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PREFACE

"Skill deterioration" has been an all-too-familiar problem for at least
a generation of Naval officers who have participated in the management of
the Navy's manpower and personnel. The examination of the problem docu-
mented in this report was sponsored by the Systems Analysis Division of
the Navy's Program Planning Office. The monitor of the effort was Charles
R. Hoshaw of the Enlisted Plans Branch, Bureau of Naval Personnel. Both
Hoshaw and CDR Fred J. Breaux of the Mobilization Planning and Programming
Branch, Office of the Deputy Chief of Naval Operations (Manpower), were
most helpful in providing the initial guidance and direction for this effort.

Two thesis students of the authors, LT James E. Taylor and LT David
M. Thalman, who participated in the project were most helpful in the litera-
ture search and review, contacting current research activities, and providing
the "inside view" of the problems associated with skill deterioration and its
management in the Navy. Their thesis on the topic and participation in this
study is another example of the close working relationship between the faculty
and students at the Naval Postgraduate School on topics of current concern
to the Navy and the defense posture of the United States.

The addendum, which presents a formal model of the recommended study

effort, was inserted at the suggestion of the study monitor after the initial
review copy was circulated. It was prepared for a project briefing at the

Naval Postgraduate School of RAMD C. A. Trost, the Director of the Systems

Analysis Division (NOP-96), Office of the Chief of Naval Operations. wa
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EXECUTIVE SUMMARY

PURPOSE

The purpose of this study was to recommend a feasible research and
study program to develop the knowledge and methods necessary to manage
the problem of skill deterioration amona Navy enlisted personnel due to the

nonutilization of their learned skills.

PRCBLEM

As the technology of Naval warfare has increased in its complexity and
rate of change, so has the difficulty in maintaining a sailor's skills and
proficiency in the occupation for which he or she is trained. A major factor
contributing to this difficulty‘is the nonutilization of learned skills for
extended periods of time. This situation could develop as a result of an
assignment outside of the person's specialty or because of a break in ser-
vice. The situation is typical of sailor's in the Reserve forces whose skill
utilization periods are much shorter than the periods of nonutilization.
Actu:1ly, skill deterioration, itself, is a symptom. The decision maker's
problem lies in its cure--training. That is, the decision maker is concerned
with skill deterioration because retraining may be required to rehabilitate
skills that have deteriorated due to nonuse and because a given amount and
frequency of training must be provided the Reserves to prevent skill deteri-
oration through excessively long periods of nonutilization. The problem is
depicted in the accompanying figure.

The elements of the problem are the current level of performance on the
job, the skill deterioration curve, and the retraining curves at various
periods of nonutilization. The level of performance on the job is the base-
line from which the skill deterioration curvé is derived and the criterion
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to be attained in retraining. However, determining this level is no easy
matter in practice. As shown in the figure, an ideal or hypothetical Tevel
can be logically created, but the actual performance of job incumbents has
been found to be around 25 percent below such ideal levels. The skill de- J
terioration curve is initially steep, but it should level off when the
large decrement due to the immediate forgetting of poorly learned and
practiced skills has passed. As the period of nonutilization continues,
another factor enters the picture--a change in the job itself. This again #
leads to a rapid deterioration of skills due to their obsolescence. As the
shape of the skill deterioration curve can be expected to reflect qualita-
tively different sources of skill deterioration, so can the retraining
curves be expected to differ accordincg to the place on the skill deter-
ioration curve when retraining commences. If retraining must overcome
obsolescence, for example, training will consist essentially of new learning.
There are many occupations in the Navy with quite specific skills
being required in particular positions. These are reflected in the Navy
Enlisted Occupation Standards and the Navy Enlisted Classification (NEC)

system. The skill deterioration problem, in this context, is twofold.

First, there is no way to determine what the skill deterioration curve may
be for any one occupation and, consequently, the amount and type of re-
training required. Second, the jobs and positions for which skill deter-
ioration curves and rehabilitative training programs must be developed are
very numerous. Thus, the skill deterioration problem has its qualitative

and quantitative aspects.

CURRENT STATE OF KNOWLEDGE
The first phase of this study was directed at determining what was

available in the scientific literature, in ongoing research activities, and
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in the institutionalized data and information management systems of the Navy
that could be used to define the sl “1] deterioration problem and as guidance
for its management. Unfortunately, existing, extensive reviews of the liter-
ature covering a period of over 75 years could provide very little of direct
application to the problem as stated. The emphasis in the literature is on
skill acquisition, rather than retention; the basic research is more concerned
with memory and forgetting processes rather than the results of the non-
utilization of learned behaviors; and the experimental tasks that have been
used have been simple and artificial. The literature on retraining is con-
siderable, but it deals with the training in a new occupation of persons
whose skills are no longer marketable, rather than the rehabilitative train-
ing of persons who have lost their capabilities and skills. Scientists
within the present research scene quickly acknowledge the problem of skill
deterioration, but there is very little experimentation designed specific-
ally to investigate it. Concern is especially high in the area of flying
skills because of the reduction in flying hours to conserve energy sources,
but the emphasis is on developing substitute (simulator) training, rather than
on measuring the loss of skills. There are, however, a few interesting
efforts that may provide some insight into the skill deterioration problem,
but the specificity of the studies merely serves to accentuate the extremely
long course that a strictly experimental program would take.

