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VALIDATION OF RELATIVE-TIME-SPENT
RATING SCALES

I. INTRODUCTION

Occupational analysis 1in the United States Air Force is primarily
concerned with obtaining viable and quantifiable information about jobs
performed by Air Force personnel. This information is obtained through
analyses of work performed, of characteristics of job incumbents, and of the
occupational structure. Information derived through occupational analysis
is fundamental to personnel management and is essential for personnel
selection, classification, job proficiency measurement, and training
curricula development.

The Air Force occupational analysis program uses a job inventory method
to obtain information about work performed. Briefly, this method employs a
survey booklet (job inventory) which Tists tasks that are performed by
persons within an Air Force specialty (AFS) or occupation. In completing a
job inventory, individuals check each task they perform as a part of their
regular job. They then rate the tasks which they perform using a 9-point
relative-time-spent rating scale. A rating of "1" indicates that the
individual spends very little time on a task in relation to other tasks he
or she performs. A rating of "9" indicates that a very large amount of
time is spent in the performance of that task compared to other tasks.

The relative-time-spent rating scale is the primary measuring device
used with job inventories to gather estimates of the amount of time each
worker spends on each task. Relative ratings derived from worker responses
to job inventories are converted to estimated percent time spent values.
These values indicate a percentage estimate of an individual's work time
spent on each task performed. To perform the conversion to relative time,
it is assumed that the total of an individual's raw relative-time-spent
ratings represents 100% of' his or her work time. This assumption is
defensible since job inventories are exhaustive lists of tasks that may be
performed. Therefore, each raw rating is expressed as a percentage of the
total raw ratings across all tasks for that individual. The average
time-spent value for any group of workers indicates the percentage of total
group time spent on each task. The sum of these group values also equals
100% (Archer, 1966).

The conversion of raw ratings to percentages and the reporting of
resulting job descriptions are performed wusing the Comprehensive
Occupational Data Analysis Programs (CODAP), a series of computer programs
developed specifically to analyze job inventory data and to describe the
work performed by individuals and groups of individuals (Christal, 1974).
Individual and group job descriptions can be computed at the task level to
show how work time is distributed over the tasks performed.
Relative-time-spent values provide a convenient method for computing the
overlap (or similarity) (a) of two individual jobs with each other, GL) of
an individual job with a group job description, or (c) of one group job
description with another group job description.
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Historically, time-spent rating scales have varied greatly.
Characteristics that have varied include scale length (number of points),
anchoring of scale points, and scale interval used. This investigation will
be Timited to issues associated with scale length.

II. BACKGROUND

A major issue in this effort is the criterion; hence, this section will
include a short review of specific criterion measures.

Within the Air Force Occupational Analysis Program (Christal, 1974), a
9-point relative-time-spent scale 1is used for collecting time-spent
performing tasks data. Prior to the use of the 9-point scale, a 7-point
relative-time-spent scale was used operationally by the Air Force. Christal
and Madden (1961) recommended the use of a 9-point scale, arguing that a
larger number of scale points may be needed to ensure that “extreme" jobs or
jobs which are "off scale” could be appropriately rated. The issue raised
by Christal and Madden paved the way for a series of investigative studies
designed to address the optimal number of scale points to use in job
measurement.,

Scale Length Comparisons

Comparisons of 5-, 7-, 9-, 25-, and 100-Point Scales

Carpenter, Giorgia, and McFarland (1975) conducted two studies to
address the issue of optimal number of points by investigating the effect of
potentially useable scale formats on the accuracy of the derived job
description. Accuracy was operationally defined as the difference between
job descriptions based on the sum of the absolute values of time spent on
tasks (Archer, 1966).

In the first study, the experimental stimuli were five hypothetical job
descriptions. These job descriptions specified the tasks performed and the
average time in minutes spent on each task per week. Subjects were 265
airmen randomly assigned to one of five groups (53 per group). Each airman
was given a job description which he or she was to assume to be an accurate
representation of a job he or she was performing. Each subject then
completed job inventories using 5-,7-,9-, and 25-point scales and a scale in
which they directly estimated the percent of time spent.

Since the actual time spent per week on each task was available,
accurate percentage values were computed to serve as the criterion against
which the derived job descriptions could be evaluated. The percent
time-spent values derived from the relative scales, and the direct estimate
of percent time spent, were then compared to the criterion values and the
absolute percentage differences across all tasks were summed to derive a
criterion comparison (CRICOM) value. The CRICOM was used as the dependent
variable in a two-way analysis of variance with repeated measures on the
scale effect variable. Results of the analysis indicated that the 5-point
rating scale was significantly inferfor in accuracy to all other scales




employed and that the 7- and 25-point scales were inferior to the direct
estimate of percent time spent. Of all the scales used in this study, the
9-point scale was found to be the statistically more accurate.

In the second study (Carpenter et al., 1975), a job inventory was
constructed which included all tasks performed by Air Force basic military
trainees. Eighteen flights of basic airmen (N = 834) were identified as
subjects. Basic training instructors were provided with copies of the task
inventories and recorded in minutes the actual time spent on each task
performed by members of their flight. The basic trainees were randomly
divided into eight groups. Each group used one of eight scales for the
derivation of individual job descriptions. Five of these scales measured
relative-time-spent and differed in terms of the number of points. The
scales were 5-, 7-, 9- (all scale points anchored), 9- (extreme and midpoint
anchored) and 25-point scales. The remaining scales measured relative
frequency of task performance, estimates of actual time on tasks, and actual
percent time spent on tasks.

Individual percent time spent descriptions were derived ar- 'RICOM
values as previously defined, were computed. These values ' e then
analyzed, using a one-way analysis of variance, to determine th+ _elative
validities for subjective time-rating scales. The 9-point scale, jardless
of the number of anchors provided, was again found to be statisti . ' more
accurate than the other scales used. This conclusion was based ¢ . Tower
obtained CRICOM value for the two 9-point scales as compared to that for the
other scales used. From these results, the 9-point relative time spent
scale was adopted as the primary scale for use in collecting time spent
performing data in the Air Force.

