THE EFFECTS OF A BASIC WOODWORKING COURSE ON THE

IMPROVEMENT OF MANUAL DEXTERITY AND

STRENGTH IN THE UPPER EXTREMITIES

A THESIS
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF MASTER OF ARTS
IN THE GRADUATE SCHOOL OF THE

TEXAS WOMAN'S UNIVERSITY

SCHOOL OF OCCUPATIONAL THERAPY

BY

GAIL BULLOCK-HALL, B.S., O.T.R.

DENTON, TEXAS

AUGUST,; 1980




ACKNOWLEDGEMENTS

The writer is gratefully indebted to Dr. Nancy
Griffin, Dr. David Marshall and Mrs. Jean Judy for their
time and patience in assisting me to complete this study.
I would also like to thank the occupétional therapy and
psychology students whose assistance and cooperation made
the study possible.

Last, and definitely not least, I would like to
thank my family for all of their support and encourage-
ment. I would like to thank my husband, Bernard, whose
love, confidence, support and encouragement gave me the

will power I needed to complete graduate school.

iii

ELL



TABLE OF CONTENTS

ACKNOWLEDGEMENTS . « &« ¢ « o o o o o o a o o o o o«

Chapter

L., INTRODUCTION & « » s #« = &« 5 # % % 5 # 5 & #

Statement of the Problem
Hypothesis

Background and Significance
Definition of Terms

Basic Assumptions
Limitations of the Study

II. METHCDS AND PROCEDURES « ¢« ¢ ¢ o« o o o o o o &

Procedure for Collecting Data
Procedure for Treating Data

TIX. DISCUSSION « « = s o o % = @ w o o o o » @

IV, BEBULTS < 4« s » 5 5 % % & & = s 5 = s & 5 & 8

V. SUMMARY AND RECOMMENDATIONS . . .« ¢« .« o « «

APPENDICES % % ¥ O3 B %W & % @ ® om ® m ow & ® W
A. Raw Data
B. Consent Form
C. Individual Record Form
D. Minnesota Rate of Manipulation Normative
Data
E. Purdue Pegboard Normative Data
F. Jamar Dynamometer Normative Data--Female

iv

11

25
29



Chapter
G. Osco Pinch Meter Normative Data--Female
1. Palmer
2. Lateral
3. Three-Point

BIBLIOGRAPHY . . . . . .



CHAPTER I

INTRODUCTION

Statement of the Problem
This study was designed to provide information on
the effects of woodworking on manual dexterity and strength

in the upper extremities.

Hypothesis
Occupational therapy students who have been trained
in the basic woodworking course have significantly better
manual dexterity and strength in their upper extremities
than psychology students who have not had the course.
Background and Significance
of the Study
This study was significant because of the lack of
information concerning this topic or any other related
subject headings such as strength, hand functions, motor
perfecrmance, manual dexterity and/or upper extremity

function. Several resources such as The Index Medicus,

The Journal of Industrial Arts, The Journal of Applied

Science, The American Journal of Occupational Therapy,

The Educational Resource Information Center, The Cumulative
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Index to Dissertation Abstracts were used to locate related

studies. However, none of the resources or subject head-
ings revealed such information.

The woodworking course taken by the occupational
therapy students involved the use of basic hand and power
tools. These students were encouraged to become aware of
the normal body movements, coordination, strengths and
concehtration required to perform certain woodworking
skills. None of the thirty-one subjects were restricted

from an occasional recreational or craft activity.

Definition of Terms

Manual dexterity--coordinated, skilled ease of
movement involving the hands.

Manual labor--"Engaged in an activity or occupation
requiring or involving physical skill and energy" (Webster,
1971) .

Scales—-(Refer to Appendix D) (Kellor, 1971).

1. Percentile--test scores are interpreted in
terms of percent of the normative popu-
lation represented by a score made by a

person surpassing only that score.
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2. Standard--represents the arithmetic
average equated to percentile points.
3. Stanine--the standard scale divided into
nine categories.

Upper Extremity--Area from shoulder to fingertip.

Basic Assumption

With any kind of exercise, you would expect im-
provement. Therefore, a course such as woodworking should
help to develop manual dexterity and increase strength in
the upper extremities.

The chance of someone else completing some of the
required physical work such as sanding and sawing was slim
because no one was allowed to take incomplete wood projects
out of the shop.

Though none of the subjects were restricted from
occasional sports, recreation or crafts activity, this

infrequent indulgence did not affect the results.

Limitations of the Study
Seventeen occupational therapy (OT) students en-
rolled in a sophomore level course in basic woodworking
and fourteen students enrolled in a sophomore level psy-

chology course were used as subjects. All subjects were
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female volunteers and enrolled in the Texas Woman's Uni-
versity (TWU) during the Spring 1980 semester and were
between the ages of 18 and 38. The OT students were the
experimental group and the only craft course they were
enrolled in was woodworking. The psychology students were
the control group and were not enrolled in any craft
course. None of the 31 subjects were taking a recreation
course, nor would they have taken a woodworking course in
the last ten years. None of the subjects were working on
a job requiring manual labor nor the daily participation

in arts or crafts.



CHAPTER II
METHODS AND PROCEDURES

Procedures for Collecting Data

All subjects were given four separate tests during
the first quarter of the Spring 1980 semester as a pretest
and the same four tests ten weeks later as the posttest.
Each subject was tested individually. The administration
of the four tests took approximately one hour of the stu-
dents' time. (See Appendix C for individual record form.)

