27 -.49 -.21

Flexed Arm Hang -.59 -.64 -.49

Maximum ILM to
Full Extension -.46 -.20 -.18

Aerobic Capagity

Step test -.51. -.56 -.46

Note. *p<.001.
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Table B2.2b Correlations Between Low Crawl Performance Measures
and Fitness Parameters'by Sex and Age Level:
Low Crawl.

0-20 m Low Crawl Total Time
Women Women Men Women Women Men
<35 135 _35 <35 35 , 135

Anthropometry

Age .32 .05 .24 .31 .01 .30

Height .16 .01 -.03 .15 -.003 -.05

Weight .34 .48 .31 .34 .51 .33

Muscular Strength and Endurance

Situp -.37 -.31 -.46 -.41 -.35 -.49

Pushup -.46 -.07 -.33 -.46 -.09 -.36

Combined Grip -.15 -.27 .04 -.18 -.24 .06

U Endurance Grip -.19 --.39 -.15 -.22 -.38 -.16
* *

Flexed Arm Hang -.52 -.57 -.38 -.57 -.60 -.41

Maximum ILM to
Full Extension -.35 -.20 -.21 -.40 -.23 -.20

Aerobic Capgcity

Step test -.48 -.50 -.41 -.49 -.52 -.43

--L~ j\ .UUJ.

)I
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Table B2.2c Correlations Between Low High Crawl Performance Mfeasures and
Fitness Parameters by Sex and Age Level: High Crawl.

0-20 m High Crawl Total Time
Women Women Men Women Women Men
<35 _>35 >35 <35 >35 >35

Anthropometry

Age .23 -.27 .26 .28 -.18 .27

Height -.03 -.13 -.04 -.08 -.24 -.08

Weight .24 .21 .34 .19 .28 .37

Muscular Strength and Endurance

Situp -.28 -.25 -.45 -.35 -.35 -.50

Pushup -.39 -.06 -.30 -.43 -.11 -.35

Combined Grip -.27 -.45 .12 -.25 -.48 .13

Endurance Grip -.31 -.61 -.23 -.34 -.62 -.24

Flexed Arm Hang -.54 -.64 -.50 -.55 -.62 -.54

Maximum ILM to , ,
Full Extension -.48 -.10 -.10 -.51 -.10 -.14

Aerobic-Capacity

Step test -.51 -.44 -.39 -.46 -.54 -.45

Note. * p<.O01.
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specifically, total time over the course, Table B2.2a; low crawl times, Table

B2.2b; and high crawl times, Table B2.2c. As seen from Tables B2.2a and

B2.2b, including all subjects men and woman, only 15 r-values of the total of

63 fitness-related coefficients were found to be significant at the (accepted)

0.001 level of confidence, while many approached zero (i.e., 15 coefficients

within -0.10 to 40.10 range in Tables B2.2a & .2b). In Table B2.2c however,

while the number of significant r-values was again small (only 14 of 42

fitness-related coefficients).

The r-values relating flexed arm hang time and each group's high crawl

split-times were all significant (p<0.001). Further, re-examining Tables

2B.2a and 2B.2b, each group's flexed arm hang-time and their total time i-or

the low high crawl were also found to be significant (Table 2B.2a), as were

hang-time and low crawl split-times for women <35 years (but not for the other

two groups in this latter instance, see Table B2.2b). In all, 11 (of these

15) r-values proved to be significant, ranging from -0.49 to -0.64. Lastly,

in Tables B2.2a-.2c, of the 105 coefficients calculated, 100 were determined

to be negative values (i.e., the higher one's fitness test score, the shorter-

their crawl times); reciprocally, the highest positive r-value was calculated

to be only +0.13 (see combined grip, Table B2.2c).

B2.4.3 Stepwise Regressions

Results of stepwise regression analyses of low high crawl total time on

EXPRES and laboratory test variables are shown in Table B2.3. For men .35

years, both their sit-ups and flexed arm hang appeared as significant

predictor variables but accounted for only 35% of the variance in total time.

On the other hand, for the women, stepwise regression produced three reliable

variables in their prediction equations: flexed arm hang, then VO2max were

common to both, with the third variable for women <35 years being their ILM

lift and for women 135, EXPRES pushups. In this instance, these combinations
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Table B2.3 Stepwise Regression of Low-High Crawl total time on
fitness parameters by sex and age level.

21
Variables in B SE B Mult. R. R F p
Equation

Women < 35 years

Constant 392.03 55.66
Flexed Arm Hang -.91 .30 .58 .34 26.56 .001
V02 Max -4.0 1.31 .64 .41 17.91 .001 ,
ILM -2.66 .89 .71 .50 16.80 .001

Women 35 years

Constant 500.97 93.16
Flexed Arm Hang -2.82 .79 .63 .40 13.76 .001
V02 Max -8.48 2.91 .73 .53 11.31 .001
Pushups 2.70 1.51 .80 .64 11.08 .001

Men > 35 years

Constant 233.86 22.77
Situps -2.60 .82 .54 .29 23.0 .001
Flexed Arm Hang -.93 .43 .59 .35 14.65 .001

0

£B

};0
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of variables accounted for 50% and 64% of the variance for young and older

*(respectively) in total time. In Table B2.4, blocked regression analyses are

presented, with total time for the low high crawl regressed on fitness

variables when the latter were blocked according to the major fitness

- components (i.e., muscle strength-endurance and aerobic capacity). For women

135 years none of the fitness components provided reliable relationships (at

the accepted 0.001 level). By contiast, for woman <35 years, the greatest

change in R (0.34) was accounted for by their strength-endurance component

when compared to other variables in the equation, while for the men 135 years

their strength-endurance component accounted for a much smaller R change

(0.20).

B2.4.4 Criteria for passing the task

In Phase II of the study, the passing criteria was set at the 75th

percentile of the population based on a sample of young men and women. The

original passing criteria identified in Phase I was arbitrarily set at 90

seconds, the U.S. !:Rrine Standard. In this phase only 72.5% of men and 15% of

women could reach this standard. In Phase II using a representative and

almost equal sample of younger men and women the standard was readjusted to

134 s, which was the 75th percentile of this population. At this position,

95% of young men and 56% of women passed the criteria. As this years sample

was primarily older subjects, an adjustment was made to correct for the 90%

restraint condition applied to older subjects. An equal sample of older men

and women were pooled to determine the 75th percentile score. The time

standard was set at 172 s which was 32% longer than younger subjects. This

seemed reasonable based on a sub-study of 16 older men and 13 older women,

where the restraint was 36.2% and 31.0% respectively. This restraint was

obvious by observing the pacing required to keep heart rates below 90% maximal
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Table B2.4 Lov/-High Crawl total time regressed on EXPRES and other
laboratory tests blocked for fitness components

2 2Block R Eqn. F Eqn. p R F p
Change Change

Women < 35 years

Anthropometric .22 4.38 .01 .22 4.38 .01
Strength and Endurance .56 5.81 .001 .34 5.32 .001
Aerobic Capacity .61 6.19 .001 .05 4.76 .05

Women L 35 years

AnLaropometric .32 2.63 NS .32 2.63 NS
Strength and Endurance .70 2.87 NS .38 2.36 NS
Aerobic Capacity .81 4.30 .05 .11 5.83 NS

Men 2 35 years

Anthropometric .23 5.23 .01 .23 5.23 .01
Strength and Endurance .42 3.85 .001 .20 2.66 .05
Aerobic Capacity .42 3.39 .01 .00003 .002 NS



107

levels. However the target tine for younger subjects remained at 130 seconds.

This target time divided the groups into passing and failing groups for thep low-high crawl task.

B2.4.5 Discriminant Analysis

Discriminant function analysis (Table B2.5) using a stepwise procedure

(testing both EXPRES and the other fitness variables) indicated very similar

patterns of discriminating variables for the female subjects. For both groups

of women, <35 years and 35, the same three variables were identified: V02

max, EXPRES puishups, and their ILM lift; as well, for women <35 years their

flexed arm hang was also identified, while for the latter group endurance

grip was a fourth fitness variable identified. In each case 80% and 86% of S

subjects in the respective groups were correctly classified, however, only for

women <35 years was the function found to be significant at the 0.001 level of

confidence. On the other hand, for men 35 years, only one variable appeared

in their discriminant function (i.e., EXPRES sit-ups), and while this

identified 93% of these subjects the function itself was found to be non-

significant (p<0.001); that is, it could not reliably discriminate between the

'passers' and 'failers' for this group.

B2.4.6 Fifth Percenflle of Passing Group

Table B2.6 represented the EXPRES and laboratory test scores normalized

to z-scores which represent the 5th percentile of the passers for each group.

The results of simple correlation, regression analysis and discriminant

analysis are marked with superscripts. The 5th percentile value was

representative of a normalized distribution score based on the passers of the

task. Results of Table B2.6 can be summarized as follows: j

1. Traditionally, minimum grip required for women has been found to be

one-half of the grip minimum for men, and the values for the men >35
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Table B2.5 Discriminant Analysis and Classification R:sults by EXPRES and Queen's

Variables in Groups Defined by Low-High Crawl Pass Fail Status.

Discriminant Analysis Results Classification Results

Variables Standardized Actual Performance Predicted Performance
Canonical Status n Correctly Incorectly

Coefficients Classified Classified
n % n %

Women < 35 years

V02 Max 0.65 Pass 32 (54) 29 (91) 3 (9)
Pushups 0.31 Fail 27 (46) 18 (67) 9 (33)
ILM 0.24
Flexed Arm Hang 0.41

Total 59 47 (80) 12 (20)

Wilks' Lambda: 0.53
Chi-Squared: 34.91
Significance L evel: 0.001
Canonical Correlation: 0.69

Women . 35 years

V02 Max 0.88 Pass 20 (71) 18 (90) 2 (10)
Pushups -0.55 Fail 8 (29) 6 (75) 2 (25)
ILM 0.38
Endurance Grip 0.63

Total 28 24 (86) 4 (14)

Wilks' Lambda: 0.61
Chi-Squared: 11.91
Significance Level: 0.05
Canonical Correlation: 0.63

Men > 35 years

Situps 1.0 Pass 57 (93) 54 (95) 3 (5)
Fail 4 (7) 3 (75) 1 (25)

Total 61 57 (93) 4 (7)

Wilks' Lamhda! 0.87
Chi-Squared: 8.17
Significance Level: 0.01
Canonical Correlation: 0.36
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Table B2.6 Fifth percentile scores for personnel passing Low-High Crawl

by sex and age level.

Variables Women < 35 Women 35 Men > 35

Maximum Grip 65.3 43.2 72.7

- V02 Max 33 1abcd 29 .7abd 31.i c

Situps 15.4 b  11. b  16.U abcd

Pushups 0 .75abc -3.0ad  5.5

Queen's

ILM 23 .1abcd 17 .6a 36.1

Endurance Grip 10.3 -2.9b 54.6

Flexed Arm Hang 1 .2abcd -9.15abcd 4 .4cd

Note. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis
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years in Table B2.6 were in close agreement with the previous

suggested standards however the value for younger women was very

high in comparison to previous data. However, the minimum grip -

requirement for women <35 years proved unrealistically high: 65.3 kg

a value equivalent to the 90th %ile according to Canadian norms for

females in this age bracket (Reid & Thomson, 1986: p. 129). In

Phase II, a minimum of 42.5 kg was determined on this task, a score

much more compatible with the concept of minimum fitness (i.e., a

42.5kg minimum is <25th %ile by Canadian norms). None of these

scores were related to task performance for any group. Hence the

values in Table B2.6 merely represent the description of women who

passed the task. related to task performance

2. The 5th percentile of passers for women <35 and men >35 years for

VO2max and sit-ups were both comparable to the previous standards

for these groups and compatible with Canadian norms (i.e., <30th

%ile, according to sex and age grouping; Reid & Thomson, 1985: pp.

126 & 142). Similarly, the minimum fitness values for women >35

years for V02 Max (29.7 ml/kg/min) and number of sit-ups (11.8)

appeared reasonable minimums, particularly by comparison with

national norms (i.e., again <30th %ile).

3. By contrast, the determinations for pushups for both groups cf women

were unreasonably low, and particularly so In light of the

demonstrated physical strength and performance abilities (i.e.,

setting several task time records) possessed by the group of younger

women in the present study: a less-than-one pushup requirement for

women <35 years; a negative pushup for women 35 years result from a

z-score distribution transformation. As discussed at length in

Secticn A, the requirement that full pushups be performed by the
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females participating in Phase III, as opposed to pushups-from-the-

knees performed in Phases I and II, was felt responsible for these

spurious results.

4. Calculation of minimum pushups for men 135 years also resulted in a

low value, particularly in comparison to both the established

minimum for this subject group (i.e., 14 pushups, established by

Phase II) and by Canadian normative standards (i.e., a 5.5 minimum

Is well below the 10th percentile for this age group). On the other

hand, as a group these 61 subjects scored particularly high on their

EXPRES pushups score (i.e., 27.1+13.5 pushups, above the 75th lile

according to Canadian norms).

Table B2.6 also summarizes the statistical findings of the earlier analyses

carried out on subjects' low high crawl data throughout this section (see

Table footnotes) to indicate the relative importance of fitness variables to

each of the groups in terms of evaluating task performance. Examining across

the rows, note that no EXPRES and laboratory test item was identified as a

p significant variable in every instance, although subjects' V02 Max and flexed

arm hang-time appeared an unusually high number of times through the analyses.

On the other hand, maximum grip scores proved to be of little value in

predicting subject performance on this task. In Table B2.7 the fitness

scores of the subjects passing the low high crawl are compared to failing

subjects' scores: the individual averages for 'passers' versus 'failers' on

each EXPRES and laboratory test are compared by Student t-test (with

significance accepted at the 0.01 level in this instance only). Of the 21

comparisons, 10 proved to be significantly different; more importantly, in

every case the 'passers' fitness scores were the higher value, and this trend

is also evident in every comparison. It should be noted, however, that of the

11 comparisons found to be non-significant (p>0.01), 6 of these differences
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Table B2.7 EXPRES and Laboratory Fitness Scores of passers vs failers
on the Low-High Crawl task.

Variable Women < 35 Women 35 Men > 35
Pass Fail Pass Fail Pass Fail

Max Grip I 74.2 72.0 60.6 53.8 109.6 109.5
S (10.9) (11.6) (10.6) (12.7) (22.5) (13.5)

V02 Max 38.7 * 34.8 34.3 * 2.8 41.1 36.5
(D (3.4) (2.6) (31.0) (3.4) (6.1) 2.2

Situp I 36.2 * 28.6 26.7 * 18.5 32.7 * 18.8
(12.7) (9.3) 9.0 8.6 (9.7) (1.3)

Pushup I 23.4 * 12.5 9.3 8.6 27.9 19.3
SD (13.8) (5.8) 7.5 11.5 (13.7) (5.9)

Queen's

ILM 32.3 * 28.9 27.4 24.7 52.8 47.5
SD 5.6 4.5 6.0 2.8 (10.2) (6.5)

Endurance
Grip j 88.2 75.5 105.4 * 50.9 235.3 215.3

S (47.5) (44.6) 66.0 23.5 (110.1) (53.6)

Flexed
Arm Hang ji 28.8 * 9.4 14.9 * 2.2 31.6 17.3

S (16.8) (10.2) 14.7 3.1 (16.6) (11.2)

Not * Reliable difference (p<.01) between passing and failing
group means.

7
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were marginal (i.e., almost numerically equal).

B2.4.7 Impact of Passing and Failing

Using the minimum scores suggested for each group, Table B2.8 was derived

to examine the impact of correct classification of task performance based on

- passing or failing EXPRES composition standard from Section A Table A14.

Overall, 64% z'-ild have been correctly classified as passing and 13.3% as

failing the task based on their EXPRES scores. A total of 21.3% would have

been incorrectly classified by performance on this task. This level of

incorrect classification was a result of fitness parameters explaining only

20% to 50% of the variance in the data. In other words, for the single task

of low-high crawl, a total of 21.3% of the subjects would have been

incorrectly classified.

B2.5 Interpretation

Several notable comparisons were found between our two previous studies,

Phase I and II, and the present phase. Foremost, comparing Phase II and III

low high crawl results for women <35 years and men 135 years (i.e., the two

repeat groups in the present phase), the completion times and split-times of

the respective groups were very close, with several times being almost

Identical (Stevenson et al, 1986). Thus, relocation of this task indoors and

use of a rubberized runway replacing an outdoor grass surface did not appear

to influence results unduly; and from the investigators' vantage the present

format Incorporated several convenience and logistical advantages. Second,

subjects' crawl times through the low course (30 m) were again, as in Phase
II, substantially slowex than uvex h h2h urS ... t...........th

women 135 years the low course took twice as long to complete. (Note: in

Phase I, without the overhead barriers in place low crawl times had been

substantially faster; Stevenson et al, 1985.) As concluded in Phase II
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Table B2.8 Impact of Fitness Standards on Classification by Pass/Fail
Status for Low-High Crawl Task.

,4

Fitness Low High-Crawl Task Performance
Test
Performance Correctly Classified Incorrectly Classified

(no) MS) (no) 1)

Pass
EXPRES 96 64.9 19 12.8

Fail
(1 or more) 20 13.5 13 8.8

Total 116 78.9 32 21.6

) S
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(Stevenson et al., 1986), this finding again reinforced the necessity of

placing the barriers over the low course forcing subjects to perform the more

technically difficult leopard crawl correctly. Third, as concluded in both

Phase I and II (Stevenson et al., 1985 & 1986), again a pass/fall criterion

for this task of 90 seconds would have proven unrealistic for these groups of

* subjects as a minimum standard: 43 (of 62) men 135 years, 55 (of 59) women <35

years and 27 (of 28) women 135years, in all 87% of the subjects would have

failed, in fact the equivalent percentages of subjects failing as reported in

our two earlier studies. In this study, 46% of younger women failed the task

based on a 134 second standard. With the restraint adjustment, 71% of older

women passed and 93% of older men passed the criteria. In total 36 or 26% of

the subjects failed the task criteria. Fourth, in the present study more

overlap between the men and the two women's groups was observed (than in

either Phase I or II), both in their total times for completion of the task

and various split-times through the course. However, the reason for this

finding was believed due to the particular male population of Phase III:

* always in the past a majority of males have been <35 years of age, therefore,

not paced through the low high crawl course (as subjects >_35 years must be);

in the present study 100% cf the males were 135 years and forced to rctard

their pace in many instances, as did many of the women 35 years. Fifth,

based upon the correlation analyses summarized in Tables B2.2a -.2c, total

t for completion of the low high crawl was (again) determined to provide

the optimal measure for evaluating subjects' performances because of its

simplicity and relationship to physical fitness (Stevenson et al, 1986): that

is, the other analyses comparing the split-times through the course versus the

individual fitness v;riables did not produce consistently higher r-values,

therefore little would be gained by incorporating any of these into the task's

evaluation format.
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In the present study the univariant analyses revealed similar trends to

the one: observed in both earlier studies (Stevenson et al., 1985 & 1986): low I
r-values have been consistently found between fitness scores and task

performance, with only a sparse number proving significant (in Phase II only

39 of 360 r-values and in the present study 29 of 150, p<0.001). On the other

hand, as seen in both earlier studies, the vast majority of coefficients have

always appeared as negatives. In the present study 62 of the 63 fitness-

related r-values were negative, indicating that there was indeed an underlying

relationship between fitness as measured by EXPRES and performance of the low

high crawl. However, the relatively few correlations that have provided

significance have seldom revealed any definitive patterns, except for a number

of significant r-values the flexed arm hang. This finding was surprising in

itself for several reasons. Such a strong relationship had not been observed

in the past: in Phase II only 2 of 24 coefficients relating flexed arm hang-

time and low high times pzcved significant (Stevenson et al, 1986), while in

Phase I the flexed arm hang was found unrelated to crawl performance

(Stevenson et al., 1985). Further, in the present study, in many instances

there was only minimal dispersion of subjects' scores on this particular

laboratory fitness test, for example women >35 years, the group recording the

highest significant r-values (see Tables B2.2a -.2c): 8 (of the 28) subjects

in this group could not perform this laboratory test (with their score being

recorded as 0:00 seconds), while 19 subjects recorded scores .5 seconds

duration hang-time (see Appendix E).

Through the three Phases of development of a minimum standard, generally,

our multivariant analyses have not improved the predictive value of EXPRES or

the laboratory tests in evaluating subject performance on the low high crawl

task. For example, compare the distinct sets of performance predictors

identified through stepwise regression analysis over the various Phases. In

JA



117 "l

Phase II, for men 135 years, no reliable variables were found, whereas for the

other two subject groups, both men aid women <35 years, flexed arm hang, and

sit-ups and flexed arm hang (respectively) were found reliable predictors but

accounted for only 23% and 38% of the variance in these groups' low high crawl

times. In Phase I, where the majority of subjects was also <35 years in the

two subject groups, for the males only V02 Max was found to be a reliable

predictor wile females' age provided the only reliable variable in their

prediction equation; however, the latter variable was obviously unrelated to

fitness while, by itself, V02 Max accounted for only 16% of the variance in

total crawl time for the males. In the present study, by contrast, at least

two fitness variables appeared in each group's regression analysis (and for

women <35 years, 3 significant variables were found). However, V02 Max was

the only repeat variable (i.e., also found in Phase I or II). And only for

the women 235 years, the 'new' group in Phase III being studied intensely for

the first time, was a major portion of the variance accounted for; in the two

'repeater' groups in Phase III, once again, only a modest amount of the

variance in their crawl times was explained. On the other hand, blocked

regression analyses have tended to confirm the fact that the most important

fitness component in performance of the low high crawl was strength-endurance,

with specific combinations of fitness prerequisites being required according

to the subject group. In Phase II, for each of the subject groups the

strength-endurance component accounted for the greatest changes in R2 (range:

0.20 to 0.40) and this was confirmed by the present data with the strength-

endurance component again accounting for the largest changes in R2 (range:

0.20 to 0.3C); however, only for the women <35 years in the present study was

the regression equation found to be significant (at the accepted p<0.001).

In the discriminant analysis certain variables were repeated as canonical

coefficients, however the explanation of data variance remained low (Table
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B2.5). Anywhere from 7% to 20% of the subgroups would have been classified

incorrectly if these standards were used. Hence It can be safely stated that

EXPRES and additional laboratory tests cannot explain the variance In score

past 50%, nor can these tests be used as an accurate discriminator between

passing and failing the task.

B2.6 Conclusions

EXPRES was not an adequate predictor or discriminator of performance

success on the low high crawl task. The additional laboratory tests improved

performance prediction only minimally, with the possible exception of

subjects' flexed arm hang-time. However, the reliability of this latter

variable was questionable, as discussed in the last section. Therefore, the

conclusions to be drawn concerning task performance were limited by the lack

of definitive statistical relationships between fitness and performance.

1. These data suggested that a relationship existed between one's

fitness (as measured by EXPRES and our laboratory tests) and

performance of the low high crawl as 35% to 64% of the variance In

data were determined. However as with previous studies, general

fitness measures cannot predict performance on the low-high crawl

task.

2. As concluded in both Phases I and II, strength-endurance was the

most important fitness component in performance of this task and,

according to present data, flrxed arm hang the most significantly

related strength-endurance test.

3. Because of extenuating circumstances (discussed in Section B2.5)

specific minimum values for push-ups for women should be

disregarded, in creation of a standard.

4. Only the variables which related to task performance should be a

part of the criteria for minimum standards. These variables were
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oxygen consumption and sit-ups for all three groups.

u 5. The scores in Table B2.6 reasonably represent these subjects who

were able to pass the low-high crawl task. As each group differed
in minimal requirements, the standards reflect the passers for each

group.

More generally, the investigators recommend that:

6. The low high crawl task be moved indoors and the present procedures

be considered as the standardized task protocol with the pass

criteria for younger subjects being 130 seconds and 172 seconds for

older subjects.

7. That standards for full pushups for women undergo additional

assessment prior to establishing minimal criteria. A follow-up

study to clarify the relationship between this exercise and military

task performance by CF female personnel is necessary.

B2.7 Recommendations

The low-high crawl task was selected as a test item as it was considered

to be one of the most physically demanding tasks within the designated list of

Seven Common Tasks for CF Personnel (excluding NBCW clothing which would raise

the physiological requirement an undetermined amount). The task criterion was

predetermined to be time for task completion. From a relaistic standpoint,

safety (quietness) might also have been coOnsidered a relevant factor.

As this task was very novel for some men and all women, it is important

to recommend that:

of this task,

90

S
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SECTION B3

LAND STRETCHER EVACUATION TASK ANALYSIS
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SECTION B3

LAND STRETCHER EVACUATION TASK ANALSIS

B3.1 Introduction

Casualty evacuation overland was simulated by carrying the equivalent of

an 80 kilogram person by stretcher a distance of one kilometre. As initially

tasked by the CF, a significant modification in protocol was implemented

during Phase II, that of changing the land stretcher carry from a two-person -!

to a one-person task; the rationale for this major change was detailed in our

final report (Stevenson et al., 1986: pp.100-103). However, the performance

criterion initially established by the CF, 20 minutes for completion of the

evacuation, was retained because in both Phase I and II 71% and 75%,

respectively, of all subjects achieved this time. As well during Phase II, a

number of derived variables (i.e., split times, drop-off indices, etc.) were

calculated; however, only in a few instances did these variables prove

marginally superior predictors of performance and, for the most part, were

inferior to total time, the simplest and most straightforward quantitative

performance variable to record (Stevenson et al., 1986).

B3.2 Task Rationale

To complete the land evacuation twenty minutes of heavy exercise must be

performed (Astrand and Rodahl, 1977). Data from Phase I underscored this fact

with subjects' heart rates, regardless of age or gendtr, on average reaching

169 :L 15 beats/minute (Stevenson et al., 1985). During Phase II, of the 90

subjects >35 years wearing heart rate monitors over 80% had to be paced or

stopped at some point during the evacuation task to allow their heart rate to

drop Lelow 90% (of each individual's predicted maximal rate). The most acute

problem observed with load carrying over a prolonged period is local muscle

fatigue of the hand and wrist flexors (Lind & McNicol, 1980; Kearney & Stull,
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1981; Gordon et al., 1983). in Phase I, the number of stops (i.e., a forced

set-down of the stretcher by the subject) was observed to be related to the
strength-endurance of the weaker wrist. But unfortunately, neither the number

of set-downs nor grip strengths provided satisfactory prediction of

performance, while grip endurance proved to be only minimally correlated

(Stevenson et al., 1985). In Phase II, combined grip strength provided the

most Important EXPRES variable in performance of the land stretcher carry,

but, again this variable could not provide the statistical basis for

prediction (Stevenson et al., 1986). Finally, studies have concluded that the

time to fatigue varies with the weight of the load being carried (Evans et

al., 1983; Gordon et al., 1983), and carrying a load one-half the body weight

elicits a physiological response of approximately 75% of a subject's maximal

aerobic capacity (Gordon et al., 1983). In the earlier phases of the project,

for the lighter subjects the 80 kg stretcher loading often exceeded this

value, and che faster these subjects attempted to move the proportionately

greater amount of their aerobic capacity was required (Soule et al., 1978).

For Phase II several protocol modifications were instituted to improve

test objectivity and subject assessment on the land stretcher task. Most

significantly, a set of wheels was affixed below the rear end of the land

stretcher making this evacuation a one-person task and permitting individual

assessment (i.e., prior to this modification a second person carrying 'the

other end' of the stretcher influenced subject scores). This modification

permitted greater objectivity and individual assessment; as well, a further

protocol alteration involved use of an indoor circuit (i.e., in earlier phases

the land stretcher carry was conductad on quarter-mile running tracks

outside). This modification provided two advantages: first, although smaller

in size, which seemed little disad-, .tage, the flooring of the indoor circuit

(i.e., the arena cement) provided a supe:ior and uniform surface for the task;

0O
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second, indoors testing was independent of inclement weather conditions

outside which had both disrupted test scheduling in earlier phases as well as

altering the tracks' cinder surfaces day to day. In addition, as the

correlation between 750m and a 1km time was p=.96, the shorter course was

developed for expediency and reduced subject discomfort.

B3.3 Task Protocol

This task simulated the casualty evacuation of an 80 kg soldier by land

stretcher a distance of I km as quickly and safely as possible. The task

itself was modified to create a single-person task; the structural changes to

the stretcher which permitted this involved the addition of wheels beneath the

rear end of the stretcher. Weights were securely positioned 25 cm from the

front end of the stretcher to simulate for that person the equivalent of the

80 kg wounded soldier being evacuated. The height of the stretcher bed was

also adjustable according to the height of the subject and arm length so that

the mass remained horizontal to the ground.

The stretcher carry was performed indoors around a 125 m course set out

around the arena floor at Gueen's University, with 6 laps to complete .75 km.

A distance of 750m was chosen because in Phase II results, the correction

between 750 m and 1000 m was r=.97 for women and r=.95 for men. Distance

markers were positioned around the track both to indicate to subjects their

distance traveled at any given point as well as to allow laboratory personnel

to accurately record split-times and set-down distances. The subject started

positioned at the front of the stretcher pulling in ricksha fashion and walked

briskly or Jogged at a self-determined pace; as well, the frequency and

duration of set-downs were left to the discretion of the subject.

The variables recorded were split-times (in seconds) at completion of

125m, 250m, 375m, 500m, 625 m and 750m. Although not necessary total time was
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calculated to complete the kilometre.

B3.4 Results

B3.4.1 Descriptive Results

In Table B3.1, total times for completion of the land evacuation task and

split-times are presented. On average, men 35 years completed the task in a

faster time (just under 10±3 minutes) than female subjects. This trend was

also reflected in their split-times throughout the 750m stretcher carry.

Women <35 years completed the task in 12.93.8 minutes, the women 135 years

completed in 16:5 minutes, with both groups requiring a greater number of set-

downs during their carry when compared to men >35 years. On the other hand, as

noted in earlier Phases of the study there was considerable overlap between a

number of the faster females in both age groups and one-third of the slower

males.

B3.4.2 Simple Correlations

Tables B3.2a B3.2b and B3.2c present correlation analyses comparing

subjects' EXPRES and laboratory test variables in relation to their

performance times, in Table B3.2a total time over the 750 km, and their time

splits in Table B3.2b and B3.2c. As seen from Table B3.2a, for all subjects,

only seven tzf 30) r-values were found to be significant at the (accepted)

0.001 level of confidence, while many approached zero; however, most of the

relationships were in the expected direction (i.e., negative, the higher one's

test scores, the less total time taken). Similariliy, in Table B3.2b there

appeared little relationship between split times and fitness parameters; while

a few more r-values were found to be sianificant (14 of 150 coefficients) no

consistent pattern was observed.
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Table B3.1 Summary of Land Evacuation Task PerfoLmance Scores of the Sample by Age Group
and Sex.'

Split Times (s)
0 to 125 to 250 to 375 to 500 to Total Time

125 m 250 m 375 m 500 m 625 m to 750 m

)men < (35 years
n= 58

Ylean 87.0 200.3 338.5 480.7 632.6 771.6
SD 21.9 53.4 93.0 138.0 189.5 226.4

(min-max) (54.0-164.3) (130-402) (208-662) (288-1003) (369-1380) (445-1656)

Wm 35 years
28

Mean 117.2 266.5 430.6 593.6 771.8 960.3
SD 39.5 90.9 144.3 182.7 226.9 297.6

min-max) (60.6-219) (139.2-477) (206.1-829) (285.8-1101) (384.6-1329) (470.5-160

3 -- 35 years
!n= 62

Mean 78.5 166.8 264.2 367.5 477.9 582.9
SD 16.8 38.0 69.2 101.6 133.0 167.5

inin-max) (41-134.5) (65-261.9) (132-473) (178-680.8) (234-889.2) (288-1084)

C_ -

[6
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Table B3.2a Correlations Between Land Evacuition performance
measures and fitness parameters by sex and age
level: Total time.

Women Women Men
<35 >35 >35

hAthropometrv

Age .37 -.25 .30

Height -.38 -.49 -.21

Weight -.08 -.06 -.01

Muscular Strength and Endurance

Situp -.45 -.32 -.46

Pushup -.37 -.10 -.41

Combined Grip -.38 -.64 .01 -.I

Endurance Grip -.32 -.64 -.47

Flexed Arm Hang -.45 -.49 -.36

Maximum ILM to ,
Full Extension -.52 -.34 -.34

Aerobic Capacity

Step test -.40 -.33 -.52

* p<.001.
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Table B3.2b Correlations Between Land Evacuation Performance Measures and Fitness
Pdrameters by Sex and Age Level: Split Times.

0-125 m 125-250 m 250-375 m
Women Women Men Women Women Men Women Women Men
<35 135 135 <35 135 >35 <35 2.35 >35

Anthropometrv

Age .29 -.28 .29 .33 -.19 .24 .28 -.22 .25

Height -.31 -.27 -.08 -.35 -.33 -.20 -.36 -.36 -.18

Weight -.03 -.09 .13 -.07 -.06 .04 -.10 -.05 -.01

Muscular Strength and Endurance

Situp -.44 -.05 -.42 -.35 -.22 -.51 -.44 -.25 -.46

Pushup -.27 -.15 -.37 -.29 -.20 -.42 -.33 -.23 -.41

r Combined Grip -.47 -.34 -.05 -.40 -.45 .004 -.31 -.49 .01

Endurance Grip -.24 -.41 -.38 -.21 -.55 -.40 -.27 -.58 -.44

Flexed Arm Hang -.32 -.33 -.35 -.33 -.41 -.37 -.35 -.41 -.33

m Maximum 1LM to *

Full Extension -.30 -.23 -.32 -.42 -.33 -.35 -.49 -.29 -.33

Aerobic Capacity

Step test -.32 -.38 -.55 -.41 -.39 -.56 -.27 -.38 -.55

* p<. 0 01.

.I
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Table B3.2c Correlations Between Land Evacuation Performance
Measures and Fitness Parameters by Sex and Age Level:
Split Times

375-500 m 500-625 m
Women Women Men Women Women Men
<35 >35 135 <35 235 >35

Anthropometry

Age .36 -.26 .25 .37 -.30 .28

Height -.39 -.41 -.20 -.39 -.40 -.21

Weight -.10 .01 -.02 -.09 .01 -.02

Muscular Strength and Endurance

Situp -.44 -.33 -.46 -.42 -.36 -.48

Pushup -.33 -.22 -.43 -.33 -.25 -.43

Combined Grip -.34 -.53 .03 -.34 -.56 .02

Endurance Grip -.32 -.61 -.46 -.34 -.65 -.45

Flexed Arm Hang -.40 -.45 -.35 -.41 -.51 -.34

Maximum ILM to ,
Full Extension -.49 -.28 -.35 -.51 -.32 -.37

Aerobic Capagity

Step test -.37 -.36 -.48 -.37 -.38 -.51

* p<.001.

(I
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B3.4.3 Stepwise Regressions

Results of analyses regressing total time on EXPRES and laboratory test

variables are presented in Table B3'3. For women 35 years, their maximum

grip strength and V02 Max were accepted in the analysis, accounting for 57% of

the variance in total time. By contrast, for women <35 years EXPRES sit-ups,

their maximal ILM lift and V02 Max were accepted, accounting for 43% of the

variance, while for men 1 35 years V02 Max and endurance grip reliably

predicted their land evacuation performance but accounted for only 31% of the

variance In total time.

In Table B3.4, blocked regression analyses are presented, with total time

regressed on fitness parameters blocked according to the major fitness

components studied (i.e., muscle strength-endurance and aerobic capacity).

None of these fitness components provided reliable relationships (at the

accepted 0.001 level) either for the women or men 135 years of age. On the

other hand, for women <35 years the greatest change in R2 (0.36) was accounted

for by their strength-endurance component which evidenced substantial

relationship (p<.001) with total time.

B3.4.4 Criteria for Passing the Task

The land evacuation task had not been changed significantly over the

cv..rse of three contracts in that the load (80kg) and target times (20

minutes) remainid the same. Both in Phase I and II, 71% and 75% respectively

were able to pass the task criteria. As the correlation between 750m and 1km

were r=.97 and .95 for women and men respectively, the land stretcher task was

shortened to 750m. (This correlation was advantageous as the last quarter of

the task was an exercise in pain tolerance rather than fitness.) The target

time for younger subjects was 15 min. The older subjects were given a 32%

adjustment based on the heart rate zestriction substudy and a matched sample

of older men and women. This gave a target time of 19.8 min for subjects >35
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Table B3.3 Stepwise Regression of Land Evacuation total time on
fitness parameters by sex and age level.

