CHAPTER V

PRELIMINARY RESULTS OF THE EVALUATION STUDY

The final objective of this investigation (see Chapter I) was to
implement strength testing as a medical screening system for selecting
workers for stressful industrial jobs, and to evaluate the effectiveness
of the system. It was originally intended for this cbjective to be
carried out as the final phase of the primary study. However, the
death of a key person pravented the execution of an evaluation study
in that facility.

In spite of these problems, it was still possible to evaluate the
effectiveness of a strength testing selection system because of a pro-
gram implemented by managers of a tire and rubber plant who were aware
of the activities of the primary study. The design and execution of
this program were accomplished independently of the dissertation invest-
igation. However, resulting data have been provided to the investigator
for analysis and reporting purposes. As a general rule, experimental
procedures implemented by plant management were similar to those used
in the primary study. Minor differences in methdology did occur, how-
ever, and have been discussed in Chapter III.

At the time of this writing, the evaluation study has not been com—
pleted. This is due to the fact that the effectiveness of strength test-
ing can only be properly evaluated through the long term monitoring of
workers who are hired and placed using the system. To acomplish this,
the sponsoring plant plans to continue reporting response data for an
extended period of time into the future. In light of this situationm,
the results reported below should be considered to be preliminary
findings.
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For a brief review of the experimental design used in the evalua-
tion study, refer to Chapter III, Section 3.2 before continuing in this

Chapter.

5.1 RESULTS OF EMPLOYEE STRENGTH TESTING

A total of 81 subjects (54 males, 27 females) participated in
the evaluation study. All of these people applied for jobs in the
participating tire factory, and were assigned to either experimental
or control classifications for the purposes of the investigation.

A breakdown of participation by study classification and gender is
presented in Table 5.1. Of the 55 subjects classified as controls,
four were not hired. The decision not to hire these individuals was
based on "traditional" employee selection criteria and was completely

independent of performance on the strength tests.

Table 5.1 Participation Levels in the Evaluation Study

Classificacion
Control 32 19 51
Control (not hired) 3 1 4
Experimental 16 4 20
Experimental (not hired) 3 3 6

Total ‘ 54 27 81




5.1.1 Descriptive Statistics and Population Strength Percentiles

Descriptive statistics were computed over anthropological and
strength measures for the 81l participants in the evaluation study.
These statistics, stratified on gender, are presented in Table 5.2.
Similar statistics for the aluminum workers participating in the primary
study were presented earlier in Table 4.1. A comparison of the two
populations revealed that the tire and rubber workers were slightly
older, shorter, and lighter than the aluminum workers. A comparison
in strength scores between the two groups was impractical due to the

changes in testing procedures and equipment as described in Chapter III.

Table 5.2: Population Descriptive Statistics - Evaluation Study

Males (n=34) Females (n=27)

Measure
Height (inches) 70.1 64-77 2.2 65.3 61-71 2.3
Weight (1bs.) 179.5 | 135-263 31.3 149.0 | 115-256 33.2
Age 28.7 18-59 8.1 32.7 21-42 5.9
Arm Lift (1bs.) 87.1 42-140 20.2 50.1 28-76 13.9
Back Lift (lbs.) 131.2 54-283 45.0 81.9 18-172 32.6
Push Out (1bs.) 76.4 16-280 43.8 52.8 28-108 16.6
Pull In (lbs.) 117.5 §5-200 35.2 75.6 46-133 21.5




Prior to estimating the strength capabilities of various percent-
iles of the population, or testing for strength differences among dif-
ferent subject classifications, it was necessary to perform a series
of goodness of fit tests in order to classify the underlying distribu-
tion as either normal or lognormal. Five different goodness of fit
tests (introduced earlier in Chapter IV) were applied to the strength
data of the validation study. The consensus of these five tests ident-
ified the following underlying distributions for the four strength
tests:

1. Arm Lift - Normal

s Back Lift - Lognormal

3. Push Out - Lognormal

4. Pull In - Lognormal
It is interesting to note that the same set of underlying distributions
were found for similar strength tests in the primary study.

