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Abstract

Historically, job analysis has played a fundamental role for developing and

validating licensure and certification examinations. Still, research on what constitutes

reliable and valid job analysis data is lacking. Consequently, few guidelines exist for

collection and use of job analysis data in practice. This paper examines the reliability and

validity of job analysis survey results. Generalizability theory and the multi-facet Rasch

IRT model (FACETS) are applied to investigate consistency and generalizability in task

importance measures, to suggest reliable sample size, to justify the number and use of

rating scales, and to detect possible rating errors. By using random samples from job

analysis data for two professions with divergent job activities, this study finds that a

representative sample as small as 400 respondents produces reliable estimates of task

importance to the same degree of generalizability as obtained from a larger sample of job

analysis respondents. Analyses of rating scales suggest that the effectiveness of using

differing numbers and types of rating scales depends on the nature of a profession.

Limited rating ranges and fatigue effect are two types of erratic ratings identified in this

study. Results indicate that FACETS' indices, such as rater severity as well as infit and

outfit statistics, are efficient and precise in detecting those rating errors.



Examining Reliability and Validity of Job Analysis Survey Data

Examinations used for licensure and certification are designed to assess professional

competence. According to the Standards for Educational and Psychological Testing (AERA,

APA, NCME, 1999), validation of these examinations depends mainly on content-related

evidence, with job analysis providing the primary basis for defining the test content domain.

Often, such a job analysis is conducted on the work performed by people in a profession or

occupation to document the tasks that are essential to practice (AERA, APA, NCME, 1999;

Kane, 1982, 1986, 1997; Mehren, 1997; Raymond, 1995). To serve this purpose, a task survey

questionnaire is commonly administered to practicing professionals; through the survey, relevant

and important tasks that constitute job performance in the profession are rated on the basis of one

or more rating scales (Knapp & Knapp, 1995). To adequately represent the major job

characteristics, multiple rating scales are commonly selected to reflect separate aspects of the

tasks, such as frequency of performance, criticality to public protection, and necessity at time of

initial licensure. After collecting the survey data, task ratings are analyzed and a numerical

measure of importance is computed for each task. Detailed test specifications are then developed

using these task importance measures. The goal of such a job analysis is to obtain reliable and

valid task measures for defining the test content domain.

Although job analysis has played a fundamental role for developing and validating

licensure and certification examinations, issues regarding the reliability and validity of a job

analysis result have scarcely been addressed. Significant gaps abound in the job analysis research

base; consequently, few guidelines exist for collection and use of job analysis data in practice

(Harvey, 1991; Nelson, 1994). The best type of rating scales to use, optimal and minimal number
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of rating scales, adequate sample size, and treatment of low response rates in task surveys are

just some of the issues remaining to be investigated in job analysis.

It is well recognized that how rating scales are selected and survey data are collected

have a significant impact on the interpretation and generalizability of the job analysis result

(Harvey, 1991; Nelson, 1994). In practice, however, the choice of task rating scales has usually

been guided by historic precedents, with some consideration given to minimizing possible

overlap because of too many ratings per task, and to reducing survey takers' fatigue (Knapp &

Knapp, 1995). Few studies have been conducted to provide a basis for justifying the adequacy

and effectiveness in selecting and using job analysis rating scales (Sanchez & Levin, 1989;

Sanchez & Fraser, 1992).

Survey sample representativeness, sufficient sample size, and low response rates are

related issues for a job analysis. Traditionally, to ensure representativeness of survey

respondents, job analysts distributed surveys to a large, or even unduly large number of

practicing professionals. It is common for relatively low response rates to occur, especially in the

areas of licensure and certification. It is a particular concern that low response rates would

introduce systematic errors into job analysis data, thereby, reducing the validity of job analysis

results. In general, however, there are limited investigations that consider what minimal sample

size is required to assure a reliable and representative job analysis result.

Job analysis task surveys usually employ Likert-type rating scales. Even though these

types of scales are widely used, there are problems associated with their interpretation due to

rater errors, such as rater severity, central tendency, and restriction of range (Saal, Downey, &

Lahey, 1980; Zegers, 1991). There has been limited investigation into possible approaches for

detecting such rating errors to ensure reliable and valid job analysis data collection, use, and
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interpretation.

The purpose of this paper is to examine the reliability and validity of job analysis survey

results by applying various measurement techniques, such as Generalizability theory, and the

multi-facet Rasch IRT model. With the goal of providing evidence for valid and reliable job

analyses, this study investigates whether survey ratings are consistent across different samples of

raters, given the samples are representative of the survey population. The study also explores

appropriate sample size as well as the minimal number of rating scales required to obtain reliable

and valid job analysis results. In addition, this study attempts to provide a forum for discussing

possible procedures for detecting rating errors that may occur in job analysis survey data.

Through this investigation, the study explores a process for ensuring valid use and interpretation

of job analysis data.

Facets of Job Analysis Survey Data

The objective in job analysis is to obtain measures of relative task importance. The

meaning of these task importance measures provides the basis for assessing the reliability and

validity of job analysis results (Messick, 1989); therefore, to examine reliability and validity of

job analysis results, evidence needs to be collected on how the meaning of the task measures are

derived. Consequently, it is useful to breakdown job analysis survey data into facets, so the

influence of each facet on the task importance measures can be examined. If individual facets of

task importance measures are valid and reliable, then evidence exists for the valid and reliable

meaning of the task measures as a whole.

