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FOREWORD

The U.S. Army Research Institute for the Behavioral and
Social Sciences (ARI), working in cooperation with the U.S. Army
Training and Doctrine Command (TRADOC) and with TRADOC’s schocls,
conducts research to develop ways to achieve more cost-effective
training for the Army. 1In 1987 ARI joined with the Quartermaster
School (QMS) at Fort Lee to form a partnership dedicated to iden-
tifying and solving Enlisted Supply Department (ESD) training
problems. The partnership was defined by a Letter of Agreement
(LOA) entitled "Establishment of a Joint Training Technology
Transfer Activity (TTTA)."

This report is one result of that partnership. The work was
carried out by members of the Automated Instructional Systems
Technical Area (formerly the Logistics Training Technologies
Technical Area) of ARI’s Training Research Laboratory to supply
ESD with a method for producing job-relevant performance
measures.

This and other products of the TTTA were briefed to LTG Leon
E. Salomon, Commandant, Logistic Center and Fort Lee, and BG Paul
J. Vanderploog, Commandant, Quartermaster School, in the fall of
1989. It will be used to assess the impact of new training de-
velopments at QMS. It will also provide a model for test devel-

opment at other TRADOC schools.

EDGAR M. JOHNSON
Technical Director
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THE DEVELOPMENT OF CONTENT-VALID PERFORMANCE MEASURES FOR THE 76C
COURSE AND FIELD ASSESSMENT

EXECUTIVE SUMMARY

Requirement:

To develop a job-relevant test battery to assess 76C [pres-
c 'ibed load list (PLL} clerk duty position] skill level in the
Advanced Individual Training (AIT) course and in units. The
battery should provide a standard to measure changes in perfor-
mance resulting from new training procedures at the U.S. Army
Quartermaster School (QMS).

Procedure:

We constructed a prototype performance-oriented test bat-
tery, using standardized procedures for content-valid test
development. In doing so, we also produced a model for develop-
ment of other content-valid tests.

The prototype battery includes a sample of multiple-choice
items from the tasks in the PLL duty position of 76C, and work-
sample tests from this duty position. We administered the bat-
tery at Forts Stewart, Riley, and Lewis to 142 76C soldiers. We
also collected supervisor ratings and biographical information to
explore the usefulness of nontest data to evaluate soldier job
proficiency.

We analyzed test-item data and internal test consistency to
assess quality of the battery. We also correlated supervisor
ratings and biographical information with test scores. Finally,
we compiled test battery scores at the three U.S. Army Forces
Command (FORSCOM) sices to get baseline information on current
PLL skill levels.

Findings:
The prototype battery is reliable but cculd be improved
substantially by increasing the length of the multiple-choice

portion. The battery can be used to assess the impact of new
training methods without heavy administrative demands.

vii




Neither supervisor ratings nor biographical information,
e.g., job experience, correlated with test scores. The super-
visor results highlight an organizational problem, i.e., 76Cs are
supervised by noncommissioned officers (NCOs) who may not be in a
position to accurately evaluate 76C performance. The biographi-
cal data indicate that amount of job experience is not necessar-
ily a good indicator of skill.

Test score averages indicated that the 76C skill level is
moderate (71% for the multiple choice; 76% for the in-basket).
But a subtest of task prioritization showed poor performance
(38%). The first result should not cause concern since it mostly
reflects manual form filling performance of manual PLL operations
being overtaken by computer-aided procedures. The second result
reflects a higher order, nonmechanical skill, and may need fur-
ther examination. Task prioritization is the kind of skill being
addressed in another Training Technology Transfer Activity (TTTA)
project--the Transition Module for 76C MOS.