Prior to the administration of the tests, each
subject was again verbally briefed about this study and its
purpose. Upon understanding that no harm would come to
them by participating in this study, they were asked to
sign a consent form. (See Appendix B). The first battery,
The Minnesota Rate of Manipulation (MRMT) Test (American
Guidance Service, 1969) was designed to measure arm and
hand dexterity for personnel selection. It involved pick-
ing up, turning over and replacing of sixty one-inch tall
by one-inch in diameter dowels unilaterally and bilaterally.
Its five subtests measure gross dexterity as opposed to

fine. Another test which was designed for personnel

5
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selection, The Purdue Pegboard (PP) (Purdue Research Foun-
dation, 1948) was administered second. This test involved
the picking up, placing and/or assemblage of pins, washers
and collars. This test was designed to measure manipu-
lative dexterity for industrial jobs such as packaging and
assembly. This test also has five subtests. The third
test measured, in pounds, the grip strength in the hands.
The Jamar Dynamometer (Kellor, 1971) was used to measure
this strength. Since this instrument has an adjustable
handle, the subjects were tested in Notch No. two. The
subject was given two opportunities to exert her most
forceful grip and the highest of the two was recorded.
Both of the hands were tested. The fourth and final test
measured pinch strength. The Osco Pinch Meter (Kellor,
1971) was used for this and both hands were tested. The
subjects were given only one opportunity to exert maximum
force utilizing each of the three kinds of prehension
listed below:

1. Palmer--the pinch meter was held between the
pads of the thumb and index finger.

2. Lateral--The pinch meter was held between the
pad of the thumb and the radial side of the index finger.

Three point--The pinch meter was held between the

tips of the thumb and index and middle fingers.



Procedure for Treating Data

Each subject of both groups was given four pre-
tests and the same four tests as the posttest. There were
several methods of simultaneously comparing means in order
to decide if woodworking had improved manual dexterity and
strength in the upper extremities. A t-test was considered
but in order to use the t-distribution, it must be assumed
that the standard deviations of both populations are not
significantly different. This was an assumption that could
not be made. A second method of treating such data is by
analysis of variance. The basic assumptions with this
method are that treatment and environment affect the re-
sults, that experimental errors are random and that standard
deviations are not significantly different. A method where
experimental errors are normally distributed and residuals
have a common variance would be best. Therefore the analy-
sis of covariance was the method that best interpreted the
data of this study. This method adjusts the results after
the fact in such a way that performance differences between
the groups prior to treatment are effectively removed from

consideration. This method also controls for the unre-

liability of difference or gain scores, controls error and

increases precision, estimates missing data, assists in the
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interpretation of data with regard to the nature of treat-
ment effects and adjusts the dependent variable for differ-
ences in sets of values of corresponding independent vari-
ables.

After the data was collected, a one way analysis
of covariance was used to determine whether differences
cccurred due to treatment at the five per cent level for
all four tests administered. Since there were numerous

values to compute, the BMDP IV computer program was used.



CHAPTER III
DISCUSSION

The study was undertaken for the following purpose:
to determine if woodworking improved manual dexterity and
strength in the upper extremities. Such information might
provide insight as to the importance of retaining and/or
adding such a media course to existing occupational therapy
curriculums in colleges and universities across the country.

The data was obtained by means of individual test-
ing during the first quarter of the Spring 1980 semester
for the pretest and during the last week of classes for the
posttest. The students were very enthusiastié during the
pretest but they admitted to being mentally and physically
exhausted prior to the posttesting. Some of the following

statements were made by students to support why they were

exhausted:

1. "I just had my neurocanatomy lab comprehensive
exam. "

2. "It's just the end of the semester, and I am
tired."
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3. "I'm finished with my classes and all I care
about 1is catching my plane home in 2 1/2 hours."
4. "I'm tired because I did not sleep well worry-
ing that I would not improve."
5. "I'm seven months pregnant. That's my excuse."

Finally, the students just appeared to be fatigued.



CHAPTER IV

RESULTS

Seventeen occupational therapy students were ad-
ministered the pretest and seventeen returned for the post-
test. Seventeen psychology students were administered the
pretest, but only fourteen agreed to return for the post-
test. The results were based on the remaining combined

total of thirty-one students who participated in the entire

study.

For all tests administered, normative data 1is
available. (See Appendix E. F. G.) Individual raw scores
are also available. (See Appendix A.)

For all of the following tables (1-18), the esti-
mates of means for the pretest and the posttest are tabled
because the type of statistics used required these scores
to obtain the needed adjusted posttest scores. This
method adjusts the results of the pretest in such a way
that performance differences between the groups prior to
treatment are effectively removed from consideration. Even
though looking at the scores, there seemed to be a trend

for the occupational therapy students to score consistently

11
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better than the psychology students, there is no evidence
to support that trend. Analysis of covariance produces
adjusted scores which do not reflect absolute pretest and
posttest scores.

Tables 1-5 show the results of the one way analysis
of covariance for the five subtests of the Minnesota Rate
of Manipulation Test. The pretest and the posttest were
administered ten weeks apart. These scores are based on
the time in seconds it took the subject to pick up, turn
over and place sixty one-inch tall by one-inch in diameter

dowels unilaterally or bilaterally.

TABLE 1

ESTIMATE OF MEANS FOR THE PLACING TEST OF THE
MINNESOTA RATE OF MANIPULATION TEST

oT Psych F-Value | Probability
Pre 179.0588 176.4286
Post 168.7647 166.4286
Adjusted Post 167.95358 | 167.41351 0.0365 NSD

The object of the Placing Test was to see how fast
the subject could pick up and put the blocks back with one

hand. According to the normative data, the mean scores for

bcth groups were in the high range.
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TABLE 2

ESTIMATE OF MEANS FOR THE TURNING TEST OF THE
MINNESOTA RATE OF MANIPULATION TEST

oT Psych F-Value | Probability
Pre 144.4118 136.2857
Post 129.7059 127.2857
Adjusted Post 126.91962 | 130.66904 2.7876 NSD

The object of the turning test was to see how fast

the subject could turn the blocks over by picking up one

block at a time with one hand and putting it down with the

other hand. According to the normative data, the mean

score for the occupational therapy group was in the very

high range and the mean score for the psychology group was

in the high range.