In a job analysis task survey, there are at least three major facets: Task Measure, Rater,

and Rating Scale. The first facet, Task Measure, quantifies relatiNie importance of tasks
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performed in the profession. It encompasses different aspects of a task, such as frequency of

performance, criticality (i.e., importance for public protection), and need at entry-level. It is

expected that tasks will vary in their importance measures based on the ratings of these

perspectives. The goal of job analysis is to validly identify and reliably differentiate these tasks'

importance measures.

The second facet is Raters, the job analysis task survey respondents. Raters' knowledge

and experience in the profession are essential in determining the task measures. Respondents'

unique reactions to the survey as well as their personal characteristics can also influence task

ratings. Some raters may provide consistently low ratings across tasks, while others tend to rate

tasks higher. How to distinguish between true diversity of ratings and erratic raters (e.g., severe

or lenient raters, halo effect, limited ranges, etc.) is important for ensuring reliable and replicable

job analysis results, as well as valid data interpretation.

The third facet, Rating Scales, represents separate aspects of the tasks. In this study, the

rating scales include frequency (how often is a task performed), criticality (how important is a

task for public protection), and need at entry-level (is this a task that someone must do when first

licensed or certified). How each task is rated on these scales provide useful information for the

meaning of task importance measures. In job analysis practice, it has been debated at length

about the effectiveness of different rating scales. The necessity of using multiple rating scales,

the best kind of rating scales to use, and the optimal number of rating scales to use, are issues of

frequent concern for job analysts. Through analyzing data from job analyses for different

professions, this study attempts to provide empirical evidence about the necessity of the scales.

The combination of these facets forms the job analysis survey structure. When task

importance measures derived from this structure differs from sample to sample, the job analysis
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results are not replicable, generalizable, or valid. To ensure a reliable and valid job analysis,

information related to each component of the structure should be carefully examined. Possible

improvements suggested from the examination of previous job analyses in similar professions

should be undertaken for future job analyses.

Methods

Job Analysis Survey Data

Two job analyses conducted by Assessment Systems, Inc. (ASI) provide the survey data

used in this paper. A National Analysis of the Occupational Tasks and Activities of Real Estate

Professionals was conducted in 1998 for the real estate licensing program of ASI. The survey for

this job analysis was designed to identify tasks and activities that were most frequently

performed, most critical for public protection, and most essential at entry level into the

profession. Eighty-three tasks and activities compiled by a national committee of established real

estate professionals and subject matter experts were rated on scales of frequency of performance,

criticality for public protection, and need at time of licenstire. The frequency scale was coded:

0Never, 1=Rarely, 2=Sometimes, 3=Often. Criticality was coded: 0=Not Important, 1=Slightly

Important, 2=Moderately Important, 3=Extremely Important. The need scale was coded: 0=Not

required at all, 1=Not required at entry, 2=Required at entry, 3=Required at entry and further

developed. Subject matter experts eliminated 16 tasks as unimportant after the survey had been

completed, leaving 67 tasks that were ultimately used both in the job analysis and in this study.

Both major groups of real estate professionals, sales and brokers, were sampled using the same

survey. Nine sample regions were defined and targeted for the United States to avoid state

specific variations in response rate, and to maintain a balanced return from all regions.
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Demographic data used from the job analysis survey included information on job description,

license type, gender, years of practice, and area of specialty. 16,351 surveys were mailed, and

results of the job analysis were based on 1,420 respondents.

The Job Analysis of Touch Therapies Practitioners conducted in 1997 by ASI for the

National Certification Board for Therapeutic Massage and Bodywork (NCBTMB) provide a

second set of survey data to analyze. The purpose for this job analysis was to validate content for

a new entry-level credentialling examination. The survey was composed of 342 tasks, knowledge

statements, and professional standards that were to be rated for relevance to the practice of touch

therapies. Focus groups of subject matter experts, representing the various types of touch

therapies, reviewed the previous job analysis and made recommendations to the job analysis task

force for additions, changes, and deletions of tasks, activities, and knowledge statements to be

included in the survey. The final survey was approved by the NCBTMB. Respondents rated the

elements of the survey for frequency (how often a task or activity was performed in practice),

competence (how important the task was to practice), and entty level (how necessary was thc

task, activity, or standard for entry-level performance). These rating scales were coded as

folloWs: Frequency (0=Never, 1=Seldom, 2=Often, 3=Almost always); Competence (0=Not

necessary, 1=Slightly necessary, 2=Moderately necessary, 3=Vely necessary); Entry Level

(0=Not relevant, 1=Necessary, 2=Not necessary). From a mailing list of 72,368 people

representing ten different organizations and credentialling groups under the NCBTMB, a

stratified random sample of 20 percent from each group was selected to receive the survey. From

the 14,917 surveys mailed, the job analysis was performed on 1,903 respondents.
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Generalizability Analysis

In Generalizability theory (G-theory), a behavioral measurement is considered a sample

from a universe of admissible observations described by one or more facets. The universe of

observations for a measurement includes all the facets of the observation that can vary without

altering the reliability or acceptability of the measurement. For example, if the choice of rating

scales might effect task importance measures, then an adequate sample of scales must be

included in the measurement procedure. Ideally, we would like to know if a task importance

measure (the universe score) over all combinations of facets and conditions (i.e., all possible

raters, all possible scales, and all possible occasions) reflects competent performance in a

profession. By establishing a variance component for the universe score and variance

components for the other facets that are inherent in an observed score, G-theory allows a true

score (universe score) variance to be separated from error variances of a given measurement.