Utilization of Findings:

The test kattery can be used to assess the impact of changes
in training in the 76C AIT course that have been introduced as
part of the TTTA program. The guidance provided in this report
for constructing content-valid tests should also be useful to
test developers at QMS and other U.S. Army Training and Doctrine
Command (TRADCC) schools.

viii
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THE DEVELOPMENT OF CONTENT-VALID PERFORMANCE HMFASURES
FOR THE 76C COURSE AND FIELD ASSESSMENT

INTRODUCTION

I. Project Background

As part of the on-going Training Technology Transfer
Activity at the Quartermaster School (QMS), Fort Lee, new
training methcds and technologies are being applied to the 76C
Advanced Individual Training (AIT) course and to on-the-job
training in the 76C Military Occupational Speciality (MOS). 1In
this situation, the accurate assessment of the impact of these
course modifications on trainee performance in the school and on
the job is essential. Thus, performance measures must ba
developed trat can provide a valid index of trainee skills in
order to meas e the effecte of such course changes.

The development of performance measures for the 76C AIT
should be conducted with several objectives in mind. First, the
performance measures must contain an accurate and representative
sample of tasks performed on the job. Second, they should
reliably measure the trainee's ability to perform those critical
tasks. Third, an evaluatioir should be conducted on whether
additional non-task-specific elements of the job are critical to
successul performance and if so, how the performance measures
will reliably assess trainee knowledge of these elements.
Fourth, the performance measures need to be scoreable in a
consistent, objective fashion. This is particularly the case if
tL.ese tests are to be placed within a computer-managed
instructional (CMI) system that would provide automatic scoring.
Finally, scores should be able to predict on-the-job performance.

II. Supply System Performance and AIT

The development cf high quality 76C performance tests is an
important element in reducing what has become known as the
transition problem. As Keesee et al. (1980) among others have
noted, the trar.sition from 76C AIT to performing in the assigned
unit has proven difficult for 76C trainees. There are several
apparent reasons for this transition problem: 1) 76C AIT
graduates often work by themselves in a motor pool and have few
people close by who are more knowledgeable about supply
procedures, 2) post-specific procedures for ordering parts and
maintaining prescribed load lists (PLLs) create some divergences
between what the 76C trainee has been taught in school and what
he must actually do on the job, 3) there is a low system
tolerance for even minor errors and omissions in parts orders.




Valid performance tests based on the findings of extensive
front end analyses can help reduce the difficulty of transition
by accurately assessing deficiencies in trainee knowledge and
skills which are essential to successful job performance. In
addition, they guide the development of appropriate instructional
materials so that trainees can meet required standards of
performance on the tests.

ITI. Objectives

A. Primary. This report will describe the test development
methodology to be used in the construction of annex tests for the
four major duty positions covered in the 9 week 76C AIT course
and provide the test taxonomies which determine the structure of
the exams. In addition, results from field tests assessing the
utility of the PLL test battery created according to the taxonomy
will be discussed.

B. Secondary. While performing field tests, the opportunity
to achieve some worthwhile secondary objectives presents itself.
A survey of the job histories of the participating 76C soldiers
can provide useful information about the 76C population,
particularly since the last such survey was conducted in 1986.
The relation between a soldier's test performance and the
supervisor's perceptions of the soldier's everyday job
performance was also deemed to be worth investigating. Finally,
the project provided a means to collect baseline performance on
the proficiency of 76Cs to help evaluate the effectiveness of
future training developments at QMS.

METHODOIOGY FOR 76C TEST BATTERY CONSTRUCTION

I. General Approach

A. Job Analysis. The initial step in developing a test
battery is an analysis of the entry level job which trainees will
be expected to perform. Keesee et al. (1980) note that the 76C
AIT graduate is expected to perform as a journeyman because
his/her supervisor is not in the same MOS, e.g., a 76Y (Unit
Supply Specialist) or 63B (Light Vehicle Mechanic) and not
necessarily at a higher skill level. While this makes it more
difficult for the trainee, it obviates the necessity for
distinguishing between the tasks performed by 76C clerks with
different levels of experience since they are largely responsible
for all 76C tasks.

The Supply and Service (76) Career Management Field which
includes the 76C MOS has been the focus of a number of recent
job and task analyses (Hughes Aircraft, 1981; Duncan, 1984;
TRADOC, 1984). Because of the existence of these reports, it was
deemed unnecessary to conduct a separate job analysis for the
current project. However, interviews were conducted with several
PLL/TAMMS (Prescribed Load List/The Army Maintenance Management




System) clerks at Fort Lee and at Fort Carson as well as with
instructors in the 76C AIT program at the QMS in order to clarify
certain aspects of the task environment.