Comparison of Dichotomous Scale to 5-Point Scale

A study which reached somewhat different conclusions was conducted at
the Navy Personnel Research and Development Center by Pass and Robertson
(1978). Of primary interest in that effort were the stability and
interrelationship of two types of job task scales, namely the
relative-time-spent scale (5-point) and the dichotomous task-performed
scale. Scale stability was evaluated by comparing the job description
profiles of average scale scores between randomly split samples for each pay
grade within four occupations. Scale interrelationship was evaluated by
comparing the job description profiles across scales. Results of this
investigation indicated that the stability of both the continuous and
dichotomous scales was quite high. When the average relative-time-spent per
task was calculated for only those incumbents actually performing a task,
the stability was very low. This is understandable because a large amount
of variance is expected across job incumbents in time spent on tasks. 1In
addition, the average value for each task on the relative-time-spent scale
was generally very small; often Tless than 1% of the total time spent,
suggesting that members in a pay grade spend, on the average, less than 1%
of their time performing any single task. This is not surprising given that
the average worker performs more than 100 tasks.
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Based on these results, Pass and Robertson (1978) suggested that the
relative-time-spent scale be deleted from task inventories. In its place,
they recommended that a dichotomous scale be substituted. It must be noted
that their study did not include a validation of either scale on any
external criteria.

In response to this recommendation, Carpenter and Giorgia (1979)
reanalyzed data obtained in their previous study (Carpenter et al., 1975)
converting the original scale length formats into perform/not perform (1/0)
data. Individual job descriptions were then derived based on these new
data. The magnitude of the CRICOM variance was found to be significantly
greater than that reported for any of the relative scale formats.

’ The results of the Carpenter and Giorgia (1979) study indicated that,
il for the group of subjects using the 5-point rating scale, the CRICOM values
were smaller than the CRICOM values computed from their dichotomized
responses. Hence, the relative-time-spent scale possessed significantly
greater inherent accuracy than the dichotomous scale in terms of the
subject's ability to provide an accurate portrayal of his or her job.
) Similar analyses were computed using those subjects who had originally
hp_ employed the 9- and 25-point scales. Results again favored the use of the

- relative-time-spent scale.

The results clearly indicated that the accuracy of the derived job
description was functionally related to the number of scale points available
to the respondent. Further, the consistency of the 1979 results with the
1975 research findings suggested that the use of a perform/not perform
response on the part of the incumbents, although highly stable, may result
in individual job descriptions that are significantly inferior to those
based on scales providing a wider range of response options., It was
concluded that if the validity of an individual job description is
considered important for personnel actions or decisions, then the scale
format providing the optimal accuracy is to be desired (Carpenter et al.,
1975). They found the 9-point scale format to be the most accurate format.

Scale Point Evaluations

Number of Scale Points Used

Following the lead of Carpenter et al. (1975), Wissman (1980) examined
the relationship between scale length and the number of points used. In his
study, Wissman evaluated six scale lengths. In particular, he examined 5-,
7-, 9-("all" points anchored and "end and middle" points anchored), 25-, and
99-point scales. A sample of 1,800 first-term airmen within the Fuels
career ladder was used. Each subject was instructed to complete a job
inventory using one of the scales provided. Wissman found that for the 5-
and 7-point scales, the average number of points used was four and five,
respectively. The number of points used increased to six for the two
variations of the 9-point scale as well as for the 99-point scale and seven
for the 25-point scale. Thus, based on Wissman's analyses, the average
number of points used by individuals completing job inventories never

—

_——

al

Al

bk

1
.. . .. _ i@




exceeded seven points, regardless of scale length. While these results are
suggestive, they do not provide strong evidence in favor of any one scale.

Direct Observation as a Criterion

Perhaps the major difficulty in determining the best scale to use is the
determination of and agreement among researchers regarding a valid criterion
on which to evaluate a scale's accuracy and efficiency.

In an attempt to address the issue of validity, Hartley et al. (1977),
incorporated objective methods in evaluating validity of self reports.
Their study used an observation method to provide criterion data for
assessing the accuracy of three types of self-report information. The three
types were (a) the identification of which task had been performed, (b) the
relative amount of time spent per task, and (c) the amount of time spent on
any one task. Work behavior was sampled every 30 seconds for one day per
subject to provide criterion data. Results confirmed the Air Force findings
cited by McCormick {1976) that relative time judgments by workers are better
than absolute time judgments. However, Hartley et al. (1977), stated that
when it is critical to have precise information about the worker's job and
the time he or she spends doing various tasks, an objective observational
approach may be more appropriate than worker judgments.

In a similar study, Johnson, Hiller, and Tokunaga (1980) attempted a
validation of a job analysis questionnaire using observational data as the
criterion. The correlation between the questionnaire data and observational
data was significant (r = .86, p < .01), indicating that an observational
approach to validating questionnaire data was feasible. According to
Johnson et al. (1980), the data collected by job inventories were found to
be reliably related to the observation criterion. Hartley et al. (1977) and
Johnson et al. (1980) showed that relative-time-spent scales could be
validated using on-site observations as criteria; however, neither study
addressed the issue of scale length.

IT1. OBJECTIVES

The present investigation was conducted to examine the feasibility of
using direct field observation data to validate relative-time-spent rating
scales of varying lengths. The primary objectives of this effort were to
compare binary (perform/not perform), 9- and 25-point time spent scales in
terms of (a) their characteristic response patterns, (b) their predictive
validity with regard to direct field observation, and (c) their stability
with different sample sizes. The criteria used were actual time spent and
frequency of observed task performance based on a direct observational
approach.
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IV. METHOD

Subjects

The sample consisted of 21 Computer Programming Specialists (Air Force

Specialty Code 511X1), assigned .¢ the Technical Services Division, of the

: Air Force Human Resources Laboratory at Brooks AFB. Of the total sample,

o six were apprentice (3-skill) level and 15 were journeyman (5-skill) level
enlisted personnel. The sample size was kept small because the feasibility .

of collecting direct observational data in an Air Force setting was untested.