Variables in B SE B Mult. R. R F p
Equation

Women < 35 years

Constant 1886.36 235.89
Situps -5.74 1.83 .49 .24 16.54 .001
ILM -12.14 4.02 .58 .34 13.25 .001
V02 Max -15.59 5.62 .66 .43 12.55 .001

Women 1 35 years

Constant 2923.68 451.39
Maximum Grip -16.55 3.82 .66 .44 16.42 .001
V02 Max -29.81 11.98 .75 .57 13.22 .001

Men 1 35 years

Constant 1124.10 122.06 -
V02 Max -10.71 2.96 .46 .21 14.72 .001
Endurance Grip -.48 .17 .56 .31 12.26 .001
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Table B3.4 Land Stretcher Evacuation total time regressed on
EXPRES and other laboratory tests blocked for fitness
components.

2-
Block R Eqn. F Eqn. p F p

Change Change

Women < 35 years

Anthropometric .24 4.90 .01 .24 4.90 .01 -

Strength and Endurance .60 6.84 .001 .36 6.19 .001 IN
Aerobic Capacity .64 7.20 .001 .04 4.77 .05

Women L 35 years

Anthropometric .43 4.31 .05 .43 4.31 .05
Strength and Endurance .74 3.51 .05 .31 2.20 NS
Aerobic Capacity .84 5.24 .01 .10 6.09 .05

Men 35 years

Anthropometric .22 4.84 .01 .22 4.84 .01
Strength and Endurance .38 3.26 .01 .17 2.16 NS
Aerobic Capacity .41 3.22 .01 .03 2.12 NS
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years.

B3.4.5 Discriminant Analysis

Results of discriminant function analysis (conducted independently for

groups) using a stepwise procedure in which both EXPRES and laboratory

variables were tested a:re presented in Table B3.5. The functions obtained for

each group of subjects correctly classified a high number of subjects,

however, in each case the discriminating variables were unique (to each group)

while the functions themselves were non-significant at the 0.001 level of

confidence; that is, the variables identified could not reliably discriminate

between 'passers' and 'failers' for each of the groups. For women <35 years,

EXPRES sit-ups, their ILM lift and V02 Max were identified as discriminating

variables, with the resultant function correctly classifying 80% of the cases.

The :.scriminant function for women >35 was comprised of endurance grip and

their ILM lift, and this function correctly classified 79% of these women. By

comparison, the three variables which appeared In the discriminating function

for men >35 years were V02 Max, endurance grip and sit-ups which correctly

classified 97% of subjects in this instance.

B3.4.6 Fifth Percentile of Passing Group

In Table B3.6, the PASSERS within the individual groups (i.e., only the

subjects bettering the pass criterion of 15 minutes or 19.8 minutes for young

and older subjects respectively) are profiled according to minimum EXPRES and

laboratory scores based on the land stretcher task only. These values

incorporated an almost identical subset of minimum EXPRES values as determined

for the low hiah crawl in the nreredina prtinn (sp R2.51 with a few notable

exceptions.

1. Minimum sit-ups were comparable to values calculated for the low

high crawl 'passers' but, once again, slightly lower than our Phase
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Table B3.5 Dis~criminant analysis and classification results by EXPRES and Queen's

variables in groups defined by Land Evacuation
pass fail status.

Discriminant Analysis Results Classification Results
a1

Variables Standardized Actual Performance Predicted Performance
Canonical Status n % Correctly Incorectly

Coefficients Classified Classified
n % n %

Women < 35 years

Situps 0.54 Pass 44 (79) 41 (93) 3 (7)
ILM 0.59 Fail 12 (21) 4 (33) 8 (67)

V0 2 Max 0.43

Total 56 45 (80) 11 (20)

Wilks' Lambda: 0.81
Chi-Squared: 10.87
Significance Level: 0.05
Canonical Correlation: 0.43

Women > 35 years

Endurance Grip 0.80 Pass 16 (57) 15 (94) 1 (6)
ILM 0.44 Fail 12 (43) 7 (58) 5 (42)

I Total 28 22 (79) 6 (21) S

Wilks' Lambda: 0.63
Chi-Squared: 11.47
Significance Level: 0.01
Canonical Correlation: 0.61

Men 35 years

V02 Max 1.05 Pass 58 (97) 56 (97) 2 (3)
Endurance Grip 0.50 Fail 2 (3) 2 (100) 0 (0)
Situps -0.54

Total 60 58 (97) 2 (3)

Wilks' Lambda: 0.87
Chi-Squared: 7.97
Significance Level: 0.05
Canonical Correlation: 0.36
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Table B3.6 Fifth percentile scores for personnel passing Land
Evacuation by sex and age level.

j

Variables Women < 35 Women . 35 Men > 35

EXPRES

Maximum Grip 57.7 17 .9bcd 72.9

V02 Max 31 .2ad 28 .1d 31 .2abcd

Situps 1 5 .2abcd 9.9 15 . 4ac

Pushups -2.11 -2.26 5.1

Queen's

ILM 22 .9abcd 18 .3ab 35.9

Endurance Grip 15.8 9 .8abc 58 .3acd

Flexed Arm Hang -6. 9 b -7. 8b 2.8

Note a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing
and failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression analysis
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Ii values for the women <35 and men 35 years (Stevenson et al.,

1986). For younger women this was a result of a skewed sample and

I for older men a result of combining older males and females to

determine a passing score.

2. The minimum values for V02 Max for the two groups of women were

slightly elevated compared to the proposed Phase II value for wnmen

<35 years, while for men _35 years was in close agreement with their

previously suggested minimum (Stevenson et al., 1986).

3. On the other hand, subjects' stretcher carry data provided some

unreasonable values, very similar to the ones calculated from

subjects' low high crawl results:

I) Minimum pushups for both groups of women produced negative

Phase values; again, the drastic change in pushup technique for

the present study was felt responsible for this spurious

finding. (See Section B2.4.6 for detailed explanation.)

ii) Minimum pushups for men >35 years was surprisingly low

considering their relatively high scoring on EXPRES (i.e., as a

group, 27.1+.13.5 pushups, well above the 75th %ile on Canadian

norms; Reid & Thomson, 1985: p.127).

iii) Minimums for grip strength again produced mixed values, the men

135 closely approximating the proposed Pnase II 'Stevenson et

al., 1986), with the minimum for women <35 again quite high

(i.e., at the 65th %ile according to national norms; Reid &

Thomson, 1985: p.129), and Phase II for women 35 years again

unusually low.

Table B3.6 also summarizes the statistical findings of the earlier analyses

carried out on subjects' stretcher carry data throughout this section (see

Table footnotes) to indicate the relative importance of fitness variables to
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each of the groups in terms of evaluating task performance. Compared to

identical analyses carried out using subjects' low high crawl data (see Table

B2.6), note that the EXPRES and laboratory test variables identified as

playing an important role were neither consistent across groups nor within

groups. In Tadble B3.7, the fitness scores of the subjects passing and failing

the land stretcher carry were analyzed: individual averages for 'passers'

versus 'failers' on each EXPRES and laboratory test are compared (by Student

t-test, with significance accepted at the 0.01 level in this instance only).

Of the 21 comparisons only 8 proved to be significantly different, however in

every case the trend was identical with the 'passers' fitness scores proving

the higher value. And a similar trend could in fact be observed

examining all 21 comparisons: in every instance the mean score of the passing

subgroup was higher. It should be noted, however, that of the 13 differences

found to be non-significant 5 of these differences were marginal (i.e., almost

numerically equivalent); on the other hand, several comparisons provided huge

differences, the most striking being endurance grip (mean time differences

were +29.0 sec., +69.9 sec., and +146.2 sec. for 'passers' over 'failers' for

women <35, women .35, and men >35 years, respectively).

B3.4.7 Impact of Passing and Failing

After all tasks had been appraised and standards suggested based on

reliable relationships between tasks and tests, (Table A4) the impact of

these standards were compared to the 7-w high crawl performance in Table 3.8.

In this task 18% of the subjects would have been incorrectly classified based

on these proposed standards. The number of individuals who would have failed

EXPRES but passed the land evacuation task was 11%, a value higher than the

anticipated impact of 5% of passers. As all tasks were sumtated to examine

the impact in Section A, the number of false classifications may have been

reduced.
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Table B3.7 EXPRES and laboratory fitness scores of passers vs
failers on Land Evacuation task.

Variable Women < 35 Women 35 Men > 35
Pass Fail Pass Fail Pass Fail

-XPR-_

Max Grip * 74.1 70.0 63.5 * 52.2 109.5 22.3
1 10.0 14.1 9.5 10.9 (104.5) (4.9)

V02 Max 37.3 35.3 33.9 32.6 41.0 * 31.4
5D (3.7) (2.9) 3.5 3.0 (6.0) (0.1)

Situp ji 34.0 25.2 26.8 21.0 31.9 27.5
LD (11.5) (8.8) 10.3 7.5 (10.1) (3.5)

Pushup j 19.4 14.3 9.9 8.1 27.5 16.0

(13.1) (7.9) 8.0 9.6 (13.7) (8.5)

Queen' s

1LM j. 31.5 27.3 28.6 * 24.0 52.6 50.0
62 5.2 5.3 6.3 2.0 (10.1) (0.0)

Endurance
Grip j 89.0 60.0 119.8 * 49.9 235.2 89.0

SD (44.6) (49.4) 67.1 15.9 (107.9) (42.4)

Flexed
Arm Hang M 21.9 * 10.3 164 * 4.5 30.5 22.8

jg. 17.5 8.7 14.7 8.8 (16.9) (16.2)

Noe * Reliable difference (Q<.Ol) between passing and failing
group means.
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Table B3.8 Impact of fitness standards on classification by pass/fail
status for Land Evacuation task.

Fitness Land Stretcher Evacuation Task Performance
Test
Performance Correctly Classified Incorrectly Classified

(no) (M) (no) (%)

Pass
EXPRES 103 71.0 10 7.0

Fail
(1 or more) 16 11.0 16 11.0

Total 119 82.0 26 18.0
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B3.5 Interpretation

In the Phase II study both groups of older subjects (the men and women

35 years) completed the 750 m evacuation in less time o v than their

respective counterparts <35 years (Stevenson et al., 1986). While this was

not the case In the present phase there were several notable comparisons with 4

our earlier phases. First, both groups of women in the present study

completed the land stretcher task in record times (for female subjects,

compared to Phase I and II results). Second, all times were on average faster

for the present groups of subjects, with the men 135 years achieving the

fastest time for completion of their 750m evacuation of any group of subjects

studied. Third, by contrast, one fact has been consistently observed

throughout the three phases: independent of the subjects' gender, age, or

testing locale, split-times have remained proportionate: that is, slower total

times invariably have resulted in longer split-times and, oppositely, 
faster

completion times have reflected shorter splits. Fourth, this latter finding,

in turn, has substantiated the most important strategy for completing the land

evacuation task, specifically that subjects should stay within their

capacities throughout the carry, proceeding at a constant pace rather than

attempting to speed up during any particular phase through the carry.

Transferred to live combat situations, this would also appear to be the

prudent approach for instructing Forces personnel.

In the present study the univariant analyses revealed similar trends to

ones observed in both of our earlier phases: foremost, low r-values have been

consistently found between zineb boLeb dnd Ldbk PeLfULMdULe, WUiL Unlyd

sparse number proving significant (in Phase II only 16 of 189 r-values and in

the present study 21 of 180, p<.001). And these few correlations have seldom

revealed any definite patterns. On the other hand, the vast majority of r-

values have always appeared as negatives indicating that there was indeed an



140

underlying relationship between fitness (as measure by EXPRES) and performance

on the land stretcher carry. Further, it was also interesting to note that,

as in Phase II, the highest negative r-values were found: for men >35 years,

between total time and their aerobic capacity (as determined by EXPRES step

test); for women (but only for the >35 group in the present study) between

total time and their grip scores (i.e., the r-values for both their combined

and endurance grips was -0.64, p<.001). As the mass carried was on the

average 61.6% of the fbody weight of women, then grip strength would be an

obvio%:s factor. For men grip strength would be of less importance in task

completion as the mass was 49.8% of body weight. Finally, our additional

univariant analyses, first attempted in Phase II correlating subjects' split-

times through the land stretcher carry with individual fitness scores, again

did not result in higher or more consistent r-values, verifying our earlier

conclusions regarding this analytical means of evaluating subject performance:

total tim (for completion of the land evacuation) was in fact the single,

best measure for evaluating subjects' performances when using time as the

single assessment of performance. (Stevenson et al., 1986). _

Through the three phases of MPFS, in general our multivariant analyses

have improved he predictive value of EXPRES in evaluating task performance,

but seldom has any consistent pattern of multi variables been identified. For

example, compare the unique set of performance predictors identified in our

stepwise regression analysis for females <35 years: in Phase I (with 31 of the

33 women in the group <35 years) their height combined with EXPRES pushups

provided significance; in Phase II for that group of women <35 years only

their arm power appeared in the regression equation; and in the present study

for the women <35 years a combination of three different variables (i.e., sit-

ups, ILM, V02 Max) were found to be significant. As well, through our three

Phases, and for both men and women, any specific set of significant multi
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variables has never accounted for more than 60% of the variance in total time

[I for the land stretcher carry. In the present study, only for the women 35

years was a substantial portion of the variance in total time accounted for

(i.e., 57%) by the variables identified in their regression equation; for the

other two subject groups R2 values were substantially lower, 0.43 and 0.31 for

women (35 and the men .35 years, respectively. In comparison to our two

earlier studies, stepwise discriminant analyses testing EXPRES and laboratory

variables independently by groups were able to correctly predict both a higher

percentage of subjects passing the land stretcher task (79% - 97%, according

to the respective groupings), while significantly reducing their numbers

incorrectly classified (i.e., only 2 of 60 males >35 years incorrectly

classified, and 17 of a total of 84 female subjects). However, this apparent

improved ability in Phase III to discriminate may he artifactual: a much

K smaller number of subjects - and women in particular in the present phase, as

males have traditionally 'passed' this task - actually failed (i.e., 78.1% of

the female subjects bettered the task criterion). It was felt that improved

fitness on younger women and protocol modifications were responsible for this

general improvement in performance; in earlier phases the stretcher carry had

been conducted out-of-doors, on cinder tracks, and /or a second person (i.e.,

one laboratory personnel) required to carry the 'other end' of the stretcher.

In determination of the fifth percentile values for each group there were

obvious differences between groups (see Table B3.6), For younger women < 35

years, oxygen consumption, sit-ups, ILM and flexed arm hang were related

whereab f £uz oidEr wma, a' l varla"las tested were rel ated .. .----- nt

push-ups. For men, oxygen consumption, sit-ups and endurance grip were

related. Once again, these differences point out the difficulty in having a

common EXPRES criteria for each group. In Table B3.7, the amount of overlap

in data between passers and failers was shown. Of EXPRES variables sit-ups
i •q
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for women <35, grip for women 35 and V02 Max for men 135 were the only

variables with a significant difference between the means for passers and

failers of the task. The ILM score and flexed arm hang for both groups of

women and also endurance grip for older women were significant. These facts

highlighted the observation that EXPRES and other variables seldom show

significant differences between passers and failers of the task despite the

fact that these and other variables were related to performance (see Table

3.6). 'Once again these data reinforced the fact that prediction of . I

performance based on simple fitness measures was not possible.

B3.6 Conclusions

This subset of fitness variables proved to be of limited value as

discriminators of performance success on the stretcher carry task, while the

additional laboratory tests improved performance prediction minimally.

Therefore, the conclusions to be drawn concerning task performance were

limited by the lack of definitive statistical relationships between fitness

and performance.

1. These data suggested that a relationship exists between fitness (as

measured by EXPRES and our laboratory tests) and performance of the

land stretcher carry in that 31% to 57% of the variance in scores

could be explained. However, as with previous studies general

fitness measures cannot predict performance on the land evacuation

task.

2. As concluded in both Phases I AND II, grip strength-endurance was

oxygen consumption capacity having a relationship across all groups

in this study.

3. Because of extenuating circumstances (discussed in section B3.5)
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specific minimum values in this subset should be disregarded, in

pushups for women.3
More generally, the investigators recommend that the one-person stretcher

carry to 750m, performed over an indoor hard-surfaced track, be considered as

the standardized land evacuation task protocol, and that the 15-minute and

- 19.8 minute time be retained as the pass-fail criterion for younger and older

subjects respectively in any future evaluation of CF personnel. This timed

standard is a linear revision of the 20 minute standard for the original one

kilometre task definition.

B3.7 Recommendations-

The land evacuation task was selected as one of the test battery items in

that it was considered on of the most physically demanding tasks within the

designated list of Seven Common Tasks for CF personnel (excluding NBCW

clothing which would raise the physiological requirements an undetermined

amount). The task definition was fixed in terms of a timed criterion measure

and from the standpoint that no assistive devices such as a shoulder strap was

provided. Although the task was operationalized and improved to be a reliable

one person task, it was not improved to optimize performance of all subjects.

In a study conducted at DCIEM with and without shoulder straps on the

stretcher, task performance times were markedly improved, especially for -

women. As the mass on the stretcher was 61.6% of the body weight, it is

important to optimize the task protocol further; hence the following

recommendation is made.

1 That a-n-- egnomi.C rCde;-n f *-ha a4vr~-,ha q heP e-aripd out

(shoulder straps added) so that the task definition is optimized

prior to evaluation of subjects. Once again, it should be stated

that the task protocol should be optimized prior to creating

standards as this process potentially remove systemic bias form the



144

tasks. Only then is it appropriate to create screening tests to

evaluate employee performance.

0

0

[0
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SECTION B4

SEA STRETCHER EVACUATION TASK ANALYSIS
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SECTION 34

SEA STRETCHER EVACUATION TASK ANALYSIS

R4.1 Introduction

This common military task was a simulation of a casualty evacuation on

board ship. As initially tasked by the CF, performance of the shipboard

evacuation entailed a two-person team, while in firefighting gear, carrying an

80 kg person lying on a Stoker stretcher along a lower ship's deck a distance

of 12.5 m, ascending up shipboard stairs, then returning, descending the

stairs, and back along the lower deck to the starting point.

While conducting this emergency task in the field during Phase I, two

major difficulties were encountered. Foremost, the task could not be

performed by a single person, with the result that the Phase concept -

evaluation of individual (physical) preparedness for this task - was not

realized. Second, the only shipboard simulator on-land was located at the

Forces Firefighting School at CFB Halifax, which proved both inconvenient

and costly to employ for Phase purposes on any long-term basis. For Phase

II, these deficiencies were redressed by redesign of the task, equipment, and

data collection procedures. A large standing structure was fabricated

replicating a CFB Halifax mock up of ship's upper deck and flight of stairs

(see Appendix C). Then, with ground-level acting as the 'lower deck', this

portable construction was reassembled at test sites to serve as the shipboard

simulator. Built in to the superstructure as well, the carriage phase of the

stretcher, both up, then down the stairs, was redesigned as a one-person task

with the front half of a specially built Stoker stretcher running along metal

tracks. The subject, positioned at the rear, lifted the equivalent of one-

half the required 80 kg load, this weight being securely fastened inside the

basket of the Stoker replication.
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With these modifications the remodeled task took much less time than the

10-minute criterion originally sanctioned by the CF: in Phase II, the fastest

person completed the redesigned task in 21 seconds, while even the slowest

subject (physically capable of completing the task) required only 7 min: 24

- sec. In Phase II, 75% of subjects bettered 210 seconds (i.e., 3.5 min),

therefore, in consultation with DCIEM and ranking CF personnel, this time was

established as the new pass/fail criterion, a drastic revision from the

original benchmark but necessary in order to establish Phase values for this

redesigned task. And finally, during Phase II split-times were also recorded

at set Intervals throughout the new task. These revisions were all carried

through into the present phase.

B4.2 Task Rationale

Evidence supporting the higher energy costs of vertical work is

convincing. Orsini and Passmore (1951), studying four different support and

movement methods using a 37 kg load, concluded that compared to moving the

same load overland, walking downstairs almost doubled subjects' energy

requirements, while mounting stairs more than tripled their energy

expenditures. Similarly, Astrand and Rodahl (1977) determined that continuous

stair climbing whiie carrying 13.6 kg required 4.2 litres/min oxygen

consumption, a near maximal value for their subjects; also, this resulted in

near-maximal lactate values for both female and male subjects. Other aspects

of load bearing have also been examined. Evans et al. (1983) compared the

maximal time which their subjects could hold a 40 kg load (a compact box

container) standing, versus carrying it on the level; under the latter

experimental conditions the time to exhaustion was reduced but a near maximal

heart rate response was recorded. Lind and McNicul (1966, 1967b, 1968) In a

series of studies reported on the effects of load-carrying (20 kg) and
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recovery from such work. Thesi Investigators concluded that load distribution

was important: an even distribution of the load improved performance

significantly, and local fatigue was reduced. On the other hand, following

exhaustion from load carrying a lengthy time period was required for complete

recovery by subjects of their load-carrying capacity; this despite heart

rate, blood pressure and local blood flow all having returned to pre-exercise

conditions within 15 minutes. As well, if load-carrying was repeated before

full recovery, subjects time to exhaustion was reduced accordingly (Lind &

McNicol, 1967).

Results from our earlier studies in the Phase series found similar

results. To carry a weighted Stoker stretcher up one flight of shipboard

stairs elicited near maximal heart rates (for the female subjects in Phase

II, 177L13 and for males 16032 beats/min), elevated blood lactate post-

exercise (in the females in Phase I, 65±21 mg% and in males 60±15 mg%), while

producing moderate to extreme fatigue in all subjects (Stevenson et al, 1985 &

1986). On this basis the sea stretcher evacuation task was judged very

physically demanding, requiring strength as well as other fitness components.

However, because of the non-discriminating nature of these physiological a

responses (i.e., near-maximal but uniform in all subjects), physiological

variables were not recorded during Phase II, with the exception of heart rate

monitoring in subjects 35 years for safety purposes.

Of all the task modifications and changes made over the three phases by

far, the greatest alterations have been made in the sea stretcher evacuation.

However, the present investigators feel that the safety aspects of the task

&&l ve ub-i ULe r &' &"WDLV YA. -U&. .- --S--- -- ---dofMoe-e

and with personnel in full firefighting gear, the redesigned safety features

permit the task to be performed with closer subject supervision at all times.

And a system of pulleys can take the weight of the simulator at any instant

:!I
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during the task, such that should any untoward event suddenly occur, the

subject can remain holding on securely to the end portion of the Stoker

stretcher for support.

B4.3 Task Protocol

A replication of the rear half of a Stoker stretcher was connected by a

movable apparatus to a flight of shipboard stairs. The stairs were designed

such that one subject alone could carry the stretcher during ascent and

descent of the stairs. The superstructure of the simulator was positioned

securely with broad based foot supports stabilizing the structure on the

cement floor in the Queen's University arena.

Subjects were instructed that the task should be completed quickly but

carefully, with due concern for the safety of both the evacuee (simulated by

affixed weights) and themselves. Fully dressed in firefighting gea7, each

participant was given opportunity to practice carrying the simulator, first

unweighted, then partially weighted, until the subject felt both familiar

and secure in moving up and down the flight of stairs. To further enhance

personal safety a taut rope and pulley system was readied at all times to

catch the weight of the simulator; attached securely to the top strut, the

safety rope was controlled manually from the ground.

On the command "start*, the subject was required to pick up the rear end

of a Stoker stretcher (i.e., not the simulator at this point) and carry it

(with a laboratory personnel carrying the front end) a horizontal distance of

12.5 m to the foot of the ship's stairs. The subject than switched to the

- 1U of &I 'Ci smlWUJ.C I..uL proea e" (anL I & &45,3 a&& S S . -

simulator up to the top of the stairs; at the top deck there was opportunity

to rest for as long as necessary with the safety rope mecldnlsm holding the

simulator before returning back down the stairs. Upon completion of the

descent the subject switched back again to the rear end of the (real)
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St3ker stretcher to resume carrying it the 12.5 m, returning to the start

line (again with the laboratory personnel carrying the front end). In its

entirety from start to finish, this simulation mimicked the continuous, 2-

person, shipboard evacuation task; however, it offered the advantage that one

person could be evaluated, unaided or fettered by the requisite 'second'

person designated in the CF guidelines.

The variables measured were total time elapsed (in seconds) to complete

the evacuation, as well as the following split-times: i)to the base of the

stairs; ii)stairs ascent; iii)stairs descent; and iv) return to 'start line'.

94.4 Results

B4.4.1 Descriptive Results

In Table B4.1, total times for completion of the sea stretcher

evacuation and subjects' split-times are presented. On average, men _35 years

completed the task in a faster time (under 2 min) than either of the female

groups, and this trend was also reflected in their faster splits throughout

the evacuation. Women <35 years completed the task on average in just under

2.5 minutes while the women 135 years required over 4 rainut:es. However, as on

other common tasks, again the wide range of times for both the men and

women's groups was worth noting. Overall, there was some overlap in times

between (approximately) one-quarter of the women from both groups and the men.

Comparing the fastest subjects in each group, men and women, there were only

seconds separating both their splits and total times. By contrast on this

task particularly, there was substantial time differences between the slowest

males (requiring up to 1.5 min) and the women in both groups, <35 and >35

years, who required the most time to complete the task. Additionally, two of

the women <35 and five female subjects >35 years were physically unable to

complete this evacuation task.
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Table B4.1 Summary of Shipboard Evacuation Task Performance
Scores of the Sample by Age Group and Sex.

Split Times (s)
Sta't to Up Down Total
Sta irs Stairs Stairs Time (s)

Women1 <_3 5 years

n= 57

Mean 6.1 114.9 136.5 148.0
SD 1.3 147.9 153.8 158.3

(min-max) (4-10) (14.3-699.9) (21.8-72.3) (27-747)

Women _. 35 years
n= 23

Mean 7.6 214.4 245.1 259.5
SD 2.8 221.9 235.4 244.1

(min-max) (4.7-14.7) (21.1-756.9) (29-893) (36-912)

en i_ 35 years
n= 62

Mean 5.1 22.5 33.3 40.1
SD 1.3 10.4 14.0 15.1

(min-max) (3.4-10.7) (11.7-65.1) (16.8-86.9) (21-97)
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B4.4.2 Simple Correlations

Tables B4.2a and b present correlation analysis results comparing EXPRES

and laboratory test variables to performance times, specifically, total time

to completion of the task in Table B4.2a, and split-times in Table B4.2b. All

r-values correlating fitness and total times were found to be low and non-

significant; on the other hand in Table B4.2a, of 21 fitness-related

coefficients 20 were determined to be negative values. In Table B4.2b all

but one r-value correlating subjects' fitness test results and their split-

times through the sea evacuation were found to be non-significant but, again,

of 63 fitness related coefficients 62 were related to improved fitness.

B4.4.3 Stepwise Regressions

Results of the stepwise regression analyses predicting total time for

the sea stretcher evacuation by EXPRES and laboratory test variables are

shown in Table B4.3. For women <35 years, in their regression equation only _ I

their flexed arm hang and no other fitness variables appeared as significant

(p<0.001) predictors, which accounted for only 18% of the variance in total

evacuation time. Similarly, for women 35 years, only one fitness variable

appeared in their regression equation, maximal grip strength, but accounted

for much more of the variance, 40%. By comparison, for the men 35 years, a

combination of these fitness factors was determined to be predictors of their

sea stretcher performance: flexed arm hang-time and, in this case, their

endurance grip strength. However, even together, these two fitness variables

accounted for only 26% of the variance in their sea stretcher perfozmance.

In Table B4.4, blocked regression analyses are presented with total time

for completlon of the sea evacuation regressed on fitness variables when the

latter were blocked according to the major components (i.e., muscle strength-

endurance and aerobic capacity). For the women's groups only 19% of the
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Table B4.2a Correlations Between Shipboard Evacuation Performance

Measures and Fitness Parameters by Sex and Age Level:

Total Time.

Women Women Men
<35 135 135

-_throftItU_

Age .18 -.05 .24

Height -.32 -.65 .03

Weight .09 .10 .16

MUcular Strength and Endurance

Situp -.20 -.31 -.30

Pushup -.21 -.08 -.32

Combined Grip -.13 -.27 -.02

Endurance Grip -.25 -.56 -.40

Flexed Arm Hang -.42 -.53 -.43

Maximum ILM to
Full Extension -.27 -.27 -.25

Aerobic Capacity

Step test .38 -.32 -.32

ffote.2 p<.001.



154

Table B4.2b %orrelations Between Shipboard Evacuation Performance Measures and
Fitness Parameters by Sex and Age Level: Split Times.

Start to Stairs Up Stairs Down Stairs
Women Women Men Women Women Men Women Women Men
<35 >35 .35 <35 135 >35 <35 35 >35

Anthropometry

Age .37 .03 .13 .17 -.04 .25 .17 -.05 .23

Height -.22 -.43 -.06 -.32 -.67 .06 -.31 -.66 .04

Weight -.10 -.15 .03 .06 .12 .18 .07 .10 .15

Muscular Strength and 7ndurance

Situp -.41 -.20 -.26 -.20 -.34 -.30 -.20 -.31 -.29

Pushup -.19 .27 -.20 -.19 -.08 -.30 -.20 -.07 -.31

Combined Grip -.37 -.62 .08 -.12 -.63 -.03 -.12 -.63 -.04 --

Endurance Grip -.19 -.48 -.22 -.25 -.56 -.37 -.25 -.56 -.40

Flexed Arm Hang -.22 -.37 -.30 -.39 -.53 -.38 -.41 -.52 -.40

Maximum ILM to *

Full Extension -.48 -.22 -.19 -.25 -.26 -.18 -.27 -.26 -.24

Aerobic Capacity

Step test -.17 -.21 -.30 -.09 -.34 -.33 -.11 -.31 -.31

Note. * p<.001.
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Table B4.3 Stepvise Regression of Shipboard Evacuation total time on
fitness parameters by sex and age level.

2S

Variables in B SE B Mult. R. R F p
Equation

Pmn
Women < 35 years

Constant 233.78 31.39
Flexed Arm Hang -4.07 1.21 .42 .18 11.34 .001

Women > 35 years

Constant 1092.20 224.83
Maximum Grip -13.71 3.64 .63 .40 14.17 .001

Men > 35 years

Constant 58.07 4.60
Flexed Arm Hang -.31 .09 .41 .17 11.22 .001
Endurance Grip -.04 .02 .51 .26 9.85 .001

'U
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Table B4.4 Shipboard Evacuation total time regressed on EXPRES and
other laboratory tests blocked for fitness components.

Block R2 Eqn. F Eqn. p R2 F p
Change Change

Women < 35 years

Anthropometric .20 4.02 .05 .20 4.02 .05
Strength and Endurance .40 2.99 .01 .19 2.17 NS
Aerobic Capacity .40 2.68 .05 .004 .33 NS

Women 35 years

Anthropometric .48 5.28 .01 .48 5.28 .01
Strength and Endurance .67 2.49 NS .19 1.05 NS
Aerobic Capacity .68 2.14 NS .01 .35 NS

Yen 1 35 years

Anthropometric .07 1.35 HS .07 1.35 NS .....
Strength and Endurance .30 2.24 .05 .23 2.57 .05 -
Aerobic Capacity .31 2.04 NS .01 .47 NS

!I



157

variance in task performance was accounted for by their strength-endurance,

[ while 23% was accounted for by the men's strength-endurance component.

However, for all three groups of subjects il% of the variance was accounted

for by aerobic capacity. On the other hand, for women .35 years

anthropometric parameters accounted for 48% of the change in R2, however,

this also was found to be non-significant (p>0.001).

B4.4.4 Criteria for Passing the Task

The sea evacuation task changed markedly from its conception in Phase I

in that an operational task was created to replace the two person task

definition. As a result the original 10 minute time criteria was no longer

appropriate. In Phase I, 75% of the men and women completed this task in 210

seconds or 3.5 minutes. As a result this time standard was used for women <35

for this study. The adjusted time for older subjects was 277 seconds based on

the heart rate restriction substudy and an equal sample of older men and women

(Table All). By these criteria and for this Phase, 25% of women <35 years and

35% of women 35 failed the task criteria. As in Phase II all older men

passed the task criteria for the sea evacuation task.

B4.4.5 Discriminant Analysis

* Discriminant function analyses using a stepwise procedure testing both

EXPRES and the other fitness variables are presented for the women (only) in

the present study in Table B4.5 (i.e., see footnote below Table). Flexed

arm hang-time again appeared as a common parameter for both groups in addition

to, for the women <35 years, their maximal ILM lift, and for women 135, their

endurance grip scores. And while these functions identified 77% and 78%

(respectively) of the subjects, the fenctions themselves were not significant

(at the 0.001 level of confidence); that is, in neither case could the

function reliably discriminate between each group's 'passers' and 'failers'.
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Table B4.5 Discriminant analysis and classification results by EXPRES and Queen's
variables in groups defined by Sea Stretcher Evacuation pass fail status.

Discriminant Analysis Results Classification Results

Variables Standardized Actual Performance Predicted Performance
Canonical Status n Correctly Incorectly

Coefficients Classified Classified
n n %

Women < 35 years

ILM 0.35 Pass 43 (75) 41 (95) 2 (5)

Flexed Arm Hang 0.85 Fail 14 (25) 3 (21) 11 (79)

Total 57 44 (77) 13 (23)

Wil!s' Lambda: 0.80
Chi-Squared: 12.38
Significance Level: 0.01
Canonical Correlation: 0.45

Women 35 years

Endurance Grip 0.56 Pass 15 (65) 15 (100) 0 (0)
Flexed Arm Hang 0.56 Fail 8 (35) 3 (38) 5 (63)

Total 23 18 (78) 5 (22)

Wilks' Lambda: 0.69
Chi-Squared: 7.38
Significance Level: 0.05
Canonical Correlation: 0.56

Note. All of the Men > 35 years passed this task.
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B4.4.6 Fifth Percentile of the Passing Group

In Table B4.6, the PASSERS within the individual groups (i.e., only the

subjects bettering the pass criterion of 3.5 min) are profiled according to

minimum EXPRES and laboratory scores. These values incorporated a similar

subset of minimum EXPRES values (and in five instances minimum values are

identical) as determined in the preceding sections for the low high crawl and

the land evacuation (see sections B2.4 and B3.4, respectively):

1. MPFS requirements for all three groups of subjects in the present

study for V02 Max and sit-ups were both comparable to .tablished

MPFS standards (Stevenson et al., 1986) and compatible with Canadian

norms (i.e., <30th %ile, according to sex and age grouping; Reid &

Thomson, 1985: pp.126 & 142).

2. Minimum grip for men 135 years was iW close agreement both with MPFS

values determined in our earlier studies as well as on the other

tasks in the present study. On the other hand, while minimum grip

for women is established at (approx.),one-half the Phase for men;

the values for both groups of women in Table B4.6 are high, and,

again, particularly so for the women <35 years (i.e., at the 66th

%ile according to national norms; Reid & Thomson, 1985: p.129) as

noted consistently throughout section B in this Report.

3. In Table B4.6 minimum push-ups for both groups of women (again)

produced negative values as a result of the normalized z scores for

the passing group; as argued earlier in this Report, the drastic

chanqe in pushup technique for the present study was felt

responsible for this spurious finding.

4. Minimum push-ups for men 35 years were also surprisingly low, one-

half of their established Phase of 14 (Stevenson et al, 1986), and

particularly low considering their relatively high scoring on
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Table B4.6 Fifth percentile scores for personnel passing Sea
Evacuation by sex and age level.

Variables Women < 35 Women > 35 Men .35

Maximum Grip 56.3 49.5 d  73.5

V02 Max 31.2 28.0 30.7

Situps 13.3 9.9 15.6

Pushups -1.3 -2.5 7.0

Queen's

5~ab
ILM 23.5  17.6 36.6

Endurance Grip 13.3 13.5ab 59.4d

Flexed Arm Hang -4.0 a
b  -7 .1a 2.8d

Note. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified In stepwise multiple regression
analysis
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EXPRES (i.e., as a group, 27.1+_13.5 push-ups, well above the 75th

%ile on Canadian norms; Reid & Thomson, 1985: p.127).