TABLE 3

ESTIMATES OF MEANS FOR THE DISPLACING TEST OF
THE MINNESOTA RATE OF MANIPULATION TEST

oT Psych F-Value | Probability
Pre 134.8824 134.5714
Post 124.8235 128.0000
" Adjusted Post 124.74307 | 128.09770 2.2719 NSD
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The object of the Displacing Test was to see how
fast the subject could move the blocks, one at a time, from
one hole to another. According to the normative data, the
mean score for the occupational therapy group was in the
very high range and the mean score for the psychology group

was in the high range.

TABLE 4

ESTIMATES OF MEANS FOR THE ONE HAND TURNING
AND PLACING TESTS OF THE MINNESOTA RATE
OF MANIPULATION TESTS

oT Psych F-Value | Probability
Pre 233.5249 217.6429
Post 216.4118 208.7143
Adjusted Post 217.08525 | 207.89648 2.0556 NSD

The object of the One-Hand Turning and Placing Test
was to see how fast the subject could put the blocks back
into the holes, bottom side up with one hand. According
to the normative data, the mean scores for both groups

were in the high range.
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TABLE 5

ESTIMATES OF MEANS FOR THE TWO-HAND TURNING-
PLACING TEST OF THE MINNESOTA RATE
OF MANIPULATION TEST

oT Psych F-Value | Probability
Pre 135.1176 127.0000
Post 124.0588 | 121.5000
Adjusted Post 121.41424 { 124.71128 1.4402 NSD

The object of the Two-Hand Turning and Placing Test

was to see how fast the subject could put the blocks back

in the holes, bottom side up, two at a time, using both

hands. According to the normative data, the mean score for

the occupational therapy group was in the high range and

the mean score for the psychology group was in the average

range.

Tables 6-10 show the results of the one way analy-

sis of covariance for the five subtests of the Purdue Peg-

board Test. Ten weeks lapsed between the pretest and the

posttest. The scores are based on number of pins and/or

collars and washers the subject could insert and/or assemble

in a 30 to 60 second time period unilaterally or bilaterally.
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TABLE 6

ESTIMATE OF MEANS FOR THE RIGHT HAND FOR
THE PURDUE PEGBOARD TEST

oT Psych F-Value | Probability
Pre 53.1768 51.1429
Post 54.0588 54.4286
Adjusted Post 53.69452 | 54.87094 1.4560 NSD

The object of this test was to see how many pins

the subject could insert with the right hand in 30 seconds.

According to the normative data, the mean scores for both

groups were in the 50th percentile rank.

TABLE 7

ESTIMATE OF MEANS FOR THE LEFT HAND FOR

THE PURDUE PEGBOARD TEST

oT Psych F-Value | Probability
Pre 48.5294 49.7857
Post 49.7647 50,7857
Adjusted Post 50.17982 | 50.28165 0.0070 NSD

The object of this test was to see how many pins

the subject could insert with the left hand in 30 seconds.
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According to the normative data, the mean scores for both

groups were in the 50th percentile rank.

TABLE 8

ESTIMATES OF MEANS FOR BOTH HANDS FOR
THE PURDUE PEGBOARD TEST

oT Psych F-Value | Probability
Pre 40.5882 40.6429
Post 42.1176 42.1429
Adjusted Post 42.13332 | 42.12382 0.0001 NSD

The object of this test was to see how many pins
the subject could insert with both hands simultaneously in
30 seconds. The score is based on the number of pairs in-
serted. According to the normative data, the mean scores

for both groups was in the 51st percentile rank.

TABLE 9

ESTIMATE OF MEANS FOR THE SUM OF RIGHT HAND +
LEFT HAND + BOTH HANDS FOR THE
PURDUE PEGBOARD TEST

oT Psych F-Value | Probability
Pre 141.2941 141.5714
Post 145.9412 145.2143

Adjusted Post 146.03%06| 145.09543 0.1032 NSD
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This score is obtained by summing the scores of the
three preceeding tests, Right Hand, Left Hand, and Both
Hands. This is not a separately administered test. Ac-
cording to the normative data, the mean score for the occu-
pational therapy group was in the 44th percentile rank and
the mean score for the psychology gréup was in the 41st

percentile rank.

TABLE 10

ESTIMATES OF MEANS FOR THE ASSEMBLY TEST OF
THE PURDUE PEGBOARD TEST

oT Psych F-Value | Probability
Pre 138.4706 136.5714
Post 144.4706 138.7857
Adjusted Post 143.83882 | 139.55286 1.5354 NSD

The object of this test was to see how many Assem-
blies of pins, washers, collars and washers the subject
could make in 60 seconds using both hands to complete one
assembly. The score represents the number of parts of full
or partial assemblies completed. According to the normative
data, the mean score for the occupational therapy group was
in the 87th percentile rank and the mean score for the psy-

chology group was in the 81lst percentile rank.
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Tables 11-16 show the results of the one way
analysis of covariance for the six subtests of the Osco
Pinch Meter Test. Ten weeks lapsed between the pretest
and posttest scores. This test is scored in pounds of
pressure exerted in palmer, lateral and three-point pinch

for right and left hands.