Measures of Time Spent

Perform/not perform, 9- and 25-point scales were used to operationally
_I represent estimates of actual time spent and will be referred to as the
predictor variables throughout the remainder of this paper. The selection
of these particular scales for use in this investigation was based on (a)
the use of the 9-point scale in the operational Air Force occupational
analysis program, (b) the potential ability of the 25-point scale to capture
more definitive information about an occupation through the availability of
greater response options and (c) the findings (Pass & Robertson, 1978) that -
suggested the use of a binary {perform/not perform) scale.

Absolute time estimates and frequency of task occurrence based on work
sample observations were used as the criteria for -evaluating the
relative-time-spent scales in terms of their ability to provide the best
estimates of observed time spent on tasks. S

Procedure
Phase I

The effort was conducted in two phases. Phase I produced the predictor
variable data and Phase II, the criteria data. Phase I consisted of the .
administration of job inventory booklets consisting of 577 tasks to each of
the 21 subjects. Each subject completed two job inventories: one with a
9-point relative-time-spent scale having all scale points verbally anchored,
and one with a 25-point relative-time-spent scale having only extreme and
midpoints anchored (Table 1). The inventories were administered in a
counterbalanced design. Eleven subjects completed the inventory with the -
9-point relative time spent scale followed by the 25-point inventory. The
other 10 completed the 25-point inventory followed by the 9-point. The
administration of inventories occurred over a 2-day period with about 24
hours between administrations so as to minimize time effects.

For purposes of obtaining perform/not perform data, a binary coding of -
task responses was performed for one of the two inventories completed by
each individual. The 9-point responses by 11 subjects and the 25-point
responses by the other 10 subjects were randomly selected and used for
deriving perform/not perform data, A code of "1" was applied to each task
checked by the respondent to indicate he or she performs the task, and a "0"




was assigned to those tasks not rated, indicating that he or she does not
perform the task.

Table 1. Relative Time Spent Scales

1-9 1-25
very small amount almost none
much below average
below average
slightly below average
about average
slightly above average
above average
much above average
very much amount of time
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average
21
22
23
24
25 almost all

Note: The perform/not perform scale was obtained from a binary coding of
tasks identified as performed by incumbents based on their responses to the
9- and 25-point scales.

Phase 11

Phase Il involved the collection of direct time estimates based on the
tasks actually performed by personnel previously surveyed. Actual time
estimates were obtained by direct observation. The direct observations were
conducted over a period of 6 weeks by a behavioral scientist and two
scientific assistants. These personnel will be referred to as "observers"
for the remainder of this paper.

)
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Assignment of Subjects

Observers monitored the activities of seven subjects each day over a 6-
week period. Each week a different group of seven subjects was assigned to
each observer so that each observer had the opportunity to observe all 21}
subjects a number of times over the period.

Observation Schedules

Observers were provided with weekly log sheets for each subject for each
of the 6 weeks. The log sheets Tlisted the subject’'s identification number
(1-21), the date of the observation, and a daily goal number of observations
(four or six) for each subject per week. The goal numbers were established
to achieve a total of 130 observations per subject over the 6-week
observation period.

Observation times were randomly assigned for each subject for each day
throughout the period. Times were established to assure that tasks
performed would be measured at different times throughout the day during the
observation period and to minimize the conflicts 1in observer time
schedules. Observation times were divided into 5-minute increments (i.e.,
0805, 0915, etc.). The times ranged from 0715 to 1600 hours, with a break
in observations between 1100 and 1230 hours.

Observation Procedures

At the scheduled times, the observer located his or her assigned subject
and recorded information relating to the following:

1. The task currently being performed
2. The time at which that task was begun
3. The estimated time of completion for that task

In the event an observer had difficulty determining the task being
performed by observation (i.e., a program run in batch versus demand mode),
the subject was queried to assure accuracy in recording the task being
performed. Information provided by the subject was then recorded by the
observer in the appropriate columns of the log sheet. The observer's daily
log sheet consisted of six columns (Figure 1). At the top of each sheet, a
space was provided to identify the subject being observed, the day and date
of the observation, and the observer or monitor. Observers recorded the
following specific information:

1. Observation number: the daily goal number of the observations
being made for a subject.

2. Observation time: the actual time at which an observation was made.
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3. Task number: job inventory number associated with the task
observed at the specified time.

4, Start time (S): subject's estimated time that the observed task
was begun.

5. [Estimated end time (E): subject's estimated completion time for
the task observed.

6. Difference (E-S): total time for observed task as defined by
taking the di¥Terence between the estimated end time and start time.

In recording the information in the difference column (E-S), the
observer subtracted the estimated end time for an observed task from the
starting time of that task for each observation to yield a time estimate for
each task observed, recorded in minutes (see Table 2).

Table 2, Sample Recording of Data for Varied Task Performance

R S Sy

Observation No. Observation Time Task Start End Difference
1 0815 9 0800 0830 30
2 0830 47 0830 0900 30
3 0915 59 0930 0945 15
4 1430 17 1415 1500 45

——

In the event that performance on a single task was observed more than
once in the course of performance such that the start time remained the same
but estimated completion times changed over observations, the difference
(E-S) was defined as the difference between the final recorded estimate of
completion minus the initial start time (see Table 3).