The management information systems of the Navy were found to be organ-
ized in a way that could not provide data to be applied to the problem of
skill deterioration. These systems do involve the collection of task and
performance data, but each process--such as NEOCS, NOTAPS, and PQS--serves
a different master and together they do not provide a quantitative assess-

ment of skill levels as they exist in the fleet for tasks essential to the




performance of prescribed missions. Thus, if baseline performance cannot
be established, neither can the skill deterioration function or the require-

ments for retraining.

RESEARCH AND STUDY ALTERNATIVES

These findings indicate the need for a very comprehensive program of
data collection and research if answers to the skill deterioration problem
are to be found. Three possible approaches were considered: a performance
testing approach, a systematic job/task/skill analysis approach, and a
snythetic, simulation-based approach.

Performance Testing

One deceptively simple and straightforward method recommended to us
by many persons was a performance-testing approach. In essence, this method
would test persons on the job and persons returning to the job to determine
the skill loss due to nonutilization. The gap, if any, would be the retrain-
ing that must be accomplished. The concept is excellent, but its implemen-
tation is difficult. Performance testing that is criterion referenced
embodies, in large part, a hands-on, job-sampling approach. Attempts to
develop such tests for determining personnel readiness have met with much
difficulty because the development and validation process necessarily in-
trudes into the duty cycle of persons on the job. Even if such tests could
be developed for the entire range of Navy occupations, the costs of estab-
lishing, instrumenting, and operating testing facilities for evaluating
the skill deterioration of persons who have been out of their occupational
areas and are returning to them would be excessive.

Job/Task/Skill Analysis

The typical training approach to the prohlem of retraining lost or
degraded skills would be to analyze jobs into tasks and subtasks and then
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specify what skills and knowledge are required to perform the tasks. A
criticality dimension may also be applied to the tasks to establish a
priority of tasks to be trained. The argume:it put forth by this approach

is that the skill deterioration and retraining problems cannot be diagnosed
and remedied without a knowledge of the skills required to perform the tasks
and their criticality. The problems associated with this approach are the
difficulty in validating that the skills specified are those that are act-
ually required--often a major experimental effort in itself, determining

the level of skill necessary for satisfactory performance, determining the
actual skill level of those on the job, and devising a method for measur-
ing skill levels at a remote site in the case of those who have been out of
the job and are returning to it. It is evident that this method involves all
of the problems and costs of the performance testing method plus the time and
costs in attempting to understand and control the underlying skill mechan-
isms. However, the understanding achieved in one task or job could conceiv-
ably be generalized to other tasks and jobs with a potential savings in
effort. These methods would also provide a sounder base for prescribing
retraining.

Synthetic, Simulation-Based Approach

In order to circumvent the costs and time involved in the preceding
alternatives, a synthetic, simulation-based approach was considered. It
is essentially a method for capturing the policy of those who make retrain-
ing decisions now and who prescribe training programs for the various cate-
gories of the Reserves. It systematizes what is being done by intuition and
experience so that it can be applied by rule to any job or billet. Using
personnel and training experts and experienced Navy supervisors, a list of
job characteristics that would have a bearing on the skill deterioration
and obsolescence rate for any and all would be created and statistically
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manipulated to result in a smaller 1ist of orthogonal or independent job
characteristics or clusters. These characteristics would be used to de-
scribe synthetic jobs that have varying amounts of the characteristics.

The experts would then rate the amount of skill deterioration that would
occur for each of these synthetic jobs at various periods of nonutilization.
Appropriate statistical methods would then be used to recapture the policy
of the experts and supervisors so that the relative importance or weight

of each of the "pure" job characteristics could be determined. The resulting
vector of weights could then be applied to any job that could be scaled on
the relevant characteristics to obtain its skill deterioration curve. Thus,
the system would be efficient in that one set of weights could be applied

to any job.

The validity of the method could be determined by using it to make
retraining decisions or training programs for the Reserves. Feedback from
these efforts would be used to reevaluate and, if necessary, adjust the
weichts of the skill deterioration vector. This approach deals directly
with the skill deterioration problem and will provide an operational tool
within a relatively short period of time that has the benefit of being self-

correcting.

SUMMARY AND RECOMMENDATIONS

Skill deterioration among Navy personnel due to the nonutilization
of learned skills is a serious problem with no easy solution. The avail-
able scientific literature does not provide much that can be used to solve
the problem. Empirical approaches to determining skill loss for the entire
range of Navy occupations would be an undertaking of considerable proportions
that would have to be done on a continuing basis as jobs change. Without
the Tong-range commitment of resources and continuing command support these
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methods will not produce the desired results. A short-range approach

that attacks the problem directly using expert opinion seems to be the only
feasible solution. Along with the implementation of the short-range
approach, the Navy's performance measurement system (PQS) should be im-
proved to permit a scoring of individual performance that reflects the
actual capabilities of the individual. The NOTAP program should be im-
proved so that tasks are consistently described across all occupations to
permit the analysis and derivation of important, composite skills using
appropriate statistical procedures. Eventually, then, the short-range
approach using personal judgments can be replaced with actual data in sim-
ilar categories from the job environment itself. In the meanwhile, de-
cisions made on the basis of the interim method should be validated by
feedback from the training or job environment and a self-correcting cycle

be established.
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INTRODUCTION

This report summarizes work carried out in accord with our proposal
entitled "Deterioration of Skills." The report reviews, in part, literature
related to the proposed topic and discusses programs designed to provide —
better insight into skill deterioration and approaches which have the po-
tential to aid in the interim and long-range to the retraining question in
the Navy.