TABLE 11

ESTIMATE OF MEANS FOR RIGHT PALMER PINCH FOR
THE OSCO PINCH METER

oT Psych F-Value | Probability
Pre 12.8824 12.2143
Post 13.0000 12.1429
Adjusted Post 12.89410 | 12.27145 0.8502 NSD

For Right Palmer Pinch, the pinch meter was held
between the pads of the right thumb and the right index
finger. According to the normative data, the mean scores
for both groups were in the 25th percentile rank except
those subjects over 29 years of age, and they were in the

50th percentile rank.
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TABLE 12

MEANS FOR RIGHT LATERAL PINCH FOR
THE OSCO PINCH METER

oT Psych F-Value | Probability
Pre 15.8824 17 .0357
Post 16.8529 17.392%
Adjusted Post 17.23839 | 16.92481 0.2164 NSD

For Right Lateral Pinch, the pinch meter was held

between the pads of the right thumb and the radial side of

the right index finger.

According to the normative data,

the mean scores for both groups were in the 90th percentile

rank.
TABLE 13
ESTIMATE OF MEAN FOR RIGHT THREE POINT PINCH
FOR THE OSCO PINCH METER
oT Psych F-Value | Probability

Pre 16.5294 17.8214

Post 17.9118 18.5000

Adjusted Post 18.19046 | 18.16159 0.0010 NSD
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For Right Three-Point Pinch, the pinch meter was
held between the tips of the right thumb and right index and
middle fingers.

According to the normative data, the mean

scores for both groups were above the 90th percentile rank.

TABLE 14

ESTIMATES OF MEANS FOR LEFT PALMER PINCH
FOR THE OSCO PINCH METER

oT Psych F-Value | Probability
Pre 11.8294 10.3929
Post 12.4706 11.2500
Adjusted Post 11.99236 |11.83071 0.0450 NSD

For Left Palmer Pinch, the pinch meter was held be-

tween the pads of the left thumb and left index finger.

According to the normative data, the mean scores for both

groups was in the 25th percentile rank.

TABLE 15

ESTIMATE OF MEANS FOR LEFT LATERAL PINCH FOR

THE OSCO PINCH METER

oT Psych F-Value | Probability
Pre 15.5000 15.0000
Post 16.3529 16.0357
Adjusted Post 16.18350 | 16.24146) 0.0109 NSD
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For Left Lateral Pinch, the pinch meter was held
between the pads of the left thumb and the radial side of
the left index finger. According to the normative data,
the mean scores for both groups were in the 75th percentile
except those subjects whose age was over 35 and they were

in the 90th percentile rank.

TABLE 16

ESTIMATES OF MEANS FOR LEFT THREE POINT PINCH
OF THE OSCO PINCH METER

oT Psych F-Value | Probability
Pre 16.3235 15.8214
Post 17.0588 17.3214
Adjusted Post 16.91554 | 17.49541 0.335% NSD

For Left Three Point Pinch, the pinch meter was
held between the tips of the left thumb and left index and
middle fingers. According to the normative data, the mean
scores were in the 90th percentile rank for both groups.

Tables 17 and 18 show the results of the one way
analysis of covariance for the two subtests of the Jamar
Dynamometer Test. Ten weeks lapsed between the pretest and
posttest scores. This test measures in pounds the amount

of grip strength in the hands.



23

TABLE 17

ESTIMATE OF MEANS FOR NON-DOMINANT HAND FOR

THE JAMAR DYNAMOMETER TEST

oT Psych F-Value | Probability
Pre 57.8235 56.5000
Post 51.0588 50.5000
Adjusted Post 50.71834 | 50.91344 0.0042 NSD

The object of this test was to see how tightly the

subject could squeeze the Dynamometer with the non-dominant

hand.

score was recorded.

According to the normative data,

The subject was given two chances and the highest

the

mean scores for both groups was between the 25th and 50th

percentile rank.

TABLE 18

ESTIMATES OF MEANS FOR DOMINANT HAND FOR
THE JAMAR DYNAMOMETER TEST

oT Psych F-Value | Probability
Pre 60.3529 61.4286
Post 59.6471 54.9286
Adjusted Post 59.90473 | 54.61568 4.5481 0.0419
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The object of this test was to see how tightly a
subject could squeeze the Dynamometer with the dominant
hand. The subject was given two chances and the highest
score was recorded. According to the normative data the
mean score for the occupational therapy group was in the
50th percentile and the mean score for the psychology
group was in the 25th percentile rank except those subjects
over age 29 and they were in the 50th percentile rank.

The analysis of covariance yielded a difference
which was significant at the .04 level. The occupational

therapy students had a higher mean score.



CHAPTER V
SUMMARY AND RECOMMENDATIONS

The data from the results of testing of seventeen
occupational therapy students and fourteen psychology
students was analyzed. Even though the study did not sup-
port the hypothesis that woodworking improves manual dex-
terity, it did support the concept that it improves strength
in the upper extremities on the dominant side. Since all
subjects except one (Subject No. 31) was right hand domi-
nant, the study satisfies the assumption that the dominant
hand was used the most.

The one way analysis of covariance on all of the
subtests of The Minnesota Rate of Manipulation, The Purdue
Pegboard, The Osco Pinch Meter and the Jamar Dynamometer
Tests for the Left Hand resulted in no significant differ-
ence between the occupational therapy and psychology
students on the posttest means adjusted for the pretest
differences. (See Tables 1-17.) The covariate accounts
for any group differences on the pretests. No effects
attributable to treatment were detected.