Table B4.6 also summarizes the findings of the earlier analyses carried out on

subjects' sea evacuation data throughout this section (see Table footnotes)

to indicate the relative importance of fitness variables to each of tne

groups in terms of evaluating task performance. In only one instance was an

EXPRES variable found significantly related to performance (see grip Phase

for women 135 years); otherwise, EXPRES was shown to be unrelated to the sea

stretcher task. Similarly, examining across the rows, the laboratory tests

were identified as significant variables in task performance in only a few

analyses but, compared to similar analyses carried out in the other 8 sections

of this Report, these were neither consistent across grou~s nor within groups.

B4.4.7 Impact of Passing and Failing

In Table B4.7, the fitness scores of the women, both <35 and 135 years,

passing and failing the sea stretcher task were analyzed (i.e., as footnoted

in Table B4.5, all of the men 2.35 years bettered 3.5 min): individual averages

for 'passers' versus 'failers' on each EXPRES and laboratory test were

compared (by Student t-test, with significance accepted at the 0.0' level in

this instance only). Of the 14 comparisons only 5 proved to be significantly

different, however in every case the trend was identical with the passers'

fitness scores always provinq the higher value. And, in fact, a similar trend

can be observed examining all comparisons: in every instance the mean score of

the passing subgroup was higher, however, in the nine comparisons found non-

significant (p>0.01) several of the numerical differences were marginal (i.e.,

almost numerically equivalent).

Table 4.8 is designed to examine the impact of the proposed standards

from Table A14 (based on all tasks) on the sea evacuation task. The overall
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Table B4.7 EXPRES and Laboratory fitness scores of 'passers' vs
'failers' on the Shipboard Evacuation Task.

Variable Women < 35 Women> 35 Men > 35
Pass Fail Pass Fail Pass Fail

Max Grip I 75.0 70.1 64.3 * 54.0 109.1 ---
S (11.4) (8.4) (9.11 12.5 (21.7) ---

V02 Max J 37.2 36.7 33.9 32.3 40.4 ---

SD (3.7) (3.6) 3.6 3.6 (5.9) --

Situp j 34.3 28.6 27.7 20.9 31.3 ---
SD (12.8) (7.5) 10.8 7.4 (9.6) ---

Pushup M 20.4 13.6 10.5 8.9 26.2
SD (31.2) (6.6) 7.9 11.3 (11.7) ---

Queen's

ILM t. 31.9 ' 28.6 27.8 24.1 51.9 ---

gk (5.1) (4.6) 6.3 3.0 (9.4) .. .

Endurance
Grip 88.8 71.2 123.3 * 56.1 226.1

jQ (46.0) (43.2) 66.9 21.5 (101.7) ---

Flexed
Arm Hang i 24.6 * 7.6 17.2 * 2.5 30.1 ---

SA (17.4) (7.4) 14.8 3.4 (16.6)

Note. * Reliable difference (p.<.01) between passing and failing
group means.
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Table B4.8 Impact of fitness standards on classification by
pass/fail status for Sea Evacuation task.

Fitness Sea Evacuation Task Performance
Test
Performance Correctly Classified Incorrectly Classified

(no) M%1 (no) %)

Pass
EXPRES 99 70.2 14 9.9

Fail
(1 or more) 8 5.7 20 14.2

Total 107 75.9 34 24.1

*-

*

2 0
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standards Vould have placed 24% of the subjects in the wrong category with

14.2% of the subjects who would have failed EXPRES but passed the task. This

proportion of false negatives was higher than acceptable in single task

examination.

B4.5 Interpretation

Over our three Phases of the study, the sea stretcher evacuation has been

considerably altered compared to the task originally defined in the CF

guidelines. Foremost, however, the present protocol now conforms to the

template applied to all other common military tasks, assessment of individual

performances, yet, completing the redesigned task subjects perform an

identical amount of work lifting and carrying. However, the much

faster split-times recorded throughout the evacuation as well as total time to

completion have raised a number of concerns both experimental and practical.

First, in order to evaluate performance success in Phase II, the CF's criteria

of 10 minutes total time for passing ve.sug failing was drastically reduced

(i.e., to 210 seconds, see discussion section A3.4; Stevenson et al, 1986).

Compared to Phase II results for the women <35 years their, total and split

times for the one-person evacuation in the present study were quite similar.

On the other hand, the other 'repeater' group (from Phase II), men 35 years,

were almost 50% faster in the present study (i.e., 74.9±45.7 sec in Phase II

versus 40.115.1 sec), as were the women >35 years in the present study (but

note that only three of eight women completed this task in Phase II).

Second, however, overall only 16% of subjects failed to achieve the modified

performance criterion in the present study (i.e. modified according to the

Phase II where 25% ot all subjects had faiied). But on closer inspection the

percentage breakdown of subjects passing versus failing in the 'repeater'

groups from Phase II was ite comparable: 100% of aen 135 years, the same as

in ?hase II, ane 76% of women <35 years (versus 79% in Phase II). Third,
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subjectively, performinq the modified protocol, this task was felt to be much

* safer while permitting more rigorous experimental control during testing. The

risks of falling on the stairs and lower back injuries were greater

performing this task as originally designed in the CF guidel'nes because of

the precarious positions personnel had to assume at specific junctures through

the two-person task protocol. Fourth, as concluded in our Phase II Final

Report (Stevenson et al, 1986), from both the monetary perspective and in

terms of convenience the modified protocol was again Judged vastly superior to

relocating our entire laboratory as well as CF personnel to CFB Halifax, as

was necessitated in Phase I by the initial design of the task and two-person

protocol. The portable superstructure replicating a ship's stairs and upper

deck can now be reassembled at any testing site (in Phase II at CFB Borden,

then CFB Uplands, in the present study in the arena at Queen's University).

In both Phase I and II the relationship between subjects' fitness, as

determined by EXPRES and the laboratory tests, and their sea stretcher

performance scores was low (Stevenson et al, 1985 & 1986). However, by

comparison with even these data, our univariant analyses revealed less

relationships in Phase TI 13 (of 177) coefficients were found to be

significant, while in the present study only one r-value (of 83 fitness-

related coefficients) proved significant (p<0.001). On the other hand, in all

NPFS phases the large majos'ty of the fitness-related coefficients have

appeared as negative values: in the prebent study 81 (of 83), and in Phase II

159 (of 177) r-values were negative. As found with all other common military

tasks, this strongly negative relationship between fitness and performance

again underscored that an under1 .ng relationship does exisc between

subjects' physical fitness and t' ir task scores - in this case, specifically

with their sea evacuation performenc-. Finally, our additional univariant

analyses, first attempted in Phase iI cittelating subjects' split-times
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through the sea evacuation with individual fitness scores, again did not

result in any higher (nor significant) r-values, verifying our earlier

conclusion regarding this analytical means of evaluating subject performance

that total time (for completion of the sea evacuation) was in fact the

single, best quantitative measure for evaluating subjects' performance

(Stevenson et al, 1986).

Through the three phases of KPFS, unfortunately our multivariant analyses

have not improved the predictive value of EXPRES or the laboratory tests in

evaluating subject performances. On the other hand, our bases for comparison

on the sea stretcher task year-to-year has changed because the task itself has

been progressively modified, the major redesign in task performance being made

prior to Phase II. From Phase I, upper body strength as measured by push-ups

was the only fitness-related parameter found; in Phase II, both lcq and

upperbody strength appeared as significant predictors for the various groups;

and from the present regression analyses arm and grip strength appeared as

significant predictors of performance. On the other hand, what has remained

relatively constant from Phases I through III was the modest portion of the

variance accounted for by these various subsets of fitness variables: in

Phase 1 20%, in Phase II 26%, and in the present study 40% were the

highest R2 values associated with fitness-related variables. By contrast,

there has been a surprising degree of agreement between results when fitness

components have been blocked. Comparing results for uomen <35 and men >35

years between Phase II and the present study (i.e., the two group3 of

'repeaters' in Phase III): strength-endurance accounted for between 19% to

"e -fmac scre fo ttez s---------- J.AA.

group, with aerobic capacity always accounting for 6%. Additionally,

subjects' anthropometric parameters blocked have consistently accounted for

only J10% of the changes in R2 (with one exception in Phase III for women <35
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years, 20%). Finally, from our three Phase studies discriminant analysis

produced only one significant functlon (at the accepted 0.001 level of

confidence); otherwise, results of our multivariant analyses have proven

quite tentative for the sea stretcher task as well.

In terms of the fifth percentile scores, only grip from EXPRES for women

135 had a reliable relationship (Table B4.6) to performance. Of the

additional tests, ILM and flexed arm hang were related for women <35 and

endurance grip and flexed arm hang for women and men 35. The small number of

relationships and the lack of differences between passers and failers would

indicate that the general fitness measurements evaluated in this contract were

not adequate to predict performance. The sea evacuation task required a

skill, Goordination and tenacity components which were not measured by these

variables. Hence it was not surprising that only 18%-40% of the variance in

data was explained by fitness variables.

B4.6 Conclusions

The subset of EXPRES Phase variables proved to be of limited value as
*

discriminators of petformance success on the sea stretcher task, while the

additional laboratory tests improved performance prediction minimally.

Therefore, the conclusions to be drawn concerning task performance are limited

by the lack of definitive statistical relationships between fitness and

performance.

1. These data suggest that there was limited relationship between one's

fitness (as measured by EXPRES and our labtjratory tests) and

- -- 1 ----- ..- - -. A -o A... - ". . .-Ic' - .3. adequate I..-,: ..account

for 18% to 40% of the variance in task performance. As with

previous studies, results were consistant in that it was not

possible to predict sea evacuation scores from general fitness
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parameters.

2. No EXPRES parameters except for maximum grip for older women were

significantly related to task performance. In addition all men

passed the task in two years of testing whereas 25% and 35% of young

and older women respectively failed this years task protocol.

3. Because of extenuating circumstances, again specific minimum values

in this subJset should be disregarded, in particular MPFS push-ups

for women.

More generally, the investigators recommend that the one-person, Stoker

stretcher protocol and equipment superstructure be considered as the

standardized sea evacuation task, and that 210 seconds (3.5 min) be evaluated

as the criterion time for completion of this protocol. Older subjects would

be required to complete the task in 277 seconds (4.6 minutes).

B4.7 Recommendgtions

The sea evacuation task was selected as one of the test battery items

that was one of the most physically demanding within the designated list of

Seven Common Tasks for CF personnel. The revised task protocol was considered

an improvement over the original definition in that it was a one person task,

it resembled the work requirements of the original task, and it was a reliable

task protocol. The major concern is that women only failed the task. Task

design may have been a problem, as indicated by a relationship between height

and task score for older women (r=-.65 p<.001). Women frequently complained

that the riser height of steps was one of the main difficulties encountered

with task completion and faster task times. Therefore it is recommended that:

I. The sea evacatinn ntairq he rpdeqinnp with qhnrfer irei hepiht n

steps (more like ship steps than CFB Halifax Fire Fighting School

steps) so that the design of the task be optimized for all subjects.
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SECTION B5

ENTRENCHMENT DIG TASK ANALYSIS

B5.1 Introduction

Originally this task was intended to simulate individual dig emplacements

which, in actual combat, provide personnel protection against incoming enemy

fire. As initially tasked by the CF, personnel were allowed 45 minutes to

dig their entrenchment "...to a depth of 0.45 m in soil of medium firmness

with no rocks or large roots using the entrenching tool...the foxhole (being)

approximately 1.8 m long x 0.6 m wide".

However, while conducting this field test during Phase I insurmountable

problems were encountered. During our initial preliminary testing conducted

in May, 1985, employing CF personnel, and in June, employing civilian

subjects, ground conditions at CFB Kingston were optimal for the dig -

emplacement as tasked. By end of July during data collection for Phase I, due

to lack of rain the clay-based soil at CFB Kingston had dried to rock-hard,

whereas the CF's task definition specified "soil of medium firmness". And

while subjects gave their best efforts, results for the dig emplacement were

at best spurious. Only 44% of male personnel completed the dig within 45

minutes, compared to our preliminary study conducted earlier in May on the

same dig site where 100% of males (n=12) bettered the completion time

criterion; even more telling, during preliminary work the fastest time

overall (20 minutes) was recorded by one of the females yet during our main

data collection in July no female subject (n=21) completed the dig in under

45 minutes. Further, preparing for Phase II, to be conducted at CFB Borden and

Uplands, while open areas for digging could be made available at Borden, in

between buildings at CFB Uplands the larger areas are paved for parking, the
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smaller areas sod covered and landscaped.

Therefore, with contractual approval, a box-hole dig was developed for

Phase II In an effort to standardize testing protocol, and in particular to

achieve consistent soil conditions as well as to eliminate the unsightly mess

left by field digs. However, one major outcome of the revised protocol was a

dramatic reduction in dig time: the fastest males and females completed the

box-hole dig in 2-4 minutes, and the very slowest in well under 20 minutes.

B5.2 Task Rationale

Summaries of previous studies of military personnel (Passmore & Durnin,

1955) and coal miners (Mo:rissey et al., 1983) indicated that digging

requires significant energy expenditure. From military studies, Passmore &

Durnin examined work outputs which ranged from 276 kcal/hr. to 528 kcal/hr.

The most recent estimation of coal-miner's energy expenditure was 408

kcal/hr. (Morrissey et al., 1983). Chakraborty et al. (1974) determined that

oxygen consumption was sustained at 29.1 al/kg/min, the equivalent of up to

69% of their subjects' maximal aerobic capacity, while heart rates have been

sustained well over 130 beats/min during prolonged digging. On the other

hand, only a modest rise in blood lactate has been recorded, 34.8 mg% post-

dig (Chakraborty et al., 1974). In summary, it appeared that workers

naturally select an optimal energy expenditure of approximately 400 kcal/hr.

This work rate permitted a high peak efficiency while digging over a

prolonged period of time without experiencing undue fatigue; this

corresponded to an oxygen consumption of approximately 1.5 litres/min. In

Phase I of MPFS, subjects' heart rate responses to digging their emplacements

reflected a similar elevated rate of working throughout: for both male and

female CF personnel 155 - 160 beats /min (Stevenson et al., 1985).

Therefore, during digging tasks energy was expended at a constant,

submaxirzl rate approaching 70% of maximal aerobic capacity, and equivalent to
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400 kcal/hr. for males, slightly less (10-15%) for females. In Phase II the

heart rates apprached 90% maximal aerobic capacity and the caloric cost

proportionately. However, since physiological parameters discriminated

between subjects minimally, both in Phase II and the present phase only

subjects' performance times were recorded, with heart rate monitoring being

employed only with personnel 135 years in the interests of safety.

For Phase II a box-hole dig was developed, a wooden box dimensioned 1.8m

in length x 0.6m width x 0.45m depth was built and enclosed within a wooden

superstructure to prevent the soil contained therein from being sprayed about

as the box was being emptied during testing (for details see Appendix C).

Finely crushed rock less than 1 cm in size was substituted for top-soil which

made digging easier; by comparison with earlier studies, the box-hole dig

produced a much shorter task, completed by the majority.of personnel in under

10 minutes in Phase II (Stevenson et al., 1986). However, the box-hole dig

proved a superior test than the entrenchment dig from the standpoint of

experimental control and subject safety. The confines of the box ensured that

all subjects removed the identical volume of soil; this variable had been

judged a source of major error in field digging. The consistency of the

crushed rock soil was always uniform, and of constant moisture content. And

during mass testing, subjects were closely monitored one-at-a-time, as opposed

to field digs where many entrenchments proceeded at one time; with the need

to monitor subjects 35 years, the latter field format potentially placed

these subJectr at risk without closer supervision. And in any case, outdoor

field conditions varied daily with weather conditions, even when ideal top-

soil conditions were realized. In summary, to transfer the intent of the dig

emplacement task with both its physiological and performance prerequisites

intact directly into the experimental situation proved difficult on several

counts. Consequently, the results and Miscussion presented below must be
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tempered by these factors and limitations of the protocol.

B5.3 Task Protocol

The purpose of this task was to dig an entrenchment measuring 1.8m x 0.6m

x 0.45m as quickly as possible. To standardize testing conditions and

eliminate the effects of inclement weather, the dig site was moved indoors. A

wooden structure, built off the floor, was used to simulate outdoor dig

conditions. Its construction featured two Identical wooden boxes (both 0.47

3 inside area), one filled with finely crushed rock, the other immediately

along side empty. The crushed rock was always dampened by water to control

dust. High sideboards were enclosed on three sides of the box to prevent the

spread of crushed rock about the floor (see Appendix C for details).

The subject was required to dig from one box, pitching the crushed rock

by spade into the adjacent (and empty) box. On the command *start", the

subject commenced digging. When necessary through the dig, subjects could

rest. Subjects 35 years were monitored such that when their heart rates

reached 90% of their predicted maximum they were stopped, resting until

sufficiently recovered to continue. The task was complete only when the

laboratory personnel overseeing the entire box-hole area, said "stop". In

order to achieve uniformity, test personnel judged when the box was emptied,

and often this required subjects to scoop out the final bits of soil by hand,

particularly from tight corners where the spade had difficulty in reaching. In

the interests of safety, subjects wore heavy work gloves and a wide weight-

lifting belt fastened tightly around the waist and lower back.

The variables recorded were: i)total time to complete the dig; ii) rate

of shoveling (the number of full shovel fulls were counted and recorded at the

beginning and half way through the dig.
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B5.4 ResultU

B5.4.1 Descriptive Results

In Table B5.1, subjects' times for completion of the entrenchment dig are

presented. On average, the men 135 years, all of whom had to be either paced

or stopped during their dig, required 6 minutes 49 ssconds. By comparison, on

average women (35 years completed the dig in 8 min. 18 sec while the women

135 years required 10 min. 30 sec. The fastest times for the dig were 3

'n.36 sec for one male and less than a minute longer, 4 min. 16 sec, for

the fastest female (<35 years); the fastest woman .35 years required only 6

miia. 13 sec to complete the dig. As noted for all tasks, again, considerable

overlap was observed between the times recorded by the female and male

subjects. For shovel rates, almost all subjects began quickly and then moved

into a steady pace.

B4.4.2 Simple Correlations

Table B5.2 presents results of correlation analyses comparing subjects'

EXPRES and laboratory test variables In relation to their total times for the

box-hole dig. Only two of 21 fitness-related r-values were found to be

significant (p<0.001). All but one of these coefficients appeared as

negative values; In other words, the faster the time, the higher the fitness

score.

Stepwise regression analyses of box-hole dig total time on fitness

parameters are summarized in Table 85.3. For women <35 years, two significant

(p<0.001) variables were identified, maximal ILM and grip strength, which

accounted for 38% of the variance in dig time. On the other hand, for both

groups of subjects >35 years, women and men, only one fitness variable was

identified for each group, endurance grip and ILM (respectively), however each

accounted for much smaller changes in R2 (only 22% and 8%, respectively) and

were found to be non-significant (p>0.001).



175

Table B5.1 Summary of Entrenchment Task Dig Performance of the
Sample by Age Group and Sex.

Total Time (s)

ARA
Women < 35 years
n= 59

Mean 498.2
SD 135.7

(min-max) (256-953)

Women 1. 35 Years
n= 28

Mean 630.5
SD 180.4

(min-max) (373-1081)

Men > 35 years
n= 63

Mean 408.9
SD 136.6

(min-max) (216-809)

2I

t-I

_
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Table B5.2 Corre!3tions Between Entrenchment Dig Total Time and
Fitness Parameters by Sex and Age Level.

Women Women Men
<35 >35 >35

A*IthropomgtrQ

Age .08 -.04 .21

Height -.33 -.42 -.09

Weight -.22 -.19 -.21

Muscular Strength and Endurance

Situp -.28 -.11 -.27

Pushup -.35 -.19 -.17

Combined Grip -e43 -.46 -.14

Endurance Grip -.50 -.43 -.25

Flexed Arm Hang -.43 -.11 .09

Maximum ILM to ,
Full Extension -.62 -.23 -.31

Aerobic Capacity

Step test -.16 -.40 -.27

f±. * p<.001.
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Table B5.3 "Stepwise Regression of Entrenchment Dig total time on
fitness parameters by sex and age level.

Variables in B SE B Mult. R. R2  F p
Equation

Women < 35 years

Constant 1061.70 111.45
ILM -11.92 2.63 .57 .32 24.72 .001
Max Grip -2.77 1.29 .61 .38 15.51 .001

Women > 35 years

Constant 750.27 .54
Endurance Grip -1.32 63.15 .47 .22 6.03 .05

* Men 2. 35 years

'Constant 615.72 92.39
ILM -3.96 1.74 .29 .08 5.19 .05

.

0
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In Table B5.4, results of regressing total time on EXPRES and laboratory

scores blocked for fitness components are presented. For women <35 years, the

only significant (p<0.001) block of variables was that of strength-endurance,

evidencing changes in R2 of 0.40. For the other two .35 groups, both women

and men, no significant blocks appeared (at the accepted 0.001 level of

confidence).

B5.4.4 Criteria for Passing the Task

In Phase I, the original task definition of an entrenchment in medium

soil contained a passing criteria of 45 minutes. This crVW'ria was not

suitable for the operationalized task where all subjects completed the task in

less than twenty minutes. As a result, a new standard was created based on a

representative sample of men and women <35 years in Phase II. The passing

criteria was set at 510 seconds or 8.5 minutes, the point at which 75% of the

sample passed the task. This passing criteria was maintained for the women

<35 for this study.

To create an age adjusted correction factor for men and women .35 years,

an equal sample of women (28) and three random samples of 28 men were averaged

and results pooled to determine the frequency histogram for this task. The

75% cut off time was 32% of unrestrained subjects at 11 min. 15 seconds or 673

seconds. This process was double checked in a substudy using 16 men and 3

women where they were asked to do both a restrained and unrestrained dig under

medical supervision (Table B5.5). These subjects were also given a maximal

oxygen consumption treadmill test by a physician in order to determine true

-~hezv rz*& n zaovnhr ra rifv. RAsnIts of this study showed a 36.3%

decrease in dig time for men and a 31.0% decrease in dig time for women.

Thus with these two studies, a correction factor of 32% was used to adjust the

target time for men and women 135 to account for the handicap of a heart rate
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Table B5.4 Entrenchment Dig total time regressed on EXPRES and
other laboratory tests blocked for fitness components.

Block R Eqn. F Eqn. p R2  F p
Change Change

- Women < 35 years

Anthropometric .08 1.41 NS .08 1.41 NS
Strength and Endurance .48 4.21 .001 .40 5.23 .001
Aerobic Capacity .48 3.70 .01 .00003 .002 NS

Women 1 35 years

Anthropometric .23 1.72 NS ,23 1.72 NS
Strength and Endurance .62 1.98 NS .39 1.85 NS
Aerobic Capacity .87 6.91 .01 .25 20.17 .01

Men 35 years

Anthropometric .15 3.18 .05 .15 3.18 .05
Strength and Endurance .31 2.38 .05 .16 1.83 NS
Aerobic Capacity .34 2.37 .05 .03 1.89 NS

U

1
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Table B5.5 Raw data and sumary statistics for subjects who performed the
entrenchment dig under restricted and unrestricted conditions.

Unrestricted Performance Restricted Performance

*Maximal True Predicted
Age Oxygen 100% Heart Entrenchment 90% Heart Entrenchment

Subject In Consumption Rate Dig (100%) Rate Dig (90%)
I.D. Years al/kg/min beats/min seconds beats/min seconds

Males

1409 35 47.4 200 305.6 174 566
1503 35 48.8 208 226.9 174 464
1602 36 45.8 189 285.5 173 445
1301 38 31.8 190 238.9 171 216
1604 38 45.0 209 359.2 171 646
1702 38 44.3 183 510.8 171 470
1804 38 44.6 186 361.6 171 316
1603 40 32.6 189 217.9 169 301.
1703 40 39.5 165 369.3 169 300
1701 41 37.0 176 317.0 168 375
1302 44 36.2 173 317.8 165 260
1401 44 28.8 176 333.6 165 604
1403 45 36.6 189 266.3 165 501
1404 45 45.8 181 245.0 165 637
1803 49 37.2 175 268.8 161 273
1801 49 40.6 179 234.0 161 248

Mean 40.88 185.81 303.62 161.54 413.88
S.D. 5.28 11.70 72.28 29.73 142.34

Females

1709 39 33.3 197 448.9 170 490
1509 40 39.8 185 325.0 169 483
1305 40 36.3 184 487.7 169 680

Mean 36.47 188.67 420.53 169.33 551
S.D. 2.66 5.91 69.36 0.47 91.26

* A maximal oxygen consumption test was used to determine true saximal heart
rate.
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restriction. The target time for older subjects was set at 673 seconds (see

Section A5.4 for further data analysis).

B5.4.5 Discriminant Analysis

In the discriminant function analyses when the passing/failing criteria

were established, results were similar to the regression analyses (Table

B5.6). The function determined for the women <35 years, including the

endurance variables of flexed arm hang and grip, correctly classified 75%

of these subjects. The functions for both groups of subjects 35 years

contained several more variables with slightly better classification for women

(79%) and even more for older men (93%).

B5.4.6 Fifth Percentile of Passing Group

In Table B5.7, the PASSERS within the individual groups (i.e., only the

subjects bettering the pass criterion of 8.5 min. for <35 years and 11.2 min

for 135 years) are profiled according to minimum EXPRES and laboratory test

scores. These values incorporated a similar subset of minimum EXPRES values

(and in four instances minimum values were identical) as determined in the

preceding sections for the low high crawl and the two evacuation tasks, land

and sea, sections B2.5, B3.5 and B4.5 (respectively):

1. MPFS requirements for all three groups of subjects in the present

ctudy for V02 Max and sit-vps were both comparable to established

MPFS standards (Stevenson et al., 1986) and compatible with Canadian

norms (i.e., <30th %ile, according to sex and age grouping; Reid &

Thomson, 1985: pp.126 & 142).

2. Minimum grip for men 35 years was in close agreement both with MPFS

values determined in our earlier studies as well as on the other

tasks in the present study. On the other hand, while minimum grip

for women is established in the 40-45 kg range (Stevenson et al,
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Table B5.6 Discriminant analysis and classification results by EXPRES and Queen's
variables in groups defined by Entrenchment Dig pass fail status.

Discriminant Analysis Results Classification Results

Variables Standardized Actual Performance Predicted Performance
Canonical Status n % Correctly Incorectly

Coefficients Classified Classified
n n %

Women < 35 years

ILM 0.32 Pass 37 (63) 35 (95) 2 (5)
Endurance Grip 0.55 Fail 22 (37) 9 (59) 13 (41)
Flexed Arm Hang 0.54

Total 67 44 (75) 15 (25)

Wilks' Lambda: 0.71
Chi-Squared: 19.10
Significance Level: 0.001
Canonical Correlation: 0.54

Women > 35 years

Max Grip 0.91 Pass 17 (61) 15 (88) 2 (12)
V02 Max 0.87 Fail 11 (39) 7 (64) 4 (36)
Flexed Arm Hang -1.20
Pushups 0.76
ILM 0.40

Total 28 22 (79) 6 (21)

Wilks' Lambda: 0.53
Chi-Squared: 15.08
Significance Level: 0.01
Canonical Correlation: 0.69

men 1 35 years

V02 Max 0.98 Pass 58 (95) 55 (95) 3 (5)
Endurance Grip 0.51 Fail 13 (5) 2 (67) 1 (33)
Flexed Arm Hang -0.72

Total 61 57 (93) 4 (7)

Chi-Squared: 7.77
Significance Level: NS
Canonical Correlation: 0.36

4
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-Table B5.7 Fifth percentile scores for personnel passing Entrenchment
Dig by sex and age -level.

Variables Women < 35 Women ! 35 Hen 35

Maximum Grip 58.8bd 42.2a 73 0

V02 Max 31.1 29 .1a 31.1a

Situps 12.9 10.1 15.2

Pushups -2.5 -5.8a 5.0

queen's

ILM 24 .0abcd 16 .9a 35.8

Endurance Grip 19 .2abc -1 3 .7d 59 .5a

Flexed Arm Hang -5 .5ab -10.0a 2 .9a

Note. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis.
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1986), the value fox women <35 years was, again, very high as noted

consistently through section B in this Report (i.e., at the 65th

%ile according to national norms, Reid & Thomson, 1985: p.129).

3. In Table B5.6 minimum pushups for both groups of women (again)

produced negative values; as argued earlier in this Report, the

drastic change in pushup technique for the present MPFS phase was

felt responsible for this spurious finding.

4. Minimum pushups for men 35 years was also low, less than one half

of their established MPFS of 14 (Stevenson et al., 1986), and

particularly low according to Canadian norms, l0th %ile (Reid &

Thomson, 1985: p.127).

Table B5.7 also summarizes the findings of the earlier analyses carried out

on subjects' box-hole dig data by means of superscripts for fitness variables

and the relationship to task performance. In only five instances were EXPRES

variables found significantly related to performance (see upper half of Table

B5.7). By contrast, all three laboratory tests were identified as significant

variables in task performance at least once, but, again, compared to similar

analyses carried out in the other B sections of this Report a substantial

number of inconsistencies both across groups and within individual groups

were noted; as well, Phase in three instances produced negative values.

B5.4.7 Impact of Passing and Failing

In Table B5.8, the fitness scores of the subjects passing the box-hole

dig are compared to failing subjects' scores: the individual averages for

'passers' versus 'fallers' on each EXPRES and laboratory test are compared by

Student t-test (with significance accepted at the 0.01 level of confidence in

this instance only). For women <35 years, 4 (of 7) comparisons proved

significantly different: on all three laboratory tests as well as the

passer's maximal grip strength were greater (p<0.01). Otherwise, for subjects
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Table B5.8 EXPRES and Laboratory Fitness Scores of 'passers' vs
'failers' on the Entrenchment Dig Task.

Variable Women < 35 Women 35 Men 35
Pass Fail Pass Fail Pass Fail

Max Grip 5 75.7 ' 69.0 62.0 53.5 109.6 106.7
g [. (10.3) (11.6) (12.1) (8.3) (22.4) (5.1)

V02 M X l 37.3 36.3 34.2 31.9 41.0 34.1
D (3.6) (3.6) (3.2) (3.1) 6.0 4.6

Situp . 34.2 30.1 25.8 22.0 31.8 28.3
(13.0) (9.0) (9.6) (9.4) 10.2 2.9

Pushup K 20.4 15.0 11.1 6.1 27.4 20.7
(14.0) (7.2) (10.3) (3.8) 13.7 10.1

ILK M 32.6 * 27.7 27.2 25.7 52.5 50.0
" (5.3) (4.2) (6.3) (3.6) 10.2 0.0

Endurance
Grip K 97.6 ' 56.9 105.9 65.0 236.5 126.0

so (47.8) (29.9) (72.9) (27.2) (107.9) (70.8)

Flexed
Arm Hang K 24.9 * 11.6 11.6 10.9 30.3 31.9

(18.6) (10.1) (13.2) (15.1) (16.7) (19.8)

ffgt&. t Reliable difference (pa<.01) between passing and failing
group means.

L

f0
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35 years in the present study, both the men and women, not only were

differences between passers and failers not significant but in several

instances averages were either numerically equal or failers' average proved

the higher value.

Table B5.9 was developed to detezmine the impact of being correctly

classified by EXPRES based on results of t)e entrenchment dig. Overall 75.8%

were correctly classified by the standards for this task. The number of

subjects who would have failed EXPRES but passed the task was 11.4% of the

total. These results indicated that higher than anticipated 5% would have

been falsely classified for sanctions by EXPRES scores.

B5.5 Interpretation

Results from the present study were very similar to those from Phase II

when the indoor, box-hole dig was first employed (Stevenson et al., 1986).

Both groups of subjects 35 years on average required only 42 additional

seconds to complete their digs: men 135 years required 6.8±2.2 min compared

to 6.1+1.9 min in Phase II, while women 2.35 years required 10.5+3.0 min in the

present study compared to 9.8±3.1 min in 1986. On the other hand, in both

Phases II and III the time required by women <35 years for completion of

their digs was almost identical: 8.3L2.2 min in the present study versus

8.5±2.2 min in Phase II. Overall, 63% of the women <35 years in the present

study bettered the established (i.e., by Phase II) time criterion of 510

seconds (8.5 min) for the redesigned entrenchment task. For older subjects 61%

of woman I and 95% of men I bettered the criteria. In Phase II according to

thiq t!ma rritarion; 75% of younger subjects had 'nassed'.

Many of the subjects .35 years appeared capable of digging at faster

rates but were prevented from doing so because of their heart rate monitoring.

In both years, all subjects 135 years, men and women, had to be paced at least
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Table B5.9 Impact of fitness standards on classificatiov by
pass/fail status for Entrenchment Dig task.

Fitness Entrenchment Dig Task Performance
Test
Performance Correctly Classified Incorrectly Classified A

-. (no) (M) (no) ()

Pass
EXPRES 97 65.1 19 12.8

Fail
(1 or more) 16 10.7 17 11.4

Total 113 75.8 36 24.2

-g 7

7

L2
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once, and the majority several times, throughout their digs when heart rate

response surpassed 90% of predicted maximum. The intensity of this redesigned

dig task was maximal and as such, especially over the first portion of the -

dig. Subjects had to settle into a controlled rate of digging.

To compare 90% restricted task to unrestricted tasks for subjects L 16

men and 3 women repeated the entrenchment dig (see Table B5.5). Men 35

improved their dig times by 36.3% and women 35 by 31.0% when heart rate

restrictions were removed. Unfortunately the age adjusted heart rate

restriction did not identify which subjects had higher maxima and thus who

was restricted most severely. An interesting observation occurred when the 16

men were divided into two groups: those subjects who completed the task

within one minute of the restricted time, and those who finished in greater

than one minute of restricted time. The eight subjects with no improvement in

task time (-20 seconds) showed an accurate 90% prediction of their true heart

rate (Table B5.5). However with eight subjects who improved their performance

significantly (mean task time improvement of 4 minutes) the heart rate

restriction was 13 beats under the actual 90% restricted level. In other

words these individuals were working at about 80% of their true maximal heart

rate. The only way to identify these subjects would be a maximal aerobic test

or unrestricted tasks under medical supervision. Based on recommended safety

guidelines, these restrictions should not be removed unless CF personnel are

subject to sanctions; in which case proper medical supervision must be

present during maximal effort testing.

As noted in an earlier Report (Stevenson et al., 1986) comparing actual -

field digging (in Phase I) versus indoor box-hole digging (Phases II and III),

technique was substantially altered. Outdoors, digging through 3olid, virgin

soil the lower body was used much more both for forcing the spade through the

ground, then to loosen and lift each shovel full, while the box-hole technique

5S
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employed the shoulders and back almost exclu. even though subjects were

instructed In the use of the lower body to assist their digging. Thus, the

intensity of working was significantly increased during the box-hole test, as

subjects realized that this task did not require the better part of one hour

to complete and, therefore, relaxed their self-governor which 'paced' their

digging rate outdoors at two-thirds capacity throughout the field dig

(Morrissey et al., 1983; Stevenson et al., 1985). Finally, the present box-

hole protocol possessed several inherent advantages over actual digging in the

field and from results from Phases I and II appeared more reliable and

objective as well as safer because subjects were monitored continuously and

one-at-a-time. However, some question still remained whether the box-hole dig

was prolonged enough; and the intent of the original CF task guidelines and

criterion time (i.e., 45 min) was very clear in this regard. On the other

hand, results from both Phase II and the present study have substantiated that

pacing subjects 35 years of age did not adversely effect their dig times, and

that there was indeed an inherent, submaximal quality built into the present

protocol. DCIEM and ranking CF personnel will, therefore, have to decide

whether to establish the box-hole dig in its present format U enlarge the

size of the box structure so that the task does require mort prolonged work..

However the present investigators believe that the latter modification is not

expressly needed at the present time.

Compared to earlier MPFS results, univariant analyses in the present study

revealed surprisingly similar trends even though in Phase I after one hour of

digging completion times were estimated, in the interests of expediency, for

those subjects who had not yet finished di-oing a regulation entrenchment.