10




Table 3. Sample Recording of Data for Same Task Performance

Observation No. Observation Time Task Start End Difference
1 0745 98 0730 0800
2 0815 98 0730 0830
3 0900 98 0730 0930
4 1000 98 0730 1030 180

In this case, the total time for task 98 was the difference between the
start time (0730) and the last recorded entry for the estimated completion
time (1030). No entry was made in the difference column for the previous
observations of the same task. Nevertheless, each observation of that task
was counted as an independent observation for determining the frequency of
observed task performance, defined as the total number of times a task was
observed as performed. Absolute time on the other hand was defined as the
total time taken to complete a task. This rule was applicable only in the
event that the same task was observed as being performed with the initial
time of start remaining the same over observations for a particular day. In
the event that the task was observed as performed consecutively throughout
the day with different start and end times for each occurrence, the E-S was
defined as outlined in Table 2.

This procedure was followed by each of the observers throughout the
G-Eeek observation period so as to allow for 130 observations for each
subject.

Obtained Measures

Information obtained from Phases I and II provided data on the three
predictors and two criterion variables for each of the 21 subjects:

Relative time spent based on a binary (perform/not perform) scale.
Relative time spent based on a 9~point relative time spent scale.
Relative time spent based on a 25-point relative time spent scale.
Actual time spent converted to relative time (criterion).

. Frequency of observed task performance converted to relative
frequency (criterion).
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Relative time spent for each of the five measures was computed by
summing all of a subject's Phase 1 survey responses. Each entry (raw
rating, absolute time, and task frequency) for each subject was then divided
by the total for that subject, and the quotient was multiplied by 100 to
give the percentage of time spent on each task for a given subject. The
total for each subject was taken to represent 100% of the subject's work
time.

Statistical Analyses

The analyses were designed to compare binary (perform/not perform), 9-
and 25-point time-spent scales on their characteristic response patterns,
their predictive validity with regard to the criteria, and their stability
with different sample sizes.

Descriptive statistics were used to examine the characteristics of the
predictor and criterion variables. The total number of points used by each
subject and the average number of points used for all subjects across the
577 tasks in the inventory were computed. These values were used to examine
the response patterns on the perform/not perform, 9- and 25-point scales.

Two analyses were performed to assess the validity of the various
scales: overlap and correlation. Overlap of time spent was calculated
between predictor and criterion variables to determine consistency and/or
inconsistency between ratings across scales. A second estimate of validity
wa? p(?duced by computing correlations among the three predictors and two
criteria.

An issue of particular interest in this investigation was the adequacy
of the sample size. To gain insight into this issue, interrater reliability
indices were examined as a function of sample size, for each of the five
task response scales. Using the CODAP program REXALL (Christal &
Weissmuller, 1976), reliability values were first computed for a random
sample of only two cases. Additional randomly selected cases were then
added, one by one, to the sample, with new reliability values being computed
for each scale at each successive stage. Evidence that the reliability
values were stabilizing at some point, would suggest the attainment of an
adequate sample size.

V. RESULTS
Characteristic Response Patterns

Descriptive Data

Summary statistics for the three predictors and two criteria for the
total sample are shown in Table 4. Comparisons among the five measures
provide some interesting differences in terms of the number of tasks rated
as well as the mean time spent vector. Of the 577 tasks listed in the job
inventory, the average number of tasks rated was 60.4 and 61.6 for the 9-
and 25-point scales, respectively.

12




Table 4. Summary Statistics for Predictor/Criterion Variables (N=21)

VARIABLE AVERAGE NO. OF MEAN OF STANDARD
TASKS RATED ALL TASK RATINGS DEVIATION

PREDICTOR VARIABLES

PERFORM/NOT PERFORM 57.8 .108 .31
SCALE

9~POINT SCALE 60.4 3.822 2.28
25-POINT SCALE 61.6 9,712 6.52

CRITERION VARIABLES
TIME 29.3 35,37b 25.64
FREQUENCY 29.3 4.06 5.58

3 Expressed in scale points.
Expressed in minutes,

For the 9-point scale, the mean of all task ratings for the total sample
was 3.82., The standard deviation was 2.28. The mean and the standard
deviation for the 25-point scale were 9,71 and 6.52, respectively, The
average number of tasks performed for the perform/not perform scale was 57.8.
The mean of the perform/not perform scale was .10 with a standard deviation of
31, :

For the time and frequency criteria, the average number of tasks performed
was 29.3 for both variables, indicating a decrease in the average number of
tasks rated in relation to the 9- and 25-point scales; however, it should be
noted that the the observational approach captured only those tasks observed
as performed within a 6-week period, whereas the job inventory approach
captures past as well as present tasks performed on the job.

The mean rating for time shows an average time spent of 35.37 minutes per
task across the 6-week observation period, with a standard deviation of
25.64. For frequency, the mean reflects the average number of times any one
task was observed to be performed across observations. The mean rating for
frequency was 4.06 times per task per subject, with a standard deviation of

13
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Frequency Data

The distributions of points used for the three predictors are represented
in Figures 2 through 4. Figure 2 displays the perform/not perform responses.
Tasks performed, as indicated by "1" accounted for 10.7% of the responses,
while "0" was used 89.3% of the time. For the 9-point scale (Figure 3), a
rating of 2 was used most frequently (1.8%), followed by a rating of 1
(1.7%). A zero point was added to the 9- and 25-point scales to show the
percentage of tasks not performed in relation to those that were. For the
25-point scale (Figure 4), scale points 13, 5, 10, and then 20 were used more
frequently. This is an interesting pattern, indicating that the most
frequently used scale points occurred at approximately 5-point intervals. The
fact that 13 was the most frequently used scale point is not suprising since
it is one of three points which is anchored and is labeled "average." Had 15
been the midpoint, it is assumed that it would have been the most frequently
used point of the scale. For the 9- and 25-point scales, the data show that
over all subjects and all tasks, all scale points were utilized.