One comparison produced significant differences.
Table 18 shows the results of the one way analysis of

25
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covariance on the Jamar Dynamometer Test for the dominant
hand. The treatment group had a significantly higher mean
than the control group. The covariate pretest was sig-
nificantly correlated with the posttest but did not account
for all posttest group differences. The equality of slopes
test was not significant and satisfies the assumption of
homogeneous regression among the groups.

Recommendations for further study include:

1. A replication of the present study with larger
and heterogeneous groups.

2. Since dexterity did not improve significantly,
the experimental group should be simultaneously enrolled
in a course designed to improve dexterity.

3. Comparison of male with male, female with fe-
male and female with male within and between groups com-
paring all variables.

4. Retest to see how long the subjects retained
the improvements.

5. Try to choose a group that was relatively
stress—-free and compare with a group that was likely to be
stressed at the end of the semester.

6. Study the effects of sequencing of course work

in relation to strength and dexterity.
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RAW SCORES FOR SUBJECTS 1-31

Lines 1-5 represent the scores obtained on the

Minnesota Rate of Manipulation Test in seconds.

Lines 6-10 represent the scores obtained on the

Purdue Pegboard Test in amount.

Lines 11-13 represent the scores obtained
right on the Osco Pinch Meter Test in pounds.

Lines 14-16 represent the scores obtained
left on the Osco Pinch Meter Test in pounds.

Line 17 represents the scores obtained on
Jamar Dynamometer in pounds.

Line 18 represents the scores obtained on
on the Jamar Dynamometer in pounds.

The pretest scores are separated from the

scores by a semicolon (;).

on the

on the

the right

the left

posttest

For lines 1-10, the first set of numbers preceeding

the semicclon represent first, second and third trials for

the pretest, and the second set of numbers following the

semicolon represent first, second and third trials for the

posttest.
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17
14
49
49

54
43
38
68
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19
16
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51

48



10.

11,
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13,
14.
15.

16.

17
18.

59
45
41
83
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14
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47
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10.
1l

14.

11.

14

53

60
48
39
Tl

38

19
16
14
49

38
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59
44
39
74

39

18
17
14
49

45

12.5
14.5
16.5
10
14

14

42

41

35

~e

35
41
38
68

38

20
18
14
52

2l

21

40
41
70

34

419
16
14
49

49

52
40
41
61

a5

4
16
14
49

51
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14
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45
47
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14
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23
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~e

50
41
42
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19
18
15
52
47

10.

18

19.

17
20
26

60
56

36
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-
14

~e

-e

e

e

~-e

49
37
37
81
40
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20
13
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51
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35
15

39

19
20
1.2
54

51

49

35

37

77

36

20

16

55
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)
12,
13.
14.
15,

16 .

17.

18.

61
62
40
87

47

18
16
14
48

41

10.
10.

13

y

12
13

60

58

61
51
41
77
47

11
15
12
44

45

Subject 8

55
45
39
76

43

19
16
14
49

47

12
12
14
11.5
10:35

12

58

50

37

~e

~e

~e

~e

-

58
49
43
84

47

18
15
15
48

44

57
44
41
83

41

19
iy,
13
49

29

60

45

43

76

38

16

17

13

46

50



10.

f 5
12.
13.
14.
15,

l6.

17.

18 .

70

62

50

81

54

16

15

12

43

49

10

18
22
10
13

10

57
55

62
58
51
82

50

18
17
13

48

63
62
49
77

52

19
16
13
48

58

11.
18.

14.

10
15

17

57
47

38

Subject 9

65
3l
44
69

53

17
16
13
46

43

62

49

44

75

45

19
17

14

ol

6
49
42
68

43

18
47
14
49

49



10.

)
12.
13.
14.
15.

16«

17.

18.

69
48
48
86

e L

17
16
14
47

47

15
15
15.5
12
16.5

15

61

60

68
44
49
78

52

19
17
14
50

47

39

Subject 10
61 ;
43 ;
49 ;
89 H
49 ;
19 ;
18 ;
14 ;
51 ;
47 ;
13
16
17
13.5
17«3
16
55
45

60
45
41
82

45

20
18
14
52

51

59

39

42

76

44

19

19

14

52

48

52

39

41

80

45

19

a9

16

54

50
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11

12.
L3,
14.
IE.

16.

17

18.

57
42
44
72

39

1%
16
14
49

55

1.

25

15

11,

18

16

68

57

54
43
42
£3

36

18
20
15
23

51

54

44

45

69

38

19

L7

15

B

54

14

18

16

12.

20

15.

62

46

40

Subject 11

a5
38
41
62

37

18
20
15
53

52

53

37

43

63

38

20

16

15

51

52

53

38

38

68

35

19

17

13

49

49
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11.
8 310
13
14.
15,

l6.

17.

18.

87
L
44
71

45

15
19
14
48

45

16.

16.

14.

5

17.

69

69

39
48
43
76

42

18
18
14
50

a5l

~e

~-e

41

Subject 12
57 :
47 ;
42 :
73 ;
41 i
18 ;
17 H
15 ;
50 i
44 ;
13.5
16
19
14.5
17
18
64
56

7
48
43
71

44

18
17
15
50

44

56

45

42

72

44

17

18

15

50

42

58
42
43
71

38

17
17
15
49

49



10.

11,

14

13 =
14.

15.

16.

17.

18.

61
53
53
78

44

16
15
14
45

49

i3

15.

13,

10

12.

14

70

58

51

45

77

44

1.7

1.4

15

49

50

58

48

48

79

45

17

16

13

46

45

11.

b

16
10
13

17

62

54

42

Subject 13

58
47
44
e

41

L7
17
14
48
54

60
47
45
74

39

18
15
13
46

47

60
44
43
74

39

17
17
13
47

a3



10.