First, in all three MPFS studies only a sparse number of significant

correlations coefficients were found. Second, for women <35 years their

maximal grip in Phase I, and ILM lift in Phase I, were significantly
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corre,,ated with each groups' dig performances; and in the present s:udy, for

the women <35 years (i.e., again 'repeaters' for a third time) both ILU and

endurance grip were the only significant r-values found. Third, the vast

majority of coefficients for all groups in all Phase phases have always

appeared as negatives again substantiating that, as on evlyg common military

task, an underlying relationship exists between physical fitness and task

performance, specifically on this task between subjects' completion times for

the box-hcle dig and grip and ILM strength tests. Finally, results of our

additional univariant analyses, first attempted in Phase II, correlating

subjects' shoveling rates with prolonged digging and performance drop-off

again proved futile; so much so that for this Final Report these parameter

(though recorded, see protocol section B5.3) have not been reported.

In contrast with these results from univariant analysis, through the three

phases of Phase our multivariant analyses have not appreciably improved the

predictive value of EXPRES or the laboratory tests in evaluating subject -

performance on the entrenchment dig because of a lack of consistency in the

variables identified by each study. For example, compare the distinct sets

of performance predictors identifiad through multiple regression analysis over

the MPFS series for woman <35 years (Stevenson et al., 1985 & 1986): in

Phase I, EXPRES pushups and grip strength were identified as significant

(p<0.001) predictor variables; from Phase II, leg power (as measured by the

Wingate ergometer test) and flexed arm hang-time were identified; and in the

present study ILM score and grip strength appeared in their prediction

equation. Further, in Phase I no female bettered the task criterion time,

with 13 of the subjects unable to complete their digs because of compacted

soil conditions in the field, yet the predictor variables together accounted

for 82% of the variance in this rather dubious performance. Then, with the

protocol considerably improved for Phases II and III, two sets of 2
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(different) predictors were found tach year, each set accounting for only 29%

and 38% (respectively) of the variance In these subjects' rather commendable

performances. Similarly, for men 135 years, both in Phase II and the present

study, no significant predictor variables have even appeared in their

regression equations. And earlier findings of our multiple regression

analyses for men <35 years (Stevenson et al., 1985 & 1986) only abetted this

pattern of inconsistency: arm ergometry, then aerobic capacity, were

identified as significant predictors in Phase I and II (respectively), but

accounted for only small portions of the variance in either study. On the

other hand, blocked regression analyses have generally confirmed the findings

from univariant analyses, that strength-endurance was the most important

fitness component in digging performance. For the women <35 years in both

Phase II and the present study, strength-endurance appeared as the only

significant (p<0.001) component, accounting for 0.25 and 0.40 of the change in

R each of these years. Tnis was also found to be the case for mn <35 years

(in Phase II only) where strength-endurance accounted for 24% of the variance,

however in both our '86 study and the present one for men 35 years a

significant fitness component did not appear. Finally, over our three Phase

studies discriminant function analysis has only produced one significant

function overall - in the present study, for women <35 years; otherwise,

results of this multivariant analysis have also proven only tentative at best.

When the fifth percentile scores were determined for the entrenchment

task, the variables which underlied task performance differed for all three

groups (Table B5.6). For younger women maximal grin score and the additional

laboratory tests were related to performance. FoL older women three of the

four EXPRES and all additional laboratory tests were of note. For men k.35

only oxygen consumption from EXPRES and the additional te;Ls nad significant

relationships. Once again these factors point out the differences in groups

?S
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which force separate EXPRES standards despite a common task performance

criteria. However as with other tasks, the pushup scores for women did not

provide suitable data to determine a standard.

B5,6 Conclusions

This subset of EXPRES Phase variables proved to be of limited value as

discriminators of performance on the box-hole dig task. However, the

additional laboratory tests improved performance prediction considerably

particularly for women <35 years, but this was definitely not the case for

either the men or the women .35 years. Therefore, the conclusions to be

drawn concerning task performance are limited by the lack of definitive

statistical relationships between fitness and performance.

1. These data suggest that a relationship exists between one's fitness

(as measured by our laboratory tests) and box-hole dig performance

in that 8% to 38% of the variance in performance scores can be

explained. However as with previous studies results showed that it

was not possible to predict performance on the basis of general

fitness parameters.

2. Based on a substudy of 16 men and 3 women, the adjustment for 90%

restricted task performance be set at 32% for men or women equal to

or greater than thirty five years of age.

3. Because of extenuating circumstances (discussed in section B5.5)

specific minimum values in this subset should be disregarded, in

particular Phase pushups for women.

More generally, the investigators recommend that the box-hole dig protocol

and equipment superstructure be considered as the standardized entrenchment

dig task, and that 510 seconds (8.5 min) for subjects <35 years and 673

seconds (11.2 minutes) for subjects 135 years be the criterion time for

completion of this protocol. This suggestion is based on the fact that the

A,
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revised entrenchment dig task demonstrated a reliable task protocol.

B5.7 Recommendations

The entrenchment dig was selected as one of the test battery items in

that it was one of the most physically demanding tasks within the designated

list of Seven Common Tasks for CF personnel (excluding NBCW clothing which

would raise the physiological requirements an undetermined amount). The

revised task protocol did standardize the amount of work required for all

subjects while allowing the subjects to take varying shovel loads. This

permitted individual differences in technique, and thus subjects could self-

optimize their approach to the task. Unfortunately it was evident from

observation that some subjects, primarily females, had inadequate training in

this task. Hence the following recommendation is made.

1. Subjects who are asked to perform a task in which they have minimal

experience be given an opportunity to train prior to any career

based testing situation.

~ ~ . Z . V- - - -. . . . .
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SECTION B6

SJtIDBAG CARRY TASK ANALYSISj

B6.1 Introduction

The CF's lift-and-carry task was first studied by the present

Investigators during our preliminary testing conducted prior to Phase I (see

Appendix D, Stevenson et al., 1985). As defined by the CF initially, this

task allowed 10 minutes for the subject to nove (I.e., lift, carry, then set

down) a to.al of eight, 50-pound sandbags a distance of 50 m. During our

preliminary work in the spring of 1985, the male CF personnel (n=12) completed

this task in 5.3±0.2 minutes, the female personnel (n=7) in 7.4±1.4 minutes,
A.J

with only one subject just marginally failing to finish within the 10-minute

time period allowed. Even though these subjects' heart rate response upon

completing the task were near-maximal (on that occasion averaging 174±15 beats

'per minute for both groups, males and females), this task was selected out of

the Phase I battery because, with such a high success ratio and uniform

physiological response, its potential to discriminate between subjects

appeared limited.

As a comprise to complete removal of the task in for Phase II the task

was modified slightly and renamed the Sandbag Carry: its objective became the

total number of 20 kg sandbags that could be carried the 50 m distance (and

set down) within 10 minutes (this total time being retained as the duration of

the revised task). Using this revised task definition it would be possible to

derive a profile of the population on this task from which time-based

Aef44-n ^- cnnA h=n ,-arv rntil hp dprivd if needed.

When extended for the full 10 minutes this modified version proved

grueling for subjects to complete (Stevenson et al., 1986). Therefore

subjects 135 years of age, whose heart rates were not permitted to rise above
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90% of maximum anu were 'paced' through several of the common military tasks,

did not even attempt the sandbag carry during Phase II. As a consequence, a

subset of MPFS requirements was not calculated from our 1986 results, even for .

subjects <35 years of age, for two reasons. First, the lack of any definite

statistical relationship was compounded by, second, the small number of

participants upon which 'passing' would be determined. MPFS requirements have

always been determined from a data base of at least 100 subjects (then derived

according to the 'minimum fitness' of the 75% who 'passed') and always based

upon much stronger statistical inferc.nces than emerged from Phase II analyses.

Therefore, the inclusion of the sandbag carry in the present phase, Phase III,

quite literally, represents a recommencement for this task in the MPFS

battery.

B6.2 Task Rationale

The protocol established for Phase II (see Appendix C, Stevenson et al.,

1986) retained the intent of the original CF task guidelines, that of

simulating an emergency situation where sandbags were required at a site 50 m

away for purposes of fortification or flood control, while prolonging the test i

a more realistic length of time. In comparing the results from preliminary

testing in 1985 where a standard number of sandbags were handles (i.e., 8 bags

only) with Phase II results, several women and men <35 years actually doubled

that number of bags carried (Stevenson et al., 1986). Optimally, horizontal

load carrying up to 35% of body weight can be performed for prolonged periods

employing the upper body musculature (Pandoff et al., 1977; Legg & Mahanty,

1985); physiologically, a work rate of this magnitude elicits a response <50%

of maximal aerobic capacity (Myles & Saunders, 1979), expendinL approximately

400 - 500 watts /per hour. Forced to carry relatively heavier loads however,

as lighter subjects in the present study were forced to do (i.e., the 20 kg

bags were >35% of their body weight), or attempting to run with this optimal
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load as some subjects in Phase II attempted, the rate of working actually

U declines disproportionately as the physiological cost creeps above that which

can be sustained for lengthy periods (Snook et al., 1970; Snook & Ciricello,

1974). Moreover, there were interactions with elevated environmental

O temperatures and humidity, as experienced over the summer months in central

Canada, that can have a further detrimental effect upon this 'trade-off' - the

magnitude of the submaximal loading versus its physiological costs (Snook &

Ciricello, 1974). 43

Compounding this rather delicate balance, there did not appear to be a

single best-method for load rarrying by upper body musculature, however some

basic principles of carriage were observed in order to minimize the

physiological and muscular stress (Legg & Mahanty, 1985). Foremost, the load

was located as close to the trunk as possible; that is, as the load's centre

of gravity was located closer to the body's centre of gravity both antero-

posterior and lateral stability were improved (Perrynowski et al., 1981).

Additionally, the larger muscles of the torso should bear most of the weight,

rather than the smaller muscles of the hands and arms which fatigue more

quickly (Legg, 1985). Finally, anthropometric factors such as height, longer

reach, etc. can influence energy expenditure during intermittent load carriage

(i.e., lift /carry /set-down performed repetitively) more than aubject age or

gender (Peacock, 1980). Therefo).e, to optimize conditions for carrying the 20

kg bags various methods for lifting the sandbags, then carriage through the 50

m course to set-down, were taught to the present subjects (see Appendix C for

details); and within these delimitations subjects were permitted tr employ

self-selected pickup and carriage techniques, determined individually after

several practice trials.

A
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B6.3 Task Protocol

The sandbag carry simulated an emergency situation where 20 kg bags full

of sand had to be lifted, carried.a distance of 50 m, then set down in an

orderly fashion, as one would if building a temporary dike or fortification.

To accomplish this, a 50 m course was marked off by piling a number of 20 kg

sandbags (i.e., up to 10 bags) at either end of the 50 m, then placing four

plastic cones at 10 a intervals in a straight line between these end piles.

This layout allowed two CF personnel to perform the sandbag carry

simultaneously: one subject starting from one end c. the course moving those S

sandbags to the other end, as the second subject performed exactly the

opposite. If the two personnel performing in this manner were of equal

strength and stamina, often the net movement of sandbags at the end of the 10-

minute test period would be no more than 2 or 3 sandbags; on the other hand,

if the two subjects were not physically matched, often part way through the

test a laboratory tester would have to even up the number of sandbags in the -

end piles as the physically superior personnel lapped the second subject. In

addition, at each end of the course a laboratory tester monitored the progress

of the subject who started from that end. S

On the command "start", as quickly as possible each subject lifted the

first sandbag and carried it along the track to the opposite end, set the bag

down (orderly, and in the designated location), then returned to their - -

starting pile to pick up the rcxt sandbag; continuing this procedure was

repeated, moving as many bags as possible in the 10-minute test period. On

the command ftstop" at the end of 10 minutes, supervising testers recorded the

q.iit-'q nrnaress at that point through the course. to the nearest 10-metre

distance.

Prior to testing, subjects were given detailed instruction on correct

technique of lifting a sandbag, four optimal methods of carriage, as well as
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techniques for setting it down. Subjects then were given as much time as

required to practice these techniques to determine the most comfortable and

*efficient methods to use for themselves individually. Finally, prior to

actually commencing the task, each subject performed an active, supervised

warm-up (see Appendix F for details).

B6.4.1 Descriptive Results

In Table B6.1, results of subjects' sandbag carry are presented. The

women <35 years and men 135 years (all of whom were 'paced' during the test)

moved the same number of sandbags, 12.2±2.0 and 12.1+2.6 begs (respectively),

while the women 135 years (and also paced) carried only 9.5tl.4 sandbags

across the 50 m course in the 10 minute period allowed. In contrast subjects'

individual data between the two former groups, both their ranges and the

overlap between individual subjects' scores were (almost) identical as well:

the fastest woman <35 years carrie:d 18 sandbags, the fastest man 135 moved 19;

the slowest subjects in each group (respectively) carried only 7 and 8 bags;

U ] and matching the 58 and 62 subjects in each group on an individual basis,

literally, scores could be paired their distributions were so similar. On the

other hand, for the women 35 years, their scores were bunched together: for

the 28 subjects in this group the distribution (of total sandbags carried) all

fell within the range of 8 to 12 bags.

B6.4.2 Simple Correlations

Table B6.2 presents correlation analyses of EXPRES and laboratory test

variables in relation to tne total numner of sandbags carried. Foz men >35

years, 4 (of 7) fitness-related coefficients were found to be significant

(p<0.001), with the highest positive r-value found in the present study (i.e.,

through sections A or B) associated with their aerobic capacity (see lower
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Table B6.1 Summary of Sandbag Carry Performance Scores of the
Sample by Age Group and Sex.

Total Bags Carried

Women < 35 years
n= 58

Mean 12.2
SD 2.0

(min-max) (7-18)

women > 35 years

n= 28

Mean 9.5
SD 1.4

(min-max) (8-12)

Men >35 years
n= 62

Mean 12.1
SD 2.6

(min-max) (8-19)
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Table B6.2 Correlations Between Sandbag Carry Performance Measures
and Fitness Parameters by Sex ard Age Levels.

Women Women Men
<35 >35 .35

Age -.24 -05 -.34

Height .15 .32 .27

Weight -.05 .06 .04

Muscular Strength and Endurance

Situp .42 .21 .48

Pushup .43 .08 .53

Combined Grip .39 .42 -.02

Endurance Grip .24 .48 .45
J

Flexed Arm Hang .53 .20 .42

Maximum ILM to ,
Full Extension .50 .20 .42

Aerobic Capacity

Step test .42 .56 .62

Vqoe* p<.001.
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right-hand corner of Table B6.2). Otherwise for the female subjects, both

women <35 and 35 years, only 2 (of 14) fitness-related coefficients were

significant; as well, for the women 135 years, of particular note was the r-

value associated with their aerobic capacity, while non-significant (at the I
0.001 level of confidence) it was nevertheless the second highest, positive r-

value found in the present study. In fact, Table B6.2 is the only table of r-

values presented in Section B where the large majority of coefficients did not

appear as negative values: in point of fact, all but one fitness-related

coefficients were positive owing to the fact that in this task a higher value

represented a better performance.

B6.4.3 Stepwise Regressions

Results of stepwise regression analyses of the total number of sandbags

moved on EXPRES and laboratory test variables are shown in Table B6.3.

Examining the three groups of subjects, overall four discrete fitness

variables were identified; and in each group's regression equation a unique

combination of three (of these 4) variables appeared. On the other hand, each

group's regression equation while providing significance at the (accepted)

0.001 level, accounted for changes in R ranging from 0.38 (for women <35

years) to 0.61 (for the women 135 years).

In Table B6.4, results of regressing the total number of sandbags moved

on EXPRES and laboratory scores blocked for fitness components are presented.

For women <35 years, the only significant (p<0.001) block of variables was

2
that of strength-endurance, evidenciug changes in R of 0.35. For the men >35

years, anthropometric variables provided the only block significant at the
n.00i levelwrh antefohA _ 2 0.30. On thp nthpr hand-

for the women 135 years no significant blocks appeared.
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Table B6.3 Stepwise Regression of Sandbag Carry total number of
cycles on fitness parameters by sex and age level. -j

Variables In B SE B Mult. R. R2  F p
Equation

Women < 35 years

Constant 2.21 2.81
Flexed Arm Hang .03 .02 .48 .23 15.87 .001
ILM .13 .04 .57 .32 12.07 .001
V02 Max .15 .07 .62 .38 10.32 .001

Women 35 years

Constant .28 2.14
V02 Max .24 .06 .57 .32 9.99 .01
Endurance Grip .02 .004 .72 .52 10.81 .001
Flexed Arm Hang -.05 .02 .78 .61 9.89 .001

Men > 35 years

Constant -2.18 1.97
V02 Max .23 .04 .61 .36 32.50 .001
ILH .07 .03 .71 .50 27.48 .001
Endurance Grip .01 .002 .74 .54 21.20 .001

-

S
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Table B6.4 Sandbag Carry total number of cycles regressed on EXPRES
and other laboratory tests blocked for fitness components

Block R2 Eqn. F Eqn. p R2 F p
Change Change I

Women < 35 years

Anthropometric .11 1.87 NS .11 1.87 NS
Strength and Endurance .46 3.90 .001 .35 4.50 .001
Aerobic Capacity .50 3.94 .001 .35 2.76 NS

Women > 35 years

Anthropometric .07 .44 NS .07 .44 NS
Strength and Endurance .38 .76 NS .31 .93 NS
Aerobic Capacity .75 3.03 .05 .37 14.88 .01

Fen > 35 years

Anthropometric .30 7.62 .001 .30 7.62 .001 -

Strength and Endurance .54 6.16 .001 .24 4.10 .01
Aerobic Capacity .61 7.14 .001 .07 7.87 .01

'0

0
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B6.4.4 Criteria for Passing the Task

The sand bag carry involved only 18 women <35 and 48 men <35 years of age --

in Phase II of the study. For women, the average total number of sand bags 2
moved was 13.1 ±1.4 with a range from 10 to 15 bags. For men a mean score of

17.1 +_1.8 resulted in Phase II. In order to establish a fair 75th percentile

score from this sample, 3 sets of random samples of 18 men were selected, and

averaged to pool with the data for the 18 women. The 75th percentile fell at

12 sandbags for younger subjects. With the 32% adjustment criteria for heart

rate restraint, a passing criteria of 9 sand bags was established for 35 year

old subjects. This value was slightly less than the fifty percent of the

older women who would have passed and slightly more than 85% of the older men

who would have passed the task criteria.

B6.4.5 Discriminant Analysis

A similar pattern was also found in discriminant analyses (using a

stepwise procedure, Table 86.5) as established in the stepwise regressions.

The function determined for women <35 years included the same three variable,

ILK, V02 Max and flexed arm hang (see multiple regression above), but

correctly classified only 66% of these subjects, whereas the functions for

both groups of subjects 35 years containing additional variables but did not

improve prediction. In the case of the women 135 years a greater percentage

of these subjects were correctly classified (75%), however for older men only

47% were correctly classified with 53% incorrectly classified as failers when

they would have passed. B6.4.6 Fifth Percentile of Passing Group

in Table B0 the P . S . a h- thc Indi.,da,. ...... 1 Only the

subjects bettering the pass criterion of 12 and 9 sandbags moved in the 10-

minute test period for young and older respectively) are profiled according to

minimum EXPRES and laboratory test scores. Although this was the first time
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Table B6.5 Discriminant analysis and classification results by EXPRES and Queen's
variables in groups defined by Sandbag Carry pass fail status.

Discriminant Analysis Results Classification Results

Variables Standardized Actual Performance Predicted Performance
Canonical Status n % Correctly Incorectly =-

Coefficients Classified Classified
n % n %

Women < 35 years

V02 Max 0.37 Pass 29 (50) 11 (38) 18 (62)
ILM 0.47 Fail 29 (50) 27 (93) 2 (7)
Flexed Arm Hang 0.60

Total 58 38 (66) 20 (34)

Wilks' Lambda: 0.72
Chi-Squared: 18.28
Significance Level: 0.001
Canonical Correlation: 0.53

Women > 35 years

V02 Max 1.04 Pass 16 (53) 10 (63) 6 (38)
Max Grip -0.79 Fail 12 (43) 11 (92) 1 (8)
Situps -0.55
Pushups -0.72
Endurance Grip 2.29
Flexed Arm Hang -1.15

Total 28 21 (75) 7 (25)

Wilks' Lambda: 0.42
Chi-Squared: 19.46
Significance Level: 0.01
Canonical Correlation: 0.76

Men > 35 years

Endurance Grip 0.82 Pass 55 (92) 23 (42) 32 (58)
VO2 Max 0.48 Fail 5 (8) 5 (100) 0 (0)

• nta 60 28 (47) 32 (53)

Wilks' Lambda: 0.86
Chi-Squared: 8.31
Significance Level: 0.05
Canonical Correlation: 0.37

3S
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Table B6.6 Fifth percentile scores for personnel passing Sandbag Carry
by sex and age level.

Variables Women < 35 Women > 35 Hen > 35

*

Maximum Grip 57.0 41 .5a 72.7

V02 Max 32 .0abd 29 .1 ad 31.3acd

Situps 15.b 7.4 15.3

Pushups 0 .42b -5.7a 7.1

Queen's

ILM 23.0abcd 19.1 36.4d

Endurance Grip 13.8 -10.4ad 72 .3abcd

Flexed Arm Hang 0 .02abcd -11.3ad 3.6

* Note. a=Variable identified in discriminant analysis

b=Reliable difference exists between means of passing and
failing groups in predicted direction

c=Reliable relationship between fitness variable and task
performance indicated by simple correlation

d=Variable identified in stepwise multiple regression
analysis

%S
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that an MPFS subset had been determined for the sandbag carry task, these

values incorporated similar minimum EXPRES values (and In three instances

identical minimum values) as determined in the preceding sections for the low

high crawl, both evacuation tasks and the box-hole dig, sections B2.5, B3.5

and 4.5, and B5.5 (respectively).

1. MPFS requirements for all three groups of subjects in the

present study for V02 Max were both comparable to established MPFS

standards (Stevenson et al., 1986) and compatible with Canadian

norms (i.e., J30th %Ile, according to sex and age grouping: Reid &

Thomson, 1985: p.142).

2. Similarly, MPFS sit-up requirements for women <35 years and men >35

were comparable to established MPFS standards (Stevenson et al.,

1986), however, minimum sit-ups for women >35 years were low both in

comparison to other minima in Section B of this Report as well as

national norms (i.e., 5th-10th %iles, Reid & Thomson, 1985: p. 126).

3. On the other hand, minimam grip for both women and men 35 years

were In close agreement with MPFS values determined in earlier

studies (Stevenson et al., 1985 & 1986) as well as on the other

tasks in the present study. However, the minimum grip for women <35

years was, again, high as noted consistently throughout Section B in

this Report (i.e., >60th Uile according to Canadian norms; Reid & -

Thomson, 1985: p. 129).

4. In Table B6.6 minimum pushups for both groups of women were again

extremely low: for women <35 years MPFS was less than one pushup;

for women >.35 years their determined minimum produced a negative

value, As argued earlier in the Report, the drastic change in

pushup technique for the present MPFS phase was felt xesponsible for

this spurious finding.
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5. 1inimum pushups for men 135 years was also low, one-half of their

established MPFS of 14 (Stevenson et al., 1986), and particularly

low 3ccording to Canadian norms (i.e., 10th %ile; Reid & Thomson,

1985: p. 127) and insight of the fact that, as a group, these men

scored particularly high on EXPRES pushups (i.e., 27.1±13.5 pushups,

- above the 75th %ile). In addition it is a result of an altered

strategy of determining the pass/fail cut off.

Table B6.6 also summarizes the findings of the earlier analyses carried out on

subjects' sandbag carry data throughout this section (see Table footnotes) to

indicate the relative importance of fitness variables to each of the groups in

terms of evaluating task performance. In all but two instances EXPRES

variables were found significantly (p<0.001) related to performance. And for

the first time in either Phase II or the present study one test variable

(i.e., V02 Max) was identified across all groups in two different analyses

(i.e., by discriminant and multiple regression analysis). Further, in all but

three instances the laboratory test variables were found significantly related

to performance (see lower half of Table). However, despite these statistical

relationships, compared to similar analyses carried out in the other B

sections of this Report, a substantial number of Inconsistencies both across

groups and within individual groups were noted, plus the fact in Table B6.6

that: i)three MPFS minima produced negative values, while if)three others were

unreasonably low (for the particular group of subjects in question).

B6.4.7 Impact of Passing and Failing

n T Vh p RA. thp fitness scores of the subjects passina the sandbaq

carry dre compared to failing subjects' scores: the individual averages for

'passers' versus 'failers' on each EXPRES and laboratory test are compared by

Student t-test (with significance accepted at the 0.01 level of confidence in

this instance only). For women (35 years, on 5 (of 7) comparisons the
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Table B6.7 EXPRES and Laboratory Fitness Scores of 'passers'vs
'failers' on the Sand bag Carry Task.

Variable Women < 35 Women > 35 Men > 35
Pass Fail Pass Fail Pass Fail

Max Grip M 75.4 70.6 60.7 55.9 109.6 102.4
s 11.2 10.8 11.7 11.0 (22.5) (6.8)

V02 Max 7 ,8.1 * 35.7 34.2 32.1 40.8 36.1
(3.7) (3.1) 3.1 3.2 (5.8) (5.4)

Situp j 35.9 * 29.0 24.5 24.1 31.5 28.8
S 12.7 9.4 10.4 8.6 (9.9) (4.4)

Pushup , 22.4 * 14.3 8.1 10.5 26.6 21.8
SD 13.4 9.6 8.4 9.1 (11.9) (8.0)

Queen' s

ILM 32.7 * 28.8 26.9 26.3 52.3 48.0
9a 5.9 4.3 4.7 6.4 (9.7) (2.7)

Endurance
Grip M 87.4 76.7 108.7 64.7 235.8 * 115.4

SD 44.9 48.4 72.6 32.3 (99.7) (49.9)

Flexed
Arm Hang M 27.9 * 11.8 11.2 11.4 31.0 8.9

SD 17.0 13.6 (13.7) 14.3 (16.7) (11.9)

Note. * Reliable difference (p<.01) between passing and failing
group means.

S

I



Iii 211 -6

passers' scores proved significantly (p<O.01) greater, on 3 EXPRES tests and 2

laboratory tests even though in three cases the actual numerical differences

(between passers and failers scores) were not substantial. In fact, for the

two other groups of subjects, both men and women Z.35 years, several of the

W differences between the passing wrsus failing subgroups were much greater yet

of these 14 comparisons only one i.e., endurance grip for men ?_35 years)

proved to be significant (p<0.01). On the other hand, in several of these

latter comparisons the subgroup averages were (almost) numerically equal,

while in two instances failers recorded higher scores (i.e., the women >35

years, failers' average pushups and flexed-arm hang time were slightly

higher).

In Table B6.8, the proposed EXPRES standards from Table A14 are examined

in relationship to correct classification as a passer or failer of the sand

*bag carry. In total 72.1% were correctly classified with 9.5% incorrectly

classified by EXPRES as failing the task. Although 18.4% who failed the task

had passing EXPRES scores, this relationship was not controlled by the

empirical approach of establishing the criteria based on those subjects who

passed the task.

B6.5 Interpretation

Upon examination of all the common military tasks throughout section B,

the effects of heart rate monitoring of subjects 35 years was shown most

acutely in the results of their sandbag carry. In Phase II the women <35

years (n=18) moved a similar number of sandbags as their counterparts carried

in the present study: 13.11.4 bags in phase II (Stevenson et al., 1986), and

12.2L2.0 bags by the present group of women <35 years. In sharp contrast, in

Phase II the men <35 years (who of course were not paced) carried 17.1+1.8

sandbags, with their range of scores being 13 - 21 bags; in the present study



212

Table B6.8 impact of fitness standards on classification by
pass/fail status for Sand Bag Carry task.

Fitness Sand bag Carry Task Perfornance
Test
Performance Correctly Classified Incorrectly Classified

(no) (M) (no) (M)

Pass
EXPRES 87 59.2 27 18.9

Fail
(1 or more) 19 12.9 14 9.5

Total 106 72.1 41 27.9
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the men 35 years moved only 12.1+2.6 sandbags, and while their upper range of

scores was similar to last year's results the lower-end distribution of scores

showed the effects of pacing: 25% of these subjects, although more than

capable of doing so, were restricted to carrying at a rate of only one-bag-

per-minute (i.e., 16 men moved _10 bags during the 10 min task) pacing

retarded their progress to such a degree. And this same effect was even more

dramatic comparing the distribution of scores recorded by the women 135 years,

versus their younger counterparts: literally, the scores for the 35 women

were all bunched together, i.e., between 8 - 12 sandbags moved, while for

every other group that has completed this task - either during preliminary

r- work (Stevenson et al., 1985 & 1986) or in Phase II (Stevenson et al, 1986) -

scores have been well spread. It is improbable that a fully functional and

healthy CF personnel would move through the sandbag carry course at a rate

i slower than one bag moved per minute. The ramifications of pacing then on this

task was to lump subjects' scores together: that is, if forced to move slow

enough all subjects will achieve very similar scores, which was exactly what

*] happened with the women 35 years and at least 25% of the men in that age

group as well. In turn, this negated the basic concept of MPFS because these

subjects were forced into 'minimum' performances.

In both Phase II and the present study univariant analyses correlating

subjects' fitness and performance in the sandbag carry have produced the only

correlation matrices with a preponderance of positive r-values once again

reaffirming the relationship of fitness to task perfornance. In fact, in Table

B6.2a of the Phase II Report (Stevenson et al., 1986: p.177) and Table B6.2 in

the last section, of the 45 fitness-related and directly-measured r-values

(i.e., discounting all derived coefficients -here the sign becomes

meaningless) all but two coefficients appeared as positive values. Since the

sandbag carry was the only conon military task which was not scored according
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to time (i.e., time was set at 10 min) but rather by the total number of bags

moved, again, but in this instance because of the plethora of positive r-

~values, the underlying relationship between subjects' physical fitness and

their performances was apparent: the higher one's fitness scores on the

various EXPRES and laboratory tests the greater number of sandbags that

subject was capable of moving over the 10-min test period. And this indirect

evLdence of the efficacious influence which fitness exerts upon task

performance was underscored by the unique correlations relating aerobic

capacity specifically and the number of sandbags which subjects carried. For

subjects <35 years, both in Phase II and the present study, women and men,

these r-values were non-significant and ranged between -0.09 and +0.42. On the

other hand, for subjects 35 years both the men and women, r-values relating

aerobic capacity and their performances were highly positive (and for the men

135 significant at the 0.001 level) which was not unexpected because these

subjects were closely 'paced': that is, the higher each individuals' aerobic

capacity, therefore the faster that person was permitted to move sandbags.

In both Phase II and the present study, multivariant analyses of

subjects' sandbag carry data have proven the most meaningful in terms of

performance prediction, particularly stepwise multiple regression (compare

Tables B6.3 in Stevenson et al., 1986: p.180 and from the last section). For

the women and men <35 years, and in both studies, very similar combinations of

four specific fitness variables were identified, with all but two of the

regression equations being significant at the (accepted) 0.001 level of

confidence: endurance grip, flexed zrm hang, and V02 Max have been the three

endurance-related variables consistently identified, with subjects' maximal

ILM lift being the fourth variable and strength-related. Surprisingly,

however, in our blocked regression analyses (compare Tables B6.4 in Stevenson

et al., 1986: p.182 and from the last section) the strength-endurance

7
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component h~s D appeared consistently (i.e., proven significant only once,

in the present study for women (35 years), while accounting for a range of R'

changes (i.e., from 0.11 to 0.54)." Further, discriminant analysis (determined

only on the present data, not in MPFS II due to insufficient numbers of I
subjects for meaningful interpretation) produced only one significant function

(again for the women <35, p<0.001); however, only two-thirds of these subjects

were correctly classified by this function which was composed of a specific

combination of the (above) fitness variables, weighted accordingly (see Table

B6.5). Therefore, considering these results overall (i.e., both the

univariant and these multivariant analyses), again a strong conclusion could

not be drawn regarding the prediction of subjects sandbag carrying performance

from scores on their EXPRES and laboratory tests. On the other hand, these

results beg the question: If the subjects 2.35 years, both men and women, had

* not been paced would the predictive ability of these statistical analyses have

been improved? Certainly in the case of aerobic capacity, without 'pacing'

the strength of our univariant analysis would have been reduced, based upon

results of subjects <35 years from both Phase II and the present study who

exhibited lower as well as inconsistent r-values associated with their aerobic

capacity scores.

In terms of the fifth percentile of the passing group, (Table B6.6) there

were more significant relationships with general fitness variables for this

task than any of the other tasks. In particular oxygen consumption was a

dominant factor. This could be explained by the fact that the subject usually

carried the load on the shoulder or on the chest while walking briskly or

jogging wit the 20 kg sand bag. Ui.e "e q lan-- evacuao. as, whe-

the small muscle groups in the arms were required to bear the load, the sand

bag carry was a total body activity. This resulted in a more global fitness

relationship than in other tasks as attested by the fact that 38% to 61% of
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the variance in test scores was explained (Table B6.3). However, as with all

tasks, the differences in group means between passing and failing groups were

not often significant. This was due to unexplained variance in the data.

None the less only 9.5% would have been incorrectly classified as failing the

tasks by the proposed EXPRES minima in Table A14.

B6.6 Conclusions

Based upon our statistical analyses, prediction of subject performance on

the sand bag carry was higher for this task than on any of the other common

military tasks, despite the fact that 'pacing' of subjects >35 years tended to

clump these subjects' scores together. On the other hand, this subset of both

EXPRES and the laboratory test MPFS variables was not substantially different

from minimum values determined on the other common tasks in Section B.

Therefore, the conclusions to be drawn concerning task performance are:

1. The statistical relationships found suggest that there was a strong

underlying relationship between one's fitness (as measured by both

EXPRES and our laboratory tests) and sandbag carry performance in

that 38% to 61% of the variance in task performance was explained.

As with previous studies, results were consistant in that it was

not possible to predict sandbag performance on the basis of general

fitness parameters.

2. In this regard, but contrary to our Phase II findings, aerobic

capacity, as measured by the EXPRES step test, was judged to be the

most important variable.

3. Because of extenuating circumstances (discussed in section B6.5)

5Licil; LUJHIULUW ValU In I 1 uzcet sIUUIU W U....UU,

in particular MPFS pushups for woman.

More generally, the investigators recommend that the sandbag carry protocol be

considered for inclusion as the standardized 10 minute lift-and-carry task,
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and that 12 and 9 sandbags for younger and older subjects respectively be

considered as the performance criterion. This suggestions is based on the

fact that the sand bag carry has a reliable task protocol.

B6.7 Recommendations

The sand bag carry task was selected and tested in that it was one of the

asot demanding tasks within the battery of Seven Common TAsks for CF Personnel

(excluding NBCW clothing which would raise the physiological requirements).

The task definition was fixed at 20 kg sand bags a 50 m distance and 10 minute

time limit with the criterion measure being speed alone. This type of fixed

task definition did not permit optimal performance of all subjects. For

example the 20 kg load represented 24.9% of the average weight of men in this

study (80.3 kg) and 30.8% of the average weight of women (64.9 kg). For

j optimum performance of all subjects the following recommendation is made:

1. The CF work toward the creation of task definitions which

create optimal performance of all personnel thus gi;ing due

U. consideration to ergonomic redesign of tasks. Once the tasks and

measurement criteria are optimized then subjects should be screened

for adequate performance on the task.

*

I
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ALTERNATE MODEL FOR DETERMINING LIKELIHOOD OF SUCCESS IN TASK

PERFORMANCE

Cl.l Introduction

Most approaches to predicting task performance depend on developing a

predictivt model linking together fitness variables with task performance

scores. It is prcsumed that given the perfect model, fitness measures will -

accurately predict actual task performance. Two problems face such an

approach. First, the nature of the predictive equation is as yet unknown.

Second, the measurements used for fitness and task performance have

considerable error associated with them. As a result, correlation

coefficients for models used in this study and in other similar studies rarely

account for more than 60% of the variance amongst the task performance scores.

An alternate approach to interpreting the results of predictive

equations is to incorporate the uncertainty of the prediction itself. By
I

this, predictive equations are used to express a likelihood for achieving a

task score rather than to predict task score in absolute terms.