Number of Scale Points Used

Figure 5 displays the number of scale points used by each subject on the 9-
and 25-point scales, For the 9-point scale, the minimum number of points used
by any subject was five and the maximum was nine. The average number of
points used across all subjects was seven., The minimum number of points used
by any subject for the 25-point scale was seven, with a maximum of 23. For
the 25-point scale, the average number of points used was 13.

Stability of Scales by Sample Size

To test for the adequacy of the sample size for the three predictors and
two criteria, interrater reliability indices (R7y) for groups of raters of
different sample sizes were derived. This was done by randomly adding a case
incrementally to increase the sample from two subjects to the total sample of
21 subjects. The results of this process and the corresponding Ryy values
are plotted on Figure 6. The point at which all five scales had litt{e or no
change in reliability was with a sample size of around 15. A general
"leveling off" of reliability began to occur at this stage for each of the
predictors and criteria. This indicates that for the purposes of this
investigation, a sample size of 21 subjects was sufficient to obtain
meaningful results.

Valic 'ty

To address the issue of validity, two approaches were taken: overlap of
time-spent job descriptions of the total sample for each of the five measures
was computed, and intercorrelations among predictor and criterion variables
were computed. Overlap among the five measures on time spent was computed
using the CODAP program OVRLAP (Archer, 1966). The degree to which each scale
overlapped with one another in terms of time spent is presented in Table 5.
The highest overlap value obtained between scales was found between the 9- and

14
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. 25-point scales, with the percent of overlap being 86%. The perform/not
. perform scale compared highly with the 9-point scale (83%) and 25-point scale

(82%) but dropped considerably with time (42%) and frequency (45%). Of the

three predictors, the 9-point scale had the highest overlap with time (48%)
and frequency (52%), followed by the 25-point scale. However, the difference
| - in overlap between the 9- and 25-point scales was not found to be
significant. The criterion of time was found to overlap highly with the
criterion of frequency (75%). Additional information on duty and task-level
comparisons for each scale is presented in the Appendices.

Table 5. Degree of Overlap Between Predictor/Criterion Variables

VARIABLES 1 2 3 4 5
1. PERFORM/NOT PERFORM 100 83 82 42 45
SCALE
2. 9-POINT SCALE 100 86 48 52
3. 25-POINT SCALE 100 46 51
4. TIME 100 75
5. FREQUENCY 100

NOTE: These values are represented as percentages. Boxed-in area highlights
relationships between predictors (1-3) and criteria (4-5).

Intercorrelations among the three predictors and two criteria are presented
in Table 6. The 9-point scale correlated highly with the 25-point (r = .97)
and perform/not perform scales (r = ,94) but correlated somewhat lower with
actual time (.79) and frequency (.81), though the values obtained still remain
significant (p < .05). The 25-point scale correlated highly with the
perform/not perform scale (.94) but not as high with time (.77) and frequency
(.78). Correlation values obtained for the 1/0 scale and the two criterion
variables were also found to be significant (p < .05). The correlation values
for the binary scale dropped to .66 for time and .68 for frequency. A
correlation value of .99 between the criteria time and observed frequency,
indicated a high linear relationship between the two variables.
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Table 6. Intercorrelations Among Predictor/Criterion Variables

VARIABLE 1 2 3 4 5
1. PERFORM/NOT 1.00 94 .94 .66 .68
PERFORM SCALE
2. 9-POINT SCALE 1.00 97 .79 .81
3. 25-POINT SCALE 1.00 7 .78
4. TIME 1.00 .99
5. FREQUENCY 1.00

Note: Boxed-in area highlights relationships between predictor (1-3) and
criteria (4-5).

VI. DISCUSSION

The analyses reported herein used a direct observational approach as a
criterion for validating task-level time spent rating scales. Previous
research to validate such scales used other criteria, such as supervisory
ratings of incumbent's time spent (Carpenter et al., 1975), number of scale
points used (Wissman, 1980), relijability of scales (Pass & Robertson, 1978)
and various other indirect techniques. Although these studies have resulted
in some finteresting findings regarding such factors as rating tendencies and
the accuracy of derived job descriptions utilizing various scale formats,
their results nevertheléss are somewhat 1inconsistent and, therefore,
inconclusive, On the other hand, research utilizing objective methods for the
evaluation of self-reports, such as the observational approach, has provided
greater consistency and conclusiveness 1in assessing the accuracy of
self-reports. In two specific studies utilizing a direct observational
approach, it was concluded that (a) on-site observation is an appropriate
criterion for validating self-reports (Hartley et al., 1977) and (b) that the
data collected by job inventories were found to be reliably related to the
observation criteria (Johnson et al., 1980). Results of the present
investigation support both these conclusions; that is, a direct observational
approach and, in particular, the use of absolute time measures serve as an
appropriate method to use in the assessment of the validity of relative-time
spent-rating scales.

In evaluating the number of categories that can validly be wused in
estimating time spent on tasks, the analyses indicated that the accuracy of
the job descriptions is non-linearly related to the number of response options
available to the respondent. Accuracy did not decline as the number of
response options decreased from 25 to 9., A decrease in accuracy was found,
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however, when the options were reduced to 2. These findings support earlier
results by Carpenter and Giorgia (1979), that an increase in time spent
variance as a function of increasing the number of scale points is not
significant, but that the potential inaccuracy of job descriptions resulting
from fewer scale value options available is significant.

The average number of points used across all subjects for the 9-point scale
was found to be seven as opposed to six found by Wissman (1980). For the
25-point scale, 13 was found to be the average number of points used across
subjects, again in opposition to Wissman's findings of seven. In the present
effort, it was determined that more scale points were being utilized than
previously discussed in the literature. This discrepancy may be a function of
the difference between the Fuels specialty studied by Wissman and the Computer
Programming specialty studied here.