Essentially, the task statement contained in the proposed study effort
was as follows:

(1) Establish a series of topics of interest which are of importance

in skill deterioration.

(2) PReview the literature relevant to skill deterioration, job

obsolescence, and nonutilization in the Navy's enlisted structure.

(3) Define gaps and deficiences in areas of interest established

above.

(4) Suagest research efforts which will aid in closure of observed

gaps and deficiencies.

In the course of our activities we were exposed to a variety of views
relevant to the topic of interest. These activities were the result of
a literature review and discussions with individuals during travel. The
discussions and activities of those visited are summarized in Appendix A.
Later sections are devoted to a discussion of a proposed approach to the

retraining problem and required study efforts.

PROBLEM OF SKILL DETERIORATIOM IN THE MAVY
In an organization as large as the Navy with its many diverse and

unique operational activities coupled with the wide variety of operational




environments and complex of Naval systems, a premium is placed on the devel-
opment and retention of a highly capable and skilled enlisted work force.
One aspect of this total problem is the maintenance of an acceptable level
of performance proficiency or skill in personnel necessary to fulfill war-
time manpower requirements. The maanitude and significance of the problem
becomes obvious when one considers that approximately 75 percent of the Navy
occupational specialities requires the development and use of specially
trained skills. The problem of availability of such personnel is compounded
by the fact that at any given time approximately 25 percent of the skilled
work force is assigned to responsibilities not involving skills and capabil-
ities for which they were trained (Taylor and Thalman, 1977). Further, a
significant component of the total work force in a wartime situation will
consist of reservists, retired personnel, and prior service volunteers.

As such, an emergency situation would find the Navy with a large element of
its enlisted force experiencing various levels of skill deterioration and/or
job obsolescence.

Therefore, a significant problem for the modern technical Navy is one
of assessing and analyzing the capability of naval personnel resources re-
quired to maintain operational capability at an acceptable level. A major
aspect of the problem involves specification of the nature and extent of
retraining required to offset anticipated reduction in performance capacity

resulting from nonutilization of skills and job obsolescence.




RELEVANCY OF EXISTING DATA

As suggested earlier, our task was to involve, in part, a review
of work related to the problem of skill retraining requirements following
periods of nonutilization and/or job obsolescence. In terms of applicabil-
ity to the stated objective, the literature review was disappointing.
Current and past efforts devoted to the study of skill degradation have
been rather fragmented and frequently simplistic. There does not appear
to have been an organized research program designed for the purpose of
providing research data necessary to establish and implement an effective
diagnostic and implementation program in skill maintenance. In general,
the present state of the art consists of appreciation of the complexities
involved in performance rather than an understanding of the variables and
their interaction, particularly as these variables relate to maintenance
of performance proficiency. Fleishman, et al. (1973), for example, have
concluded that it is virtually impossible to translate, let alone apply,
many of the terms and concepts developed in learning laboratories to train-
ing programs applicable to real world situations. Too often, reports
survey available literature and conclude with a categorization of those
parameters considered to be of importance. Infrequently is there a
discussion of possible interrelationships between parameters as they would

apply in the real world.




LACK OF A SYSTEMATIC MILITARY PROGRAM

Paralleling the absence of research programs directed at the skill
deterioration and retraining problems is the lack of an organized, systematic
effort to obtain empirical evidence from ongoing Navy programs and activities
to solve problems in these areas. The 3M programs, for example, are designed
to provide data to improve the maintenance and readiness of Navy material,
and aviation safety programs exist to provide information to improve the
safety and performance of aircraft, flight personnel, and their associated
systems. Such organized efforts do not exist among the manpower and per-
sonnel‘programs to determine how much training is required to maintain and/or
rehabilitate requisite skills when they are not habitually used in a person's
daily work activities.

At the present time, a program exists for rehabilitating other service
veterans (OSVETS) who reenlist in the Navy after a period of broken service.
There are two sites, San Diego and Great Lakes, where those with less than
two years of broken service are given training in general military subjects
peculiar to the Navy--such as fire-fighting, damage control, shipboard safety,
and Navy human resources management. Those who have greater than two years
of broken service are sent to a Recruit Training Center to start at the be-
ginning with new recruits. In either case, the individual usually proceeds
through an initial-training, specialty school following the first phase
of rehabilitation training. Navy personnel on active duty returning to their
specialties after a period of nonutilization and Navy reenlistees with
broken service are usually sent through a rehabilitation program, often
integrally located within the receiving command, prior to assignment to
regular duty. These programs are designed to handle the retraining re-

quirements of once-trained personnel entering or reentering a skilled




occupation in the active Navy, but there is not the necessary organization <
and planning of these activities to provide the information necessary for
their improvement and for application of the findings to the Reserve com-
ponent training of the Navy. However, personnel experienced in the opera-
tion of these programs should be able to provide qualitative insight into a
the parameters that seem to affect skill deterioration and retraining.
There is another area where several programs exist that are of direct
relevance to the skill deterioration problem. The area is concerned with
specifying and describing theoccupations and jobs that make up the enlisted
structure of the Navy. As in civilian industry and commerce, there are
several approaches depending on the purpose and objectives of the various
efforts. There is, first, the Navy Occupational Task Analysis Program