=2LLThgoz y

The multiple linear regression models with the highest correlation to

task performance are shown in Figure Cl. Note that different regression

equations are required depending upon the age and gender of an individual.

The use of different equations reflects the different techniques used by

individuals to perform tasks and have been developed from Section A and B of

this report.

Within a single age and gender category, five regression equations exist.

These predict the performance scores for entrenchment dig, low-high crawl, sea

evacuation, land evacuation and sand bag carry. The independent variables

used to predict these scores are the EXPRES variables plus the free style ILM
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Nomenclature

- DICT Time in minutes to execute entrenchment dig.
CkWLT Time in seconds to execute low-high crawl.
SEAT Time in seconds to execute sea evacuation.
LANDT Time in minutes to execute land evacuation.
SBAG Number of sandbags carried in 10 minute interval.
PUSHUP Number of pusiupe per EXPRES protocol.
SITUP Number of situps per EXPRES protocol0
MXGRIP Grip strength (kg) per EXPRES protocol.
VO2MAX Aerobic capacity (ml/kg/min) per EXPRS protocol.
ILM ILM score (kg) per freestyle 1.5 m. protocol.
SEE Standard error of the esimate for regresion equation.

Males older than 35 years.

DIGT = 11.884 .. 0t2(ILM) + .055(PUSHUP) - .072(SITUP). SEE = -03
n(CRWLT) = 6.101 -. 021(VO 2 MAX) -.016(SITUP). SEE = 1.37
SEAT = 72.316 - .340(ILM) - .491(SITUP). SEE = 1±54
n(LANDT) = 3.388 .. 007(ILM) - .013(VO2 MAX) - .007(SITUP). SEE =1.247

SBAG = -2.696 + .098(ILM) + .240(VO 2MAX). M = 1.84

Females younger than 35 years.

DIGT = 17.695 - .199(ILM) -.046(MXGRIP). SEE = I.M
CRWLT = 436.62 -2.799(ILM). 5.093(VO 2 MAX) - .963(PUSHUP). SEE = 360
SEAT = 394.71 - 7.829(ILM). SEE = 157.7
LANDT = 31.439- .202(ILM). .260(VO 2MAX). .096(SITUP). SEE = -46
SBAG = -1.166 + .108(ILM) + .166(VO 2 MAX) + .043(MXGRIP) + .043(PUSHUP).

SEE = 1.57

Females older than 35 years.

DIGT = 28.905 - .354(V 2MAX) - .112(MXGRIP). S = L43
CRWLT = 577.62 - 9.717(VO 2MAX) + 2.709(PUSHUP) - 2.750(SITUP). SEE = .429
n(SEAT) = 11.268- .096(VOMAX) - .047(MXGRIP). SEE = 1.9
LANDT = 48.729 -. 497(VO 2MAX)- .276(MXGRIP). SE_ = 3.37
SBAG = -. 806 + .271(VO 2MAX) + .051(MXGRIP). SEE = 1.08

Figure C1. Multiple Linear Regrmsion Models for Prediction of Task Per-
formance Based on Age and Gender.

!6



2264

score.

Consider the regression equation for males over 35 required to predict

the number of sand bags carried in ten minutes. -

SBAG = -2.696 + .098(ILM) + .024(V0 2 MAX)

The equation predicts the sand bag performance based on ILH score and

aerobic capacity. As shown in Figure Cl, the uncertainty associated with the

equation is given by the standard error of the estimate (8.3.1.). In this

case, the S.E.E. is 1.84 sand bags. One approximation to the distribution of

values about the predicted score Is to use the S.3.3. in a manner similar to

the standard deviation for mean values.

As an example, consider an individual with an ILM score of 48 kg and an

aerobic capacity of 36 ml/kg/min. Substitution into the appropriate

predictive equation gives a value of 10.6 for the number of carrls in a ten

minute interval. Using the S.E.3. for this equation (1.84) gives the

probability distribution shown in Figure C2. The vertical axis is the

probability density and the horizontal axis is the number of sand bags

carried. This curve can be used to predict the likelihood of a particular

score by computing the area under the function bounded by the target value for

the number of sand bags. _

To compute the likelihood that this individual will carry a target score

of twelve or more sand bags, this value is located on the ordinate of the

probability density function. The area under the curve to the right of this

value gives the required probability.

The area is computated based on Z-scores. The Z-score is the number of

standard deviations a particular value is from the wean of a distribution. In

this case, the mean of the distribution is the predicted value (10.6). Thus,

SC CZtC. a~.tC. S C .L t .. ~ 'l~,C ~~C. ~ ~Ct'~.C .~f -. W.-- f .C . CAC...t4~
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Probability
Density

Function Area Probability of Carrying

12 or more sandbags

!SO,!

10.3 12 Number of Sandbags

10!

S

S?

z¢

a X a a aa

.50 0.0000 .050 1.6449 .030 1.8808 .020 2.0537 .010 2.3263

.45 0.1257 .048 1.6646 .029 1.8957 .019 2.0749 .009 2.3656

.40 0.2533 .046 1.6849 .028 1.9110 .018 2.0969 .008 2.4089

.35 0.3853 .044 1.7060 .027 1.9268 .017 2.1201 .007 2.4573

.30 0.5244 .042 1.7279 .026 1.94?1 .016 2.1444 .006 2.5121

.250.6745 .040 1.7507 .025 1.. 00 .015 2.1701 .005 2.5758

Z 0.76 " . .20 0.8416 .038 1.7744 .024 1.9774 .014 2.1973 .004 2.6521
.15 1.0364 .036 1.7991 .023 1.9954 .013 2.2262 .003 2.7478

Area 0~.2 -3 .10 1.2816 .034 1.8250 .022 2.0141 .012 2.2571 .002 2.8782
.05 1.6449 .032 1.8522 .021 2.0335 .011 2.2904 .001 3.0902

Figure C2. Probability Distribution for Sandbag Carry Example. Uppet
figure is scaled for the example. Lower figure is normalized for a standard

deviation of anity.

|3

. .
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the target score of twelve sand bags is 1.4 units away from the mean. The Z-

score is the ratio of the number of units to the standard error of the

estimate. Thus,

Units 1.4z g- -- - =.76S.E.E. 1.84

The standard statistical table in Figure C2 gives the area to the right

of the target score as a fraction of the whole curve. In this case, a value

of 0.23 is computed, thus this individual would have a 23% likelihood of

achieving a score of twelve or more sand bags in the ten minute interval.

C1.3 Prob@bility Tables

This concept can be logically extended to include other target scores for

a parttcular individual. In theory, one can compute the likelihood of

carrying any number of sand bags. Table Cl presents the likelihood of the

example individual achieving various numbers of sand bag carries in the 10-

minute time interval. Note that the success likelihood is very high for small

numbers of sand bags and very low for high numbers of sand bags. By

definition, the individual is 50% likely to achieve the predicted score

(10.6). That is, the individual is as likely to succeed as fail at this

target performance.

Regression equations can be used to cover the probabilities of achieving

target scores for all five of the performance tests. This is Illustrated

conceptually in Figure C3. As input, an individual's EXPRES scores and ILM

score are entered. Next, the appropriate regression equation is selected on

the basis of age and gender. Finally, the probability tables for each task

are produced, which are unique for that individual.
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*

Table C1. Success Probability Table for Sandbag Exampie.

j Target score Success Probability

C1 arrics 1________ II
7 99
8 88
9 79
10 62
11 41
12 23
13 10
14 3

r EXPRES Scores Regression Age

ILM Score Equations Gender

Success

Probability
Tables SEAT

LANDT
[ jDIGT

- CRWLT
SBAG

Fi

- . Figure CS. Flowchart for Producing Success Probability Tables.

=:S
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These tables have the particular advantage of allowing for individual's

strengths and weaknesses in various fitness parameters. For example, an

individual who is low on an ILM score can compensate by having a higher

aerobic capacity and still be able to execute the sand bag carry with

reasonable success probability. In addition, the selection of regression

equations on the basis of gender and age allow for observed differences in

techniques among these groups.

Cl.4 Interpretation

The interpretation of probability tables requires some balance between

the risk of success based on physical variables alone and the influence of

other factors. For example, an individual who has physical fitness parameters

indicating a 60% likelihood of success at a particular target performance may

generally be unacceptable in certain applications. However, if it is noted

that this individual is highly motivated and of considerable experience, one

could Justify the acceptance of a lower probability value for this individual.

The use of success probability serves as the basis for a reasonable test

of suitability. For example, one might consider that a 50% likelihood of

success would be a reasonable point to accept performance. This has two

benefits. First, it serves as an indicator for an individual who should be

examined executing the task as a true test of this person's ability. Second,

the probability tables indicate a reasonable expectation of performance for a

given individual. This latter aspect is particularly useful if one is to

reconsider the design of a particular task to suit a person's ability.

C1.5 ValidatiL

There are several reservations associated with this model. First, the

model is based on probability distributions which are difficult to verify

using the small sample populations studied. Second, the models are based on



231 -

theory and not on prevalence or Incidence. That Is, the probability tables

are established on the basis of analytical expressions rather than the

observation of success or failure among individuals.

In order to properly validate the probability tables, it would be

necessary to compute actuarial data in a manner similar to life expectancy and

survivorship. This would require approximately 1,000 individuals in each of

the age categories. Given the long term objectives for the acquisition of

data regarding fitness and task performance in the CF, such an objective could

be met, providing that data vere carefully compiled and analyzed.

C1.6 Conclusions

The concept of a probability distribution has been used successfully in

other fields and could be used in the CF to assess a person's likelihood of

success or iallure at a task based on EXPRES and ILM data. This approach

would:

1) Allow for individual strengths or weaknesses in various fitness

parameters; and

2) Permit the CF to use success probability as the basis for a

reasonable test of suitability: (I) it identifies those who should

be examined executing the task as a true test of ability and (ii) it

indicates reasonable expectations of individuals executing a

specific task.

To validate a probability model, the CF would be required to continue

testing personnel on tasks and tests until there were sufficient data to

develop prevalence and incidence tables. To do this, consideration shoolA be

given to transferring the technology of data acquisition to a CF base where

trained personnel could proce,; subjects continuously.
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Pfim* hM]l legible xopocucUm A2 -

": -1 JI[T .OF THE SEVEN COHON TASKS

: Operate his/her personal weanor.

Cc..:±i: in-ncri--nnu -....... tzz- 'f.,sc- to Li, " 2, .U
-Dzzzz= n'_

2. Ptvn.tion cfftctv']v in vn U.PC environmr-

In individual protective equipment and using mask and in a high heat
environment, perform normal duties for 8 h slowly to meet objective of
preventing physical breakdown associated with heat stress and isolation
of NBCV1 posture. (Note, normal duties to be defined).

3. Perform first aid and casualty evacuation

a. T,:o person team, using a stretcher, rill evacuate a normal person
(80 kg) across rough terrain a distance of 1 km within 20 min.

b. I.:o nerson tear rill move a stretcher with 80 kcg person, :hile in

ffire-fichtinu ccar, a hcrizont:l distance of 25 .. folio*::d by rovin-
th: r rctcn r uD and do:n one dccl: in 10 mra..

(. Perforr fire-fiohtina dutier

In fire-fighting gear and using breathing apparatus and in varying
tempuratures, control 50 ft (15 m) of charged hose for 30 min climbing
and descending one deck.

5. F;:ecute survival and search and rescue techniaues

in cnviron::ntz1 clothing, %:all: at sio'" speed (80-100 naccs Dcr minu::
over al -in.1: of terrain for E h.

6. Perform neneral securitv duties

The folloving i. a verbatim description of =cor.-.on soldiering tasks"
proposed for US infantry (note: mixture of imperial and metric units).
These iters are tentatively considered representative of security duties.

a. March 8 km (2 h): personnel are placed in march formation, light
packs and carrying weapons; they are allowed to establish their oWl.
pace while marching on roads over level or slightly rolling terrain.

b. Dig emplacemant (45 min): Each person digs a one-ran foxhole to a
depth of 18 irs in soil of madium firmness with no rocks or larcde
roe= urine the entrenchm:nt too!. Tnc fo::hoie is approximatelv
" l on= and 2 ft "':="

c. Li'tn carr. (10 min): Ti. zol _ .:: .ifat and carries a- 50 i Dr:.
of sand for 50 n. The bag is set do.=n and the person moves bac;: rC
the startina line where the procceur: is repeated until 8 bags are
moved.

* p uIll legiblg zePz:du--sa



d. Low and hiqh crawl (90 sec): The soldier does the low crawl (a]:
body Darts close to the around) for 30 m. turns 180 degrees and ooc-
the high cra:l (on hands and knees) for 45 ...

L. Luh (25 sc): '-r soidi: cr:it .:' r. c:rrvina .:-c -:cr, r,

,  , ., --n__c e eniro-n-r- cor"it.,

As for 6, but with NBCW clothing.

*1

~-6
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School of Physical and Health Education

Queen's University STPGE 1:

ETHICS REVIEW PROCEDURE PRELIMINARY REVIEW FORM

NAME OF RESEARCHER: j Stevenson;'J.T. Bryant, G.M. Andrew

NAME OF FACULTY SUPERVISOR (if applicant is a student) _

TITLE AND PURPOSE OF PROJECT: Minimum Physical Fitness Standards Study: Phase III

Develooment of Fitness Standards for use by the Canadian Forces

BRIEF DESCRIPTION OF PROJECT: This project will uonrade the datag apuisition

Rnd RnalySis prnredure An that it can be used by military oersonnel

in ftitirp phases nf the MPFS project. .

DESCRIPTION AND SELECTION OF SUBJECTS: The subjects will be 250 CF Personnel

aged 18 to 49 years. who are in qood health as recommended by CF

Medical Peisonngl..

NATURE OF TESTS EMPLOYED: The tests will be five tasks (Land Stretcher Carry,

Shipboard Evacuation, Low High Crawl, Sand Bag Carry. and Entrenchment Dig),

:1 and four fitness tests (ILM, Grip Endurance, Flexed Arm Hang and Kin/Com).

QUESTION CHECK LIST: YES NO N/A

1. Is there any physical risk to subjects expected? [ 11111
!H 2. Is there likely to be any breach in confidentiality? -

3. Does the study involve deception of the subject? i W
4. Is there any subject (physical or psychological) - 1

discomfort, embarrassment, or harassment expected? --- L-J
5. Does the study involve captive or disadvantaged groups,

such as prisoners or the mentally handicapped? I LLiI
6. Does the study Involve subjects for whom vicarious consent

is needed, i.e., experiments on children with the consent
6 of parents? ci

7. Does the study Involve experimenters who are in a position
to unduly influence subjects to participate, such as - -

experiments by professors Involving students? LJ L.J L__.J
8. Does the study involve a risk to the safety and well-

belnn of the investigator and/or research assistants in
regard to possible dangerous behaviour on behalf of the
subjects? (i.e. prisoners, patients, etc.) L_ i F

DATE:

DIRECTOR:
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ERGONOMICS RESEARCH LABORATORY

School of Physical and Health Education

Queen's University

Minimum Physical Fitness Standards Study: Phase III

Over the last two years the Queen's Ergonomics Research Laboratory has

been working cooperatively with DCIEM and DPERA to develop Minimum Physical

Fitness Standards for the Canadian Armed Forces. These standards have been

based on seven common military tasks which could occur in cases of emergency

and would be required of all CF Personnel regardless of trade, classification,

age, or sex.

In 1985, the first year of data acquisition, the specific fitness

requirements of seven tasks were investigated. These tasks included three

casualty evacuation tasks, an entrenchment dig task, a low high crawl, a sand

bag carry and a fire extinguishing task. The ensuing testing over the summer

of '85 allowed us to present to the military a preliminary profile of the

fitness demands of the tasks and, thus, to tentatively suggest minimum fitness

requirements for men.

In the second contract with DCIEM and DPERA in 1986, the Queen's

Ergonomics Laboratory created operational definitions for each of the most

physically demanding tasks in the test battery. The definitions were designed

to develop better control of conditions (i.e., the box dig), create one-person

tasks (i.e., the sea and land stretcher carries) and establish consistent task

demands (such as, the height barrier for the low high crawl). The data

collection for this second phase involved the study of both men and women who

were required to complete six of the seven tasks tested the previous summer.

Women executing the tasks were almost all under 35 years of age with only a
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small group of older subjects previewed. Men were studied in two subgroups;

namely, under and over 35 years of age.

Queen's has once again been c6ntracted by the military to continue the

investigation of the fitness requirements of five of the original seven

military tasks. Further research is necessary to ensure a large and

representative sample population. As well, research time must be devoted to

upgrading the data aquisition and analysis procedure so that it can be

implemented by military personnel in future phases of the MPFS project.

Therefore, the purpose of the present phase of MPFS is:

1. to validate the minimum physical fitness standard of younger women

and older men;

2. to collect preliminary data on older women;

3. to upgrade data aquisition and analysis in preparation for

technology transfer, and ;

4. to examine subject safety in execution of these difficult and

complex tasks.

Testing Procedures

The Ergonomics Research Laboratory is contracted to conduct this study at

Queen's University commencing June 1 1987. Six trained research assistants

fro- our laboratory will carry out the test procedures and protocols at the

following (individual) Stations; one morning or one afternoon (i.e., a 3.5

hour period) will be allotted for completion of each Station (see below), with

approximately 25 female/or male CF Personnel (i.e., the subjects) being tested

to any one staLion. The atations are;

1. Casualty Evacuations: a stretcher carry with a load of 80 kg

over flat terrain for a distance of up to 1 km;

- up and down a flight of stairs (i.e., shipboard stairs

simulated);
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2. Entrenchment Dig: Personnel will be asked to dig a foxhole

(i.e., foxhole simulation, filled with crushed/powdered rock);

3. Low High Crawl: over flat terrain, first crawling low using

'leopard crawl' technique for 30 m., then on hands and knees for 45

m, while carrying a rifle (i.e., simulated, made entirely of wood

and equal in weight to the M16 rifle);

4. Sand Rag Carry: over a 10-minute test period Personnel will be

asked to carry sand bags (weighing 20 kg, individually one-at-a-

time) a distance of 50 m, setting each bag down then returning for

the next bag and repeating this procedure;

5. Queen's Station. At the contractor's request and based upon test

results in 1986, the following tests will again be conducted (termed

'Queen's Station'): grip endurance, flexed arm hang and lifting

tests using the Forces' own testing device, The Incremental Lifting

Machine (ILM). Some subjects will be required to perform maximal

arm extension and arm flexion Kin/Com tests under both iometric and

isokinetic conditions.

Informing Subjects and Subjects' Partici2ation

250 CF Personnel in all, aged 18 to 49 years, who are in good health as

recommended by CF Medical Personnel will be tested. At each Station and Drigr

to any testing, the following procedures will be strictly adhered to:

i) First a detailed verbal explanation of that task will be given; as

well, each subject will be given, prior to the testing sequence, a

written explanation of that task.

ii) Second a thorough task demonstration will be performed by the
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Station Testers, this will both detail and visually show the

conplete task protocol, highlight the skill, and the means of

scoring (i.e., completion'time, number of repetitions, etc.).

liI) Third throughout both I) and ili) (above), questions and personal

concerns on the part of the subjects will be encouraged; following

task demonstration a formal question-and-answer period will be

conducted to ensure that all subjects are throughly informed of both

the task and test expectations.

iv) Finally, statements and subject information relating to the

following will be r by the Station Testers:

a) the safety procedures specifically related to that Station; any

applicable, and more general, safety procedure (see next

section);

b) statement re-emphasizinQ that should any subject wish to

discontinue that particular task at any point he/she should

feel free to do so j aimedia.1l.

UARM-UP/PERFORMANCE/WARM-DOWN

i) First, on an individual basis, each subject will be conducted

through the warm-up procedures for that Station by a Tester; in

general, these warm-up procedures will be commenced 10-15 minutes

prior to testing. A wall chart illustrating warm-up exercises will

be posted at each station.
ii) Seond, following this warm-up the subjects then will familiarize

himself/herself with the task by performing designed practice

protocol(s). Each subject wil be given as much practice as desired

and the helpful hin'.s explained earlier (on task performance,

safety, etc.) will be reinforced during this practice as well; the

practice session will require only mild-to-moderate physical
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exertion on the part of the subject.

iii) Following practice and short respite, when the subject feels ready,

that test will begin.

iv) Finally, f .lowing performance, warm-down procedures will be

conducted by a Tester, until the subject feels fully recovered; it

is expected this should take (approximately) 10 minutes.

Sub.ect Discomfort, Risk and Safety Procedure

Subject safety will be a foremost consideration. Although it is

conceivable that subjects may experience a strained muscle during performance

of these tasks, the warm-up routine that will be provided makes this highly
U

unlikely. However, if a subject feels any task is too demanding, the task may

be terminated at any time without coercion; this will be stressed to subjects

before any testing is undertaken.

As well, for such healthy subjects 35 years and older the American

College of Sports Medicine (A.C.S.M.) recommends that the ule limit of work

intensity that should be sustained over any period of time is equivalent to

90% of the subject's heart rate reserve (A.C.S.M., Guidelines for Graded

Sxerciie TestinQ and Exercise PLcription (3rd Edition) Phila: Lea & Febiger,

1986. pp. 36-40). Therefore, subjects in this age category (135 years) will

wear a heart rate monitor which will be present to give an audible sound

(buzzer) when the heart rate exceed 90% of this age-adjusted maximal value.

If this monitor indicates heart rates in excess of that value that test shall

be stopped immediately with no opportunity for that subject to continue. This

safety precaution also will be fully explained to subjects before any testing

is undertaken.

As well, a number of necessary and prudent precautions will be taken to

reduce subject risk and ensure safety:



I) Queen's will provide a telephone at the site in case of emergencies.

All personnel administering the tests will have undergone CPR

instruction and emergency training d-ills prior to testing.

ii) All testing equipment has been constructed/inspected by licenced

Engineers; This policy is implemented to ensure the structure and

-! safety of all equipments to be used.

iiI) By test Station, a number of safety procedures and precautions will

be implemented according to that Station; for example, in addition

to instructions, warm-up and practice:

- at all lifting Stations, wide leather weight-belts will be

worn by subjects to provide waist and lower back support;

- at all carrying Stations, weight-belt and gloves will be

worn for support and protection;

- at the Low High Crawl Station, securely fastened knee and

elbow guards will be worn, with gloves and helmet also

worn for protection of these body parts;

- and so on.

iv) As well, a number of more minor areas of concerns will be attended

to; for example,

- kits will be available containing necessary first-aid

items (such as bactin ointment, band-aids and bandages,

sun screen ointment, etc.);

- a readily available supply of water;

- emergency phone numbers, means of communication, and

emergency procedure will be carefully detailed;

- special seminars and instructions by qualified CPR

personnel regarding subject safety and comfort will be given

to all Laboratory Personnel pr12Z-tQ the study.
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ADDENDUM

Because of the authoritative structure inherent in the Canadian Armed

Forces, considerable resistance exists to having their CF Personnel whom the

CF will both provide for this study and certify as to their medical and

physical preparedness for participation in the study-sign any Informed Consent

Form. In actuality, a delicate balance exists: on the one hand, the Forces'

authority ,tructure to command their Personnel versus on the other, the

ethical obligations of the Ergonomics Research Laboratory and Queen's

University towards our subjects. Based upon our previous work with the CF,

the undersigned faculty members of Queen's University feel very confident in

our protocols and procedures (detailed in the foregoing); indeed, as we trust

is very plainly evident to the CF, to the subjects themselves, and to ethics

Reviewers, at Jength and in detail we have implemented all ethical and prudent

measures to ensure subject safety and eliminate risk. And we would emphasize, -

short of their Personnel signing any Informal consent, the CF concurs and

strongly supports these various measures outlined in the foregoing; in

paricular, they are in agreement:

- that their Personnel be given every opportunity to

discontinue any test at any point;

- that the test personnel at every Station be given full

licence to explain and express these vital options and

concerns to subjects prior to testing.

Therefore, incorporated into every phase of procedure at each test

Station ifLe-fct_ is provided the opportunity for the subject to decide not to

participate (in that particular test)/ to discontinue (that test) at any

point/or to complete that test, however he/she so chooses; the implications

of this statement will be emphasized to subjects repeatedly leading up to

actually testing, as well as a statement to this effect read aloud prior to
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any physical par:ticipationl by subjecvs (see section: Informing Subjects and

subjects Participation, iv), b% .

Date: ____________

Dr. J.M. Stevenson
(Principal Investigator)

Dr. J.T. Bryant

Dr. G.M. Andrew

-9
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APPENDIX C

DETAILED TASK METHODOLOGIES
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ERGONOMICS RESEARCH LABORATORY
QUEEN'S UNIVERSITY at KINGSTON

SCUOOL of PHYSICAL and HEALTH EDUCATION
DEPARTMENT of MECHANICAL ENGINEERING

MINIMUM PHYSICAL FITNESS STANDARDS STUDY: PHASE III

The Canadian Armed Forces (CF) are currently developing

Minimum Physical Fitness Standards for all military personnel.
The underlying principal is that there are certain duties which
all personnel, even those in otherwise sedentary jobs, must be
able to perform if called upon in an emergency. Common military
tasks have been identified by the CF as being critical. Queen's
University has been contracted to investigate the specific -

fitness requirements of the most difficult tasks.

In 1985 and 1986, The Ergonomics Research Laboratory at
Queen's University was contracted by the CF to investigate the
specific fitness requirements of these tasks. The testing over
the summers of '85 and '86 allowed us to present to the military
a preliminary profile of the fitness demands of the tasks and,
thus, to suggest minimum fitness requirements for men and women.
Queen's has once again been contracted by the military to
continue the investigation of the fitness requirements of these
stated military tasks and to verify and/or modify the standards
initially proposed; specifically:

1) to validate the minimum physical fitness standard of
younger women and older men;

2) to identify and to quantify those components of physical
fitness involved in the performance of these tasks by
older women.

The Ergonomics Research Laboratory has been contracted to
conduct this study at Queen's University commencing June 1, 1987.
our laboratory personnel will carry out the test procedures which
are outlined below. One morning or one afternoon will be
allotted for completion of each test, with 20 to 25 CF personnel
being tested at each station.

Low High Crawl Station

Each person will crawl over grass-like terrain, first
crawling low (i.e., with all body parts close to the ground) for
30 m under low barriers, then crawling high (i.e., on hands and
knees) for 45 m while carrying a model rifle. Total time will be

Entrenchment Di2 Station

Each person will dig a one-person entrenchment 1.8 m long x
0.6 m wide to a depth of 0.45 m. The entrenchment will be
simulated by a wooden box of this size filled with moistened,
finely crushed rock. The total time taken to complete the dig

__
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will be recorded.

Casualty Evacuation Stations

Land Evacuation

Participants will evacuate a stretcher, carrying a load of
80 kg (simulating a wounded person), over flat terrain for a
distance of .75 km. The other end of the stretcher will be fixed
onto a wheel base, thus making this a one-person task; the total
time will be scored.

Shipboard Evacuation

Up and down a flight of stairs (i.e., simulating shipboard
stairs) one person in fire-fighting gear will evacuate a stoker
stretcher which has one end fixed onto a sliding track. Before
ascending the stairs, the stretcher will be moved 25 m over land
to the base of the stairs. After descending the stairs the
stretcher will be returned 25 m to the starting point. The total
time taken to complete the evacuation will be recorded.

Sandbag Carry Station

Over a ten minute test period participants will carry
sandbags (weighing 20 kg) one at a time a distance of 50 m,
setting each bag down then returning for the next bag. The
number of sandbags carried will be scored.

Additional Tests

In addition to assessing the physiological and biomechanical
demands of the above tasks, CF personnel wil be asked to perform
the following test batteries which may be used to predict field
test performance.

EXPRES Test

Canadian Forces EXPRES test, which includes measures of
height, weight and resting blood pressure, Step-Test, Maximum
Grip Strength Test, Sit-bps and Push-Ups tests will be conducted
by CF personnel prior to or immediately after the Ergonomics
Research Laboratory testing.

Queen's Station

Queen's University tests which include Grip Strength
Endurance, Flexed Arm Hang, Kin/Com and lifting tests using the
Forces' own testing device: the Increm~ni-;1 Lifting Machine (ILM)
will be conducted during the testing week.

'0
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Subject Participation and Safety 'I
For the information of participants, at each station and

prior to any testing, the procedures outlined below will be
followed.

1. A detailed verbal description of the task will be given. As
well, each subject will be directed to read the explanation
of the task fcr that station in their handout.

2. A task demonstration will follow the explanation. Performed -

by the Station Testers, this will both explain and visually
show the complete task protocol, the means of scoring and
highlight necessary skills.

3. Throughout the explanation and demonstration, CF personnel _
will be encouraged to ask questions about their personal
concerns. Following the demonstration, a formal question-
and-answer period will be conducted so that all subjects are
well informed of both the task and test expectations.

4. Warm-up and practice opportunity, where appropriate, will be
given. On an individual basis, each subject will be
conducted through the warm-up procedures for that station by
a tester. In general, these warm-up procedures will be
commenced within 10 to 15 minutes of testing. Following
this warm-up procedure, the tester will familiarize the
participants with the task. At the stations where
appropriate, each participant will be given a practice .
session (requiring only mild to moderate physical exertion).
The helpful hints (i.e., on task performance and safety)
explained earlier will be reiterated.

Following practice and a short rest, when the subject feels
ready, the test will begin. During these tasks, heart rate and
other cardiovascular, muscle strength and/or endurance measures
will be monitored by means of standard laboratory techniques.

General Safety Procedures

For healthy people 35 years of age and older, the upper
limit of work intensity that will be allowed is 90% of that
individual's heart rate reserve (see Table 1). Therefore
participants in this age category, (i.e., > 35 years) will wear a
heart rate monitor which will give an audible signal when the
heart rate exceeds the age-adjusted maximal value. If the
monitor indicates a heart rate in excess of this value, the test
will be stopped immediately. This is an important safety
precaution taken for the participant's protection. As well, if
anyUne feels ily Lask is tUw db1tudiLy, Lhe Let idy be
terminated at any time.

Following task performance, cool-down procedures will be
conducted by a tester until the subject feels fully recovered, to
a heart rate of < 120 beats per minute. It is expected that this
should take approximately 10 minutes.
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A number of safety procedures and precautions will be
implemented according to standards developed for each station.
For example, in addition to instruction, warm-up and practice: at
all lifting stations wide leather weight belts will be worn by
subjects to provide waist and lower back support; at all
carrying stations, gloves (or other suitable protection for the
hands) will be provided; and at the Low High Crawl station,
securely fastened knee and elbow pads, gloves and a helmet will
be worn for protection of these body parts. More minor safety
concerns will also be adressed. For example, kits containing
necessary first-aid items (i.e., bactin ointment, band-aids and
bandages) and drinking water will be readily available. The
safety procedure outlined below will be implemented in the event of
illness or injury. A telephone located at the test site will
provide a direct link to the emergency services operator.

Procedures

You have been selected by CF to participate in this study.
The criteria used in these selection procedures include level of
fitness, experience, age and sex to ensure a representative
sample of the CF personnel.

On -he first day of testing, the scientific background to
the study will be outlined in a briefing session. At that time,
all procedural details will be explained. Our research group
requests that you arrive wearing civilian attire and carry any
necessary clothing.

We appreciate your contribution to this project and welcome

your questions and comments.

Safety Considerations

See attached sheet.
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PARTICIPANT SAFETY

In our study of Minimal Physical Fitness Standards (MPFS),
the Queen's Ergonomics Research Laboratory has placed importance
on safety and the reduction of personal risk to our subjects. As
such, we have formalized a number of general procedures which
place a premium on safety throughout every phase of testing.

Pre-Test Phase

In the pre-test phase, our main concern is the psychological
and physiological preparation of the participants for the task
to follow. Each test, then, is preceded by a verbal description
of the task, a task demonstration, and a question-and-answer
period. Finally, when subjects are fully briefed, actual
physical participation will begin with a warm-up.

The verbal description of the task will be given by the
station testers according to a standardized format included in
each task protocol. This description will be given to the
subjects as a group, and then to each participant individually
just prior to his/her testing. The repetition of a standardized
task description will be helpful in both re-emphasizing safe task
procedures and techniques required by a given task.

The task demonstration by station personnel provides
participants with a further visual model of the task and its
performance. Each tester will know the acceptable performance
techniques for their station as well as those methods which are
unacceptable. Both the correct and incorrect methods will be
demonstrated so that all are well aware of them as well as the
safety features relating to task performance. Demonstration of
safety procedures is particularly important at the lifting
stations (i.e., Truck Loading, Casualty Evacuation, Sandbag
Carry, and the ILM station) where proper lifting technique is
essential for safe task completion (see Lifting Guidelines,
following).

Questions will be encouraged during both the verbal
description and the task demonstration. However, a formal
question-and-answer period will be conducted by station
personnel, completing the instruction portion of the pre-test
sequence. This question-and-answer period, like a number of our
testing procedures, emphasizes the role of the participant in
protecting their own safety. It is felt that with safety
equipment, standardized procedures reducing the risk of accident,
and information about testing and safety, the participants will
be able to play an important role in ensuring their own safety.
The question-and-answer period allows each participant to
identify personal concerns so that the tester may address each
concern individually, in preparation for correct and prudent
procedures while testing.
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Finally, participants will be instructed to warm-up and

practice to prepare themselves for the task at hand. The
task protocols contain instructions for proper warm-up to assure
that the participant is gradually readied for exercise and,
specifically, for the physical demands of the individual test
station. Each participant will begin (approx.) 10-15 minutes
prior to their test. The warm-ups require only mild to moderate
exertion and prepare the particular muscle groups employed at
each test station. An opportunity for practice is given
following the warm-up at various test stations. For example,
whereas the Low-High Crawl requires skills not immediately
familiar to the participants, the Entrenchment Dig requires only
that the participant be able to shovel gravel. Therefore,
practice is part of the Low-High Crawl protocol, but is not
included (ncr is it necessary) for the Entrenchment Dig.

Finally, in the pre-test phase, EVERY PARTICIPANT MUST BE
INFORMED OF HIS/HER OPTION TO PARTICIPATE OR NOT TO PARTICIPATE.
Each task protocol contains the following statement to the
participants, "If you feel this task is too demanding, it may be
terminated at any time." This means that before the test begins,
or once it has begun, the participant may choose to stop the
activity. Here again, we have found it necessary to depend upon
the informed judgement of each participant regarding their own
capacity to perform any particular task. Because we are not in a
laboratory setting on the CF Bases, which would allow more
comprehensive monitoring of the participants' responses to each
task, each participant must have the option to terminate any
activity when he/she wishes, or feels it necessary.

Test Phase

After ensuring task readiness in the pre-test phase, the
U test phase begins. Each participant will be equipped with the

necessary safety gear to reduce the risk of injury during task
performance. For example, lifting stations will be supplied with
weight belts for back and waist support, as well as gloves, tape
and chalk to protect the hands. The Box Lifting Station will
have metal toe covers for the shoes to prevent any falling box
from injuring the toes. Other protective equipment like helmets,
and knee, elbow, and shin pads will be available at stations
where protection for these body parts is required. We also
require that participants > 35 years wear a heart rate monitor.
This monitor will give an audible sound when the heart rate
exceeds 90 percent of that participant's heart rate reserve (see
Table 1, in the Introduction, for this age-adjusted maximal
value). When the monitor indicates heart rates in excess of that
value, the test will be stopped immediately and the participant
wi±l commence his/her cool-down until fully recovered. The hft
rate monitor is an important piece of safety equipment to ensure
the safe testing of participants > 35 years.

Throughout actual task performance, station personnel will
watch the participant closely to assure that he/she is complying
with all of the safety stipulations for the task. If unsafe
methods are observed, the tester will advise the participant to
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modify his/her technique or change to an acceptable technique.

Post Test Phase

Upon completion or termination of a test, the participant
must not be permitted to stop suddenly. Just as it took time to
warm-up the body for exercise, a period for cooling down is also
required in the post-test phase. Station personnel will ensure
that the participant continues to move (usually, walking) until
he/she feels fully recovered. Objective criteria which may be
applied to evaluate full recovery is cessation of heavy breathing
(heaving of the chest), commencement of quiet breathing,
cessation of profuse sweating (if present at the termination
point), and return of the heart rate to < 120 bpm.. For some
participants, and depending upon the severity of the exercise,
cool-down may require up to 5-10 minutes.