For job analysis, task importance measures are the universe scores to be estimated.

Variability of task measures due to the design facets (rating scales and raters) can be estimated

via G-theory so that variances due to each facet are identified. Therefore, errors due to

unexpected factors possibly can be detected and adjusted or eliminated. Judgement of whether

the variance due to each facet is expected or unexpected helps the investigation of job analysis

rating validity.

In this study, a series of G-studies are conducted to examine reliability and validity of job

analysis survey data. These include a two-facet (Task x Rater x Scale) random effects design

for Real Estate and Body Therapy job analysis data, and studies on various subsets of the rating

data. Variance components due to main effect and two-way interactions are examined. In each
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analysis, generalizability and dependability coefficients are calculated for decision studies to

assess the reliability of task importance measures for different sample sizes and rating scales.

Multi-Facet Rasch Analysis

The multi-facet Rasch rating model [FACETS] (Linacre, 1989; Wright & Master, 1982)

is also used in analyzing the job analysis survey data. The basic Rasch model is a one-parameter

IRT logistic model for dichotomously scored responses, while FACETS extends this model to

ordinal rating data. FACETS models the probability that a rater assigns a rating in category j

rather than a rating in category j-1. In analyzing job analysis rating data, the probability (Pnibc) of

rater n rating task i with a rating x (x ranging from 0 to m) on scale 1 (1 = 1, 2, or 3 in this study)

is modeled as

Pnilx = {exp E [B. (Di + Fj + SO]} (Eexp [Bn (Di + + SO]} ,
J=0 k=0 j=0

where B is the rater's propensity towards higher ratings (rater severity), Di is the task's lack of

propensity to obtain high ratings (task difficulty or measure), Si represents the measure of scale 1

(scale difficulty), Fj is the marginal lack of propensity to obtain the jth rating on the rating scale 1

(difficulty being rated in category j rather than category j-1).

FACETS is a unidimensional model with a single proficiency parameter for the objective

of measurement (task measure in job analysis), and a collection of other facets. In a job analysis,

these other facets can be viewed as a series of rating opportunities that yield multiple ratings for

each task. FACETS is appropriate if the intent is to sum ratings from the rating opportunities

provided by the separate facets, to produce a total measure for the objective (Engelhard, 1994).

Through FACETS analysis, measures in a log-linear scale (units of logits) for each facet

of task, rater, and rating scale are estimated separately. The ordering of task measures, raters, and
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rating scales on the logit scale provide a frame of reference for understanding relationships of the

facets in the job analysis data. By maintaining the optimal property of IRT logistic models,

FACETS makes it possible to separately observe estimated task measures from highest to lowest,

estimated rater severity from most to least severe, and estimated scale difficulty from most to

least difficult. Therefore, task measures can be obtained in terms of their relative importance.

Also, outliers in terms of rater severity can be identified and further investigated. In addition,

goodness-of-fit statistics are also estimated for individuals from a perspective of each facet, so

that further diagnostics can be conducted to examine the quality of the rating data.

In this study, FACETS analyses are conducted for both the Real Estate and Body

Therapy job analysis survey data, and for various subsets of the rating data. Task measures

obtained from different rater samples and rating scales of the same survey are compared to

examine the consistency of task measures. In each analysis, diagnostic information, such as

goodness-of-fit statistics and rater severity are examined to detect possible rating errors.

Results and Discussions

Examination of Task Measure Consistency and Generalizability

Consistency and generalizability of the task importance measures are examined using

Task by Rater by Scale (t x r x s) random effects generalizability and decision studies, as well

as FACETS analyses. Through G-studies on all of the job analysis data for both Real Estate and

Body Therapy, and on various subsets of the same job analysis data, variability due to each facet

and their two-way interactions are compared. The tx rx s design for each data set is also used

to examine the extent to which generalizations of the task ratings from the selected sample of

raters and scales to the larger domain of job activities in the profession are valid. To allow
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statistical tests on rank distributions of identical task measures obtained from different samples,

FACETS analyses are conducted on all of the Real Estate job analysis data and on various

subsets of the data.

Generalizability studies for Real Estate job analysis. To examine task measure

consistency, 1,420 raters from the Real Estate job analysis data are divided into three random

groups. The first random group consists of 472 raters, the second group has 452 raters, and the

third random group consists of 496 raters. A series of three-way tx r x s ANOVAs are

conducted on the entire data set, the three random groups, and a complete data set, which consist

of 457 raters who responded to all 67 tasks on each of the three rating scales. Table 1 provides

the random effects ANOVA estimates from the generalizability studies for the five data sets.

Insert Table 1 about here

As can be seen in Table 1, the results are similar for the five analyses. Across the five

data sets, the variability due to tasks account for a large percentage (,20%) of the total variance,

whereas the variability due to raters account for approximately 10% of the total variance, and the

variability due to scales account for the least amount (t-,2%) of the total variance. The variance

component for t x r, which represents the differential rating of raters across tasks, account for

the largest percentage (130%, except for the error term) of the total variability across the four

analyses. Due to insufficient computing memory, the variance component for t x r for the entire

data set can not be estimated. The t x s component, which accounts for the differential rating of

tasks across scales, is relatively small (<5%). The variance component for the r x s interaction,

which represents the differential rating of raters across scales, also accounts for a small
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percentage of the total variability (8%).