0f the three scales, the perform/not perform scale was found to be the
least valid indicator of time spent when correlated with the two observational
criteria. Results support previous research findings by Carpenter and Giorgia
(1979), that the 9-point scale led to greater accuracy in estimating actual
time spent in the performance of tasks. Although it has been argued that the
use of a perform/not perform scale greatly reduces the amount of time required
for completing a job inventory (Pass & Robertson, 1978), the suitability of
this approach in describing jobs is greatly restricted by the Timited number
of response options available to the respondent.

When compared with time and frequency, the 9-point scale was the most valid
measure to use in deriving relative time spent estimates of actual tasks
performed. The 25-point scale was also found to be a highly valid predictor
of actual time when compared with time and frequency, though slightly Tower
than for the 9-point scale.

The degree of overlap between predictor and criterion variables on the
basis of tasks performed and relative time spent indicated that a greater
degree of overlap exists between the 9-point scale and the two criteria than
between the other two scales and the criteria. This high overlap lends
significant support to the continued use of the 9-point scale in occupational
measurement programs. The 25-point scale also overlapped highly with time and
frequency, though slightly Tower than the 9-point. An overlap of less than
50% was found with the perform/not perform scale when compared to the criteria.

The sample size of 21 was more than sufficient for this effort. The
results indicated that with a sample of 15 or more, all five scales had little
or no change in reliability with an increase in the number of cases. An
advantage of using small samples is that it can allow for a closer observation
of possible variables intervening to effect the outcome.

Perhaps the greatest limitation involved in the use of an observational
approach is that such a method must be systematically controlled so as to
minimize the effects of intervening variables (e.g., observer-subject
interaction effects and time-ordered effects). If control is not incorporated
within the design and maintained throughout, these variables could contaminate
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the results. In this investigation, order effects arising from inventory
administration, experimenter-subject effects and time of task performance
effects were the main variables that were controlled. Control was achieved
through the counterbalancing of inventory administration, alternating subjects
across observers and varying observation times. Further, it allowed for a
greater assessment of an observational approach as a small sample means of
validating relative-time-spent rating scales.

VII. CONCLUSIONS

As a result of this effort, it was concluded that (a) the 9-point
relative-time-spent scale provides the most accurate format for use in the Air
Force occupational analysis program, (b) no significant gain in accuracy of
information is found between 9- and 25-point sca%es, (c) the average number of
points used was seven for the 9-point scale and 13 for the 25-point scale, (d)
the perform/not perform scale was found to be the Teast accurate method of
collecting time spent information, and (e) the use of an observational
approach to yileld absolute time estimates, and in particular, time and
frequency, is appropriate for validating job descriptive scales.
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Appendix A :

Comparisons Between Scales on Percent Time Spent
by Duty and Task Level

25




L

q
Table A-1. Comparison of Percent Time Spent on Duties
for Criteria and Predictors ]
<
DUTY TIME FREQUENCY 1/0 9pPT 25PT j
D PROGRAMMING FUNCTION &9 od 37 L.v.3 L3 |
E ANALYSIS FUNCTION 10 9 13 13 14 :
B PRODUCTION CONTROL 9 13 17 17 19 ""j
FUNCTION '
A OPERATOR FUNCTION 3 4 9 8 9
G TRAINING FUNCTION 3 3 5 4 _
H SUPERVISORY FUNCTION 2 3 6 4 4
1 ADMINISTRATIVE FUNCTION 2 2 3 2 2
C LIBRARY FUNCTION 1 1 1 1 1 _
J SUPPLY & CONTRACTING 1 1 1 1 1
FUNCTION
F SECURITY FUNCTION * 1 5 4 3
K GENERAL MILITARY * * 3 2 1 )
FUNCTION
TOTAL: 100 100 100 100 100

*DENOTES LESS THAN 1 PERCENT TIME SPENT
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Table A-2. Representative Tasks Performed Using the 9- and 25-PT, 1/0,
Time and Frequency Scales

PERCENT OF TIME SPENT

TASKS 9PT 25PT 1/0 Time Freq

D 176 DEBUG COMPUTER PROGRAMS 4 5 3 15 14

D 179 DESK CHECK PROGRAMS 4 4 3 9 8

D 162 CODE COMPUTER PROGRAMS IN HIGHER 4 3 3 6 5
LEVEL LANGUAGES

D 165 CODE DATA SET UTILITY PROGRAMS 4 3 2 3 3

D 186 MODIFY OR UPDATE EXISTING COMPUTER 3 4 3 10 9
PROGRAMS

D 175 COMPILE OR ASSEMBLE PROGRAMS 3 2 2 3 3

D 199 TEST COMPUTER PROGRAMS 3 2 2 4 4

D 180 DETERMINE CAUSES OF PROGRAM HALTS 3 4 2 * *
OR ABENDS

D 159 ALLOCATE IMMEDIATE ACCESS STORAGE 3 2 3 * *

D 190 PREPARE DETAILED FLOWCHARTS 3 3 3 2 2

B 105 BATCH RUN REQUEST 3 2 2 * *

B 104 ASSEMBLE, REARRANGE, OR EDIT INPUT 2 3 2 * *
OR OUTPUT DATA

B 103 ANALYZE OUTPUT PRODUCTS FOR COMPLIANCE 2 3 2 *
WITH STANDARDS OR SPECIFICATIONS

B 111 DETERMINE CAUSE OF FAULTY OUTPUT 2 3 2 * 1
PRODUCTS

D 191 PREPARE DOCUMENTATION FOR INDIVIDUAL 2 2 2 1 1
PROGRAMS

B 133 RESPOND TO INQUIRIES FROM CUSTOMERS 2 2 2 * *

B 113 DISTRIBUTE OR DELIVER OUTPUT PRODUCTS 2 2 2 1 4

F 334 STORE OR SAFEGUARD PRIVACY ACT 2 2 2 * *
INFORMATION

B 110 DETERMINE ALTERNATE METHODS 2 2 2 * *
FOR ACCOMPLISHING JOB REQUIREMENTS

D 171 CODE SERVICE AID UTILITY PROGRAMS 2 * * * *

D 198 REVIEW PROGRAM SPECIFICATIONS 2 2 2 * *

D 184 EXPLAIN ERROR PRINTOUTS TO CUSTOMERS 2 2 2 * *

D 197 REVIEW PROGRAM REQUIREMENTS 1 2 2 2 3

D 181 DETERMINE PROGRAM RUN TIMES 1 2 2 * *

F 318 MARK PRIVACY ACT INFORMATION 1 1 2 * *

D 182 DEVELOP MODELS OR DUMMY DATA TO 1 2 2 * *

SIMULATE FUNCTIONAL REQUIREMENTS

Note: An asterTsk denotes Tess than | percent of time spent
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Table A-3. Tasks Which Best Distinguish Between Actual Time
and 1/0 Scale Based on Percent Time Spent