There will be a supply of water at each test stati" i for
participants after the completion of their task.

LIFTING GUIDELINES

Many factors such as age, sex, and load characteristics
(i.e., load mass, shape, etc.) are important determinants of a
safe lift. Taking such factors into consideration, it has
been determined that all but the lifts at the Stretcher Carry
Stations are safe according to NIOSH standards. The Stretcher
Carry tasks have posed a problem to our safety concerns in that _

the 80 kg mass on the stretchers exceeds both the Action Limit
and the Maximum Permissible Limit advised by NIOSH. The 80 kg is
necessary, however, to simulate a wounded Forces Personnel being
evacuated. Therefore, the load weight has been accepted, but
two points warrant re-emphasis:

- The tester may terminate a test if a participant does not
comply with the lifting guidelines (outlined below) or appears
to be straining excessively under the load.

- If the participant feels that the task is too demanding, it
may be terminated at any time.

All of these points will be covered during the lifting station
demonstrations, and the following lifting guidelines must be
explained:

i) Keep the back as straight as possible at all times, with
the neck hyperextended.ii) During the initial phase of any lift, use the legs to lift
the mass in a smooth continuous muti ., iiuveL J uk--9 iupad "'-n--
the back. Then use the (straight) back and upper body to
complete the lift.iii) Maintain a pelvic tilt while carrying or holding any load.

iv) Avoid twisting the torso during any lift (i.e., lifts must
be made with the load directly in front of the body).

v) Arching the back forward to begin the lift, or
hyperextending (arching backwards) to complete a lift, are
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unacceptable lifting techniques.
vi) Avoid bracing a load against the torso to aid lifting.

vii) The station tester will immediately advise any participant
to modify their technique or to change to an acceptable technique
when lifting is performed in a manner deemed unsafe.

First-Aid and Emergency Procedures

In the instance of injury, there will be a first-aid kit on
hand supplied with the necessities for caring for minor cuts or
injuries. Major injuries will be cared for by a physician,
supplied by each CF Base. If the physician is not on the testing
site, there will be pre-planned procedures for the emergency
transport of patients. Refer to the following page for procedure
documentation.

Safety of Testing Apparatus

The apparatus at all test stations has been approved by a
licenced engineer. Prior to testing at the CF Bases, and each
subsequent day of testing, all apparatus will be inspected to
ensure that it is sturdy and operational.
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Emergency Procedures

In the event of an emergency or other extenuating circumstances,
the following procedure will be followed:

1. The task leader at the emergency site will assume the
role of safety officer. This MPPS employee will
designate duties such thatt

a. The second testor will remain with the injured
person(s). This individual will start first aid
immediately (i.e. A.R., C.P.R., control bleeding,
minor injuries) and may call. upon a designated
participant for assistance.

b. The third testor will assume crowd control and
initiate evacuation procedures (if reuired).

c. The Med A or an MPFS participant will
be recruited as a fourth member of the evacuation
team. It is the reponsibility of this individual
to meet the ambulance, fire department, etc. at the
appropriate entrance. He/she will accompany the
injured person to the hospital and ensure that the
necessary medical information is available. Once
at the hospital, this individual will report, by
telephone, to the School of Physical and Health
Education and to the Military, the patient's status.

2. The task leader will use the emergency phone, located in
the the arena, to call for help. This phone provides
direct contact with the Queen's Emergency Report Centre.
The operator will require the following information:

Your name and activity
Information about the injured person: type of injury,

age, gender, nature of the accident
The location of the accident
Information as to where and who will meet the ambulance

3. At this point of the evacuation procedure, the safety
officer will inform the main office of the school of
Physical and Health Education of the situation and relay
the information outlined in step 2.

4. Once the site hcs been evacuated and/or the injured
person has been transported, the safety officer will

-ake L. y a.tion so that testIng may
resume/be postponed.
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P.E.C. Emergency routes and pick-up locations

FROM ROUTE/LOCATION

The Ground Floor Through the squash court gallery
(Men's Locker) "o the north end and out onto

Clergy Street.

The Ground Floor Out onto the pool deck to the north
(Women's Locker) door (beside Pool Spervisor's

Office), down the north corrider
and out onto Clergy Street

Arena Out the north end doors onto Clergy
Street

These routes are designated as emergency routes and the

lower Clergy Street doors designated as an emergency exit.

Contact Phone Numbers

AGENCY TELEPHONE

School of Physical and Health
Education

Main Office 545-2666
Dr. Joan Stevenson 545-4687
Ergonomics Research Lab 545-2658
Military Liaison Officer 545-2658

- NOHQ-DPERA Capt. Morrison 1-995-8916

Notes:

1. The fourth member o the evacuation team will be
identified during the Monday briefing session.

2. Medical information will be provided by the military via
the military liason.
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PARTICIPANT SCHEDULE

Queen's University, June 1 to August 987.

Monday 13:00 Briefing
13:30 to 16:30 Queen's Station

Tuesday 8:30 to 12:00 Entrenchment Dig (A)
Low High Crawl (B)12z00 to 13:00 Lunch

13:00 to 16:30 Entrenchment Dig (B)
Low High Crawl (A)

Wednesday 8:30 to 12:00 Sea Stretcher Evacuation
12:00 to 13:00 Lunch
13:00 to 16:30 Sand Bag Carry

Thursday 8:30 to 12:00 Land Stretcher Evacuation
12:00 to 13:00 Lunch
13:00 to 16:30 Subjecc Repeats

REVISED SCHEDULE

August 3 to August 7

Tuesday 8:30 Briefing
9:00 to 12:00 Queen's Station

12:00 to 13:00 Lunch
13:00 to 16:30 Entrenchment Dig (A)

Low High Crawl (B)

Wednesday 8t30 to 12:00 Entrenchment Dig (B)
Low High Crawl (A)

12:00 to 13:00 Lunch
1:00 to 16:30 Sea Stretcher Evacuation

Thursday 8:30 to 12:00 Sand Bag Carry
12:00 to 13:00 Lunch
1:00 to 16:30 Land Stretcher Evacuation /

Subject Repeats
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Queen's Station

Incremental Lifting Machine

Free-Style Protocol

Introduction

This task requires the performance of a free-style lift on
an Incremental Lifting Machine (ILM). Weight is increased
incrementally after each lift to determine an individual's
maximum weight lifting capacity on lift from 24 cm to full
extension.

Equipment Ruired

-ILM
- Displacement/Velocity (D/V) gauge
- 4 colored magnets (with lines)
- personal computer with Analog to Digital (A-D) converter

and A-D control box
stop watch, tape measure

-weight belts

Field Set-Up

The magnets are located beside the tape measure on the sides
of the ILM to illustrate the target lift height. The two safety
pins (one for the armature and one for the jack) are placed in a
box besi.e the ILM. The D/V gauge is placed to the left of the
jackal]. (behind the ILM) such that the cord, when attached to the
metal screw at the back of the amnature, is at a 90 degree angle
to the floor.

The displacement input of the D/V gauge will be connected to
* channel 1 of the control box. This channel is switched "on",

while all other channels are left "off". The "qilm" program
(located on the "c" disk) is used to collect data.

Protocol

Warm-Up and Cool Down

The test will be preceded by warm-up exercises which
stretch the muscles of the neck, arms, lower back and hamstrings.

Overview of Test Procedure

Prior to t1-ting, the participant's body mass will be
determined. The predicted maximal ILI score is then calculated
from body mass as follows:

women - 0.24 x weight(kg) + 11.20 = predicted ILM max score
men - 0.07 x weight(kg) + 43.48 = predicted ILM max score
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The starting weight for the test session is that weight

which is five weight increments below the predicted maximum.
Increments of 5 and 2.5 kg are used for men and women
respectively.

Subjects will perform a series of lifts to their full extension.
Each subject whll perform three practice lifts in order to

acquire proper lifting technique. Lifting instructions (as
outlined Later in thi., protocol) will be read to the subject
prior to his first practice trial. The lift weights for the
practice trials for men and women are given in the tables below:

WOMEN

Body Weight (kg) Starting Weight (kg) Practice Weights (kg)

50.1-60.0 12.5 10.0 10.0 10.0
60.1-70.0 15.0 10.0 10.0 12.5
70.1-85.0 17.5 10.0 12.5 15.0

MEN

Body Weight (kg) Starting Weight (kg) Pract.Lce Weights (kg)

50.0-65.0 30.0 15.0 20.0 25.0
65.1-100.0 35.0 20.0 25.0 30.0

Data Collection

Data will be collected on the computer using the "QILM"
program. Each trial will be identified by the subject's
identification number (i.e. s222) followed by the lift type and
trial number (i.e. A04s222). Data will also be recorded manually
(see sample data sheet).
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Instructions to Subjects

1. The purpose of this test is to determine the maximum
we4.ght that you can lift to your full extension on the ILM.

to y2. You may assume a starting position which is comfortable
toyou.

3. The tester will say " begin lifting". You will lift the
armature to your full extension. You may make any number of
stops during the lift, however you may not return to a stop once
you have resumed the lift. You have a total of 10 seconds to
perform the lift.

4. There will be a minimum 30 second rest period between trials.
You may rest for as long as 2 minutes if you wish.

5. You will have 3 practice trials.
6. You will start your test at a weight determined by your

body weight, which will be incremented by 5 kg for men and 2.5
kg for women after each successful lift.

7. You should start warm-up exercises prior to your turn.
Perform those exercises specified during the initial warm-up.

8. You must wear a weight belt to give waist and back
support. (Demonstrate how to put one on.)

9. If you feel this task is too demanding, it may be
terminated at any time. The tester will stop you if it is felt
you are violating safety restrictions.

10. Are there any questions?

----------
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MPFS 1987 - ILM RAW DATA SHEET

Name: __ __

Number: ______ a
Body Weight: kg N
Starting Weight: kg

Full Extension: . cm

Practice Trials

kg
kg

___ kg

Lift from 24 cm to full extension.

Trial Identification Directory Status Weight
c p f kg

1 Olc.prn
2 02c.
3 03c.
4 04c.
5 05c.
6 06c.
7 07c.
8 08c.
9 09c.
10 loc.
11 lc.
12 12c.
13 13c.
14 14c.
15 15c.
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QUEEN'S STATION

Flexed Arm Hang

Introduction

This task is used to determine arm and upper body
endurance. This task requires an all out effort to determine
maximal score.

Equipment Required

- stop watch with sweep hand
- chin-up bar

Protocol

Warm-Up and Cool Down

The test is preceded by a stretching warm-up which includes
exercises for the muscles of the neck, arms, and shoulders.

Overview of the Test Procedure

Adjust the bar to the subjects height. Have the subject
grasp the bar with a reverse grip, hands shoulder width apart.
When the subject becomes airborne with the body held such that
the bar is at eye level, timing starts. Testers may steady legs
if necessary. When the subject drops below eye level the test
will end. The hang time is recorded to the nearest second.

Instructions to Subjects

The tester will read the following to the subject group:

1. This test requires that you hang at eye level from the
bar as long as you can.

2. Once you are in position, at eye level, the time will
begin. The tester may steady your legs if they sway.

3. Verbal encouragement will be given to help motivate you.

4. The test will end when you can no longer hold on at eye
level.

5. If you feel this .ask is too demanding, it may be

terminated at any time.

6. Are there any questions?



A34

MPFS 1987 - FLEXED ARM HANG DATA SHEET

Name: Name:

Number: Nu.er:

Total Time: Total Time:

Name: Name:

Number: Number:

Total Time: Total Time:

,Name: Name:

Number: Number:

Total Time: Total Time:

.1
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QUEEN'S STATION

20 kg Hand Grip Endurance Test

Introduction

The hand grip endurance test is designed to determine the
length of time an individual can maintain a grip squeeze of 20
kg.

Equipment Required

- Personal computer with Analog to Digital (A-D) converter
and A-D control box

- Printer for computer
- Hand Grip Dynamometer
- Break-out box (containing a 9-volt battery)
- software program (fatiguet.com)

Set-up

The hand grip dynamometer is plugged into the break-out box
which is connected to the A-D control box (channel 2). The
dynamometer handle must be adjusted to fit the grip of each hand
of each participant prior to testing.

Protocol

Overview of Test Procedure

The computer program is designed to prompt the tester (for
information) and the participant to begin a trial. To start the
program, type "fatiguet". The first part of the program is a
calibration routine for the dynamometer. Because a 9-volt
battery is being used as a power source, the dynamometer must be
calibrated before each trial. Simply follow the directions
listed on the video screen.

Having completed the calibration, begin the test by pressing
any key. Input the subject information (i.e., name, number and
hand being tested) as it is requested on the screen. Ask the
questions listed under 'Instructions to Subjects 1.' of that
test. The dominant hand is that which is used to perform the
majority of the functions described. Record the hand being
tested (right vs. left and dominant vs. nondominant).

At the start signal ('beep') the subject will squeeze the
grip until the dial reads 20 kg. Begin timing by pressing the
space bar. When the participant's grip hold falls below 17 kg,
the test will b .T r..e WiLL bt=
screen, and to the printer. Repeat the test, with the
participant using the other hand.
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Data Collection

As information is collected, the program sends it directly
to the printer. Thus, for each subject, there will be a print-
out including participant identification information and the hold
time. Record the answers to the hand dominance questions beside
the subject information on the print-out sheet.

Instructions to Subjects

The tester will read the following to the participant:

1. This test is a determination of hand grip endurance time
using a hand grip dynamometer. You are asked to
complete the test once for each hand.

2. At the sound of the beep, squeeze the grip until the
dial reads 20 kg. Continue holding at 20 kg as long as
you can.

3. When your grip falls below 17 kg, a tone will sound and
the test is over. The entire procedure will then be
repeated with your other hand.

4. Are there any questions?
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KIN/COM

Introduction

The purpose of this task is to investigate the static and
dynamic strength of the arm flexors and extensors on the ability
to lift weights to a fixed height.

Equipment Required

- one Kinetic Communicator Exercise System

Test Location

The strength measurement task will take place in the Fitness
Centre at Queen's University using the KIN/COM exercise device.

Protocol

Warm-up and Cool Down

The test is preceded by a stretching routine, using chart 1
as a guide. After completing the test a cool down stretching
routine is carried out.

Overview of the Test

* The test is administered on the KIN/COM strength testing
machine with a starting joint angle of 160" and a return angle of
30" at a velocity of 100-/sec for dynamic conditions. The static
force is measured at a joint angle of 95-. Care must be taken to
ensure that for every task the subject assumes a position that
aligns the elbow joints centre of rotation with the machine
centre of rotation to limit extraneous body movement.

Each subject is given three practice trials with every task
followed by maximal concentric and eccentric contractions or a
maximal static contraction. Work, power and force data from the
maximal contractions are recorded and printed on a computer.

Instructions to Subjects

The tester will read the following to the subject group:

1) This test requires that you elicit maximal contractions
under three different conditions: dynamic concentric, dynamic
eccentric and static.

2) A concentric contraction causes a muscle to shorten; an
eccentric contraction is one in which a muscle is £oLuefui y
lengthened as it attempts to shorten, while a static contraction
is one in which no change in muscle length occurs. (The tester
will then demonstrate each type of contraction with the elbow
flexors and extensors.)
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3) The elbow flexors are the muscle in the front of your
upper arm while the elbow extensors are in the back of it.

4) The KIN/COM testing device is a computerized machine
used to assess muscle strength. It controls the range of motion
that you move lever arm through (the instructor should point out
the lever arm) and the speed that you must move it.

5) The KIN/COM requires that you move the lever arm during
a concentric contraction, but it requires that you resist the
arms movement during an eccentric contraction.

6) The KIN/COM forces you to do an eccentric contraction
immediately after you perform a concentric contraction.

7) Under a static contraction situation the lever arm
remains at one preset position.

8) You will be given three practice trials with every task
before you are asked to perform maximal contractions.

9) Verbal encouragement will be given to help motivate you.

10) Each test trial will end when the KIN/COM lever arm
stops and/or when the synthesized voice informs you that the
exercise is complete.

11) Remember that these are maximal contractions that
require strenuous effort. If you feel that his task is too
demanding, it may be terminated at any time by removing force
application from the lever arm.

12) Are there any questions?
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ENTRENCHMENT DIG

Introduction

The purpose of this task is to dig an entrenchment,
measuring 1.8 m x 0.6 m x 0.45 m, as quickly as possible.

Equipment Required

~-4 shovels
~-2 pairs of leather gloves

-1 stopwatch

-3 heart rate monitors (Exersentry)
-a proximately 0.80 cubic metres of 3/8 chips of gravel
-water, enough to keep the gravel damp to control dust
-2 weight belts

-2 wooden boxes of the dimensions 1.8 m x 0.6 m x 0.45 m
-2 platforms with the approximate dimensions 1.2 m x 2.0 m and
a "lip" approximately 0.6 m high

-volleyball referee's stand (i.e., observation platform forTester)4
-step stool (i.e., a small flight of stairs)
-water bottle
-chalk (for the hands)

-2 clipboards, pencils and data sheets

Dig Set-Up

Two boxes are placed side by side along their lengths, onebeing filled with crushed rock and leveled-off. A system of

support planks, approximately 0.3 m wide, forms a ledge between
the two boxes. A platform is attached with hinges to each box
ipposite the connecting ledge. Two more planks, at least 0.6 m
in height, are placed along either side of the width of the box
and connecting plank in order to completely enclose the two boxes
and prevent crushed rock from scattering. A step stool is
postioned such that the subject may use it to step up and into
the dig apparatus. A volleyball referee's stand is situated
close to the dig apparatus so that the testers can observe from
above.

Protocol

Warm-up and Cool Down

The test is preceded by a run arcund the arena track. The
task leader will then direct a warm-up according to charts 1 and

2 sacgnae teit-r will n-D-ire t-hit- each participant warms
up individually (i.e., stretches) immediately prior to their
test session. After completing the test a cool down stretching
routine is carried out.

Data Collection

Two Testers are necessary for this task. One, designated

4
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as the timer, is responsible for starting the test with the "go"
command and indicating 15 s intervals. The second tester, the
recorder, counts and records the number of digs performed by the
participant during each 15 s interval. Counting is re-started
every 15 s interval, but the stopwatch is not stopped so that
there will be a total time showing when the subject has finished
the task. The recorder should also note when the digging rhythmis interrupted, for example to change position, by writing an "1x"1

beside the appropriate dig count. When the box has been emptied,
the recorder gives the command "stop". Total time to completethe dig is recorded.

Instructions to Subjects

The tester should read the following instructions to the group
of subjects:

1. This task is a simulation of a one-person foxhole dig.
2. You must wear a weight belt to give waist and back

support. (Demonstrate how to put one on).
3. Gloves will be provided, but you do not have to use them.
4. (Demonstrate shovel hold {2 types} and digging

technique.)
5. You will start digging on the command "go".
6. You will clear the box, as fast a possible, pitching the

crushed rock into the other box.
7. The test will end when you are given the command "stop".
8. If you feel that you have reached the end point before

being told to stop, you should use the shovel in a "sweeping"
action to gather the gravel into piles and continue clearing the
box.

9. You should start warm-up exercises prior to your turn.
Perform those exercises secified during the initial warm-up.

10. For those individuals 35 years or older heart-rate
monitors will be worn for safety reasons. When the alarm sounds
the instructor will tell you to stop performing the task. When
the monitor stops beeping you will be instructed to continue.

11. If you feel this task is too demanding, it may be
terminated at any time.

12. Are there any questions?
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MPFS 1987- ENTRENCHMENT DIG DATA SHEET

Name: -A

Number:

Initial rate (1/4 box) shovelful/15 s

m Middle rate (1/2 box) shovelful/15 s

End rate (3/4 box) shovelful/15 s

TOTAL TIME -o

NUMBER OF STOPS
(Heart rate monitor)

Name:

Number:

Initial rate (1/4 box) shovelful/15 s

Middle rate (1/2 box) shovelful/15 s

End rate (3/4 box) shovelful/15 s

TOTAL TIME

NUMBER OF STOPS
(Heart rate monitor)

Name:

Number:

Initial rate (1/4 box) shovelful/15 s

Middle rate (1/2 box) shovelful/15 s

End rate (3/4 box) shovelful/15 s

TOTAL TIME

NUMBER OF STOPS
(Heart rate monitor)
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LOW HIGH CRAWL -
Introduction

This task requires that the subject does a low crawl (i.e.,
with body parts close to the ground) for 30 m, turns and does a
high crawl (on hands and knees) for 45 m in the fastest possible
time.

Equipment Required

- 2 wooden models of rifle with sling
- 6 pylons
- stopwatch
- tape measure (50 m)
- 3 heart rate monitors
- 2 army helmets
- 8 volleyball knee pads
2 pairs of leather gloves

- 8 tensor bandages
- 30 metal stakes (106 cm) with holes at 60 cm
- 30 "C"-shaped bolts
- 30 nuts
- 15 wooden bars of the approximate dimensions 240cm x 5cm x 5cm _.
- 2 clipboards, pencils, data sheets

Field Set-Up

Refer to diagram below. Fifteen (15) barriers, each one
made from a wooden bar, 2 "C"-shaped bolts, 2 nuts, and 2 metal
stakes are placed 2 m apart for a distance of 28 m, in a straigbt
line, to form the low-crawl "chute". Pylon #1 is placed at one
end of the chute. Pylon #2 is placed 20 m from pylon #1.
Fifteen metres from pylon #1 and 35 m from pylon#2, pylon #3 is
placed. Two metres straight across from pylon #3, pylon #4 is
placed. Twenty-five metres from pylon #4, pylon #5 is placed.
Pylon #6 is placed 20m from pylon #5. Pylon #1 marks the
start of zhe "test" course. Together pylons #6 and #7 mark the
end of the chute with the subject turning 180 degrees around
pylon # 7; pylons #3 and #4 mark the finish of the "test" course.
Pylons #2 and #5 mark the start and finish, respectively, of the
"pratice" course. Bean bags are placed along the course as shown
by the diagram, such that together the pylons and bean bags mark
10 m intervals along the course.

Protocol

Warm-up and Cool Down

The test is preceded by a run around the arena track. The
task leader will then direct a warm-up according to chart 1. A
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designated tester will ensure that each participant warms up
individually (i.e., stretches) immediately prior to their test
session. After completing the test a cool down stretching
routine is carried out.

Overview of Test Procedure "

Because this task is technically difficult, instruction on
technique and a practice run will precede the actual test. The
tester will be responsible for teaching and demonstrating the
techniques as outlined below. Since the practice course is _

L iplemented to ensure use of the most efficient technique, the
tester should make corrections or suggestions to subjects during
this phase of testing. However, during the actual test, no
further suggestions or encouragement may be provided. The
subject will be given a sufficient rest period between the
"practice" and "test". During this time the subject should
warm up.

Data Collection

The tester will have a stopwatch with a memory and will
record time for every 30 m as the subject moves through the
course. This will be done for both the "practice" and "test" I
courses. The tester will record the final time for both the
"practice" and "test" courses.

Instructions to Subjects

The tester will read the following to the subjects:

1. This task is a simulation of Forces Personnel in combat
pinned down by enemy fire, moving accordingly, employing the low
crawl and high crawl techniques. You will do the low crawl for
30 m and the high crawl for 45 m in the fastest possible time.

2. i) The low crawl is crawling on the elbows and the
inside of the knees.

ii) It is useful behind very low cover.
iii) Propel yourself alonq with elbows and knees, rolling

the body a little as each knee is bent. The heels,
head, body, and elbows are kept down. The "chute"
is a means of ensuring that the body is kept low.

iv) Hold your weapon with one hand on the pistol grip
or small of the butt and the other hand at the
forestock with the cocking handle down. (At this
point the tester demonstrates low crawl tecbiique.)

3. i) The high crawl is simply crawling on hands and
knees.

ii) It is useful behind cover about sixty centimetres
high.

iii) The backside and head are kept down but observe as
you move.

iv) Hold the weapon in one hand during the crawl. You
may change hands, but the weapon is not to be slung

;i0



A44

over the back.
(At this point the tester demonstrates high crawl
technique.)

4. Because the crawls are technically difficult, you will
attempt a "practice" course before doing the "test" course.

5. If you feel this would be too demanding, it may be
terminated at any time.

6. Are there any questions?

The "Practice" Course

The tester should walk through the "practice" course, noting
starting points etc. as the following is read:

7. Start at pylon #2 lying flat on the stomach holding the
rifle and wearing a helmet, gloves, elbow and knee pads.

8. On the command "go" you will begin a low crawl toward
the end of the low crawl chute 10 m away.

9. At 10 m quickly get to your hands and knees, turn around
pylon #7 and start a high crawl, along the high crawl course back
to pylon #5 20 m away.

10. This warm-up course is for practice and technique; you
will be given sufficient time to rest before beginning the "test".

N.B. During the "practice" course the tester may reiterate
points of technique if the subject does not execute the crawls
according to the aforementioned stipulations.

The "Test" Course

The tester should walk through the "test" course, noting
starting points etc. as he/she reads the following:

11. Lie flat on your stomach at pylon #1 ready to start the
"test" course.

12. On the command "go", begin a low crawl toward the end of
the low crawl chute, 30 m away.

13. At 30 m quickly get to your hands and knees, turn and
start a high crawl, along the high crawl course, to the finish
marked by pylons #3 and #4.

14. You must wear a weight belt to give waist and back support.
(Demonstrate how to put one on.)

15. You should start warm-up exercises prior to your turn. Perforr.

those exercises specified during the initial warm-up.

16. For those individuals 35 years or older heart-rate



I A45 -4

monitors will be worn for safety reasons. When the alarm sounds
the instructor will tell you to stop performing the task. When
the monitor stops beeping you will be instructed to continue.

317. Are there any questions?

-•

L
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MPFS 1987- LOW HIGH DATA SHEET

Name: Name: _

Number: Number:

10-20m Course 10-20m Course

0-1Om 0-lOm

10-30m 10-30m

Total (S) Total (s)

30-45m Course 30-45m Course

0-20m 0-20m

20-30m 20-30m

30-50m 30-50m

50-75m 50-75m

Total (s) Total (s)
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SHIPBOARD EVACUATION

Introduction

This task is a simulation of a casualty evacuation during a

fire on board a ship. The subject is required to carry an 80 kg
Stoker stretcher 25 m to the base of a flight of stairs, climb up
the stairs to the deck above, then back down and return 25 m to
the starting point. The time criterion is 10 minutes for
completion of this task, an ample quantity of time; therefore,
safety, not speed, should be the primary concern for the
subject performing the task.

Equipment Required

- Stoker stretcher loaded with the equivalent weight of an 80 kg
person (i.e., simulated by sandbags and weights firmly
affixed).

- 25 m tape measure
- 1 pylon
- 4 cement blocks
- apparatus simulating stairs between deck levels (see

7description of "Shipboard Set-Up" below)
- sets of firefighting gear (i.e., coat, pants, boots, gloves,

suspenders).
- one 15 kg free weight plate
- one 10 kg free weight plate
- data collection sheets
- clipboard, pens
- stopwatch with memory
- strong nylon rope
- soft mats
- heart rate monitors (Sport Testers)

Simulated Shipboard Set-Up

A simulation of a flight of stairs between two decks on a
ship has been designed such that the task, moving a Stoker
stretcher with Personnel weighing 80 kg up one deck, then back
down, can be performed by one person - the subject.

A flight of iron stairs is securely c-ttached to scaffolding
3 m in height, and set to the scaffolding at an angle of 60
degrees. Bolted to, and running along both sides of the stairs,
are tracks. A moveable apparatus, whose wheels are in the
tracks, spans the total width of the stairs, from one track
across to the other. Attached to, and hanging freely below the
crossbar of this moveable apparatus is the replication of the
rear half of the Stoker stretcher. By means of a "pole and pin"
device mounted into the bottom of this (simulated) sLtetcher,
are free weights securely affixed. The total weight of the
movable apparatus plus weight plates (25 kg) is 80 kg which the
subject carries to the upper deck. A pulley system and nylon rope

serves as a safety device with pulleys attached to the crossbar
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above the (simulated) stretcher, and to the top of the tracks.
The nylon rope, fed through this pulley system is controlled, from
the ground, by one of the station personnel.

Twenty-five metres from the foot of the stairs, a pylon is
placed. Alongside the base of the stairs, four cement blocks
are placed 30 cm apart.

Protocol

Warm-Up

The task is preceded by a general cardiovascular and
stretching warm-up (see charts 1 and 2) and followed by a cool
down. After completing the test a cool down stretching
routine is carried out.

Data Collection

Three testers are necessary for this task. One tester will
control the safety rope during the test. A second tester will
assist the subject by carrying the front end of the Stoker
stretcher (with the subject at the rear) over the 25 m distance
between the start pylon and &he base of the stairs. The third
tester will time the entire task according to the following
schedule, and record:

i) fLom start to the end of the first 25 m carry when the
Stoker stretcher is set down on the cement blocks at the base of
the stairs.

ii) time of stair ascent: from the time the subject
places the rear end of the stretcher on the cement blocks to the
time the front wheels of the moveable apparatus hit the stopper
at the top of the tracks.

iii) time of stair descent: including any rest pause
the subject requires while at the top, from the time the moveable
apparatus contacts the stoppers at the top until the back wheels
hit the stoppers at the bottom.

iv) again, picking up the Stoker Stretcher off the cement
blocks with the Tester assisting, the time is taken for the
stretcher to be returned to the start.

Instructions to Subjects

The tester should read the following instructions to the group of
subjects:

1. This task is a simulation of the evacuation of an injured
person during a fire on board a ship; therefore, you are required
to wear fire fighting gear.

2. While carrying the rear end of a Stoker stretcher, with
80 kg weight affixed and assisted in the carry by a tester at the
front end, the stretcher is moved a distance of 25 m to the base
of the stairs and set-down on the cement blocks.

3. After placing the stretcher down you will step to the
bottom of the stairs, to the rear of the simulated Stoker
stretcher and continue. (That is, this now becomes a one person
task and the "stretcher" is moved up the stairs as if it were the
one yott just put down.)
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4. The end point cf the ascent occurs when the front wheels of

the movable apparatus hit the stoppers at the top of the tracks.
At this point you will be given a 5-second rest period
automatically, but you may rest for longer if you so choose.

5. Signal with the command "O.K." when ready to descend.
36. You will move down the stairs, until the back wheels of

the movable apparatus hit the stoppers at the bottom.
7. You will then step to the rear to the Stoker stretcher

(resting on the cement blocks) and again carry it, (with the
tester at the front end) back to the start pylon.

8. The following techniques are to be used when lifting and
carrying the Stoker stretcher. It is not permitted to carry the
rear end of the stretcher in any other way during the test.

Lifting and Carrying Techniques "On Deck":
When you are lifting the full-size stretcher with the

assistance of a Tester, you should lift with your legs not your
back (ie. keep your back straight, your neck hyper extended and
bend your knees).
[The Tester demonstrates this lift.]

Stair Carrying Position:
To make the transition from the "deck" carry of the full-

sized stretcher to the "stair" carry of the simulated rear-half
of the stretcher, the simulator must be positioned onto the upper
thighs (at the waist); this .s defined as the 'stair climbing
position'. This position is assumed using one of the following
techniques:

i) The stretcher may be "muscled" up, using the arms only,
and then placed onto the upper thighs; stronger individuals tend
to use this technique.

ii) One knee may be used with the arms to more forcefully
jerk the stretcher up onto the thighs.
[The Tester demonstrates these lifts.]

Stair Climbing Technique:
i) A "one-handed" technique may be used during the climb

up and down the stairs: with the stretcher braced against your
upper thighs (ie. by maintaining a bend at the waist) support the
rear end with one hand. Grab the handrail with the other hand,
and forcefully pull yourself up. Stronger individuals tend to
use this technique employing a "normal" stair climbing gait.
(i.e., one foot is placed on a step while the other moves to the
next step above etc.).
OR ii) A "two-handed" technique may be used during the climb up
and down the stairs: with the stretcher supported by, and braced
against your upper thighs (i.e., by maintaining the bend at the
waist), place the hands, one on each handrail, and use both arms
to forefuilly pull yourself up. Usually with this carrying
technique the individual should employ "one-step-at-a-time" stair
climbing.
[The tester demonstrates these lifts. At this point, each person
in the subject group should be given the opportunity to try the
"on-deck" lift, and to experiment with each of the two techniques
outlined for the "Stair Carry Position" and "Stair Climbing
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Techniqe", to determine which is most effective for him/herself.

The subject should practice at first without the free weight
plates secured in the stretcher. After establishing a technique,
the subject should practice it with the full load. The practice
climbs should include only 3 or 4 steps up and back down.

9. The following points of safety should be kept in mind
while doing the test:

i) The handrails are shorter in length than the stairs. Be
aware of where they stop, especially as you near the top and
bottom of the stairs.

ii) Be aware of the projection replicating a hatch. Duck
your head to avoid hitting it as you near the top of the stairs
and as you descend from the top.

iii) Spotters and mats will be positioned at the base of the
stairs, in the interest of safety. The testers will
remind you of techniques and points of safety as you climb.

iv) The pulley system attached to the moveable apparatus will
catch and support it immediately should the subject become
exhausted (terminating the test) or slip.

10. The test will begin with the command "go" and timing
will stop when the subject finishes the return 25 m distance.

11. You must wear a weight belt to give waist and back support.
(Demonstrate how to put one on.)

12. You should start warm-up exercises prior to your turn. Perforr
those exercises specified during the initial warm-up.

13. For those individuals 35 years or older heart-rate
monitors will be worn for safety reasons. When the alarm sounds
the instructor will tell you to stop performing the task. When
the monitor stops beeping you will be instructed to continue.

L a!

,I
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MPFS 1987 -SHIPBOARD EVACUATION

NAME: NAME.

NUMBER: NUMBER:

times: times:

start - stairs: _ ___start -stairs: ____

up stairs: _ ___up stairs:____

down stairs: ____down stairs: ___

stairs -finish: _____stairs -finish: ____

final: ____final:____

'U A
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SANDBAG CARRY

Introduction

The purpose of this task is to move one at a time as many 20
kg sandbags as possible a distance of 50 m over moderately rough
terrain in 10 minutes.

Equipment Required

- sixteen 20 kg sandbags
- weigh scales
- 2 stop watches
- 25 m tape measure
- 6 pylons
- 3 weight belts
- wheelbarrel
- 2 clipboards, pencils, recording sheets
- 2 pairs of gloves
- water bottle
- heart rate monitors

Field Set-up

A straight 50 m run will be marked at 10 m intervals with
pylons. Be sure it is clear of any objects (glass, rocks, etc.)
which may cause harm to participants. Seven 20 kg sandbags will
be placed at each end. In addition, an area with 2 sandbags for
practice will be availablc.

Protocol

Warm-up and Cool Down

The test is preceded by a run around the arena track. The
task leader will then direct a warm-up according to charts 1 and
2. A designated tester will ensure that each participant warms
up individually (i.e., stretches) immediately prior to their test
session. After completing the test a cool down stretching
routine is carried out.

Overview of the Test

The tester is responsible for demonstrating the lifting
and carrying techniques as described below. The acceptable
techniques include carrying the sandbag: i) in your arms, close
to your body (the baby carry); ii) as you would several logs,
again, close to your body, (the log carry); iii) over your
shoulder, with the weight distributed half in front, half behind
(the shoulder carry); iv) over your shoulder, grasping one end
with both hands and resting the weight down your back, (the santa
carry); and v) a modification of the santa carry where one hand
supports the bottom of the bag and the other holds the top (the
modified santa carry).

During testing, a participant will wear a supportive
weight belt and gloves are optional. The individual



will pzactice the previously demonstrated lifting and carrying A
techniques to dctermine which style will be used during the
task. Two people will be tested simultaneously starting at
opposite ends of the 50 m track, each with a tester recording the
number of bags moved. The subject may riot pick up a bag until
the time is started.

Data Collection

Each tester will have a stopwatch. The two testers will
stand at opposite ends of the 50 m track. One designated tester
will call "start" and both subjects will begin moving sandbags
(in opposite directions). At 10 minutes both subjects will stop,
and the distance from the start is recorded to the nearest 10 m.

The testers will record the time of each lift and drop, and
record the total number of lifts (L to L = 1), plus .1 for each
additional 10 m traveled up to 100 m.