1l.
12.
1.3
14.
15.

16.

17.
18.

63
47
51
77

42

17
17
13
47

40

10.5
L3
14.5
10
14.5

13

50
54

60
46
51
81

40

18
16
13
47

45

~-e

59

46

46

73

41

16

17

b

48

46

132.

16.

16

10

15

17

64
57

Subject 14

5

43

61

42

44

69

37

17

18

15

50

43

58
41
45
70

38

17
16
14
47

52

56

42

44

68

37

17

17

14

48

56



10 .

11.

12,

13-

14.

15.
16.

7.

18.

55
43
39
74

46

19
16
14
49

50

10.5

15

51
41
40
79

44

21
15
15
91
49

e

~e

~e

-e

Subject 15

54
41
39
69

46

18
19
15
52

55

12
16.5
18
12
14.5

14

52

40

44

-
’

~e

~e

32

32

36

66

40

20

19

14

53

44

51
38
38
67

41

18
19
15
52

57

49
38
37
68
36

20
17
14
2l

59



10.

11,
12.
13
14.
1.5

16 .

17 =

18.

56

51

41

67

36

16
15
13
44

45

18

16

24

13

16

17.

57

57

51
43
41
66

36

18
17
14
49

49

52
42
44
64

35

19
18
14
51

45

14
19
20
11
17

15

59

50

45

Subject 16

52

42

41

60

36

18
17
14
49

49

51

40

41

60

35

21
18
16
20

53

52

40

43

63

37

22
18
16
56

50
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11l.
12.
13.
14.
15.

16.

17.
18.

73
60
56
97

55

15
16
12
43

41

11
13
15.5

10

13

47
40

67

b3

53

101

51

17
12
46

45

66
=74
51
86

52

17
17
13
47

40

14

17

18.

17

13.

l6.

42

30

46

Subject 17

63
62
45
97

50

16
14
12
42

45

67

52
49
84

53

19
14
13
46

42

61
53
47
82

60

16
14
12
42

43



10.

1L,
12.
13.
14.
15.

16.

17.

18.

64
49
45
81

43

16
13
12
41

45

15.5
18
11
13

14

23

52

58
50
47
75

47

17
14
12
43

43

Subject 18

56
48
43
83

41

14
13
13
40

45

15
18
175
14
14.5

19

49

47

47

57
46
44
70

37

16
16
14
46

44

53
46
43
72

41

18
16
14
48

46

54
46
40
76

40

L7
16
14
47

46
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1.
12,
13.
14.

15,

16.

17.
18,

54
43
35
67

38

19
19
14
52

45

14.
16.

15.

13

15

64

55

50
38
36
61

41

20
18
16
54

44

49
40
35
67

41

18
18
15
gl

54

18

17.

14.

14

55
46

48

Subject 19

53

42

34

63

39

19

19

13

&l

41

5 |
40
k1
68

39

20
19
17
56

42

51

37

34

63

41

22

18

16

37

43
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1.
12.
13.
14.
43 5

16,

17

18.

54
50
45
74

43

17
16
12
45

42

14

19

12

16.

63

56

5%
42
43
75

42

L7
¥
i3
47

48

-e

~e

55
41
43
75

47

18
16
13
47

49

11
15

18

12.

13

18

49

46

Subject 20

-

5

49

53
39
47
68

44

16
16
13
45

45

57
38
41
70

41

17
19
13
49

44

58
39
43
13

41

18
15
14
47
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11.
12,
13.
14.
15.

164

17

18.

56
40
42
15

38

15
19
14
52

52

13
18
20.5
11.3
14.5

14.5

59
63

52
42
38
68

38

20
18
13

51

53

~e

2L
36
37
70

37

20
17
16
53

52

14
19

20

13.

18

19.

60

61

Subject 21

50
42
38
67

38

16
16
53

S

49

38

38

66

38

22

18

16

56

61

51

38

41

65

34

20

19

1.7

56

56
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3.
12«
13.
14.
15.

l6.

17.
18.

70
56
46
65

48

18
16
14
48
43

14.

17

15.

13

57

60
48
47
64

43

17
19
14
50

47

~e

61
46
47
62

38

18
18
15
>,

46

11
14
18
10
17

21

54

42

5L

Subject 22

56
48
44
64
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17
15
16
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62

43
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17

14
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47
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63

40

19

20

13

SE

52
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11l.
L&
13
14.
15.

le.

17.

18.

65
49
48
75

44

16
15
3.3
44

45

13
17

14.

14

15.

15

66

61
46
46
72

45

17
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12
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61
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78
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15
dey
14
44

47

12

12.

22

12

14

16

55

51
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57
41
44
65

38

17
17
A
47

49

56

43

43

66

37

18
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13

46

48

56

39

45

68

38

18

17

13

48

54
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33 »
14.
15.

16

17
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62
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45
70

42

17
16
13
46

42

13
17.5
20
10.5
1S

15

51

45

57

46
76

49

19
17
14
50

45

55
43
44
81

41

20
16
13
49

49

13
21
18

8

16.

14

51

37

53

Subject 24

~e

54
45
45
71

42

20
17
13
50

44

54

41

43

71

41

20

16

14

50

45

54

41

43

68

38

19

18

15

52

44
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11.
12,
1d.
14,
154

16.

L¥ s

18,

72
54
52
80

55

15
16
13
44

35

12

15

L9

10

16.

14.

67

76

5

71
55
51
89

58

14
16
12
42

LK

71

54

50

89

58

17

16

13

46

36

14.

17.