The most useful job analysis for the current purpose is the
job analysis described in Duncan (1984) which was conducted by
RCA Services and Educational Testing Service as part of the
Basic Skills Education Project (BSEP). Critical tasks were
analyzed in Skill Level 10 and 20 for the 94 highest density
MOSs including 76C. The objective was to identify the
prerequisite competencies or skills needed to successfully
perform the critical tasks in each MOS. Task lists were
developed on the basis of existing materials such as Soldiers
Manuals and lists developed by proponent schools. In
conjunction with Subject Matter Experts (SMEs), the job analysts
identified a) the specific job or performance steps required to
perform each task, b) the equipment required to perform each
task, c) the knowledge and skills necessary to perform each task
and the standards to which the completed task should conform.

The critical tasks for the 76C MOS determined by the BSEP
study are listed in Appendix A. The component elements for each
of the critical tasks are listed in Appendix B. The performance
elements are paired with the code for the prerequisite
competencies which were determined to be essential to successful
element performance. The list of prerequisite competencies
and the corresponding codes are listed in Appendix C.

B. Test Plan. Given the identification of the critical
tasks and the skills required for their performance, the next
step is the development of the test plan. The test plan can be
considered as a template for the construction of alternative
versions of a particular performance measure so that there is a
high degree of consistency between the alternate versions. When
the content of the performance test closely resembles and samples
actual job tasks and duties (i.e. possesses content validity)
the linkage between the items used in the tests and the
tasks/duties of the job does not require the documentation that
would be necessary if the items were more abstractly related to
job performance (e.g., aptitude tests).

The test plan specifies the kind and number of items which
will be used to measure trainees' knowledge of how to perform the
identified critical tasks and the skills associated with their
successful performance. In the present case, the BSEP study
identified 44 critical tasks for the 76C MOS which cover the four
main duty positions of the 76C MOS: PLL (manual and automated),
TAMMS, Shop Stock (manual and automated) and shop clerk. Thus,
the number of critical tasks to be covered in the individual AIT
course annex devoted to each duty position is only a part of the
total of 44 tasks. Due to the size of content material, the
performance tests for each of these course annexes can contain a
complete representation of the relevant critical tasks without
being overly long.




The content of the end-of-annex tests must be based on the
information taught in the annex. However, to be predictively
useful, the test items must also reflect the critical performance
requirements of the job environment. Basing the test content on
the subject matter covered in the annex does not require comment.
Taking into account the performance requirements of the job
situation with respect to these tasks is a more difficult issue,
however. It is not possible or necessarily desirable to exactly
reproduce the job context in the training environment. Those
aspects of the job which seem to present the greatest
difficulties for the new AIT graduate deserve the most attention.

The results of the job analyses mentioned previously
indicated that several aspects of the job environment cause
particular problems. The lack of adequate supervisory technical
expertise means that the 76C must be more proficient at finding
information in Technical Manuals. The differences between school
and post procedures make it more important for 76C, to have a
better understanding of the nature of their job activities. Many
of the differences are understandable or can be seen as minor if
the nature of the activity is well understood. However, because
current training emphasizes that record keeping and supply
procedures are to be performed in one specific way, there is
interference when AIT graduates have to perform the activity in a
slightly different way on the job. In addition, the AIT
graduutes express concern about the differences because they
believe that the procedures taught in school are the only correct
way of performing these activities.

From these points, in addition to the basic subject matter
of supply form completion, it would seem important to test
trainee performance on job comprehension, ability to look up
information, and the degree to which minor variations in
procedures can be assimilated without undue disruption. These
considerations in tandem with the job procedures themselves will
guide the formulation of types of items which can best measure
the knowledge, skills and abilities essential to successful 76C
performance.

C. Item Construction. Once the test plan has been
constructed and the item types and their relative weights
specified, then item construction and validation can begin. SMEs
generate items whose characteristics meet those specified in the
test plan. The number of items generated is roughly 3 to 4 times
greater than the total number needed to allow for constructions
of alternative forms.