Instructions to Subjects

The tester will read the following to the subject group:

1. This task is simulating an emergency flood control
situation. You should imagine that you have a pile of sandbags in
one location and must move them, as quickly as possible, 50 m away
to the bank of a river. You may walk, run, or use any
combination of walking and running while carrying bags or moving
back to the starting position. You may only carry one sandbag at

* a time. Remember, the flood is happening 50 m away from your
start location, so do not bring sandbags back!

2. When lifting the bags, you should use your legs, keep
your back straight and maintain a pelvic tilt. Also, keep the
weight as close to your body as possible. The following are the
various acceptable techniques of lifting and carrying the bags:
i) 'baby carry'; ii) 'log carry'; iii) shoulder carry; iv) neck
carry; v) santa sac carry; and vi) modified santa carry. If you
carry the bag in another fashion that seems to the testers to be
dangerous you will be asked to change to one of the above
techniques. [The tester will now demonstate the above techniques.]

3. It has been observed that subjects who maintain an even pace
generally have their best performance.

4. You will be informed of the time remaining at
(approximately) 2 minute intervals throughout the ten minute test.

5. You must wear a weight belt to give waist and back support.
(Demonstrate how to put one on.)

6. You should start warm-up exercises prior to your turn. Perform
those exercises specified during the initial warm-up.



7. For those individuals " s or older heart-rate
monitors will be worn for safet% ns. When the alarm sounds
the instructor will tell you to -ecforming the task. When
the monitor stops beeping you will instructed to continue.

8. If you feel this task is too demanding, it may be
terminated at any time.

9. Are there any questions?
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MPFS 1987- Sandbag Carry

Name:

Number, 40f

CYCLE LIFT (0-50 m) DROP (0-50 m)
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LAND STRETCHER CARRYr" introduction

The purpose of this task is to carry a stretcher a distance 7of 75 m as quickly as possible. This is a simulation of

the evacuation of an injured person.

Equipment Required

- 3 stretchers with modified wheel attachments
- adjustable weights (90 lbs -flat weights)
- 3 stop watches
- 5 signs labled 250m, 500m, 750m, and start
- gloves, chalk, tape, 2 weight belts, water bottle
- meter wheel (used to measure track)
- 2 clipboards, pens, recording sheets
- 3 heart rate monitors (Sport Testers)

Field Set-up

The land evacuation task will take place, ideally, around a
250 m track. If unavailable, pylons will be placed around any
oval circuit at the beginning, 250 m, 500 m, 750 m and 1 km
(i.e. end) points of the circuit.

Protocol

Warm-up and Cool Down

The test is preceded by a run around the arena track. The
task leader will then direct a warm-ul- according to charts I and
6. A designated tester will ensure that each participant warms
up individually (i.e., stretches) immediately prior to their
test session. After completing the test a cool down stretching
routine is carried out.

Overview of Test Procedure

The subject will start in front of the stretcher. At the
start signal, participants will grip the stretcher handles, arms
at the side and palms facing medially, then begin carrying the
stretcher through the circuit.

Data Collection

The time and approximate distance (i.e., within 10 m) to the
first drop will be recorded. Split timaes at 250 m, 500 m, 750 m
and the time of each drop and lift throughout the task

a
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Instructions to Subjects

The tester will read the following to the subject group:

1. This task is simulating an emergency rescue situation.
You are carrying a seriously injured person, 750 m to safety. You
may walk, run, or any combination of walking and running. You
may stop and rest at any time, however, the stretcher must be
lowered to the ground and not dropped! The frequency and
duration of the rest periods will be left to your discretion, but
keep in mind that the purpose is to complete the task as quickly
as possible. You may not use the stretcher apparatus as a
rickshaw or wheelbarrel. Your arms, therefore, must remain
relatively extended and straight.

2. You will wear a weight belt to give waist and back
support. Gloves, chalk and tape are available to protect your
hands. -

3. As there are as many as 3 subjects on the course at cae
time, you may have to pass one another on the track.

4. You must wear a weight belt to give waist and back support.
(Demonstrate how to put one on.)

5. You should start warm-up exercises prior to your turn. Perform
those exercises specified during the initial warm-up.

6. For those individuals 35 years or older heart-rate
monitors will be worn for safety reasons. When the alarm sounds
the instructor will tell you to stop performing the task. When
the monitor stops beeping you will be instructed to continue.

7. If you feel this task is too demanding, it may be
terminated at any time.

8. Are there any questions?
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MPFS 1987 - STRETCHER CARRY RAW DATA SHEET

Name:

Number:__

Split Times 125 m

250 m _ _

375 m

500 m

625 m

750 m

Name:

Number:

Split Times 125 m _ _

250 m

375 m _______

500 m _-_

625 m _ _

750 m

3
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Table 1. Age-adjusted maximal heart rate for participants aged
35 years and older.

Age Maximum Allowable Heart Rate During Exercise *

(years) Women Men

35 165 174
36 164 173
37 163 172
38 162 171
39 161 170
40 160 169
41 159 168
42 158 167
43 157 166
44 156 165
45 156 165
46 155 164
47 154 163

48153 162
49 153 16150 152 160

If you are > 35 years old, a buzzer will sound in your heart
rate monitor if your heart rate exceeds the maximum allowable
rate. When you hear the buzzer, stop the test and commence
your warm-down; continue until you feel well recovered and back
to normal.
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MPFS Participant Information
(CONFIDENTIAL)

Name: ____________ SIN: __________

L.rEALTH APPRAISAL QUESTIONNAIRE/ tVALUATION DE LA SANTP-

questionnaire Is a screening device to identify those members for Ce questionnaire est un outil de travail dont le but est d'identifier les
thom physical activity might be inappropriate at the present time. personnes pour qui, I'exercice physique est prdsentement contre

Tq. iobet o yur nolede:YES No Au meilleur de votre connaissance:
Tc ~e estof ourknolede:oul NON

'o~ you have a restricted medical category which may prevent El El 1. Vous a-t-on attribu6 une cat~gorie m~dicale restreinte pouvant
you from being evaluated or participating in a progressive vous empdcher de subir une dvaluation ou de participer A un
.tr4ining program? programme de conditionnement physique progressif?

'you have any recurring problems with your back. El El 2. Soufirez-vous pdriodiquement de maux de dos. des dpaules.
"aioulders, hips, knees or ankles which may prevent you des hanches, des genoux ou des chevilles pouvant vous

fro bengevaluated or participating in a progressive emp~cher de subir une 6valuation ou de participer A un pro-
trinn poram? gramme de conditionnement physique progressif 7

51 o ufr from such things as: El El 3. Souffrez-vous de l'un ou l'autre des troubles suivants:

High blood pressure, heart disease, asthma, bronchitis, hypertension art irielie. maladie de coeur, asthme, bronchite,
emphysema, diabetes, epilepsy, arthritis or cancer? emphys~me, diabbte, 6pilepsie, arthrite. cancer?
' addition to the above Is there anything which you feel El El 4. En plus de questions prdc~dentes, y-a-t'il quelque chose qui
...ould be discussed with a medical officer prior to assess- devraient faire l'objet d'une discussion avec un mddecin
mint or training? militaire avant une dvaluation ou avant que entrepreniez le

programme de conditionnement phytique?

8; e you taking medication (prescribed or otherwise) which El El 5. Prenez-vous des m~dicaments (prescrits ou non-prescnts) pou-
... ay affect your ability to undertake a physical evaluation? vent vous emp~cher de subir l'6valuation d'aptitude physique?

OHIP Number: _____ _____

Next of K~in:
Name: ________ __ Relationship: ______

Address:

Phone: _________ __

Allergy: __________

Medication: _ _ _

Other: __________

-MPFS Identification Number:
M

S- ~ - ~ ""-",



I ~ National D61ense
Defonce nationals ASSESSMENT AND PRESCRIPTION RAPPORT Dt VALUATION ET-

REPORT - CF EXPRES PRESCRIPTION - EXPRES FC
IEVALUATION 1A62
A. NAME - NOM INIT. IiN -NAS IU41T.- UNIlf 1UIC -CIU TE- Ef

GAECODE jTRADE -METIER 1 11 CI I DCNIUi ~ ELThtNK MOC -CEM 00 - l*N GE.AGE SEX -SEXE

B. HEALTH APPRAISAL OUESTIONNAIRtVALUATION DE LA SANT11
This questionnaire Is a screening device to Identify those Ce questionnaire est un outi de travail dont le hut est
members for whom physical activity might be inappropriate d'identifier les personnes pour qui, loxercice physique eat

at hepreen tie.YES NO pr6senternent contra indiqude.
"To the best of your knowledge Is there any reason why you OUI NO9N "Au meilleur de votre connaissance. est ce qu'il y a des raisons _

should not be evaluated or participate In a progressive physical C3i U pour lesquelles vous ne pouvez pas subir une dvaluation ou parti-
training program?" ciper h un programme de conditionnement physique progressif?"

NOTE. SEE CF EXPRES WALL CHART OR BACK OF THIS FORM.
NOTA: VOIR LAFFICHE MURALE DE L'EXPRES FC OU LE VERSO DE CE FORMULAIRE

CETNGPSE.bm RESTING BLOOD, PRESSURE (mmnHg) SYSTCLI DIASTOLICRETN UENCE MDIoUEAE) SI~m TENSION ARTERIELLE AU REPOS (mm~Hg) SYSTOLIOUE O IASTOLIOUB pp

0. E. GIRTHS/CIRCONFtRENCES (cm) DE1DFFERENCEIDESIRE0 SUM

WEIGHT (kg) F 11. CHEST MEN - DIFFERENCE ____
P010 L1 LI POITRINE L iI HOMME.- DIFFERENCE * C&

(1 -2)
HEIGH (cm)CM TO LOSE

TALL AISTCMA EMR_ CHETA (m) 2AISDOMEN APEIREC

MAXIMUM WEIGHT (kg) 3 GLUTEAL F 1 WOMEN . UM1
POIDS MAXIMAL F7 ] FESSIERS J FEMME - SO1NMME WEIGHT TO LOSE

4. RIGHT THIGH (.4.1PISPRR ___K

S F. CARD IORESPI RATORY FITNESS - CAPACIT11 CARDIORESPIRATOIRE ___________________

HEART RATE RESPONSE.- FRtGUENCE CAROIAGUE A LEFFOAT PREDICTED V0 2 max -PReDITE (mlifgimln)

TAG mAG STAGE FACTOR FACTORATAPE F TAPE FAGTU ACIU

F.C l F.C. F.C F. C. F ] FACTOR, D F ACTOR* 0j
PU1.E.P~JL F UsE-POuLs PAEPU US-OL(10 "C) (10 80c) L±J (10 mc .J (10 W)I FACTL.J _______

LUo Lpr j bLpj bpm FACTOR aVomz G
NOTE: 6PM *PULSE (10 SEC) X 6 LSC FHR
NOTA, bpm *POULS (10 SEC) X 6 DEC FCF i
G. MUSCULAR STRENGTH /FORCE MUSCULAIRE (kg) MAX MUM H. MUSCULAR ENDURANCE MUSCULAIRE

RIGHT HAND [ ]TOTAL 1. PUSH-UPS
MAIN DROITE Lj 2 [ ]EXTENTIONS DES BRAS L L
MAIN GAUCHE 1 2 ' ' EDRESSEMFNTS ASSIS

SUjRG/CF PHYSICAL TRLAINNING PROGRAM MEDICAL REFERRAL-MbD CIDEMANDE D EXAMEN tiE CONDITIONNEMENT PHYSIQUE DES F( ____________

~IN-NASRANK-GRADE NM-O INIT. UNIT-UNITt

HAS BEEN SC .EENFD FOR PARTICPATION IN PHYSICAL FITNESS ASSESSMENT AND A tTt EXAMINt AUX FINS DE LAPPRtCIATION DAPTITUDE PHYSIQUE ET DE SA
TRAINING AND IS REFERRED FDR THE FOLLOWING REASON(S), PARTICIPATION AU PROGRAMME DE CONDITIONNEMENT PHYSIQUE ET VOUS EST

IAnAFS0 POIIR I A([ FS1 RAISON(S) SUIVANTE(S1)

F]A. NEGATIVE STATEMENT OF SUITABILITY A OtCARATION D'INCAPACITt

F 6 . BP OVER 140/90 []B. TENSION ARTtRIELLE DE PLUS OE 140/90

j]C. HEART RATE (RESTING) OVER 10O [] C. POULS AU REPOS DE PLUS DE 100

9. BOPY WEIGHT EXCEEDS LIMITS M 0. POIDS EXCESSIF

~7~E. OTHER (SPECIFY) E. AUITRES (PRtCISER)

'StURE: nun )7n 7] OP3ERO 1IIrNATIIRF1
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APPENDIX D

RAW DATA OF.SBD-STUDY. ON EFFECTS OF HEART WAE RESTRICTION-
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Raw data for subjects who performed the
entrenchment dig under restricted and unrestricted conditions.

Unrestricted Performance Restricted Performance

*Maximal True Predicted
- Age Oxygen 100% Heart Entrenchment 90% Heart Entrenchment

Subject In Consumption Rate Dig (100%) Rate Dig (90%)
I.D. Years al/kg/min beats/min seconds beats/min seconds

Males

1409 35 17.4 200 306 174 566
1503 35 48.8 208 227 174 464
1602 36 45.8 189 286 173 445
1301 38 31.8 190 239 171 216
1604 38 45.0 209 360 171 646
1702 38 44.3 183 511 171 470
1804 38 44.6 186 362 171 316
1603 40 32.6 189 218 169 301
1703 40 39.5 165 369 169 300
1701 41 37.0 176 317 168 375
1302 44 36.2 173 318 165 260
1401 44 2d.8 176 334 165 604
1403 45 36.6 189 266 165 501
1404 45 45.8 181 245 165 637
1803 49 37.2 175 269 161 273
1801 49 40.6 179 234 161 248

Females

1709 39 33.3 197 448.9 170 490
1509 40 39.8 185 325.0 169 483
1305 40 36.3 184 487.7 169 680

' A maximal oxygen consumption test was used to detetmine true maximal heart
rate.

I

- - ? -4
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EXPRES DATA

ID AGE SEX HEIGHT WEIGHT VO2MAX MtAX GRIP SITUPS PUSHUPS

(cm) (kg) (kg) (M) (M)

101 44 1 168 66 .41.6 107 31 18

102 34 1 181 82 45.8 114 35 15

103 37 2 166 84 27.7 54 23 2

104 39 1 172 71 -1.0 100 62 62

105 28 2 162 61 39.6 70 18 8

106 36 2 163 59 39.2 62 31 6

108 36 2 165 67 34.9 48 21 6

109 23 2 158 60 50.2 67 18 8

201 47 1 171 69 39.4 111 30 30

202 35 2 169 61 35.0 60 14 5

203 38 2 161 54 31.5 53 36 5

204 40 1 175 68 47.8 115 49 40

205 51 1 178 68 31.3 108 30 22

206 39 2 151 60 32.6 47 19 15

208 38 2 171 55 35.3 66 27 7

209 37 2 163 52 35.0 66 35 10

301 36 1 178 87 44.4 113 40 30

303 39 2 172 64 33.3 80 40 21

304 40 1 184 85 37.8 141 20 30

305 52 1 174 100 35.6 102 20 25

306 38 2 165 75 29.2 72 32 13

307 26 2 167 58 32.6 56 31 8

309 36 2 166 68 34.0 46 24 1 -
401 39 1 176 93 42.7 118 19 18

402 44 1 170 72 39.3 125 28 20

403 27 2 167 61 40.6 71 43 46
404 41 1 170 83 37.6 125 17 20

405 41 1 176 81 33.8 116 19 21

408 38 2 152 55 35.3 37 26 35
409 37 2 174 58 35.0 55 28 14

501 44 1 174 69 35.6 131 39 30

502 22 2 166 58 35.9 59 48 20

503 53 1 176 84 34.8 106 25 17

504 28 2 168 35.3 53 28 10

505 48 1 177 78 37.9 87 44 25

506 22 2 161 59 31.0 66 18 8

508 25 2 177 82 34.4 67 26 10

509 37 2 171 63 31.7 59 28 13

601 42 1 176 85 38.8 130 25 25

602 44 2 166 68 35.2 69 42 30

603 41 1 168 77 38.7 101 42 25

605 46 1 176 83 35.8 143 27 20

607 37 2 163 74 38.1 66 23 0

608 30 2 166 72 32.8 65 18 8
end Al 1 50 14 7

701 45 1 181 92 44.6 114 34 12

702 25 2 173 64 42.2 83 59 25

703 52 1 176 84 37.0 96 23 15

704 23 2 164 57 43.8 79 36 19

705 24 2 159 56 37.5 81 19 20

706 41 1 176 88 41.7 159 30 25

707 41 1 168 79 43.9 100 26 30

708 26 2 172 91 30.8 78 26 12

709 30 2 168 62 41.0 80 52 29



EXPRES DATA A67

IDI AGE SEX HEIGHT WEIGHT VO2MAX MAX GRIP SITUPS PUSHUPS
(cm) (kg) (kg) (I) (I)

710 37 2 160 63 34.7 45 25 5
801 45 1 175 72 35.3 90 30 10
802 26 2 160 64 38.5 75 34 26
803 28 2 168 69 37.5 70 26 18
804 40 1 176 78 46.1 113 47 40
805 29 2 158 53 36.9 81 32 15I.
806 39 1 179 72 57.4 103 47 60

807 37 1 185 91 43.7 130 35 38 m
808 24 2 180 60 37.4 74 21 14
809 28 2 170 76 36.4 71 48 50
901 31 2 162 70 31.7 76 35 12
902 37 1 175 93 43.1 81 40 29
903 26 2 172 55 41.8 72 57 10
905 40 1 182 77 53.5 138 55 81
906 26 2 168 58 36.4 79 44 21
907 23 2 174 65 36.5 72 19 8
908 40 1 174 85 37.6 106 25 50
969 37 2 168 67 31.8 44 20 5
1001 25 2 162 53 38.3 89 46 30
1002 23 2 152 52 39.5 83 42 43
1003 31 2 174 76 34.8 89 16 0
1004 27 2 158 57 35.9 52 23 9
1005 23 2 171 77 36.2 66 30 15
1006 28 2 174 75 30.4 78 40 16
1007 27 2 170 71 39.2 72 35 12
1008 21 2 161 66 34.3 62 38 22
1009 39 2 165 78 32.4 48 22 1
1101 40 1 177 72 56.3 104 51 33
1102 47 1 177 83 37.0 100 26 20
1104 31 2 157 61 32.2 54 25 9
1105 18 2 172 62 38.2 78 32 15
1106 25 2 168 66 35.9 89 40 16
1107 45 1 165 75 36.1 110 27 32
1108 46 1 176 71 38.0 106 30 30
1109 39 2 170 67 35.4 67 16 5
1201 49 1 178 91 36.9 123 28 21
1202 36 1 164 69 43.2 66 38 30
1203 25 2 164 67 32.3 91 27 14
1204 27 2 163 80 34.1 68 36 10
1205 19 2 168 69 40.2 74 24 12
1206 18 2 159 59 40.1 69 32 15
1207 20 2 155 68 41.2 76 28 16
1208 29 2 160 70 35.1 81 32 10
1209 37 2 160 74 30.4 44 14 6
1303 39 1 175 67 44.6 93 36 25 1
1307 28 2 58 34.7 43 20 70
1308 20 2 71 33.5 74 43 20
1309 28 2 168 65 37.3 90 39 25
1402 45 1 170 93 37.1 130 30 23f
1405 39 2 92 27.8 69 4 5
1406 21 2 167 66 39.3 78 7 17
1407 27 2 165 54 34.3 85 48 15
1408 25 2 166 65 37.9 98 34 20
1501 36 1 178 95 43.7 108 37 47



EXPRES DATA

F IDI AGE SEX HEIGHT EIGHT VO2MAX MAX GRIP SITUPS PUSHUPS
(cm) (kg) (kg) (M) (I)

1502 49 1 188 96 31.5 101 25 10
1504 40 1 180 79 *38.8 95 19 11
1505 42 2 165 74 31.8 56 28 5
1506 28 2 174 68 38.2 78 32 12
1507 27 2 174 73 31.4 81 29 18
1508 32 2 169 60 36.2 61 18 8
1601 48 1 166 78 37.3 103 22 17
1605 51 1 184 100 30.4 130 16 8
1607, 24 2 164 61 40.8 85 51 20
1608 30 2 59 38.7 85 43 25
1609 30 2 158 49 37.5 56 32 31
1704 37 2 170 84 28.7 75 9 0
1705 43 1 164 72 35.3 126 24 25
1706 34 2 152 69 31.7 58 16 2

1707 24 2 161 51 39.3 71 30 30
1708 28 2 165 60 38.0 65 18 8
1802 46 1 188 85 43.0 129 31 20
1805 37 1 171 70 57.8 128 42 37
1806 24 2 153 49 35.7 58 30 10

1807 22 2 160 64 38.1 81 52 32
1809 36 1 76 38.1 122 23 26
1603 40 1 178 112 32.6 116 29 34
1503 35 1 172 66 48.8 103 31 31
1801 49 1 88 40.6 139 39 15
1301 38 1 165 74 31.8 56 28 5 _

1404 45 1 189 88 45.8 13.8 37 42
1403 45 1 172 87 36.6 102 8 24
1803 49 1 178 86 37.2 113 34 42
1304 45 1 177 I8 44.1 127 42 22
1602 36 1 180 69 45.8 87 31 28
1409 35 1 177 63 47.4 102 37 44
1701 41 1 178 81 37.0 91 30 13
1302 44 1 178 89 36.2 125 32 16
1509 40 2 172 70 39.8 71 41 21
1401 44 1 73
1604 38 1 166 67 45.0 109 37 18
1606 32 2 ,64 63 40.0 81 53 30
1804 38 1 174 78 44.6 99 32 20
1703 40 1 177 77 39.5 116 26 25
1709 39 2 65 33.3 75 25 5
1305 40 2 175 64 36.3 58 14 7
1702 38 1 176 80 44.3 107 25 18
1808 30 2 158 56 38.3 75 34 23



QUEEN'S STATION A69

ENDURANCE ENDURANCE TOTAL FLEXED
ID AGE SEX ILM GRIP GRIP GRIP ARM

(kg) (s) (s) (s) (s)
101 44 1 35.0 180 98 278 36.1
102 34 1 50.0 153 137 290 36.9
103 37 2 25.0 51 30 81 0.0
104 39 1 45.0 69 140 209 35.1
105 28 2 40.0 64 45 109 23.0
106 36 2 25.0 51 51 102 12.1
108 36 2 25.0 30 38 68 2.9
109 23 2 32.5 33 12 45 27.0
201 47 1 50.0 116 84 200 50.5
202 35 2 25.0 22 24 46 0.0
203 38 2 25.0 15 38 53 7.8
204 40 1 45.0 100 69 169 76.1
205 51 1 50.0 co 39 119 34.0
206 39 2 27.5 40 28 68 31.2
208 38 2 20.0 74 86 160 33.0
209 37 2 32.5 63 56 119 45.8
301 36 1 55.0 81 141 222 38.2
303 39 2 32.5 134 102 236 34.0
304 40 1 60.0 240 261 501 33.5
305 52 1 50.0 80 89 169 2.2
306 38 2 42.5 74 58 132 13.0
307 26 2 27.5 61 31 92 8.3
309 36 2 25.0 23 9 32 1.5
401 39 1 55.0 143 106 249 12.6
402 44 L 45.0 78 61 139 8.6
403 27 2 32.5 91 92 183 43.2
404 41 1 55.0 121 92 213 16.1
405 41 1 45.0 93 95 188 28.1
408 38 2 22.5 12 13 25 6.8
409 37 2 30.0 29 12 41 7.5

501 44 1 40.0 80 30 110 44.3
502 22 2 27.5 28 19 47 8.0
503 53 1 60.0 124 87 211 32.0
504 28 2 32.5 19 11 30 5.6
505 48 1 45.0 118 80 198 41.5
506 22 2 27.5 85 33 118 9.6
508 25 2 32.5 104 72 176 0.0
509 37 2 20.0 46 24 70 1.7
601 42 1 65.0 58 57 115 11.3
602 44 2 35.0 144 131 275 35.0
603 41 1 40.0 117 93 210 17.3
605 46 1 70.0 111 59 170 33.0
607 37 2 25.0 43 36 79 0.0
608 30 2 30.0 77 73 150 12.5
609 41 2 22.5 34 16 50 0.0
701 45 1 45.0 165 119 284 8.8
702 25 2 35.0 25 49 73 31.8
703 52 1 55.0 113 108 221 6.1
704 23 2 27.5 60 19 79 29.0
705 24 2 35.0 47 26 73 30.8
706 41 1 65.0 250 240 490 28.0
707 41 1 50.0 73 74 147 34.4
708 26 2 35.0 60 61 122 4.0



QUEEN'S STATION A70

ENDURANCE ENDURANCE TOTAL FLEXED
IDI AGE SEX ILM GRIP GRIP GRIP ARM

(kg) (s) (s) (a) (a)
709 30 2 27.5 24 27 51 34.7
710 37 2 25.0 22 17 39 3.0
801 45 1 40.0 165 67 231 28.4
802 26 2 35.0 61 27 88 4.0
803 28 2 25.0 16 8 25 12.9
804 40 1 60.0 138 134 272 31.2
805 29 2 35.0 98 66 164 45.6
806 39 1 65.0 196 87 282 67.0
807 37 1 70.0 206 238 444 42.6
808 24 2 27.5 16 19 36 35.5
809 28 2 55.0 110 92 203 42.2
901 31 2 35.0 48 41 89 5.0
902 37 1 55.0 95 45 140 11.0
903 26 2 27.5 24 34 58 22.2
905 40 1 80.0 240 307 547 50.0
906 26 2 25.0 28 19 47 22.4
907 23 2 25.0 23 21 44 5.2
908 40 1 55.0 128 113 241 14.0
909 37 2 22.5 33 7 40 2.0

1001 25 2 37.5 37 33 69 51.0
1002 23 2 30.0 30 25 55 51.0
1003 31 2 27.5 99 38 136 0.0
1004 27 2 25.0 22 26 48 5.9
1005 23 2 32.5 27 37 65 8.0
1006 28 2 35.0 66 39 105 10.0
1007 27 2 30.0 78 46 124 18.7
1008 21 2 30.0 9 27 36 12.4
1009 39 2 35.0 19 11 30 3.0
1101 40 1 65.0 107 61 169 66.3
1102 47 1 45.0 86 52 137 8.6
1104 31 2 20.0 22 5 27 1.2
1105 18 2 27.5 40 41 82 28.0
1106 25 2 30.0 95 51 146 13.1
1107 45 1 50.0 112 56 169 11.2
1108 46 1 40.0 71 80 151 26.0
1109 39 2 32.5 103 67 171 23.5
1201 49 1 50.0 170 161 331 31.0
1202 36 1 55.0 186 86 272 42.0
1203 25 2 25.0 12 4 15 0.0
1204 27 2 35.0 82 37 119 2.6

1205 19 2 32.5 64 73 137 16.5
1206 18 2 25.0 10 6 16 4.0
1207 20 2 30.0 47 24 71 3.5
1208 29 2 32.5 42 37 79 6.1
i269 31 2 25.0 i ij. 0.
1303 39 1 45.0 55 38 93 29.4
1307 28 2 30.0 29 33 61 43.5
1308 20 2 32.5 63 61 124 10.0
1309 28 2 27.5 63 23 86 11.0
1402 45 1 55.0 59 74 133 25.0
1405 39 2 27.5 60 31 92 0.0
1406 21 2 30.0 27 20 47 9.0
1407 27 2 30.0 27 39 67 48.6



QUERN'S STATION A71-

ENDURANCE ENDURANCE TOTAL FLEXED
IDI AGE SEX ILM GRIP GRIP GRIP ARM

(kg) Cs) 0s) s) (s)
1408 25 2 37.5 94 63 157 19.0
1501 36 1 75.0 192 125 317 23.8
1502 49 1 50.0 24 35 59 11.1
1504 40 1 40.0 180 il 291 22.6
1505 42 2 30.0 57 32 89 8.6
1506 28 2 32.5 31 18 50 6.1
1507 27 2 32.5 32 58 90 10.5
1508 32 2 22.5 40 15 56 11.0
1601 48 1 55.0 54 25 78 22.1
1605 51 1 45.0 189 145 335 12.0
1607 24 2 32.5 49 52 102 26.1
1608 30 2 37.5 96 67 163 62.0
1609 30 2 30.0 27 15 41 30.8
1704 37 2 22.5 30 16 46 0.0
1705 43 1 50.0 119 60 178 31.3
1705 34 2 25.0 16 3 19 0.0
1707 24 2 30.0 27 35 62 60.0
1708 28 2 27.5 24 22 46 23.0
1802 46 1 60.0 128 107 235 37.1
1805 37 1 50.0 139 150 289 54.0
1806 24 2 22-5 14 3 18 10.5
1807 22 2 35.0 39 31 70 32.0
1809 36 1 45.0 107 169 276 37.0
1603 40 i 60.0 133 120 253 10.6
1503 35 1 40.0 84 56 139 45.8
1801 49 1 70.0 234 260 494 21.0
1301 38 1 .0.0 85 41 126 48.5
1404 45 1 75.0 263 255 518 60.2
1403 45 1 55.0 170 123 293 36.1
1803 49 1 55.0 136 87 223 3.0
1304 45 1 50.0 151 131 282 19.6
1602 36 1 45.0 99 91 190 40.6
1409 35 1 50.0 135 88 223 61.5
1701 41 1 45.0 66 61 127 39.2
1302 44 1 60.0 107 96 202 28.0
1509 40 2 22.5 76 56 132 24.2
1401 44 1 45.0 111 87 198 32.7
1604 38 1 40.0 96 93 189 44.0
1606 32 2 37.5 67 32 99 57.8
1804 38 1 45.0 76 77 153 21.0
1703 40 1 50.0 182 120 302 22.0
1709 39 2 22.5 77 59 136 0.0
1305 40 2 20.0 27 24 52 19.5
1702 38 1 40.0 98 73 171 17.0
1808 30 2 25.0 42 30 72 12.0

_



J rn A72
LAND STRETCHER EVACUATION TASK (CUKULATIVE TIMES)

IDO AGE SEX 125 250 375 500 625 750"C s) (s) (s) Cs) (s) Cs)

101 44 1 56.0 127.0 209.0 306.0 469.0 431.0

102 34 1 69.9 187.6 269.2 341.8 429.5 497.4
103 37 2 140.3 297.5 433.9 579.8 744.5 879.6
104 39 1 80.0 159.0 237.0 313.0 389.0 466.0
105 28 2 82.0 177.0 270.0 402.0 493.0 601.0
106 36 2 84.0 166.0 247.0 354.0 465.0 577.0
108 36 2 99.7 207.9 345.3 435.3 667.6 838.5
109 23 2 76.9 158.5 255.6 352.1 460.6 555.3
201 47 1 90.5 177.6 268.5 333.1 512.5 625.6
202 35 2 117.0 330.0 520.0 709.0 14.0 1103.0

203 38 2 206.1 457.5 693.0 827.3 i±01.0 1329.1

204 40 1 67.9 134.1 200.5 277.5 350.5 401.4

205 51 1 99.0 241.0 473.0 606.0 778.G 1006.0

206 39 2 112.5 255.6 495.8 677.1 847.5 1019.6
208 38 2 99.0 225.0 407.0 559.0 688.0 880.0

209 37 2 116.0 239.0 330.0 438.0 545.0 631.0

301 36 1 67.0 136.0 206.0 275.0 349.0 406.0

303 39 2 81.0 196.0 304.0 422.0 561.0 683.0

304 40 1 71.0 139.0 207.0 274.0 344.0 414.0
305 52 1 86.0 169.0 246.0 336.0 428.0 523.0
306 38 2 132.0 208.0 438.0 600.0 784.0 954.0

307 26 2 106.0 240.0 381.0 535.0 693.0 856.0

309 36 2 219.0 477.0 829.0 1101.0 1329.0 1607.0

* 401 39 1 84.0 199.0 299.0 429.0 534.0 608.0

402 44 1 85.0 222.0 392.0 576.0 727.0 864.0
403 27 2 83.0 222.0 336.0 469.0 600.0 709.0

404 41 1 103.0 214.0 332.0 482,0 555.0 685.0

405 41 1 90.0 214.0 349.0 476.0 608.0 752.0

408 38 2 145.0 360.0 543.0 823.0 1060.0 1576.0

409 37 2 81.0 206.0 343.0 474.0 600.0 720.0

501 44 1 88.2 163.5 242.0 334.9 434.1 527.2
502 22 2 88.4 206.8 .335.5 517.1 678.8 786.5
503 53 1 74.9 150.2 225.3 308.4 398.8 469.3
504 28 2 139.4 -1.0 -1.0 -1.0 -1.0 -1.0

505 48 1 85.2 172.2 255.8 351.4 451.6 546.8

506 22 2 132.8 306.5 46f.2 636.5 732.4 897.6
508 25 2 88.9 178.1 297.5 355.4 467.9 694.7
509 37 2 194.0 356.0 518.0 631.0 826.0 1021.0
601 42 1 72.0 160.0 267.0 359.0 477.0 608.0

E02 44 2 95.0 189.0 283.0 407.0 478.0 653.0
603 41 1 85.0 172.0 275.0 346.0 479.0 678.0
605 46 1 101.0 209.0 326.0 444.0 590.0 728.0

607 37 2 118.0 278.0 482.0 706.0 859.0 1014.0
GAR 30 2 129.0 243.0 427.0 579.0 760.0 1000.0

609 41 2 158.0 450.0 680.0 830.0 1015.0 1365.0
701 45 1 60.0 122.0 183.0 258.0 331.0 401.0
702 25 2 78.0 133.0 241.0 394.0 465.0 567.0
703 52 1 88.0 189.0 308.0 429.0 587.0 736.0
704 23 2 85.0 196.0 529.0 437.0 571.0 693.0
705 24 2 54.0 130.0 236.0 365.0 465.0 563.0

706 41 1 79.0 160.0 259.0 348.0 476.0 573.0
707 41 1 76.0 154.0 232.0 334.0 415.0 484.0

708 26 2 84.0 180.0 277.0 382.0 087.0 576.0



A73 _
LAND STRETCHER EVACUATION TASK (CUMULATIVE TIMES)

IDI AGE SEX 125 250 375 500 625 750
(s) (s) (s) (s) (s) (s):