DUTY/TASK TIME 1/0 DIFFERENCE

D 176 DEBUG COMPUTER PROGRAMS 12.18 2.41 +9.77
D 186 MODIFY OR UPDATE EXISTING 7.75 2,31 +5.44
COMPUTER PROGRAMS
D 179 DESK CHECK PROGRAMS 7.45 2.31 +5.14 T
D 161 CODE COMPUTER PROGRAMS 3.58 .85 +2.73 -
IN ASSEMBLY LANGUAGES
D 162 CODE COMPUTER PROGRAMS IN 4.73 2.26 +2..47
HIGHER LEVEL LANGUAGES
E 225 DETERMINE INTERRELATIONSHIPS AMONG 2.46 o1 +1.75 .
FILES, DOCUMENTS, AND ITEMS
D 199 TEST COMPUTER PROGRAMS 3.42 1.75 +1.67 :
D 197 REVIEW PROGRAM REQUIREMENTS 1.85 .94 + .91
D 165 CODE DATA SET UTILITY PROGRAMS 2.23 1.36 + .87
D 166 CODE FOR GRAPHIC DISPLAY PLOTTERS .57 .04 + .53
D 193 PREPARE PROGRAM TEST SPECIFICATIONS .80 .28 + .52
OR INSTRUCTIONS
D 198 REVIEW PROGRAM SPECIFICATIONS .24 1.24 -1.01
D 184 EXPLAIN ERROR PRINTOUTS TO CUSTOMERS .04 1.09 -1.05
B 105 BATCH RUN REQUEST .01 1.10 -1.09
D 180 DETERMINE CAUSES OF PROGRAM W71 1.96 -1.25
HALTS OR ABENDS
F 318 MARK PRIVACY ACT INFORMATION .00 1.35 -1.35
F 334 STORE OR SAFEGUARD PRIVACY ACT 17 1.53 -1.35
INFORMATION
D 181 DETERMINE PROGRAM RUN TIMES .00 1.50 -1.50
D 159 ALLOCATE IMMEDIATE ACCESS STORAGE .13 1.84 -1.72
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Table A-4. Tasks Which Best Distinguish Between Actual Time

and 9-Point Scale Based on Percent Time Spent

DUTY/TASK TIME 9PT DIFFERENCE

D 176 DEBUG COMPUTER PROGRAMS 12.18 4.08 +8.11

D 186 MODIFY OR UPDATE EXISTING COMPUTER 7.75 2.95 +4.81
PROGRAMS

D 179 DESK CHECK PROGRAMS 7.45 4.05 +3.40

D 161 CODE COMPUTER PROGRAMS IN ASSEMBLY 3.58 1.09 +2.50
LANGUAGES

E 225 DETERMINE INTERRELATIONSHIPS AMONG 2.46 .59 +1.89
FILES, DOCUMENTS AND ITEMS

D 162 CODE COMPUTER PROGRAMS IN HIGHER 4.73 3.1 +1.63
LEVEL LANGUAGES

D 199 TEST COMPUTER PROGRAMS 3.42 2.20 +1.22

D 197 REVIEW PROGRAM REQUIREMENTS 1.85 .89 + .96

D 166 CODE FOR GRAPHIC DISPLAY PLOTTERS .57 .03 + .54

D 181 DETERMINE PROGRAM RUN TIMES .00 1.01 -1.01

D 167 CODE INSTRUCTIONS TO INTERCEPT .00 1.10 -1.10
END OF JOBS (ABENDS)

D 180 DETERMINE CAUSES OF PROGRAMS J1 2.11 -1.40
HALTS OR ABENDS

B 105 BATCH RUN REQUESTS .01 1.52 -1.51

D 159 ALLOCATE IMMEDIATE ACCESS STORAGE .13 1.90 -1.78
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Table A-5. Tasks Which Best Distinguish Between Actual Time

and 25-Point Scale Based on Percent Time Spent

DUTY/TASK TIME 25PT DIFFERENCE
D 176 DEBUG COMPUTER PROGRAMS 12.18 3.70 +8.49
D 186 MODIFY OR UPDATE EXISTING 7.75 3.21 +4.54
COMPUTER PORGRAMS
D 179 DESK CHECK PROGRAMS 7.45 4,25 +3.20
D 161 CODE COMPUTER PROGRAMS IN 3.58 .89 +2.69
ASSEMBLY LANGUAGES
D 162 CODE COMPUTER PROGRAMS IN HIGHER 4.73 3.04 +1.70
LEVEL LANGUAGES
D 199 TEST COMPUTER PROGRAMS 3.42 1.74 +1.68
E 225 DETERMINE INTERRELATIONSHIPS AMONG 2.46 1.1 +1.34
FILES, DOCUMENTS, AND ITEMS
B 105 BATCH RUN REQUESTS 01 1.20 -1.20
D 181 DETERMINE PROGRAM RUN TIMES .00 1.25 -1.25
D 159 ALLOCATE IMMEDIATE ACCESS STORAGE 13 1.54 -1.41
B 111 DETERMINE CAUSE OF FAULTY
OUTPUT PRODUCTS JT7 2.21 -1.44
D 180 DETERMINE CAUSES OF FAULTY
HALTS OR ABENDS J 2,75 -2.04