When enough items have been developed, they should be tried
out on a pilot basis with personnel currently filling 76C duty
positions and/or with trainees currently enrolled in AIT. Point
biserial correlations or other appropriate statistical analyses
should be performed on the overall test to define its difficulty
level (the number of test takers correctly answering the item)
and discriminative power (the number of students in the top 50%




passing the item compared to the number of students in the
bottom 50% passing the item). The test should have items ranging
in difficulty (e.g., 10% to 90% passing rates) which best
differentiate high and low performing students at each level of
difficulty.

Unlike aptitude tests, achievement tests, such as the end of
annex test considered here, cannot contain items solely on the
basis of their psychometric properties since there are particular
competencies which must be exhibited by all AIT trainees.
However, it is highly useful to have a substantial proportion of
test items on which a range of performance can be expected; this
can reveal the extent of individual differences between
trainees' comprehension of the subject matter.

However, if the emphasis of the test is solely upon the
proper classification of the student as either being a master or
a non-master of the subject matter tested, then a criterion-
referenced test is indicated. Here test items would be selected
to maximally discriminate between masters and non-masters in the
region of the cutoff (criterion) score. The accurate
classification of test takers would thereby be enhanced
(Hambleton and De Gruijter, 1983).

D. Validation. After the pilot testing of items has been
completed and sets of items sufficient to form two alternate
forms of the test specified in the test plan have been selected,
the validation of the test should be conducted. The objective
is to determine whether trainees who score well on the test will
also perform well on the job in situations which are highly
similar to the anticipated job.

There are a number of ways to establish the validity of a
performance test depending on the relationship of the test items
to the tasks performed on the job. In the current situation,
since the job tasks are form-based they can be closely
approximated by convential types of paper and computer-based
tests. This type of content validation is widely accepted as a
proper psychometric procedure when the steps outlined above are
followed carefully (Shrock et al., 1986).

E. Reliability Analysis. An essential part of the
validation process is the assessment of a test's or scale's
reliability, i.e., the degree to which the test or scale provides
a stable index of an individual's knowledge, skills, or opinions.
A common way of considering reliability is to view any particular
test as composed of a random sample of items from a hypothetical
domain of items. The purpose of an item sample is to estimate
the measurement that would be obtained if all the items in the
domain were given(a person's true score). The higher the
correlation of a sample of items with the true score, the more
reliable the sample of items on the test. This domain sampling
model provides precise estimates of reliability when the items
represent a single factor. If the test items used represent




several or many factors, the estimates become less precise
because the correlations among items are more heterogeneous.
Measurement theory is also sensitive to sampling error which
makes larger sample sizes of soldiers desirable (e.g. 200-300).
For the same reason, reliability estimates are more precise for
longer tests. It should be noted though that estimates can
become very precise even when the number of items is 20 or 30
(Nunnally, 1978). Thus in most measurement problems there is
little error in the estimation of reliability that could be
attributed to random error in the selection of items. Reliable
tests also tend to have large variances of total scores relative
to unreliable tests of the same length. The most straightforward
way of assessing reliability is the test-retest method in which a
person completes a test twice. The more reliable a test is, the
more stable an individual's score would be from test to retest.
Unfortunately, the test-retest method has practical difficulties
in using it and in general is more suited to opinion scales than
to tests.

Various statistical procedures have also been developed to
estimate reliability based solely on the pattern of responses
made by individuals to the test items. Large numbers of
subjects (100-300) are typically needed to produce highly stable
estimates by these methods though. One concept derived from
these approaches is the importance of the correlations between
item scores (pass rates) and test scores. Test items which have
negative or zero correlation with overall test scores usually are
poor items since people getting the item correct are getting
lower overall test scores than people missing the itemn.
Typically, this effect is produced by ambiguous, poorly worded,
misleading, or even factually incorrect items. A reliable test
at a minimum cannot have individual item scores negatively
correlated with overall test scores.

Competency testing, as is found in many Army training
situations, introduces an additional complication to construction
of tests with high statistical reliability since certain skills
must be tested regardless of how many soldiers get them right
(or wrong). This requirement to test all identified critical
tasks, usually results in less variation in test scores since
some questions nearly everyone gets right. Unfortunately, the
statistical estimation of reliability is hampered by reductions
in test score ranges.