709 30 2 68.0 142.0 222.0 311.0 411.0 507.0
710 37 2 110.0 238.0 415.0 639.0 913.0 1257.0
801 45 1 68.0 139.0 214.0 288.0 366.0 438.0
802 26 2 99.0 253.0 403.0 549.0 724.0 873.0
803 28 2 95.0 258.0 441.0 647.0 938.0 1009.0
804 40 1 86.0 166.0 243.0 325.0 397.0 469.0
805 29 2 88.0 211.0 334.0 481.0 664.0 809.0
806 39 1 57.0 115.0 173.0 233.0 293.0 375.0
807 37 1 46.0 134.0 145.0 178.0 252.0 297.0
808 24 2 77.0 177.0 263.0 384.0 503.0 608.0
809 28 2 66.0 133.0 208.0 288.0 369.0 445.0
901 31 2 63.0 188.0 353.0 550.0 849.0 1013.0 -
902 37 1 81.0 160.0 295.0 401.0 538.0 649.0
903 26 2 63.0 132.0 231.0 334.0 461.0 569.0
905 40 1 41.0 65.0 132.0 182.0 234.0 288.0
906 26 2 72.0 172.0 278.0 414.0 543.0 674.0 I
907 23 2 82.0 242.0 404.0 561.0 665.0 886.0
908 40 1 88.0 184.0 279.0 377.0 502.0 593.0
909 37 2 95.0 221.0 415.0 582.0 804.0 1069.0
1001 25 2 74.0 166.0 256.0 368.0 450.0 518.0
1002 23 2 85.0 215.0 348.0 445.0 548.0 672.0
1003 31 2 69.0 199.0 384.0 564.0 739.0 900.0
1004 27 2 69.0 186.0 336.0 481.0 656.0 801.0
1005 23 2 77.0 182.0 266.0 371.0 478.0 600.0
1006 28 2 88.0 197.0 317.0 418.0 536.0 654.0
1007 27 2 63.0 130.0 215.0 313.0 415.0 520.0
1008 21 2 79.0 192.0 292.0 415.0 560.0 698.0
1009 39 2 93.0 264.0 394.0 566.0 685.0 838.0
1101 40 1 41.0 85.0 142.0 200.0 254.0 296.0
1102 47 1 78.0 157.0 235.0 335.0 414.0 530.0
1104 31 2 139.0 402.0 662.0 1003.0 1380.0 1656.0
1105 18 2 58.0 167.0 336.0 475.0 658.0 773.0
1106 25 2 72.0 172.0 290.0 408.0 519.0 639.0
1107 45 1 76.0 210.0 326.0 457.0 602.0 770.0
1108 46 1 73.Q 147.0 221.0 335.0 480.0 638.0
1109 39 2 81.0 163.0 245.0 371.0 496.0 615.0
1201 49 1 125.0 259.0 389.0 569.0 753.0 893.0
1202 36 1 79.0 170.0 256.0 346.0 449.0 549.0
1203 25 2 95.0 226.0 385.0 588.0 832.0 949.0
1204 27 2 90.0 195.0 351.0 524.0 690.0 844.0
1205 19 2 88.0 173.0 303.0 404,0 522.0 609.0
1206 18 2 86.0 189.0 313.0 433.0 581.0 748.0
1207 20 2 89.0 189.0 328.0 497.0 645.0 780.0
1208 29 2 99.0 229.0 372.0 504.0 650.0 808.0
1209 3? 2 125.0 284.0 475.0 773.0 1017.0 1256.0
1303 39 1 94.0 185.0 276.0 411.0 528.0 653.0
1307 28 2 84.0 166.0 268.0 403.0 530.0 643.0
1308 20 2 55.0 212.0 248.0 363.0 494.0 618.0 -

1309 28 2 71.0 137.0 221.0 297.0 383.0 451.0
1402 45 1 76.0 183.0 318.0 474.0 646.0 827.0
1405 39 2 78.0 187.0 305.0 462.0 593.0 726.0
1406 21 2 108.0 133.0 431.0 567.0 760.0 929.0
1407 27 2 81.0 176.0 302.0 442.0 575.0 682.0
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LAND STRETCHER EVACUATION TASK (CUKULATIVE TIMES)

IDI AGE SEX 125 250 375 500 625 750ll(s) (s) (s) (s) Cs) (s) -

1408 25 2 93.0 236.0 394.0 610.0 784.0 926.0
1501 36 1 68.3 141.5 212.4 300.3 391.7 478.1
1502 49 1 134.5 261.9 470.7 680.8 689.2 1084.0
1504 40 1 86.9 185.9 289.8 388.8 512.5 613.9
1505 42 2 95.8 263.7 435.9 585.7 797.1 964.0

1506 28 2 88.7 208.8 330.0 457.5 587.7 735.0
1507 27 2 73.6 180.1 300.8 455.0 613.4 780.7
1508 32 2 107.9 282.0 462.4 666.1 872.7 1092.6
1601 48 1 85.4 173.1 278.4 418.9 531.4 666.4
1605 51 1 81.1 168.9 256.3 355.8 485.7 608.8
1607 24 2 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
1608 30 2 69.8 165 3 254.4 364.1 472.0 568.5
1609 30 2 126.7 278.6 438.6 649.9 832.0 1007.0
1704 37 2 152.3 360.2 547.9 766.2 1051.2 1197.8
1705 43 1 86.9 221.8 357.4 534.9 718.1 894.2
1706 34 2 164.3 362.2 614.8 948.8 1203.4 1455.7
1707 24 2 85.1 188.6 321.8 473.1 627.6 771.6
1708 28 2 100.8 245.1 385.5 518.5 720.0 870.5
1802 46 1 62.0 135.0 244.0 352.0 436.0 504.0
1805 37 1 55.0 102.0 171.0 231.0 292.0 366.0
1806 24 2 95.0 222.0 404.0 594.0 840.0 1090.0
1807 22 2 68.0 150.0 234.0 350.0 468.0 554.0
1809 36 1
1603 40 1 79.3 157.9 233.8 309.3 401.3 478.4
1503 35 1 75.1 163.7 254.4 353.6 450.9 559.7
1801 49 1 65.0 137.0 206.0 275.0 346.0 406.0
1301 38 1 70.0 140.0 223.0 309.0 411.0 489.0
1404 45 1 72.0 140.0 206.0 275.0 35,.0 467.0

w 1403 45 1 82.0 190.0 320.0 436.0 568.0 683.0
1803 49 1 69.0 141.0 211.0 282.0 379.0 480.0 0
1304 45 1 70.0 142.0 241.0 377.0 426.0 540.0
1602 36 1 52.1 159.6 258.3 382.6 516.6 597.6
1409 35 1 84.0 170.0 299.0 399.0 502.0 598.0
1701 41 1 94.3 184.7 305.3 407.9 517.5 629.7
1302 44 1 60.0 126.0 203.0 266.0 339.0 441.0
1509 40 2 60.6 133.2 206.1 285.8 384.6 470.5
1401 44 1 87.0 191.0 317.0 436.0 595.0 700.0
1604 38 1 81.5 226.5 365.1 536.8 662.5 798.1
1606 32 2 77.2 203.1 359.3 -1.0 -1.0 -1.0
1804 38 1 80.0 156.0 239.0 340.0 430.0 534.0
1703 40 1 82.5 166.9 251.2 353.1 455.1 553.1
1709 39 2 85.0 180.3 282.6 411.3 569.2 678.6
1305 40 2 104.0 264.0 444.0 604.0 816.0 967.0

1808 30 2 77.0 183.0 382.0 606.0 801.0 972.0

I1
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SANDBAG CARRY ID LOW-HIGH CRAWL TASKS

SADA -20 20-30 0-50 TOTAL

IDI AGE SEX CYCLES TOTAL LOW TIME .
M# s (s) (s)

101 44 1 9.7 40.2 61.2 87.6 113.4
102 34 1 14.4 27.4 39.7 59.9 80.3
103 37 2 8.0 120.7 213.4 268.5 314.4
104 39 1 15.3 28.1 40.7 58.2 76.9
105 28 2 13.5 58.1 81.6 98.5 120.4--

106 36 2 12.0 55.4 105.6 134.5 159.6
108 36 2 10.3 57.1 91.0 129.3 157.8
109 23 2 14.4 31.9 55.9 79.6 102.0
201 47 1 11.9 30.7 48.2 66.3 89.7
202 35 2 10.5 52.7 96.4 144.9 174.0
203 38 2 7.5 87.6 135.4 195.0 227.7
204 40 1 15.8 29.9 44.3 63.0 80.8
205 51 1 8.2 50.8 74.2 114.1 140.4
206 39 2 7.8 37.2 59.9 90.3 122.8
208 38 2 10.0 38.7 64.8 98.1 126.1
209 37 2 9.0 25.2 40.0 60.9 86.1
301 36 1 13.0 30.2 44.3 106.2 150.8 71
303 39 2 11.2 47.8 86.9 116.6 144.5
304 40 1 12.7 50.9 68.7 109.2 144.6
305 52 1 11.1 121.3 187.6 285.7 330.1
306 38 2 9.0 63.6 112.7 169.4 216.9
307 26 2 12.2 74.6 117.3 158.9 189.8 -

309 36 2 9.5 114.7 180.3 236.2 289.6
401 39 1 12.5 51.8 82.4 125.8 171.0
402 44 1 10.3 53.9 92.7 155.1 201.1 "
403 27 2 11.4 42.7 67.8 95.8 119.4
404 41 1 10.5 93.6 154.7 208.8 254.6
405 41 1 10.0 140.9 201.3 267.2 320.4
408 38 2 9.0 105.5 179.4 247.2 302.9
409 37 2 9.0 103.8 147.8 207.7 258.0
501 44 1 9.7 33.0 55.1 78.4 100.5
502 22 2 12.1 38.6 59.1 88.6 114.0
503 53 1 12.3 37.7 84.4 111.4 137.7
504 28 2 11.0 62.7 109.5 141.2 169.9
505 48 1 10.8 41.6 58.7 88.8 117.7
506 22 2 9.9 45.2 75.9 107.0 132.7
508 25 2 9.9 70.4 117.6 159.2 196.4
509 37 2 8.5 74.9 139.9 188.9 227.5
601 42 1 10.3 34.6 55.3 153.3 179.4
602 44 2 10.0 87.5 134.7 169.2 194.8
603 41 1 10.2 35.5 48.7 75.9 9:14
605 46 1 9.5 28.0 45.2 64.1 86.2
607 37 2 i1.0 57.0 105.0 140.7 172.3
608 30 2 10.2 40.0 79.4 114.4 146.5
609 41 2 8.0 115.4 200.0 249,4 325.7
701 45 1 11.9 29.5 48.0 67.8 88.0
702 25 2 13.4 36.9 66.6 92.5 116.9
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SANDBAG CARRY AND LOW-HIGH CRAWL TASKS

SANDBAG 0-20 20-30 30-50 TOTAL
ID# AGE SEX CYCLES TOTAL LOW TIME

() (s) (s) (3) (3)
703 52 1 10.5 47.5 77.9 114.1 145.8
704 23 2 14.4 52.3 80.5 109.5 134.9
705 24 2 13.5 32.7 52.0 76.4 100.4
706 41 1 11.5 26.6 44.0 64.1 86.4
707 41 1 12.7 34.1 56.1 84.8 112.6
708 26 2 10.8 77.), 129.5 171.9 210.7
709 30 2 14.8 41.9 64.8 88.4 111.8
710 37 2 7.7 72.0 122.3 179.0 237.2
801 45 1 14.5 38.1 56.2 82.8 113.8
802 26 2 11.1 66.8 117.1 148.6 180.1
803 28 2 11.5 68.1 118.7 155.5 187.1
804 40 1 16.5 34.1 51.1 76.4 104.3
805 29 2 12.1 26.4 37.4 57.9 78.2
806 39 1 16.9 28.2 43.5 62.5 80.8
807 37 1 18.6 19.1 28.3 43.5 61.1
808 24 2 13.0 50.9 82.9 110.5 138.2
809 28 2 16.6 18.3 28.0 46.4 64.6
901 31 2 10.8 73.8 140.1 176.8 210.7
902 37 1 12.0 43.3 68.1 103.6 133.8
903 26 2 11.0 37.8 59.1 86.4 112.6
905 40 1 20.0 32.6 47.6 63.8
906 26 2 11.0 70.4 108.3 155.9 195.6
907 23 2 11.2 73.6 125.4 167.3 214.1
908 40 1 12.3 20.4 32.0 54.3 80.0
909 37 2 9.2 109.0 179.3 228.0 274.3
1001 25 2 15.4 33.3 50.0 79.8 108.0
1002 23 2 15.5 42.4 66.2 88.7 114.3
1003 31 2 12.0 88.2 137.5 169.3 199.4
1004 27 2 10.5 63.8 110.3 149.7 185.5
1005 23 2 15.2 38.2 63.2 93.6 118.6
1006 28 2 13.0 58.2 101.9 139.9 169.4
1007 27 2 17.6 53.6 85.0 111.3 136.0
1008 21 2 12.5 29.9 51.6 77.5 103,2
1009 39 2 10.2 78.6 128.0 182.9 227.5
1101 40 1 14.0 20.3 30.8 49.6 71.0
1102 47 1 9.0 31.6 50.4 75.9 105.7
1104 31 2 8.5 65.4 115.3 159.1 195.7
1105 18 2 13.0 63.0 108.2 139.8 168.3
1106 25 2 11.5 61.3 116.4 157.2 192.6
1107 45 1 8.5 37.8 73.0 116.5 152.0
1108 46 1 10.4 23.1 41.4 69.8 91.6
1109 Q2 0 17 n %7r% lnq.4 142.5 175.8

1201 49 1 9.5 56.7 92.8 136.0 173.7
1202 36 1 10.1 33.5 53.3 76.9 101.4
1203 25 2 11.2 68.3 115.9 152.4 187.1
1204 27 2 11.0 65.1 93.4 125.6 152.8
1205 19 2 12.3 26.8 45.9 73.1 96.7
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SANDBAG CARRY AND LOU-HIGH CRAWL TASKS

SANDBAG 0-20 20-30 30-50 TOTAL
ID# AGE SEX CYCLES TOTAL LOW TIME

() (s) (s)) (s)
1206 18 2 13.0 33.8 57.7 90.6 120.5
1207 20 2 10.5 32.9 60.3 92.6 126.2
1208 29 2 10.0 49.6 82.1 125.0 170.8
1209 37 2 9.2 64.C 104.0 154.8 208.6
1303 39 1 8.5 27.2 42,0 66.9 91.8 tn "

1307 28 2 13.0 42.7 75.4 105.2 129.1
1308 20 2 13.2 30.1 49.7 74.7 99.7
1309 28 2 14.2 27.7 44.1 64.8 86.5
1402 45 1 12.5 65.0 106.8 153.3 204.3
1405 39 2 10.5 107.5 174.3 214.5 250.5
1406 21 2 12.5 51.0 94.9 127.3 158.7
1407 27 2 14.0 57.4 88.4 118.9 149.5
1408 25 2 14.5 36.7 59.3 82.9 109.6
1501 36 1 14.5 21.7 32.1 51.2 76.2
1502 49 1 8.0 -1.0 -1.0 -1.0 -1.0
1504 40 1 9.5 98.8 149.5 206.8 241.6
1505 42 2 9.9 72.9 116.0 154.7 196.5
1506 28 2 10.3 54.9 86.9 121.7 151.7

1507 27 2 11.3 57.7 91.5 123.3 149.3
1508 32 2 8.3 56.6 109.2 144.3 193.8
1601 48 1 10.8 34.3 49.0 78.8 110.5
1605 51 1 11.2 45.3 81.7 133.7 176.9
1607 24 2 -1.0 33.9 55.2 79.5 102.8
1608 30 2 14.0 . 34.2 55.9 78.1
1609 30 2 11.5 38.9 69.6 101.3 134.0
1704 37 2 7.7 132.0 222.3 290.3 355.8
1705 43 1 9.7 43.3 65.5 102.9 141.6
1706 34 2 7.4 111.3 178.8 237.4 295.3 ..
1707 24 2 10.5 36.9 56.1 83.1 105.2
1708 28 2 11.0 38.3 71.7 103.1 137.1
1802 46 1 14.5 35.8 54.1 79.1 99.4
1805 37 1 19.0 17.4 30.3 47.4 58.7
1806 24 2 10.0 42.9 75.5 110.9 147.4
1807 22 2 13.3 38.0 68.8 102.0 124.0 -.
1809 36 1 12.0 16.5 26.6 43.4 62.8
1603 40 1 13.0 55.1 85.5 118.3 145.4
1503 35 1 12.6 18.8 28.1 45.1 62.8
1801 49 1 16.0 27.3 43.8 67.1 89.8
1301 38 1 12.0 25.7 41.5 63.2 86.7
1404 45 1 16.0 25.6 38.2 58.8 78.4
1403 45 1 10.9 36.0 55.4 81.1 104.8
1803 49 1 14.0 32.4 52.7 83.6 112.2
1304 45 1 11.5 35.3 55.0 79. .109.6
1602 36 1 15.0 26.3 42.4 63.9 86.9
1409 35 1 12.4 17.2 26.9 45.0 65.2
1701 41 1 10.3 52.7 86.5 117.0 149.8
1302 44 1 13.3 35.7 60.6 87.1 111.1
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SAN4DBAG CARRY AND LOW-HIGH CRtAWL TASKS

SANDBAG 0-20 20-30 30-50 TOTAL

IDI AGE SEX CYCLES TOTAL LOW TIME

(#) (s) (s) (s) (s) I
i509 40 2 12.0 71.0 11A.0 IA7 1. A

1401 44 1 11.2 25.2 42.0 73.2 98.9

1604 38 1 10.5 28.8 45.5 69.6 95.0

1606 32 2 15.0 36.9 57.1 87.9 112.7
1804 38 1 14.2 38.0 57.1 86.2 111.9

1703 40 1 13.0 24.1 39.9 65.7 88.3

1709 39 2 10.0 54.3 89.8 121.8 146.5
1305 40 2 8.1 70.9 119.4 157.3 186.7

1702 38 1 11.5 56.8 87.2 120.4 152.0

1808 30 2 11.0 31.0 67.1 102.1 142.5

?A



A79 -

ENTRENCHKENT DIG AND SEA EVACUATION TASKS

ENTRENCHMENT STRETCHER- UP DOWN TOTAL
ID AGE SEX DIG TIME STAIRS STAIRS STAIRS TIME

(s) (s) Cs) (s) Cs)(
101 44 1 408 5.1 19.3 27.6 34.0
102 34 1 256 4.5 14.6 20.8 26.1
103 37 2 719 6.6 155.7 185.1 198.0
104 39 1 285 7.0 22.1 32.8 41.0
105 28 2 362 4.8 17.8 27.3 33.0 -

106 36 2 448 5.3 32.7 57.9 64.6
108 36 2 482 9.6 83.6 105.3 114.3
109 23 2 463 6.0 68.3 82.6 93.1
201 47 1 809 3.6 13.5 19.0 23.7
202 35 2 541 -1.0 -1.0 -1.0 -1.0
203 38 2 1081 6.5 225.4 254.8 266.7
204 40 1 495 4.6 15.4 26.0 30.9
205 51 1 683 6.3 39.9 56.1 63.7
206 39 2 813 -1.0 -1.0 -1.0 -1.0
208 38 2 551 6.8 40.4 76.3 83.6
209 37 2 794 5.6 21.1 29.0 35.5
301 36 1 519 4.1 12.7 18.2 22.9
303 39 2 510 4.7 37.4 52.9 60.6
304 40 1 398 3.8 12.0 16.8 21.4
305 52 1 440 5.4 16.4 23.4 31.1
306 38 2 567 5.6 140.1 164.6 175.6
307 26 2 541 6.4 53.9 72.4 83.8
309 36 2 935 -1.0 -1.0 -1.0 -1.0 -
401 39 1 410 8.3 31.1 43.0 51.4
402 44 1 496 7.7 25.6 39.4 50.1
403 27 2 405 8.3 44.8 57.0 68.8
404 41 1 414 10.7 61.0 83.0 94.6
405 41 1 636 9.3 27.5 37.4 47.7
408 38 2 638 14.0 491.8 532.5 542.9 "
409 37 2 550 12.8 96.9 127.7 138.8
501 44 1 558 6.4 15.2 24.4 31.3
502 22 2 448 5.4 26.4 50.4 56.8
503 53 1 311 6.1 18.8 24.9 31.1
504 28 2 521 7.5 60.6 72.5 81.7
505 48 1 340 5.9 24.9 33.4 40.7
506 22 2 566 6.8 117.0 145.4 159.3
508 25 2 486 6.4 159.7 216.8 226.5
509 37 2 641 8.9 229.9 263.8 300.3
601 42 1 349 6.8 21.1 31.8 38.6
602 44 2 373 7.8 78.8 108.0 116.7
603 41 1 373 5.0 26°2 42.5 49.4
605 46 1 340 4.4 12.7 19.7 26.1
607 37 2 Ar1 6.0 29.? 322.0 33.2
608 30 2 436 7.1 53.4 77.6 85.6
609 41 2 1038 14.7 698.5 732.4 775.3
701 45 1 232 4.5 14.4 23.2 29.1
702 25 2 523 5.0 16.3 26.7 33.1
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L ENTRENCHIIT DIG AND SEA EVACUATION TASXS

NETRENCHHENT STRETCHER- UP DOW, TOTAL
ID AGE SEX DIG TIME STAIRS STAIRS STAIRS TIME

(s) (s) (s) (s) (s)
703 52 1 368 5.8 29.5 47.3 56.6
704 23 2 635 6.4 265.6 296.6 305.4
705 24 2 341 6.2 35.7 47.5 54.3
706 41 1 467 4.9 13.9 20.8 26.6
707 41 1 321 5.0 23.6 36.8 42.Pe
708 26 2 334 6.0 31.5 46.8 54.4
709 30 2 437 6.2 72.0 93.4 106.3
710 37 2 787 8.1 765.9 893.0 912.0
801 45 1 333 5.1 19.9 30.5 37.8
802 26 2 629 7.4 660.0 693.8 725.1
803 28 2 533 5.4 226.5 259.7 268.9
804 40 1 369 4.7 18.6 28.8 35.5
805 29 2 423 6.0 26.8 43.8 53.4
806 39 1 247 3.6 15.4 22.0 27.4
807 37 1 217 4.1 12.7 17.0 22.4
808 24 2 454 6.3 30.2 45.9 53.4
809 28 2 256 4.0 14.3 21.8 26.7
901 31 2 470 5.9 56.1 81.3 88.6
902 37 1 337 5.0 40.9 60.5 67.7
903 26 2 456 6.0 56.9 71.7 78.4
905 40 1 219
906 26 2 679 6.0 57.4 88.4 99.4 6
907 23 2 505 5.5 186.0 207.4 218.9
908 40 1 316 4.3 17.0 25.t 31.8
909 37 2 707 -1.0 -1.0 -1.0 -1.0
1001 25 2 302 4.3 16.6 26.0 32.1
1002 23 2 365 5.1 75.5 95.1 103.7 61
1003 31 2 436 8.2 61.6 92.0 100.2
1004 27 2 821 6.5 196.2 226.9 242.3
1005 23 2 572 6.2 47.2 67.7 76.0
1006 28 2 475 5.1 267.0 301.3 312.7
1007 27 2 429 5.3 23.6 40.7 48.2
1008 21 2 380 5.6 74.8 94.1 100.3
1009 39 2 429 -1.0 -1.0 -1.0 -1.0
1101 40 1 258 3.7 11.7 17.2 22.2
1102 47 1 486 4.3 21.9 34.2 40.1
1104 31 2 700 -1.0 -1.0 -1.0 -1.0
1105 18 2 554 5.5 35.3 52.3 58.9
1106 25 2 456 5.2 45.0 69.9 76.2
1107 45 1 518 5.1 24.3 38.0 44.4
1108 46 1 512 4.9 34.1 47.6 53.7
1109 IQ 2) 505r 9.1 3fi.1 50.7 55.9

1201 49 1 569 5.1 25.2 39.1 46.1
1202 36 1 436 4.7 18.5 25.0 30.3
1203 25 2 575 7.0 154.1 195.3 205.2
1204 27 2 392 5.3 99.5 119.2 230.8
1205 19 2 418 5.6 22.5 34.5 42.1
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ENTRENCHMENT DIG AND SEA EVACUATION TASKS

ENTRENCHMENT STRETCHER- UP DOWN TOTAL
ID AGE SEX DIG TIME STAIRS STAIRS STAIRS TIME

(s) (s) (s) (s) (s)
1206 18 2 540 4.7 331.4 365.0 381.8
1207 20 2 587 5.8 206.3 216.8 225.6
1208 29 2 761 6.6 699.9 733.0 746.5
1209 37 2 574 7.8 563.4 586.5 643.5
1303 39 1 358 5.4 23.7 40.8 Aq.9
1307 28 2 477 6.7 37.4 51.8 58.1
1308 20 2 449 5.4 .7.3 50.1 56.4
1309 28 2 315 4.8 25.6 42.9 48.6
1402 45 1 380 5.3 33.2 53.8 61.5
1405 39 2 677 5.2 120.4 145.2 152.9
1406 21 2 500 5.7 90.5 116.3 125.6
1407 27 2 505 6.5 66.9 85.0 94.4
1408 25 2 379 4.5 19.3 27.1 32.9
1501 36 1 282 4.0 15.3 22.5 28.4
1502 49 1 696 6.1 66.1 86.9 96.6
1504 40 1 393 6.0 22.1 43.7 51.7
1505 42 2 691 8.3 312.0 325.3 333.6
1506 28 2 450 4.3 54.2 67.9 74.7
1507 27 2 52 5.2 29.0 56.0 63.6
1508 32 2 698 7.5 346.7 377.9 390.7
1601 48 1 511 5.0 28.7 40.4 49.7
1605 51 1 387 5.8 34.7 47.0 55.4
1607 24 2 508 5.4 35.9 59.3 66,7
1608 30 2 315 4.5 28.0 42.9 48.6
1609 30 2 645 6.9 103.0 127.0 139.0
1704 37 2 490 9.2 349.5 368.6 385.6
1705 43 1 562 3.8 23.7 31.0 37.1
1706 34 2 808 10.0 504.9 538.3 575.0
1707 24 2 483 6.8 49.5 62.4 71.4
1708 28 2 471 8.6 44.8 62.4 73.0
1802 46 1 336 5.2 31.9 43.4 50.2
1805 37 1 244 4.5 18.3 28.8 34.8
1806 24 2 953 -1.0 -1.0 -1.0 -1.0
1807 22 2 397 5.0 60.4 79.4 87.7
1809 36 1 259 4.4 15.3 24.4 30.5
1603 40 1 301 4.5 18.4 28.3 34.6
1503 35 1 464 3.8 13.2 20.8 25.6
1801 49 1 248 4.2 14.0 22.5 29.0
1301 38 1 216 4.8 13.9 20.0 24.5
1404 45 1 637 4.5 15.1 21.2 26.4
1403 45 1 501 3.9 27.3 35.8 42.1
1803 49 1 273 4.1 19.5 27.1 35.8
I~lAl Ag I lnA. ') a7 l 0l.A

1602 36 1 445 4.8 17.7 30.2 36.7
1409 35 1 566 5.3 23.4 35.7 42.3
1701 41 1 375 3.9 22.0 32.3 39.1
1302 44 1 260 3.4 16.5 26.3 32.4
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SHTRENCIHENT DIG AND SEA EVACUATION TASKS

ENTRENCHMENT STRETCHER- UP DOWN TOTAL
IDI AGE SEX DIG TIME STAIRS STAIRS STAIRS TIME

(s) (s) (s) (s) (s)

1509 40 2 483 5,5 50.6 100.9 108.6
1401 44 1 604 5.6 19.1 33.2 40.1
1604 38 1 646 4.2 17.0 25.6 33.1
1606 32 2 322 5.0 31.0 41.4 49.4
1804 38 1 316 4.7 34.3 46.9 53.7
1703 40 1 300 4.5 14.0 20.1 25.3
1709 39 2 490 5.5 38.4 63.9 72.1
1305 40 2 680 5.2 64.9 89.8 96.9
1702 38 1 470 4.9 23.9 36.7 46.9
1808 30 2 529 9.8 291.9 332.5 344.5

.1

0

p 0
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ERGONOMICS RESEARCH LABORATORY
QUEEN'S UNIVERSITY at KINGSTON

SCHOOL of PHYSICAL and HEALTH EDUCATION
DEPARTMENT of MECHANICAL ENGINEERING

MINIMUM PHYSICAL FITNESS STANDARDS STUDY: PHASE III

The Canadian Armed Forces (CF) are currently developing
Minimum Physical Fitness Standards for all military personnel.
The underlying principal is that there are certain duties which
all personnel, even those in otherwise sedentary jobs, must be
able to perform if called upon in an emergency. Common military
tasks have been identified by the CF as being critical. Queen's
University has been contracted to investigate the specific
fitness requirements of the most difficult tasks.

- In 1985 and 1986, The Ergonomics Research Laboratory at ]
Queen's University was contracted by the CF to investigate the
specific fitness requirements of these tasks. The testing over
the summers of '85 and '86 allowed us to present to the military
a preliminary profile of the fitness demands of the tasks and,
thus, to suggest minimum fitness requirements for men and women.
Queen's has once again been contracted by the military to
continue the investigation of the fitness requirements of these
stated military tasks and to verify and/or modify the standards
initially proposed; specifically:

1) to validate the minimum physical fitness standard of
younger women and older men;

2) to identify and to quantify those components of physical
fitness involved in the performance of these tasks by
older women.

The Ergonomics Research Laboratory has been contracted to
conduct this study at Queen's University commencing June 1, 1987.
Our laboratory personnel will carry out the test procedures which
are outlined below. One morning or one afternoon will be
allotted for completion of each test, with 20 to 25 CF personnel
being tested at each station.

Low High Crawl Station

Each person will crawl over grass-like terrain, first
crawling low (i.e., with all body parts close to the ground) for
30 m under low barriers, then crawling high (i.e., on hands and
Vnees fnr A m while carrving A mndpl rifle. Thntl time will be
recorded.

Entrenchment Dig Station

Each person will dig a one-person entrenchment 1.8 m long x
0.6 m wide to a depth of 0.45 m. The entrenchment will be
simulated by a wooden box of this size filled with moistened,
finely crushed rock. The total time taken to complete the dig
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will be recorded.

Casualty Evacuation Stations

Land Evacuation

Participants will evacuate a stretcher, carrying a load of
80 kg (simulating a wounded person), over flat terrain for a
distance of .75 km. The other end of the stretcher will be fixed
onto a wheel base, thus making this a one-person task; the total
time will be scored.

Shipboard Evacuation

Up and down a flight of stairs (i.e., simulating shipboard
stairs) one person in fire-fighting gear will evacuate a stoker - -

stretcher which has one end fixed onto a sliding track. Before
ascending the stairs, the stretcher will be moved 25 m over land
to the base of the stairs. After descending the stairs the
stretcher will be returned 25 m to the starting point. The total
time taken to complete the evacuation will be recorded.

Sandbag Carry Station

Over a ten minute test period participants will carry
sandbags (weighing 20 kg) one at a time a distance of 50 m,
setting each bag down then returning for the next bag. The
number of sandbags carried will be scored.

Additional Tests

In addition to assessing the physiological and biomechanical
demands of the above tasks, CF personnel wil be asked to perform
the following test batteries which may be used to predict field
test performance.

EXPRES Test

Canadian Forces EXPRES test, which includes measures of
height, weight and resting blood pressure, Step-Test, Maximum
Grip Strength Test, Sit-Ups and Push-Ups tests will be conducted
by CF personnel prior to or immediately after the Ergonomics
Research Laboratory testing.

Queen's Station

Queen's University tests which include Grip Strength
Endurance, Flexed Arm Hang, Kin/Com and lifting tests using the
Forces' own testing device, the Incremental Lifting Machine (ILM)
will be conducted during the testing week.

P 0
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Subject Participation and Safety

For the information of participants, at each station and
prior to any testing, the procedures outlined below will be
followed. 17

1. A detailed verbal description of the task will be given. As
well, each subject will be directed to read the explanation
of the task for that station in their handout. 5

2. A task demonstration will follow the explanation. Performed
by the Station Testers, this will both explain and visually
show the complete task protocol, the means of scoring and
highlight necessary skills.

3. Throughout the explanation and demonstration, CF personnel
will be encouraged to ask questions about their personal
concerns. Following the demonstration, a formal question-
and-answer period will be conducted so that all subjects are
well informed of both the task and test expectations.

4. Warm-up and practice opportunity, where appropriate, will be
given. On an individual basis, each subject will be
conducted through the warm-up procedures for that station by
a tester. In general, these warm-up procedures will be
commenced within 10 to 15 minutes of testing. Following
this warm-up procedure, the tester will familiarize the
participants with the task. At the stations where
appropriate, each participant will be given a practice
session (requiring only mild to moderate physical exertion).
The helpful hints (i.e., on task performance and safety)
explained earlier will be reiterated.

Following practice and a short rest, when the subject feels
ready, the test will begin. During these tasks, heart rate and
other cardiovascular,-muscle strength and/or endurance measures
will be monitored by means of standard laboratory techniques.

General Safety Procedures

For healthy people 35 years of age and older, the upper
limit of work intensity that will be allowed is 90% of that
individual's heart rate reserve (see Table 1). Therefore
participants in this age category, (i.e., > 35 years) will wear a
heart rate monitor which will give an audible signal when the
heart rate exceeds the age-adjusted maximal value. If the
monitor indicates a heart rate in excess of this value, the test
will be stopped immediately. This is an important safety 
pLECautiol Laken for the participant's protection. As ell,
anyone feels any task is too demanding, the test may be
terminated at any time.

Following task performance, cool-down procedures will be
conducted by a tester until the subject feels fully recovered, to
a heart rate of < 120 beats per minute. It is expected that this
should take approximately 10 minutes.
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A number of safety procedures and precautions will be

implemented according to standards developed for each station.
For example, in addition to instruction, warm-up and practice: at
all lifting stations wide leather weight belts will be worn by
subjects to provide waist and lower back support; at all
carrying stations, gloves (or other suitable protection for the
hands) will be provided; and at the Low High Crawl station,
securely fastened knee and elbow pads, gloves and a helmet will __

be worn for protection of these body parts. More minor safety
concerns will also be adressed. For example, kits containing
necessary first-aid items (i.e., bactin ointment, band-aids andbandages) and drinking water will be readily available. The
safety procedure outlined below will be implemented in the event of
illness or injury. A telephone located at the test site will
provide a direct link to the emergency services operator.

Procedures

You have been selected by CF to participate in this study.
The criteria used in these selection procedures include level of
fitness, experience, age and sex to ensure a representative
sample of the CF personnel.

On the first day of testing, the scientific background to
the study will be outlined in a briefing session. At that time,
all procedural details will be explained. Our research group
requests that you arrive wearing civilian attire and carry any
necessary clothing.

We appreciate your contribution to this project and welcome

your questions and comments.

Safety Considerations

See attached sheet.
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SAFETY CONSIDERATIONS

1. Please inform the Military Liason of any illness/disability
(i.e., diabetes, epilepsy, angina).

2. If you note the signs of Cardiac Stress during the test
session, inform your group leader or fellow participant
immediately. These signals include:

i) Heavy pressure, squeezing, fullness, burning, or pain in
the centre of the chest.

ii) Shortness of breath, pallor, sweating, weakness or
fatigue.

iii) Nausea and/or indigestion.

iv) Apprehension, fear.

3. In the event of illness or injury, stop all activit.es
immediately. Remain calm and await for instructions from
the task leader. In the case of injury of one of your
fellow participants, the MPFS personnel will attend to their
needs. If your help is required you will be asked to
perform a specific duty, otherwise please stay clear of the
injured person. Finally, if site evacuation is deemed
necessary, you will be given instructions by your MPFS task
leader. You will exit the Jock Harty Arena by the north
doors and the Queen's station by the front entrance of the
Physical Education Complex. Any additional information
about these safety procedures will be supplied during the
briefing session.

*!

*?

*i

I,_______
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PARTICIPANT SCHEDULE

Queen's University,.June 1 to August 14, 1987 2
Monday 13:00 Briefing

13:30 to 16:30 Queen's Station

j Tuesday 8:30 to 12:00 Entrenchment Dig (A)
Low High Crawl (B)

12:00 to 13:00 Lunch
13:00 to 16:30 Entrenchment Dig (B)

Low High Crawl (A)

Wednesday 8:30 to 12:00 Sea Stretcher Evacuation
12:00 to 13:00 Lunch
13:00 to 16:30 Sand Bag Carry

Thursday 8:30 to 12:00 Land Stretcher Evacuation
12:00 to 13:00 Lunch
13:00 to 16:30 Subject Repeats

REVISED SCHEDULE

August 3 to August 7

Tuesday 8:30 Briefing
9:00 to 12:00 Queen's Station

12:00 to 13:00 Lunch
13:00 to 16:30 Entrenchment Dig (A)

Low High Crawl (B)

Wednesday 8:30 to 12:00 Entrenchment Dig (B)
Low High Crawl (A)

12:00 to 13:00 Lunch
1 1:00 to 16:30 Sea Stretcher Evacuation

Thursday 8:30 to 12:00 Sand Bag Carry
12:00 to 13:00 Lunch1:00 to 16:30 Land Stretcher Evacuation /

Subject Repeats

S2
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ERGONOMICS RESEARCH LABORATORY

MINIMUM PHYSICAL FITNESS SrIANDARDS STUDY

Personal Data Summary Sheet

Name:

QUEEN'S STATION:

Incremental Lifting Machine full reach cm kg

Flexed Arm Hang s

Endurance Grip R s
L s

LOW HIGH CRAWL total time s

ENTRENCHMENT DIG total time s

LAND EVACUATION total time s

SEA STRETCHER EVACUATION total time s

SAND BAG CARRY no. of bags

i

S
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