For the decision studies, a random effects design is used. The decision studies incorporate

1, 2, or 3 scales and either 400 or 1,400 raters. 400 raters are selected to reflect the smallest

sample size used in the analyses of this study, and 1,400 raters are chosen to reflect the sample

size used for the Real Estate job analysis. A different number of scales are used to examine how

much the generalizability and dependability coefficients are improved by using more scales.

Table 2 shows the generalizability (p2) and dependability (4)) coefficients for decision

studies on three random groups and the complete data set. The generalizability coefficients are

for relative decisions in which the reliability of the rank order of task measures is of interest. The

dependability coefficients are for absolute decisions in which the reliability of the absolute level

of task measures is of interest.

Insert Table 2 about here

It can be seen in Table 2, That the reliability of task ratings in terms of either rank orders

or absolute values is relatively high across all four data sets, even with a sample size of 400

raters, rating on only one scale. Results from both Tables 1 and 2 indicate task ratings are very

stable across different samples, variances from using different rating scales are very small, and

increasing the number of scales from one to three does not greatly increase the reliability of the

task ratings. In addition, when two rating scales are used, reliability coefficients are mostly

greater than 0.90.

FACETS analyses for Real Estate job analysis data. To further investigate if task
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measures are consistent across different samples, FACETS analyses are conducted for six data

sets (i.e., three random groups, a complete data set, the total Real Estate job analysis data, and

rating data consisting only of real estate brokers). The three random groups and complete data set

are similarly representative of real estate professionals. The results from these groups should be

consistent, if the use of a smaller sample size has no effect on the job analysis results. The rating

data for brokers is included as a group, since brokers only represent one sub-population of the

real estate professionals. A difference in ratings of this subgroup from the total group is

expected, thereby providing evidence of discriminant validity for the job analysis results.

To effectively communicate the results across analyses, the 67 task measures obtained

from each of the six FACETS analyses are transformed into percentage weights. Task measures

in logits and their transformed percentage weights for each of the six data sets are provided in

Appendix A.

To determine if the same rank order of task weights is obtained from different samples, a

correlation of the task weights between each of the five data sets (i.e., the three random groups,

the complete data set, and the brokers) and the total job analysis data set is calculated. The

Wilcoxon non-parametric signed ranks test for two related samples is also performed for each

pair of data sets to examine whether the pairs of task weights have the same rank distributions.

There are 66 degrees of freedom for each test (the number of tasks minus 1). The correlation

coefficients and results from the statistical tests are shown in Table 3.

Insert Table 3 about here
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Results in Table 3 indicate no significant difference in task measures obtained from

random sub-groups of the job analysis data, or from the data set of complete responses, when

compared to the total job analysis data. These results further confirm the G-studies' finding that

consistent task measures can be obtained with a representative sample size as small as 400 raters.

The result from the broker subgroup of the real estate professionals significantly differed from

the total group of professionals (p<0.05). Because a single subgroup of brokers can not represent

the entire population of the profession, this result provides one type of evidence for discriminant

validity of the job analysis.

Generalizability studies for Body Therapy job analysis data. To examine the influence of

sample size on the consistency of job analysis task survey results, another job analysis data set

from a totally different profession, Body Therapy, is analyzed using the same design of

generalizability studies as for the Real Estate job analysis data. Of the 1,903 respondents to the

task survey, 1,046 raters provide complete responses to each of 342 tasks on the three rating

scales. Three generalizability studies of the Task x Rater x Scale random effects ANOVA

design are conducted based on these 1,046 respondents. The first study includes ratings from all

1,046 raters. The second study analyzes task ratings from a randomly selected set of 521 raters

from the 1,046 raters (Rgrpl). The third study analyzes task ratings from another independent

random set of 461 raters out of the 1,046 raters (Rgrp2). Table 4 provides the variance

component estimates from the generalizability studies on the three data sets.

Insert Table 4 about here
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Results in Table 4 confirm the findings from the Real Estate data analyses. That is, the

distributions of the variability due to each component are stable across the three analyses, even

though the one sample size is as small as 421 raters. For this job analysis, the variability due to

tasks account for about 25% of the total variance, the variability due to raters account for a small

percentage of the total variance (=,6%), and the variability due to scales account for

approximately 13% of the total variance. The variance component due to t x r account for the

second largest percentage of the total variability (24%), whereas the variance component due to

t x s account for about 10% of the total variation. Variability due to r X s account for the

smallest percentage of the total variance (3%). Since the variance components due to raters is

small and the variance components due to scales is relatively large, the interpretation is that

raters are using the scales in the same fashion. The use of the scales across raters is even more

stable in the Body Therapist job analysis than in the Real Estate analySis, although the variability

due to r x s in the Real Estate job analysis data is also relatively small.

The variance due to raters is smaller in the Body Therapist job nrAysis than in the Real

Estate job analysis. This fact can be related to the different nature of the two professions. The job

activities are more likely to be technique oriented for the body therapists, whereas real estate

professionals are working in broad geographic areas, where people's socio-economic status,

educational levels, and other demographic background are quite varied. The more socially

oriented nature of the real estate profession is a possible factor contributing to a larger variability

in the rater effect. It is also interesting to note that the variance component due to scales is much

larger for the body therapy profession, in comparison to the almost negligible variance

component from scales in the real estate job analysis. Again, a possible cause may be the

different nature of the professions. For job performance of body therapists, public protection
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should be more emphasized than in real estate. Therefore, while a task may not be frequently

performed, it should be weighted more heavily if it is important for public protection and needed

for entry level of licensing. As a result, to accommodate different perspectives of a task in body

therapy, more scales are needed for their job analysis, as compared to real estate.