(NOTAP) that is a computer-based, informatiun system. It generates, main-

tains, and analyzes tasks performed within Navy occupations. The descrip-
tion is detailed and behavioral, and the prime user is the training community.
Then there is the Navy Enlisted Occupational Classification System (NEOCS)
that is stated in terms of the functions performed and the knowledge re-
quired for a particular occupation. The prime user is the personnel manage-
ment community as it deals with the selection, classification, and assignment
of individuals. There is also the Performance Qualification Standards (PQS)
which are a combination of textbook-type knowledge requirements and a
hands-on demonstration of proficiency by a job incumbent. The orientation
is toward individual career development and advancement and unit readiness.
Finally, there are the squadron, ship, and shore manning document programs
that are based on job sampling methods and the 3M maintenance requirements
to generate manpower requirements.

A11 of these programs have the common characteristic of defining and

setting standards for Navy jobs and occupations, and yet none or any

5




combination of them will define precisely what degree of skill or what
combination of capabilities are actually necessary to perform a job ade-
quately in the Navy. Stated in another way, they cannot provide precise
information as to how well incumbents actually perform their jobs. Unless
there is a precise way for determining performance requirements that can be
stated quantitatively, it is not possible to determine when and to what
degree skill has deteriorated. Neither is it possible to determine when
rehabilitative training has served its pu}pose. Perhaps the lack of inte-
gration of these many activities is a reflection of the excessive fragmen-
tation, in the past, of the Navy's manpower requirements, training, and
personnel management functions, which is currently being corrected

(Salzer, 1976).

RESEARCH NEEDS

Emphasis in the Navy has consisted of the development of programs
designed to impart skills and knowledge to the recruit which wili enable
him to reach a level of performance competency sufficient to maintain fleet
readiness. The current problem consists of proficiency degradation as a
result of nonutilization of learned skills and/or technological obsoles-
cence. Therefore, the problem is one of maintenance or updating of a pre-
viously learned skill as opposed to initial skill acquisition or develop-
ment.

Goldstein (1974) has suggested that there are three basic components
in any attempt to assess retraining requirements--organization, job/task,
and the recipient. In terms of the Navy, these components can be trans-
lated into (1) operational objectives of the Navy, (2) analysis of job/
task/skill, and (3) analysis of the individual sailor.

Analysis of Navy needs and objectives is essential in the develop-

ment of measures of effectiveness for eventual evaluation of a retraining




program. Organizational analysis will provide criteria by which the success
or adequacy of any proficiency maintenance program can be judged and will
ensure an understanding on the part of all units that can be expected to
interact with the retraining program (Goldstein, 1974).

Therefore, from an organizational point of view, it is possible for
the Navy to hypothesize a potential level of proficiency which is ideal
and represents 100 percent effectiveness. However, in most man-machine
systems the achievement of maximum proficiency is rarely observed. The
influence of within and between subject variability, environmental, situa-
tional, social, and organizmic stressors all tend to degrade potential pro-
ficiency to a level somewhat less than the hypothetical ideal. Hopefully,
however, observed proficiency can be maintained at a level necessary for
acceptable operational readiness. Fiqure 1 presents a graphical repre-
sentation of the maintenance problem.

Organizational analysis is required to ensure that expectations on
the part of the Navy are not unreasonable. In the absence of realistic
proficiency requirements a potential conflict exists between objectives
of the Navy and a retraining effort designed to maintain proficiency.

The job/task/skills analysis of Navy need assessment will provide
information necessary to fully understand the requirements for satisfactory
performance in the maintenance of operational readiness. This aspect of
assessing retraining requirements would involve a series of steps designed
to define and describe jobs/tasks in terms of criticality, frequency, and
susceptibility to obsolescence. As such, a distinction must be made be-
tween job analysis, task analysis, and skill analysis. The Navy must
develop a program which will identify the what (i.e., job and task) and

allow for determination of how an operator achieves satisfactory performance
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(ski11)(Salvendy & Seymour, 1973). The problem of maintaining proficiency
becomes one of integrating the "what and how" under different times, places
and jurisdictions (Silvern, 1970).

The third component in assessing retraining requirements is the most
difficult and most formidable. The Navy must develop a program that will
examine performance standards and capabilities of the target population
for use in the assessment of retraining/proficiency maintenance require-
ments. The primary objective of this portion of the analysis is to deter-
mine behavioral characteristics which have been learned and retained by
individual performers (Goldstein, 1974). The objective of a retraining
program is to return individual performers who are now or have been oper-
ators in the system to full duty. This portion of the need assessment
analysis will provide data essential for the design of a retraining effort
which considers behavioral characteristics and proficiency levels of groups
and individuals and provides the basis for tailoring retraining require-
ments to the individual.

The systematic research program suggested above requires a major com-
mitment of resources that is sustained over a long period of time. Research
and development in the Navy, as in the other services, tends to be spasmodic
with the recurring sacrifice--temporarily or permanently--of long-term
programs to short-term needs. A long-term skill deterioration research
program could well meet such an eventuality. One underlying cause for these
disruptions is that decision makers must provide immediate answers, if not
solutions, to current problems. Thus, in the fact of real-world demands on
decision makers, it would be appropriate to consider the possibility of
short-term research that is designed, primarily, to help decision-making
and planning with respect to the skill deterioration and obsolescence issue

without, necessarily, providing any great understanding of the problem.