16

8

16

15

66

66

54

Subject 25

65
52
50
73

52

17
14
13
44

31

68

49

48

i3

51

17

14

12

43

38

65

49

49

78

S

18

16

12

46

43



10,

h
12.
13,
14.
15.

16,

17.

18

60
41
43
78

41

18
16
14
48

52

8.5
14

18

54
39
42
77

29

19
17
14
50

56

54

40

46

74

40

18

16

14

49

52

11.

14
21
10
14

13

45
36

55

Subject 26

54

41

42

)

39

18

15

14

47

49

52

39

43

12

37

19

16

13

48

50

53
40
43
70

40

20
14
14
48

52



14,

il.
1 »
13.
14.
15.

16.

At »

18.

65
55
45
72
46

13
16
12
41

40

17
30
28
17.5
25

26.5

75

70

59
47
45
82

42

13
4l
13
47
34

~e

61
50
43
74

42

14
20
10
44

33

19

28

26.

18

25

28.

67

79

Subject 27

5

-

5

56

-
’

o1
44
44
74

42

13
4.}
11
41

38

56

47

42

71

45

16

18

12

46

33

56

47

44

65

45

15

18

13

46

36
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1L.
12,
13 5
14.
15.

16.

17.

18.

58
54
42
69

39

16
15
14
45

45

13

A4

4.3

49

34

54
46
45
69

38

18
14
43
45
43

57

Subject 28
53 ;
46 :
46 >
68 ;
37 ;
18 ;
16 ;
13 ;
47 H
43 ;

8.5
13
10.5

9
13.5
12
36
34

60

50

44

66

4]

18

16

13

47

41

b
43
43
66

37

18
16
15
49

46

57
49
43
71

A7

l6
16
14
46

39
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11.
12.
13
14.
15.

16.

17 .

18.

29
40
55
79

43

18
18
33
51

44

15,

17

4.9

14

15

63

53
29
24
12

49

18
16
16
50

43

~e

~e

55

38

40

76

43

19

17

14

50

50

16

17

20.

9.

13

17

2%

52

58

Subject 29

b
40
42
70

42

19
17
16
nad

50

47

38

29

77

40

19

18

14

4

5l

54

33

41

76

41

20

18

16

54

25
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11 .
12,
13.
14.
134

16.

17.

18.

67
45
48
72

39

16
17
14
47

3l

10.5
1.5
17

18.5
15.5

14

80

73

62

43

45

73

39

17

18

14

49

48

59
43
45
68

36

16
20
16
52

49

18
15
ek
16
16

66

60

59

Subject 30

59

44

44

68

35

16

18

16

50

46

57
41
44
67

45

17
20
16
53

48

56
40
42
67

37

19
18
LS
22

49
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1.
13.
14.
15,

l6.

17.
18.

60

45

45

70

40

15

15

43

43

12

18.
iy

10.

16

18

66

62

*The only left hand dominant subject.
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5

5

60
43
45
67

39

16
16
13
45

50

.
’

60

Subject 31%

59 :
38 ;
45 H
71 3
38 :
15 ;
17 ;
14 ;
46 5
49 :
12

18

18.5
11.5

17

17

59

50

56

40

46

74

37

18

18

13

49

46

57
38
45
61

36

19
16
14
49

49

57
38
44
63

38

17
18
13
48

47
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Consent Form
TEXAS WOMAN'S UNIVERSITY
HUMAN SUBJECTS REVIEW COMMITTEE

(Form B)

Title of Project:

Consent to Act as A Subject for Research and Investigation:

I have received an oral description of this study, including a fair ex-
planation of the procedures and their purpose, any associated discomforts
or riska, and a descriptlon of the possible benefits. An offer has been
made to me to answer all questions about the study. I understand that my
pname will not be used in any release of the data and that 1 am free to
withdraw at any time., 1 further understand that no medical service or
compensation is provided to subjects by the university as a result of

injury from participation in research.

Signature Date

Witness Date

Certification by Person Explaining the Study:

This is to certify that I have fully informed and explained to the above
named person a description of the listed elements of informed consent.

Signature Date

Position

Witness Date

One copy of this form, signed and witnessed, must be given to each subject.
A second copy must ‘be retained by the investigator for filing with the
Chariman of the Human Subjects Review Coumittee. A third copy may be made

for the investigator's files,
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DYNAVOMETER - FEMALE

(Pounds Pressure)

o e e e e .. . . Fercemtile ...
Age 10th [ 25th -[ 50th ‘I 75th . ] 90th
Croup T
: Hend

R s i e

R L R L R ¥, R L R L
20-24 L8 L1 55 Lg 62 ST 70 & T7 Tn
25-23 L6 39 |53 7 | 61 55 €8 62 75 70
30-34 Ls 38 51 L6 €0 Sk 67 61 T €8
35-39 43 35 ' 50 Ly} s8 52 65 €0 T2 67
LO-LL L1 35 ! ue_ 43 56 50 64 58 T 65
k5-Lg Lo 33 |bL7 b1 |55 Lg € 57 €9 64
50-54 38 32 |bs Lo |53 ] 60 55 67 €2
55-59 37 30 | Lk 38 |s1 46 59 54 €6 61
60- 6% 35 23 L2 37 50 Ls ST 52 6L 59
65-63 33 27 Lo 35 L8 L3 55 51 63 58
774 |32 26 |39 3L L6 L1 5k 50 61 56
T5-79 30 24 ! 37 32 Ls ko 52 u8 60 55
80-84 29 23 '36 31 L3 .39, 50 L6 58. 54
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PAIMI'R PINCH - FEMALF

(Pounds Pressure)