Values of the sample mean and standard deviation were substituted
into Equation (4.1) to estimate the Arm Lift strength of 10, 25, 50, 75,
and 90 percent of the males and females studied. (For the Back Lift,
Push Out, and Pull In strengths, a similar procedure was followed using
values of the sample mean and standard deviation for the log transformed
data.) Predicted strength percentiles for the males and females studied
are presented for the four strength measures in Table 5.3. These data
along with similar data in Table 4.3 could be useful to the engineer
designing jobs which require manual handling. Knowledge of these per-
centiles could be used to design jobs in order to accommodate the

strength abilities of larger proportions of the working population.
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5.1.2 Strength Differences Amonz Groups

Experimental protocol required that applicants be randomly assign-
ed to either Control or Experimental groups. Under this procedure,
the strength chatacteristics of subjects in the two classifications
should be similar. To address this point, a student's t-test was per-
formed using MIDAS on each of the four strength scores to evaluate the

null hypothesis

Hot Mg = Vg

where
g = mean strength of Controls ‘
Hp = mean strength of Experimentals

against the alternative hypothesis, - [

Hy: g # Mg

The results of these analyses are given in Table 5.4 This table
presents an analysis of mean differences using raw (untransformed)
data for all four strength tests as well as an analysis of logtrans-

formed data where appropriate (i.e., the Back Lift, Push Out, and Pull

In tests).

No significant difference in mean strength between the groups were
found on any of the strength tests, using either raw or logtransformed
values. As such, the null hypothesis could not be rejected. This find=-
ing indicates that there was no relationship between the strength test
performance of study participants and their group assignment. As stated
at the top of this section, such a finding would be expected from the

experimental design.
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5.1.3 Implications of Strength Testing on Recruiting, Hiring and

Affirmative Action

An important consideration of any employee selection program is
the effects it has on the recruitment and hiring of new employees.
This issue has become particularly important in recent years because
it is illegal for any employee selection program to arbitrarily dis-
criminate against the aged, minorities, or women. Industrial jobs
which have traditionally been designed for young, healthy males are
now being filled by women and older workers. (Refer back to Chapter
IT for a more complete discussion of affirmative action and related
issues.)

Table 5.5 was produced to evaluate the effects of strength testing
on selecting workers for the 20 jobs included in the evaluation study.
To generate this table, the four strength scores of each applicant
were compared to the minimum acceptable strength scores for each job
established during the biomechanical job analyses. The percentage of
applicants qualifying for each job, broken down by gender, was then
computed. (Note: the control and experimental groups were pooled for
this analysis in order to increase the sample size.)

A noteworthy feature of Table 5.5 is the rightmest column. A
majority of all applicants passed the strength tests on only ten of the
twenty jobs studied. It was particularly difficult to find qualified
candidates for job codes 001-10 and 001-14. Here, less than 20 percent
of the applicants passed the tests.

None of the 27 female applicants were able to qualify for four

of the study jobs (code numbers 113-30, 128-16, 129-01, and 131-11).
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Table 5.5: Percentages of Applicants Qualifyving for Study Jobs

Strength Performance Percentage of
it ol Requiremegts (1bs.) Applicants Qualifying

Arm | Back {Push {Pull | Males |Females l All
001-01 42 42 - - 100 70 90
001-02 77 77 34 -— 57 0 38
001-03 33 33 - - 100 85 95
001-04 66 66 66 - 41 7 30
001-05 38 38 65 56 46 11 35
'001-06 73 73 - 56 76 3 52
001-07 30 - 42 - 94 70 86
001-08 65 - 65 - 43 7 31
001-09 77 85 - — v 0 48
001-10 78 78 80 80 24 0 16
001-11 65 72 44 44 80 15 58
001-12 65 72 44 4é 80 15 58
001-13 52 52 70 48 41 4 28
001-14 75 1120 71 75 22 0 15
001-15 52 52 - - 94 L4 79
001-16 52 52 74 - 35 4 25
001-17 52 52 60 60 56 22 —=
001-18 52 52 52 56 83 26 64
001-19 52 97 - -- 74 11 53
001-20 52 97 -— - 74 11 53
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All of these jobs had arm lifting requirements of more than 74 pounds.
The descriptive statistics given for female arm strength in Table 5.2
were substituted into an adaptation of Equation 4.1 in order to compute
a standard normal deviate for a 75 lb. arm lift. The resulting Z

score was calculated to be 1.78 which corresponds to the strength
capability of only the strongest four percent of the female applicants.
It was therefore not surprising that no women were found to be qualified
for these jobs since only 27 women were tested.

Because of the inherent strength disparity between males and fe-
males, the percentage of qualified men exceeded the percentage of
qualified women on all jobs. This disparity was greatest on jobs with
the highest strength requirements. One method of reducing the gap
between qualified males and qualified females would be to lower the
physical demands of job; by engineering redesign. On jobs with more
moderate requirements (code numbers 001-01, 001-03, and 001-07), 70
percent or more of the female applicants were able to pass the strength
tests. A second method of increasing the number of women employees
would be to actively recruit females to apply for éhe more stressful
jobs, and to give preferential consideration in hiring to those who
qualify based on strength test performance.