If the purpose of the test is solely to classify students as
either master (having achieved the cutoff score) or non-master
(not reaching the cutoff score) of the content area, then other
measures of reliability should be used. These measures reflect
the consistency of mastery classifications in test-retest
situations. As previously noted, these measures of reliability
can be increased by selecting highly discriminative test items in
the region of the cutoff score. This item selection however can




be at the expense of uniformly testing the full content area of
the test and subsequent diagnosis of student or instructional
weaknesses.

IT. Development of Prototype PLL Annex Test Battery

In order to provide a concrete example of this test
development process for the Technology Training Transfer Activity
at the QMS, a prototype test battery for the PLL Annex was
developed and evaluated through the combined efforts of the U.S.
Army Research Institute (ARI) and QMS. Using the findings of the
job analyses of the 76C MOS (Duncan, 1984), a test plan was
developed for the PLL duty position by SMEs from the QMS working
with ARI researchers experienced in task analysis and test
development.

The test plan specified the format and scoring procedures to
be followed for this test and any alternatives versions of the
PLL test battery. Included within this test plan is a method (or
taxonomy) for classifying or defining the test items to be
constructed. This taxonomy maps the major job functions (tasks)
required in performing the job and the major knowledge and skill
categories (operations) needed to perform these functions. By
arranging the job functions as the columns and the operations as
the rows, a matrix is created which defines the job space. The
matrix for the PLL (manual) duty position is presented in Figure
1. The matrix can also be used after the test is completely
developed. Following testing, item scores can be plotted into
the approporiate matrix cell thereby indicating specific tasks or
skill deficiencies. Matrices for all the 76C duty positions are
presented in Appendix D.

In order to test PLL knowledge and skills fully in ways
which have high correspondence to the tasks performed, three item
types were selected as appropriate for inclusion in the PLL test
battery: 1) multiple-choice, 2) rankings (of task priorities),
and 3) fill-in (of forms). Multiple-choice items are useful for
measuring comprehension of rules and regulations and technical
knowledge. Rankings of task priorities measure the degree to
which trainees know how to organize and sequence on-the-job
activities. Fill-in of forms measures working knowledge of
procedures for supply requests and inventory regulation. The
resultant test plan for the PLL test battery is presented in
Appendix E.

Initial item development was performed by QMS and ARI
project personnel; then the items were pilot tested on PLL
incumbents at Forts Lee, Carson, and Lewis. After the test
items were reviewed and where necessary modified, a prototype
test battery was then assembled which formed the basis for the
present study.
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Figure 1. Matrix defining PLL test items.




MATERIALS AND PROCEDURE
I. Materials

The primary materials used in the present study were: a) a
34 item Multiple-Choice Test, b) an In-Basket Test containing 4
practical exercises. Each exercise required the ranking of task
actions in a problem scenario in terms of priority. Two of these
exercises also required the completion of the necessary PLL
forms (6) and record postings (4) to perform the tasks.
In addition, supplementary ways of assessing 76C performance were
investigated using the Army Wide Rating Scales (Form 6A), and a
PLL Job History Survey.

A. Multiple-Choice Test (PLL). The Multiple-Choice Test

(PLL) was devised according to the Test Plan specifications. The
test contained 34 items which tested knowledge of different
functions and actions comprising the PLL duty position. These
items had been culled from a larger initial group of items
developed by SMEs at the QMS and researchers at ARI. The
initial group of items was then pilot tested on a sample of 60
PLL clerks in order to identify items which were

ambiguous, unclear or otherwise poor. Thirty seven items passed
this initial screen but 3 of these items had to be dropped
because of doctrinal changes in procedure for the referenced
tasks.

Although a range of item difficulties was sought, items
could not be excluded simply because they had very high pass
rates if their omission would leave a gap in the taxonomic
coverage of the test. U.S. Army Training and Doctrine Command
(TRADOC) doctrine mandates that AIT tests will cover all of the
critical tasks and knowledge that the soldier is expected to
know at the journeyman level. Thus, the certification function
takes precedence over differentiation of performance ability.

Each of the 34 items had a question stem less than 50 words
long w