2 e s b HESECERRILOR L B e e B s
Age 10th [ 25th 1 50th 75th ] 90th
Group = :
Hend

- - - - - Fe e - T b T A,

R L R L R L R L R L
20-24 10.5 10.0]12.5 12.0[15.0 14.0 | 17.0 16.0 | 19.0 18.5
25-29 10.0  9.5|12.0 1.5 |1L.5 13.5 | 16.5 15.5 | 18.5 18.0
30-34 9.5 9.0]11.5 11.0 ‘ 1.0 13.0( 16.0 15.0 | 18.0 17.5
35-39 9.0 8.0{11.0 10.5]13.5 12.5 | 15.5 1k.5 | 17.5 17.0
Lo-LY 8.5 7.5[10.5 10.0f13.0 12.0| 15.0 14.0| 17.0 16.0
Ls-Lg 8.0 7.0110.0 9.0[12.5 11.5{ 1.5 13.5| 16.0 15.5
50-5L 7.5 6.5 9.5 8.5 111.5 10.5 | 1.0 13.0( 15.5 15.0
55-59 7.0 6.0 9.0 8.0{11.0 10.0{ 13.5 12.5]| 15.0 1k.5
60-64 6.0 5.0{ 8.5 7.5|10.5 9.5 12.5 11.5| 14.5 14.0
65-69 5.5 u4.5| 7.5 T.0{[1C.0 9.0 | 12.0 11.0{ 14.0 13.0
70- 7k 5.0 L.0| 7.0 6.0{ 9.5 8.5 11.5 10.5| 13.5 12.5
75-79 L.s 3.5| 6.5 5.5| 9.0 7.5| 11.0 10.0| 13.0 12.0
8o-84 4.0 3o|60 5.0 8.5 7.0 | 10.5 9.0 12.5 11.5
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LATFRAL PINCH - FEMALE

(Pounds Pressure)

L s e e s e SORCCREANE L e e S S e e

crﬁﬁﬁ 10th " 25th 1 SOth -' 75th ] 90th
Hand

R L R L R 5 R & R L
20-24 0.5 10.0 [12.0 11.5 | 1%.0 13.5 | 16.0 15.5 | 17.5 17.0
25-29 0.0 9.5[12.0 11.0 | 13.5 13.0 | 15.5 15.0 | 17.0 16.5
30-34 9.5 9.0[11.5 11.0 | 13.5 12.5 | 15.0 1L.5 | 17.0 16.5
35-39 9.5  9.0|11.5 10.5 ’ 13.0 12.5 | 15.0 1&.5 [ 16.5 16.0
Ko-Ul 9.0 8.5{11.0 10.0 | 13.0 120 | 1.5 1.0 16,0 15.5
L5-49 9.0 8.0 |10.5 10.0 | 12.5 11.5 | .5 13.5] 16.0 15.5
50-54 8.5 7.5 |10.5 9.5 i 12.0 11.5 | 15.0 13.5] 15.5 15.0
5559 8.0 7.5 |10.0 9.0 { 12.0 11.0 | 1.0 13.0| 15.0 1L.5
60- 64 8.0 7.0 |10.0 8.5 | 11.5 10.5 | 13.5 12.5| 15.0 1.5
65-69 7.5 6.5 | 9.5 8.5 | 11.0 10.0 | 13.0 12.5| 1W.5 14.0
70- 74 7.5 €.5 | 9.0 8.0 | 11.0 10.0 | 13.0 12.0] .5 13.5
75-19 7.0 6.0 ‘ 9.0 7.5 | 10.5 9.5 | 12.5 11.5{ 1.0 13.0
80-84 7.0 5.5 | 8.5 7.5 | 10.5 9.0 | 12.5 11.5| 1.0 13.0
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THREE-POINT PINCH--FEMALE

(Pounds Pressure)

R VI 1oL+ 2 (O (P
hze 10th [ 25th L 50th l 75th ] 90th
Croup 5
Hend
T T T,
R L ’- R L R L R L R L
20-2k 10.0 9.0% 12,0 11.0| 1.0 13.0 | 15.5 15.0] 17.5 17.0
25-29 2.5 8.5] 11.5 10.5 ' 13.5 12.5 | 15.0 1k.5) 17.0 16.5
30-3k 5.0 s.of 1.0 10.0 | 13.0 12.0 | W.5 1h.0[ 165 16.0
35-39 8.5 7.5‘ 10.5 10.0 l 1.5 12.0 | 1.5  13.5| 16.5 15.5
Lo-kk 8.5 7.5} 10.5 9.5 l 12.5 11.5 | 14.0 13.5( 16.0 15.5
5-Lg 8.0 7.0! 10.0 9.o| 12.0 11.0 | 13.5 13.0| 15.5 15.0
50-5k TS 6.5' 3.5 8.9 ' 11.5 10.5 13.0 12.5] 15.0 14.5
55-59 7.0 6.0 9.0 8.0 ! 11.0 10.5 | 13.0 12.0f{ 15.0 14.0
60-6& 6.5 6 ol 9.0 8.0 I 10.5 10.0 2.5 22.0) M5! 23.5
65-69 6.5 5.5/ 8.5 T.5 l 10.5 9.5 | 12.0 11.5| 1.0 13.5
70-7k 6.0 5.0! 8.0 T.0 ! 10.0 9.0 | 12.0 11.0| 13.5 13.0
75-79 5.5 hsi 7.5 65| 9.5 8.5 | 1.5 10.5] 13.5 5
80-84 5.0 h.si 7.5 6.0 l 9.0 8.5 | 11.0 10.0{ 13.0 12.0
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