This study, therefore, also examines what could be done in the area of

research into the skill deterioration problem with immediacy as the mo-

tivation, rather than understanding.
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SKILL DETERIORATION LITERATURE

SKILL RETRAINING

A number of problems present themselves upon examination of studies
dealing with the general subject of skill. As suggested above, data pur-
ported to deal with the question frequently does not have a clear-cut
application to the "real-world." Data collected in sterile laboratory
settings are frequently too simplistic and lack application to problems in
the fleet. Further, the literature tends to use the terms skill, pro-
ficiency, aptitude, task, job ability and performance interchangeably.
This situation results in considerable confusion and prevents the develop-
ment of an organized set of research data on the subject of skill specif-
ically. Fleishman, et al. (1973) have defined this problem earlier; how-
ever, the present effort would suggest that the problem remains and repre-
sents an area in which a solution is required if meaningful data applic-
able to the operational Navy is to be forthcoming.

Considerable effort has been devoted to the study of acquisition of
skill. One of the most notable collection of papers on this subject is
Bilodeau (1965). However, as the purpose of the current effort was on
the retention or maintenance of skill, a comprehensive review of skill
learning research will not be included here.

Perhaps the first major effort was a review by Naylor and Briggs
(1961) on the retention of flight skills conducted for the Air Force.
Naylor and Briggs categorized variables of interest into task, learning,
retention interval. and recall. While their effort was comprehensive, the
emphasis was on laboratory research as opposed to operational application.
This emphasis combined with the report's verbal learning and memory orien-
tation 1imits its utility to the present effort.
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A second major effort involved the investigation of skill loss in
Navy personnel when assigned to non-rating related billets (Rose & Turner,
1967). This study represents an attempt to examine the retention or main-
tenance of technical skills in the operational Navy. One important aspect
of the report was the authors' differentiation between “skill loss" and
obsolescence. They suggest that a distinction be made between the inabil-
ity of Navy personnel to perform on a job through lack of practice (non-
utilization) and inability resulting from technological changes (obsoles-
cence).

As a result of their review, Rose and Turner concluded:

(1) Discrete tasks involving sequential steps incurred consider-
able loss of skill over time, while continuous tasks suffered
little decrease in retention.

(2) Job skill research has been predominantly oriented toward
operational skills and not maintenance skills.

(3) Few reports exist on skill loss due to nonpractice of those
skills.

Gardlin and Sitterley (1972) conducted a review of skill retention
literature and concluded that retention variables should be separated into
four major categories: (1) amount of training, (2) duration of retention
interval, (3) task organization, and (4) task environment.

Gardlin and Sitterley suggest that skill retention would appear to
be functionally proportional to amount of original training, extent of task
organization, and degree of similarity between simulation and operational
setting. Further, skill retention is most 1ikely inversely proportional
to duration of the nonutilization period. The primary factor in the pre-
diction of skill retention, according to Gardlin and Sitterley, is the
final level of skill acquisition prior to nonutilization.

12




Gardin and Sitterley make an important point when they suggest that
training/retraining programs should be based on previously identified
critical performance dimensions. Silvern (1970) made a similar suggestion
in a discussion of maintaining trained proficiency. Therefore, essential
task elements which determine success or failure of a mission must be
identified and stressed in proficiency analysis, training and/or retraining.
Performance measures should be designed to analyze an operator's capacity
to perform those aspects identified as being critical.

Prophet (1976) has conducted a comprehensive literature review of
long-term retention of flying skills. The Prophet effort was oriented
around the following categories of subject matter: (1) general retention
factors, (2) task or skill factors, and (3) retraining factors.

In agreement with Gardlin and Sitterley (1972), Prophet has suggested
the best predictor of performance following nonutilization of skills is the
highest Tevel of skill acquired prior to that interval. However, no
precise statement can be made relative to the duration of retention. At
best, one can conclude from available data that the longer the period of
nonutilization the greater the decrement in proficiency. However, the
question of proactive and retroactive inhibition on retention has not been
examined sufficiently to allow for the drawing of conclusions as they relate

to technical skills.

RETRAINING AND OBSOLESCENCE

The majority of work completed on the subject of retraining is not
generally applicable to the present task. The primary emphasis in what has
been called retraining research has been directed toward preparing an

individual for entry into a new job specialty subsequent to job displacement.
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As such, research has concentrated on development of skills and knowledge
in what is essentially a new worker rather than updating or maintaining
proficiency of that worker for the existing job function. Therefore,
"retraining" research might better be described as "training" where the
primary interest is in development of new skills and imparting new knowledge.
However, the subjects of proficiency maintenance, technical obso-
lescence, and nonutilization have been recognized as crucial problems in
the area of personnel training and development in industry (Landy & Trumbo,
1976; Dubin, 1972; Siefert, 1964; Dubin, Shelton, & McConnell, 1974).
These efforts have shown that performance/proficiency degradation can result
from (a) rapid changes in technology and knowledge making current skills
insufficient, and/or (b) loss of effectiveness can result from nonuse.
Both forms of proficiency decrement exist in the moqern Navy and can be
defined as obsolescence resulting from accelerated technical change and
nonutilization of learned skills.
Zelikoff (1969) has suggested that a major need in the area of ob-
solescence and retraining is the development of a method of quantifying the
problem. Mali (1969) has proposed an obsolescence index (0I) for engineers:

current knowledge understood by engineers

01 = current knowledge in the field

However, employment of such an index requires assessment techniques capable
of specifying current knowledge. Solution of this problem will require

the development of research efforts designed to identify and classify the
nature and cause of obsolescence in Navy job specialities and situations,

e.g. reservists, personnel temporarily assigned outside their biliets, etc.