For decision studies, a random effects design is used. The decision studies incorporated 1,

2, or 3 scales and either 400, 1,000, or 1,900 raters. 400 raters are selected to reflect the smallest

sample size used in the analyses of this study. 1,000 raters are chosen to reflect the sample size

from which complete responses to all 342 tasks are collected on each of the three rating scales.

1,900 raters are selected to reflect the sample size used in all of the Body Therapy job analysis.

Different numbers of scales are used to examine how much the reliability is improved by using

more rating scales.

Table 5 shows the generalizability (p2) and dependability (4)) coefficients for decision

studies of the two random groups and the complete data set. It can be seen in Table 5, that the

reliability of task ratings in terms of either rank orders or absolute values is very stnhle across the

three analyses. Table 5 further confirms the finding from the real estate data analysis, that

increasing sample size from 400 raters to 1,000 or 1,900 does not improve the reliability of the

job analysis results. Unlike the Real Estate job analysis, in the Body Therapy job analysis,

increasing the number of rating scales greatly increases the reliability of the results, in terms of

both rank orders and absolute values of task measures.

Insert Table 5 about here
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Evaluation of Scale Necessity

Generalizability studies for Real Estate job analysis. To evaluate the necessity of scales

in the Real Estate job analysis, data from each combination of two rating scales are analyzed

using data from raters who responded to all 67 tasks. Data from 486 such raters is analyzed for

the combination of frequency and criticality scales. Data from 523 of these respondents are used

for the combination of frequency and need-at-entry scales. For the combination of criticality and

need-at-entry scales, data from 470 complete raters are analyzed. Three-way tx rx s ANOVAs

are performed for the combination of two scales. Table 6 provides the estimates of variance

components resulting from the three-way random effects ANOVAs.

Insert Table 6 about here

Even though the abSolute percentages of variance components due to each i.ffect nr,- not

as similar as those found in Table 1, a similar trend in the variability distributions still can be

observed across the three analyses. The variability due to scales is negligible. In particular,

almost no variation is found between frequency and need-at-entry scales. The variance

component due to the t x s interaction, which represents differential rating of tasks across scales,

is also very small. Again, the variability due to the r x s interaction, which represents differential

rating of raters across scales, is the next smallest component. The rater component accounts for

about 10% of the total variance. The variance component due to tasks accounts for a relatively

large percentage of the total variation (18% to 28%) depending on the combinations. Except the

error term, the t x r interaction, representing differential rating of raters across tasks, accounts
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for the largest percentage of the total variance (25% to 30%).

For the decision studies, a random effects design is used. The decision studies incorporate

400 raters and 1, 2, or 3 scales. 400 raters are used because results from the examination of task

measure consistency indicate that a sample size of 400 provided highly reliable results. Different

numbers of scales are selected to examine how much the generalizability and dependability

coefficients are improved by using more scales. Table 7 shows the generalizability (p2) and

dependability (4)) coefficients for the decision studies.

Insert Table 7 about here

Findings from Tables 6 and 7 indicate that three rating scales may not be necessary for

obtaining reliable job analysis results for the real estate profession. Two scales such as criticality

and need may be sufficient, if the survey questionnaire is carefully constructed.

FACETS analyses for Real Estate job analysis data. To further inw-stigate if thrcc scales .

are necessary, FACETS analyses are conducted on rating data from each single scale and each

combination of two scales. To effectively communicate results across analyses, the 67 task

measures obtained from each of the six FACETS analyses are transformed into percentage

weights. For each of the six data sets, task measures in logits and their transformed percentage

weights are provided in Appendix B.

To determine if the same rank order of task weights is obtained from different data sets, a

correlation is done between the task weights of each of the six data sets (i.e., three single rating

scales and three combinations of two rating scales) and the task weights obtained from the total

job analysis data set. The Wilcoxon non-parametric signed ranks test for two related samples is
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conducted for each pair of data sets to examine whether each set of task weights has the same

rank distributions as those obtained from the entire job analysis data set. There are 66 degrees of

freedom for each test (the number of tasks minus 1). The correlation coefficients and the results

from the statistical tests are shown in Table 8.

Insert Table 8 about here

Results in Table 8 indicate there is no significant difference between task weights

obtained from subsets of the rating data and task weights obtained from the all of the job analysis

data. These results further confirm that three rating scales are not necessary for a job analysis in

this profession.

Detection of Rating Errors

Job analysis task surveys usually employ Likert-type rating scales. Given that diversity of

responses to a certain degree is desired to reflect opinions obtained from professionals with

different work experiences and job activities, it is necessary to identify erratic ratings to ensure

that consistent and valid task measures are obtained. The errors in interpreting Likert-type rating

scales in the context of performance assessment are commonly identified as rater severity,

central tendency, halo effect, and restriction of range (Saal, Downey, & Lahey, 1980; Zegers,

1991). Other rater effects such as fatigue can also threaten the validity of job analysis results

(Knapp & Knapp, 1995). Some questions then, in job analysis, are what kind of rating errors can

occur and should be identified in the survey data? For what circumstances do those errors effect

the accuracy of task measures and data interpretation? If errors exist, how should the job analysis
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and the subsequent analysis of rating data be designed to eliminate those errors?