i Table A-6. Tasks Which Best Distinguish Between Relative Frequency

I and 1/0 Scale Based on Percent Time Spent _
DUTY/TASK FREQUENCY 1/0 DIFFERENCE
D 176 DEBUG COMPUTER PROGRAMS 11.91 2.41 +9,50
D 186 MODIFY OR UPDATE EXISTING 7.72 2.31 +5.41
' . COMPUTER PROGRAMS o
D 179 DESK CHECK PROGRAMS 7.43 2.31 +5,12 ,
B 113 DISTRIBUTE OR DELIVER OUTPUT 3.48 1.25 +2,23
PRODUCTS
D 161 CODE COMPUTER PROGRAMS IN 2.93 .85 +2.,07
ASSEMBLY LANGUAGES
I D 162 CODE COMPUTER PROGRAMS IN HIGHER 4,31 2.26 +2.04 i
LEVEL LANGUAGES
E 225 DETERMINE INTERRELATIONSHIPS 2.37 W71 +1.66
AMONG FILES, DOCUMENTS, AND ITEMS
D 199 TEST COMPUTER PROGRAMS 3.34 1.75 +1.59
D 197 REVIEW PROGRAM REQUIREMENTS 2.36 .94 +1.43
) D 165 CODE DATA SET UTILITY PROGRAMS 2.37 1.36 +1.01
D 184 EXPLAIN ERROR PRINTOUTS TO CUSTOMERS .08 1.09 -1.01
B 105 BATCH RUN REQUESTS .07 1.10 -1.03
D 180 DETERMINE CAUSES OF PROGRAM .64 1.96 -1.32
HALTS OR ABENDS
-~ F 318 MARK PRIVACY ACT INFORMATION .00 1.35 -1.35
| F 334 STORE OR SAFEGUARD PRIVACY ACT .16 1.53 -1.37
INFORMATION
D 181 DETERMINE PROGRAM RUN TIMES .00 1.50 -1.50
D 159 ALLOCATE IMMEDIATE ACCESS STORAGE .24 1.84 -1.60
']
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Table A-7. Tasks Which Best Distinguish Between Relative Frequency
I and 9-Point Scale Based on Percent Time Spent ;
DUTY/TASK FREQUENCY 9PT DIFFERENCE
176 DEBUG COMPUTER PROGRAMS 11.91 4.08 +7.83
: D186 MODIFY OR UPDATE EXISTING
COMPUTER PROGRAMS 7.72 2.95 +4.,77 -
' D179 DESK CHECK PROGRAMS 7.43 4,05 +3.38 '
B113 DISTRIBUTE OR DELIVER OUTPUT PRODUCTS 3.48 1.14 +2,34
D161 CODE COMPUTER PROGRAMS IN
ASSEMBLY LANGUAGES 2.93 1.09 +1.84
E225 DETERMINE INTERRELATIONSHIPS AMONG
FILES, DOCUMENTS, AND ITEMS 2.37 .57 +1.80 -
. D197 REVIEW PROGRAM REQUIREMENTS 2.36 .89 +1.48 ’
’ D162 CODE COMPUTER PROGRAMS IN
! HIGHER LEVEL LANGUAGES 4,31 3.1 +1.20
D199 TEST COMPUTER PROGRAMS 3.34 2.20 +1.13
‘ D181 DETERMINE PROGRAM RUN TIMES .00 1,01 -1.01 -
‘ D167 CODE INSTRUCTIONS TO INTERCEPT '
ABNORMAL END OF JOBS (ABENDS) .00 1.10 -1.10
B105 BATCH RUN REQUESTS .07 1.52 -1.45
D180 DETERMINE CAUSES OF PROGRAM ]
HALTS OR ABENDS .64 2.1 -1.47 o
D159 ALLOCATE IMMEDIATE ACCESS STORAGE .24 1.90 -1.66 o
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Table A-8. Tasks Which Best Distinguish Between Relative Frequency
and 25-Point Scales Based on Percent Time Spent
DUTY/TASK FREQUENCY 25PT DIFFERENCE
D 176 DEBUG COMPUTER PROGRAMS 11.91 3.70 +8,22
D 186 MODIFY OR UPDATE EXISTING 7.72 3.21 +4,51
COMPUTER PROGRAMS
- D 179 DESK CHECK PROGRAMS 7.43 4.25 +3.18
B 113 DISTRIBUTE OR DELIVER OUTPUT 3.48 .91 +2.57
PRODUCTS
D 161 CODE COMPUTER PROGRAMS IN 2.93 .89 +2.04
ASSEMBLY LANGUAGES
D 199 TEST COMPUTER PROGRAMS 3.34 1.74 +1,60
D 197 REVIEW PROGRAM REQUIREMENTS 2,36 1.06 +1.30
D 162 CODE COMPUTER PROGRAMS IN HIGHER 4.31 3.04 +1.27
LEVEL LANGUAGES
E 225 DETERMINE INTERRELATIONSHIPS 2.37 1.1 +1.25
AMONG FILES, DOCUMENTS, AND ITEMS
F 334 STORE OR SAFEGUARD PRIVACY ACT .16 1.16 -1.01
INFORMATION
B 105 BATCH RUN REQUESTS .07 1.20 -1.13
D 181 DETERMINE PROGRAM RUN TIMES .00 1.25 -1.25
D 159 ALLOCATE IMMEDIATE ACCESS STORAGE .24 1.54 -1.30
B 171 DETERMINE CAUSES OF FAULTY OUTPUT .89 2.21 -1.33
PRODUCTS
D 180 DETERMINE CAUSES OF PROGRAM HALTS .64 2,75 -2.11

OR ABENDS
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