SUMMARY
In summary, existing literature concerned with proficiency mainten-
ance rarely exists in a form readily usable by the Navy. The literature
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fails to provide what Glaser (1960) has considered required information for
performance measurement and proficiency maintenance. Applied to the Navy's
retraining effort, literature is deficient in the following fundamental cate-
gories (Glaser, 1960):

(1) Definition of performance to be evaluated

As a result of the fragmentation of research data, available information
does not allow for the integration required for measurement and analysis of
performance characteristics of interest to the MNavy in a proficiency main-
tenance effort. On the basis of existing literature it is not possible to
specify levels of proficiency. Rather, the concentration has been on measure-
ment prior to and following training and as such is frequently not applicable
to the current problem.

One major problem in performance evaluation is the absence of ac-
ceptable standards in many Navy job specialities. Industry frequently
employs an "experienced worker standard" (EWS) in personnel evaluation.

It is necessary that performance standards and methods of measurement

be developed which are applicable to specifying retraining requirements
following periods of nonutilization or technological obsolescence. Avail-
able literature does not provide a basis for developing such an "EWS"

for the Navy.

(2) Determination of performance aspects to measure

Performance proficiency can be measured in terms of final product or
behaviors involved in performance proficiency. The literature does not
provide a basis for determining those aspects of performance which are most
relevant and therefore enable discrimination between effective and ineffec-
tive workers. Information is lacking which wi}l allow for specifying those
aspects which are representative and critical and therefore worthy of

measurement and evaluation. That is, in some job specialities the important
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aspect may be the end product, while in other situaticins or jobs, ongoing
behaviors may represent the critical aspect of proficiency.

(3) Measurement methods

Existing literature does not specify techniques required to measure
observable behaviors and/or end products which need to be identified, re-
corded, and measured for subsequent ordering along an evaluative scale.
Information is needed which will specify performance features to be evalu-
ated and specify standards against which it will be compared.

(4) Reliability of measurement

Existing literature with its concentration on "skill acquisition"
has not provided a basis for measuring proficiency degradation resulting
from nonutilization and/or job obsolescence. Measures must be examined in
terms of their ability to measure and assess degradation following non-
utilization or resulting from obsolescence, and not the ability of a train-
ing program to impart new knowledge to the uninitiated.

(5) Validity of measurement

The Titerature would suggest that research has concentrated on devel-
oping measures which are frequently ends in themselves. As suggested in
category (1), development of standards and criteria in terms of system
performance in the "real world" as opposed to evaluation of training or
retraining programs is required if measurements are going to be valid in-
dicants of system efficiency. Measures based on evaluation of a training
program are of little utility in assessing retraining problems as they

apply to the operational readiness of the fleet.
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CURRENT RESEARCH EFFORTS

OVERVIEW

Given the status of the extant scientific literature, described above,
an effort was made to determine whether any current research programs might
be applicable to the skill deterioration problem. The search was limited
to Defense activities with the expectation that ongoing research in the
civilian sector would not differ significantly from the findings of the
literature survey. Program summaries of research and development activities
of the services provided one source of information. Personal contact with
research personnel in the laboratories and study organizations was another
important source. Finally, the two graduate students working on this pro-
ject with the authors were sent on a site visit to the many contacts that
were established. Their record of these visits is presented in Appendix A
to this report.

In general, ongoing research is oriented towards developing training
techniques, equipment, and training systems. The emphasis continues to be
on the acquisition of skill, as this is the training mission, rather than on

its retention.

ARMY FIELD STUDY OF ANTIAIRCRAFT MISSILEMEN

There is, however one current research effort that deals Specifica11y
with skill Toss and the role of refresher training in the maintenance of
skill. A large field experiment has been designed and is already in the
data collection stage at the time of this writing. The program was
initiated because the Army has found that trainees forget much between the
time they finish a school, take leave, and then report to their unit
assignments. The project is in the individual training and performance

evaluation area of the research effort of the Army Research Institute (ARI)
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for the Behavioral and Social Sciences. Dr. Milton Katz is the overall
program director for individual training and performance evaluation, and
Dr. Joyce Shields is the project leader.

The ARI study has an ingenious design utilizing soldiers trained in
the 16P and 16R military occupational specialty (MOS) fields. Soldiers
with one designation fire the Chaparral missile, and the other, the Red-Eye
missile. Both MOS are trained in the same course at the Army's Antiaircraft
Artillery School at Ft. Bliss, Texas. Accordingly, this permits a direct
comparison within the same individual of skill loss due to nonutilization
of learned skills, proficiency level in the assigned duty vs. proficiency
at the completion of training, and the retraining necessary to achieve a
required proficiency level as evidenced by the performance on the missile
that he fires on duty. The nonutilization periods are relatively short,
being 0, 1, 2, and 4 months after completion of training because the em-
phasis is on refresher training and the maintenance of skills, rather than
on the problem of extended periods of nonutilization. The findings of the
study will, however have direct relevance to the question of skill deteri-
oration and retraining, especially as it may be generalized to skill main-
tenance in the Reserve.