In this study, rater errors are detected using indices obtained from FACETS analyses,

such as rater severity, outfit, and infit statistics. Descriptive statistics such as means, variances,

and frequencies of ratings are also examined to detect rater errors. Using real job analysis data

for Real Estate and Body Therapy, this study attempts to provide a forum to discuss possible

answers to these questions, and to provide suggestions for job analysis practices.

Limited rating range. According to our experience, the most commonly committed rating

error in a job analysis survey is that raters restricted their ratings on all tasks to just one category

on the rating scales. Since the purpose of a valid and effective job analysis is to identify relative

importance of the tasks, failure to distinguish relevant rankings among the tasks is considered to

be an erratic rating. Restricted ratings for the Real Estate job analysis data can be one of the

extreme categories (0 or 3), or a middle category on the scales (1 or 2). Several indices from

---FACETS analysis are promising for identifying this type of rater error.

One index from FACETS analysis used for investigating limit e_ d tira ng range is Rater

Severity. A rater severity value in logits is obtained for each rater through analyzing ratings on

all three scales in all of the Real Estate job analysis data. The range of rater severity values for

the 1,420 raters in this analysis is from 5.49 to 4.28. Most of the values fall between

2.00 and 2.00. For raters with relatively low logit values and relatively high logit values,

means, variances, and frequencies of their ratings across tasks are calculated for each of the three

rating scales. The results indicate that raters with a severity value lower than 1.00 give a rating

of 3 on at least two rating scales for all or most of the tasks. Eighty-four raters with this kind of

erratic rating are identified out of the 1,420 people. Raters with a severity value higher than 2.50

provide a rating of 0 on at least two rating scales for all or most of the tasks. Three people with
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this kind of erratic rating are identified out of the 1,420 real estate job analysis raters.

FACETS analysis using the 1,420 raters is also conducted for ratings on each scale. The

rater severity ranges from 4.82 to 3.63 for the frequency scale, -4.48 to 5.17 for the importance

scale, and 4.75 to 6.79 for the need scale. Examination of relatively lenient and severe raters

yields similar results to those found from FACETS analysis using ratings on all three scales.

Raters with higher severity values give a rating of 0 on the corresponding scale for all or most of

the tasks, and raters with lower severity values give a rating of 3 on the respective scale for all or

most of the tasks.

The second index from FACETS analysis used for investigating limited rating range is

Fit Statistics, including both Outfit and Infit statistics. The infit statistic is an information

weighted mean-square residual difference between observed and expected values, which focuses

on the accumulation of central, inlying, deviations from expectation. The outfit statistic is the

usual unweighted mean-square residual, which is particularly sensitive to outlying deviations

from expectation. The expected value for the mean-square is 1.0 with a rqnge from 0 to infinity.

The region for acceptable fit is usually recommended to be greater than 0.6 and less than 1.5

(Linacre, 1989; Lunz et al, 1990; Stone, 1997).

As expected, the outfit statistics from FACETS analyses using ratings on all three scales

and on each rating scale individually, indicate that raters with muted outfit values (as low as 0.2

or 0.3) tend to give a rating of 3 for all or most of the tasks. Raters with noisy outfit values

(higher than 1.5) tend to give a rating of 0 across the tasks. As expected for the infit statistics,

the results show that raters with muted infit values tend to give a rating of 2 (one of the middle

categories) across the tasks, and people with noisy infit values tend to rate on one extreme

category for one scale(s) and on another extreme category for the other scale(s).

2 3
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Fatigue effect. Body Therapy job analysis data are analyzed to investigate the fatigue

effect in rating job analysis tasks. The 342 tasks are divided into three blocks according to the

administered tasks' sequence number in the survey. The first block consists of the first 114 tasks

in the survey, the second block contains the second 114 tasks, and the third block consists of the

last 114 tasks in the survey. Frequencies of each rater's ratings on each rating scale are

calculated separately for each block and for all tasks. Table 9 provides the number of raters who

rate only one category on each scale within each block, and who rate only one category for all

342 tasks (i.e., a rater's rating variance for those tasks on the scale is 0).

Insert Table 9 about here

From Table 9, it can be seen that as more tasks are being rated, more raters tended to

select just one rating category on the competence and need-at-entry scales. Also, more raters

select only one category on the second and the third scale (i.e., competence and.need-at-entry)

than on the first scale (i.e., frequency). A possible interpretation of these results may be a fatigue

effect in raters, simply because rating such a large number of tasks (342) on three scales in a

single survey is overwhelming and tiresome to complete or to give appropriate attention and

judgement.

Conclusions

According to professional standards, federal regulations, and legal precedent, job

analyses are considered essential to the development and validation of licensure and certification

examinations. Still, research on what constitutes reliable and valid job analysis data is lacking. In
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addition, guidelines and procedures for ensuring valid use and interpretation of job analysis

results remains to be investigated. This paper illustrates procedures that can be used to examine

the reliability and validity of job analysis results. G-theory and the multi-facet Rasch IRT model

are applied to job analysis data and results to investigate consistency and generalizability in task

importance measures, to suggest reliable survey sample sizes, to justify the number and use of

rating scales, and to detect possible rating errors.