Although a large percentage of females were disqualified from
several of the study jobs, this did not have an overly adverse effect
on the number of females hired during the intervention phase of the
evaluation study. A total of 19 males and 7 females were included
in the experimental population. Following strength testing, 16 of the

males were hired while 4 of the females were hired. This corresponds




to a hiring rate of .84 for men and .57 for women (or a ratio of about
1.5 males to each female). A contingency analysis (see Fleiss, 1973)
of hiring decision versus gender is presented in Table 5.6. No signif-
icant differences were found between the hiring rates for males and
females in the experimental group, however, this test was not very

powerful due to the small sample size.

Table 5.6: Contingency Analysis of Hiring Decision vs. Gender

GENDER

Females

CISION
Not Hired |

"

Dl

Expected wvalues in parentheses

x2 = 2.11
d.o.f. = 1
(not significant)
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5.2 ANALYSIS OF MEDICAL INCIDENTS

During a monitoring period of approximately six months, a total of
31 visits to the plant medical department was recorded for the 71 work-
ers in the evaluation study. All of these visits were determined by
plant medical personnel to be related to illnesses and injuries result-
ing from job exposure. (Note: Originally 81 subjects were strength
tested for the evaluation study. However, ten of these people were
never hired and could not be monitored for response variables.)

Table 5.7 gives a summary of medical incidents, classified by com-
plaint type. A discussion of this classification procedure has been
presented earlier in Chapter IV. It is interesting to note that while
non-specific incidents accounted for 43 percent of all medical visits
in the primary study, no non-specific incidents were recorded in the
evaluation study. This is an indication that the medical staff in the
tire factory may have been more conservative in reporting colds, di-
géstive disorders, headaches, etc., than the medical staff in the alum—
inum plant. Table 5.7 also divides incidents into those suffered on
jobs which had undergone biomechanical analyses (study jobs) and those

suffered on all other (non-study) jobs.

Table 5.7: Classification of Medical Incidents by Complaint Type -
Evaluation Study

Count

Complaint Type

Study Jobs | Other Jobs I Total
Non-specific 0 0 0
Skin Contact 12 17 29
Musculo=-skelatzl
Back 1 0
Tocal 13 18 31




No days were lost due to medical problems during the monitoring
period. Furthermore, because only one incident was recorded in each
of the Musculo-skeletal and Back categories, all incident types were

pooled for the analyses presented in the remainder of this section.

Medical Incidents vs. Experimental Group

In Chapter IV, attack rate was defined (Equation 4.7) as the
fraction of workers in a group who suffer at least one medical inci-
dent; and incidence rate was defined (Equation 4.8) as the number of
medical incidents occurring per 100 years of job exposure. These rates
were computed for the Control and Experimental populations in the eval-
uation study, and are presented in Table 5.8. (Note: The rates in
Table 5.8 are based only on exposure to study jobs. Existing labor
contracts within the plant prohibited intervention for experimental pur-
poses in the job transfer process once a worker was hired. For this
reason, some of the study participants spent part or all of their work-
ing time on jobs which were not included in the strength testing program.
Medical incidents and exposure hours to these jobs were not considered

in the analyses below.)

Table 5.8: Analysis of Medical Incidents - Control vs. Experimental

Exposure
Group a | Incidents H?ugf A;;::k In;ig:nce
Control 36 12 17 .333 146.18
Experimental 20 L 2 ,050 87.30
Total 56 13 19 .232 138.98
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Differences in medical rates between the control and experimental
populations were evaluated using the Chi-Square tests for attack rates
(Fleiss, 1973) and incidence rates (Duncan, 1965) presented in Chapter
IV. Resulting test statistics and significance levels are given in
Table 5.8.

The attack rate for controls (.333) was observed to be over six
times as great as the attack rate for experimentals (.050). However,
due to the small number of medical incidents (only 13), this difference
was not found to be statistically significant. Similar results were
obtained in the analysis of incidence rates. Control workers suffered
a higher frequency of medical incidents than did experimental workers,

but the difference was not found to be significant.

Medical Incidents wvs. Job Qualification

A total of 56 workers in the evaluation study were assigned to
jobs which had undergone biomechanical analysis. It was therefore
possible to determine whether or not these workers were qualified for
their jobs by comparing their scores on the strength tests to the job
strength demands given in Table 5.5. Those workers with strength in
excess of tabulated values (i.e., ability ratios > 1.0) were considered
qualified while those who failed to achieve the tabulated strengths
were classified as non-qualified. Members of the experimental group
were qualified by default since the decision to hire these people was
contingent upon their ability to "pass" the strength test. Strength
testing was not a factor in hiring controls and it was therefore poss-

ible to place non-qualified workers on some of the jobs.