One aspect of this ARI study has been considerably facilitated be-
cause the individual training research program includes a major effort on
the study, analysis, and creation of criterion-referenced tests in training.
Criterion referenced means that the trainee is tested by performing essen-
tial, job-related tasks, rather than being normatively scored on a paper-
and-pencil test of knowledge about the subject. But here again, it should
be noted that to test a trainee on his ability to perform as a missileman

at the conclusion of training is not the same as testing his ability to do
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the job, since he will be required to fire only one of the missiles.
While a great deal has been done on creating and applying criterion-
referenced tests, these tests serve, primarily, as terminal objectives for

training, rather than a definition of required job performance.

PERFORMANCE TESTING RESEARCH

An area closely related to criterion-referenced testing in the train-
ing environment is the new interest in performance measurement and evalua-
tion in the operational environment. Several behavioral scientists engaged
originally in developing criterion-referenced testing were used by the Army
to develop its Skill Qualification Test (SQT), which plays essentially the
same role as the PQS in the Navy. The SQT program, which is supported
through the Army's Training Support Center--as the PQS is similarly supported
by Navy Training Support detachments--may have batteries of tests that are
more psychometrically sophisticated than the PQS. The Navy, however, has
a performance evaluation, research program at the Navy Personnel Research and
Development Center (NPRDC) that is designed to provide a more precise
evaluation of the performance capabilities of duty sailors than the PQS (Laabs,
Main, Abrams, & Steinman, 1975) in order to create and prescribe the type
of training that will lead to increased personnel readiness. The program has
demonstrated how difficult it is to develop a prototype test for a single
rating that truly reflects the incumbent's job demands (Laabs and Panell,
1976). It has also demonstrated the need for adequate equipment that is
representative of the duty environment if a true hands-on evaluation is
to be conducted at a testing site other than the duty station itself. The
NPRDC program has also indicated the large number of sailor-hours that
would be required to develop and validate a test battery for a particular
rating, and by inference, the large number of sailor-hours that would be
required in an operational performance-testing program. In fact, on one of
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its field studies, the NPRDC research ieam was not permitted to use duty
personnel for performance testing owing to the encroachment on duty time
(Laabs, Harris, and Pickering, 1977). The research team had to settle for a
pencil-and-paper test with much smaller demands on duty hours and organiza-
tional equipment. The implications of this research and development program
are that a positive command decision would be required at a very high level
if evaluative, performance-testing programs are desired for determining the
on-the-job proficiency of the Navy enlisted force because the costs are very
high. And yet, an obvious and simple answer to the skill deterioration problem
that is often proposed is to test the individual to determine whether he or
she could be sent directly to a duty assignment or whether a period of re-
habilitative training is necessary.

The performance testing research at NPRDC has also shown that duty
personnel cannot perform once-learned tasks if they are not required to per-
form them on the job (Laabs, Pannell, and Pickering,1977). For example, cer-
tain technicians on nuclear submarines learn to test and maintain missile
test and readiness equipment. Some of the equipment is so reliable, however,
that they are never required to troubleshoot and repair the equipment. Tested
on the procedures required to do so, they inevitably fail. A self-instructional,
remedial study guide, on the other hand, that was designed to be used during
a cruise was sufficient to enable those who had used it to perform the repair
functions adequately upon subsequent testing. These findings have very sig-
nificant relevance to this study. First, as mentioned early in this report,
there is an ideal and an actual performance level for duty billets. The
former may be used for developing training documents, but the latter is a
more realistic baseline for determining skill deterioration and a retraining

criterion. There is, apparently, considerable distance between the two
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curves depicted in Figure 1. Of 305 BTs who were given a diagnostic test

on job related behaviors, only 10 percent passed all modules of the test

at a minimally acceptable cutoff score. Of those who did not pass all

14 modules, the score on the basic mechanical procedures test of the modules
was only 70 to 75 percent correct. These findings, if replicated in other
situations, would suggest that the actual performance capability of duty
sailors is only about 75 percent of the tasks that may be included in, say,
the NOTAP description of the job. The second significant point to be made
from the results of the NPRDC studies is that once-learned skills of a
procedural nature can be rapidly reactivated with appropriate job-performance
aids or self-study materials. Accordingly, the retraining requirement is
also dependent on factors other than skill deterioration, such as the avail-

ability of documentation and job-performance aids at the duty site.

TWO AIR FORCE PROGRAMS

There is concern in all of the services regarding the maintenance of
flying skills with the serious reduction in flying hours as a result of
the high cost and scarcity of fuel. The general approach to the problem is
towardever more sophisticated simulators for individual and team training.
Simulators are also expensive in terms of procurement and operation, but
there is limited, although generally positive, data on their ability to main-
tain flying skills, particularly of a procedural nature. What is needed is
a better understanding of the more critical component skills involved in
flying and their perishability and retrainability. The USAF Human Resources
Laboratory (HRL) on flight training at Williams AFB, Phoenix, Arizona, is
attempting to investigate these areas with a special interest in skill-

maintenance training (Eddowes, 1977). While there are no enlisted skills in
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the Navy that are strictly comparable with those among Air Force pilots,
general principles with reasonable generality are expected to appear as a
result of a systematic investigation of flying skills.