By using random samples from job analysis data for two professions with divergent job

activities, this study finds that a representative sample as small as 400 raters produces reliable

task importance measures to the same degree as obtained from a large sample (more than 1,000)

used in the actual job analyses. For the Real Estate job analysis, a representative sample of 450

raters produces statistically equivalent task measures for 67 tasks, as compared to a total of 1,420

raters for the actual job analysis. The decision studies also reveal that dependability coefficients

for a sample size of 400 raters are larger than 0.90 when using either two or three rating scales.

These coefficients are the same as produced from a sample size of 1,400. nicrt-iminant validity is

shown from an analysis of only the broker subgroup of real estate professionals, which indicates

that ratings from such a non-representative sample do not produce the same task measures as

those obtained from a representative sample. For the Body Therapy job analysis, results from

varying sample size are similar to the Real Estate results: increasing sample sizes from 400 raters

to 1,000 or 1,900 does not alter the reliability of the task measures. Additionally, using three

rating scales with a small sample size yields a generalizability coefficient as high as 0.87 and a

dependability coefficient of 0.75 for the task measures. All of these results suggest survey

respondents numbering as small as 400 can be used to obtain reliable estimates of task

importance in a job analysis. If a sample as small as 400 people fully represents the survey
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population, the degree of the generalizability of the job analysis results from this small sample is

the same as that obtained from a larger sample of job analysis respondents.

Analyses of rating scales suggest the effectiveness of using differing numbers and types

of rating scales depend on the nature of a profession. For a profession like real estate where harm

to the public may have a different interpretation than for body therapy, results from two rating

scales such as criticality and need at entry level produce the same reliable and valid task

measures as using more rating scales. Even with one rating scale, the real estate job analysis

produces very similar task measures as when using three scales. These results suggest that using

not just one, but different rating scales for different tasks may be more efficient in conducting a

job analysis for this type of profession. If information for some tasks in a profession concern the

necessity at the time of licensing, then only one scale of need-at-entry is required for collecting

task ratings. Otherwise, a frequency or importance of task rating may be adequate.

Generalizability analyses find that the variance components due to scales in the body therapy job

analysis data are much larger than that obtained from the real estate data; and increaQing the

number of rating scales greatly increases the reliability of the task ratings. These findings suggest

that, for a technique-oriented profession like body therapy, three rating scales are necessary to

obtain reliable and valid task measures.

The use of G-theory and the multi-facet Rasch model have been shown to be useful tools

for examining the reliability and validity of job analysis results. Both methods are able to provide

replicable information that can be used to determine task measure consistency, reliable sample

size, and the optimal number of rating scales to use.

G-theory analyses also help to investigate validity of the job analysis measuring systems

by revealing main effect (i.e., task, rater, and rating scale) variations and variability due to
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differential ratings of raters across scales and tasks. The findings from these analyses coincide

with the conceptual understanding of job activities for each profession. For instance, the study

finds for both professions, that variability due to tasks accounts for a larger percentage of the

total variance as compared to the other two main effects of raters and scales. This is expected for

job analysis results, because the goal of a job analysis is to validly identify and reliably

differentiate tasks' importance measures. The study also finds that variation due to raters for

body therapy is smaller than in real estate. A possible explanation for this finding is that training

for body therapists is more stringent and standardized than for real estate salespersons.

FACETS analyses yield promising results for detecting rating errors. Limited rating

ranges and fatigue effect are two types of erratic ratings that are identified for job analysis data.

Results indicate that the rater severity index is a precise statistic in detecting extreme ratings

across tasks. Also, outfit statistics are useful in examining ratings on the extreme categories, and

infit statistics are helpful in detecting ratings in both the middle and extreme categories.

Although lengthy presentations of descriptive statistics, such as means, variances, and

frequencies across raters and tasks, may also detect these types of errors, the use of FACETS'

indices, such as severity and fit statistics, is very efficient and much less time-consuming. A

benefit of FACETS is that this diagnostic information is generated in conjunction with the task

measures analysis. To fully answer questions on the kind of rating errors occurring and which

errors should be identified in job analysis survey rating data, more research should be undertaken

to conceptualize and categorize possible rating errors, as well as to investigate methods for

detecting those errors.
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Table 1

Variance Estimates for Task x Rater x Scale G-studies, Using Random Effects Design

(Three Random Groups, Complete Data Set, and Total Data Set from the Real Estate Job

Analysis)

Grpl % Grp2 % Grp3 % Comp % Total %

Task 0.23 18.7 0.31 23.7 0.25 20.3 0.26 20.8 0.27 21.0
Rater 0.12 9.8 0.12 9.2 0.13 10.6 0.13 10.1 0.11 8.8

Scale 0.01 0.8 0.01 0.8 0.02 1.6 0.02 1.2 0.03 2.1

t x r 0.36 29.3 0.35 26.7 0.33 26.8 0.35 27.4 * *

t x s 0.04 3.3 0.04 3.1 0.04 3.3 0.04 3.3 0.07 5.3

r x s 0.10 8.1 0.10 7.6 0.11 8.9 0.10 8.2 0.11 8.8

rxtxs 0.37 30.1 0,38 29.0 0.35 28.5 0.37 29.0 0.69 54.0
* Due to insufficient computing memory, data set was too large to estimate the effect.
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Table 2

Generalizability and Dependability Coefficients for Rater x Task x Scale Decision Studies

(Three Random Groups, Complete Data Set, and Total Data Set from the Real Estate Job

Analysis)

Coefficient n, n,

1

2
3

1

2
3

1

2
3

1

2
3

Grpl

0.86
0.92
0.94
0.86
0.92
0.95

0.82
0.90
0.93
0.82
0.90
0.93

Grp2

0.87
0.93
0.95
0.87
0.93
0.95

0.84
0.91
0.94
0.84
0.91
0.94

Grp3

0.85
0.91
0.94
0.85
0.92
0.94

0.80
0.88
0.92
0.80
0.89
0.92

Comp

0.86
0.92
0.95
0.86
0.93
0.95

0.82
0.90
0.93
0.82
0.90
0.93

p2

4)

400

1400

400

1400

3 2,
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Table 3

Correlation Coefficients and Statistical Tests of Task Weights between the Total Data Set and

Three Random Groups, Complete Data Set, and Only Brokers from the Real Estate Job Analysis

Data paired with Sample Correlation Test p-value
the total group Size Coefficient z-statistic (two-tailed)

Group 1 452 0.999 0.456 0.648

Group 2 472 0.999 0.162 0.901

Group 3 496 0.999 0.381 0.871

Complete responses 457 0.998 0.125 0.703

Brokers 233 0.837 2.268 0.023
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Table 4

Variance Estimates for Task x Rater x Scale G-studies, Using Random Effects Design

(Two Random Groups and Complete Data Set from the Body Therapy Job Analysis)

Task
Rater
Scale
txr
t x s
rXs
r x t x s

Rgrpl % Rgrp2 % Complete %

0.35 24.8 0.34 24.5 0.34 24.2
0.08 6.0 0.09 6.0 0.09 6.2
0.19 13.6 0.19 13.6 0.19 13.2
0.33 23.6 0.33 23.4 0.34 24.0
0.15 10.4 0.15 10.5 0.15 10.6
0.05 3.2 0.05 3.4 0.04 3.1
0.26 18.4 0.26 18.6 0.26 18.6
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Table 5

Generalizability and Dependability Coefficients for Rater x Task x Scale Decision Studies

(Two Random Groups and Complete Data Set from the Body Therapy Job Analysis)

Coefficient n, a, Rgrpl
p2 400 1 0.70

2 0.82
3 0.87

1000 1 0.70
2 0.82
3 0.88

1900 1 0.70
2 0.83
3 0.88

(i) 400 1 0.51
2 0.67
3 0.75

1000 1 0.51
2 0.67
3 0.75

1900 1 0.51
2 0.67
3 0.76

Rgrp2 Complete

0.70 0.69
0.82 0.82
0.87 0.87
0.70 0.70
0.82 0.82
0.87 0.87
0.70 0.70
0.82 0.82
0.87 0.87

0.50 0.50
0.67 0.67
0.75 0.75
0.50 0.50
0.67 0.67
0.75 0.75
0.50 0.50
0.67 0.67
0.75 0.75
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Table 6

Variance Estimates for Task x Rater x Scale G-studies, Using Random Effects Design

(Complete Data Set for Each Combination of Two Rating Scales from the Real Estate Job

Analysis)

Task
Rater
Scale
t x r
t x s
r x s
r x t x s

Freq & Crit Freq & Need Crit & Need

0.23 18.4 0.39 27.7 0.22 18.1
0.12 9.7 0.11 8.2 0.15 12.7
0.02 1.7 0 0 0.03 2.1
0.31 24.8 0.38 27.1 0.35 29.4
0.08 6.6 0.02 1.5 0.03 2.2
0.09 7.0 0.12 8.3 0.10 8.3
0.40 31.8 0.38 27.2 0,33 27.3
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Table 7

Generalizability and Dependability Coefficients for Rater x Task x Scale Decision Studies

(Complete Data Set for Each of the Single Rating Scales and the Combination of Two Rating

Scales from the Real Estate Job Analysis)

Coefficient n, n. Freq & Crit

p2 400 1 0.73
2 0.84
3 0.89

400 1 0.68
2 0.81
3 0.86

3 7

Freq & Need Crit & Need

0.94 0.89
0.97 0.94
0.97 0.96
0.94 0.80
0.97 0.89
0.97 0.92
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Table 8

Correlation Coefficients and Statistical Tests of Task Weights between the Total Data Set and

Complete Data Sets of the Three Single Rating Scales and the Combinations of Two Rating

Scales from the Real Estate Job Analysis

Data paired with
the total group

Sample
Size

Correlation
Coefficient

Test
z-statistic

p-value
(two-tailed)

Frequency 815 0.977 0.175 0.861

Criticality 499 0.938 0.319 0.750

Need-at-entry 545 0.992 0.181 0.856

Freq & Crit 486 0.997 0.469 0.639

Freq & Need 523 0.994 0.250 0.803

Crit & Need 470 0.986 0.468 0.639
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Table 9

Numbers of Respondents Rating Only One Category within Each Scale in Three Equal Tasks

Blocks and All Tasks from the Body Therapy Job Analysis

Scale Block 1 Block 2 Block 3 Total

Frequency

Competence

Need-at-entry

7

17

30

6

34

48

5

30

46

2

8

20

3 9
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Appendix A

Task Importance Measures in Rasch Logits and their Transformed Percentage Weights for

the Total Real Estate Job Analysis Data Set, Complete Data Set,

the Three Random Groups, and Brokers
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Appendix B

Task Importance Measures in Rasch Logits and their Transformed Percentage Weights for

Complete Data Sets of the Three Single Rating Scales and the Combinations of Two Rating

Scales from the Real Estate Job Analysis Data
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