At the USAF HRL at Brooks AFB, San Aptonio, Texas, where research is
conducted in the area of Air Force personnel, a research program is being
conceived to investigate systematically the perishability of skills as a
function of specific parameters (Christal, 1977). For example, there may be
a relationship between the shape of the learning (skill acquisition) curve
and the retention (perishability) curve. Since the rate of learning and the
terminal level of skill acquisition is closely related to aptitude, so must
aptitude have a strong influence on the retention of learned skills. The
potential benefit of research following this approach is that broadly applic-
able functions could be discovered that would be of considerable utility in
managing the skill deterioration and retraining problem areas. At the time
of this writing, data were being generated for the acquisition curve at the

USAF HRL, Lowry Field, Colorado (Ward, 1977).

SUMMARY

In summary, many training activities express a concern with the reten-
tion of training, but research and development continues to emphasize the
acquisition of skills. There are a few, individual projects at the per-
sonnel research laboratories of the Army, Navy, and Air Force that deal
directly with skill deterioration and retraining. In the Navy, the per-
formance testing research at NPRDC has provided insight into the difficult
problems associated with a testing approach, shown that personnel who are
apparently performing acceptably in their jobs do not, and cannot, perform

many of the skills they were taught and tested on in training, and have
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indicated that once-learned, nonutilized, and forgotten skills can be

effectively rehabilitated with self-study materials.
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REQUIRED STUDY EFFORT

REQUIREMENT FOR A LONG-RANGE PROGRAM

The preceding sections have shown the scope and magnitude of the prob-
lem the Navy faces in attempting to manage the problem of skill deteriora-
tion. Essentially, the question is as broad as "How much and at what
intervals is training necessary to maintain the requisite skills for a
ready Navy?" Unfortunately the research on skill retention, training, and
performance measurement was found to be quite fragmented and parochial and
only relevant to specific problems and programs at very low levels of
aggregation. At the highest levels of aggregation, an occupation could

be the object of attention; at lower and more prevalent levels, the object

of studs would more likely be the acquisition and/or retention of skill in

a pa~t cular task. Similarly, ongoing occupational programs in the Navy's
manpower and personnel areas are fragmented and are designed to serve the
immediate needs of the sponsoring activity. Thus, there is no link between
the M NOTAP program and the PQS program when, in actuality, they both
deal with the activities and functions of a sailor in a particular occupa-
tiona itegory. In order to make inroads into reducing the skill deteriora-
tion probiem to a manageable state, a long-range orientation that attempts

to direct and integrate research, plans, and programs towards its solution

is necessary. A long-range program could, however, include short-range
goals that attempt to gain better insight into the skill deterioration
problem and, hopefully, to find interim solutions that can be used in the
routine management and operation of the Navy's manpower and personnel

systems.
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ELEMENTS OF THE LONG-RANGE PROGRAM

The study program should attempt to make use of the many ongoing
activities that could contribute to an understanding and management of skill
deterioration with respect to the Navy's entire enlisted structure. Eventu-
ally, the various parts of the operating programs should be incorporated
into an aggregated model of the manpower/personnel system, such as the
NAMPS program. But in order to achieve this end, the long-range program
should have some hierarchical goals in a time dimension. Called phases, the
time-oriented goals might take on the following form.

Phase 1. As stated above, an immediate, ad hoc, interim solution is
desired to provide a framework or model for the overall program, to facili-
tate understanding and progress, and, at the same time, to provide guidance
for the decision maker who must manage and operate the force on a continu-
ing basis. The only way that this can be done is to use the judgments of
experienced professional and military personnel as the basic data from which
to build this short-term solution. A specific aim of the short-term effort
should be the development of a method for estimating skill deterioration as
a function of the duration of nonutilization and the original skill level of
the individual. The objective of this study is to make specific recommenda-
tions for such an effort. When the derivation of the skill deterioration
curve has been accomplished, the same general methodology could be used to
estimate the amount and kind of retraining that would be necessary to re-
establish the original skill level at any point in the skill deterioration
curve. At an early point in the skill deterioration curve, the problem could
be restated as the amount and type of training necessary to maintain the

desired level of skill.
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Phase II. The objective of Phase II would be to develop and institu-
tionalize a system for measuring and scoring performance that could be used
to set a standard for required job performance. The PQS exists and should
be used as the starting point. The PQS must be scored on a Guttman scale
(Edwards, 1957) in which the performance items are sequenced according to
their importance or necessity for adequate job performarce. In such a
scale, a particular score can be obtained in only one way and represents an
individual's point on the scale. One point on the scale could represent
an entry level of proficiency, another a minimally adequate level of profi-
ciency, and another an acceptable level of proficiency. Without a quanti-
fied standard, there would be no basis for estimating deterioration. The
administration and scoring of the PQS should be better standardized to in-
crease its reliability and, particularly, its validity with respect to per-
formance that is actually required on the job (Laabs, Panell, and Pickering,
1977). The many recent studies on critericn-referenced measurement should
be consulted in this regard.

Phase III. The objective of this phase would be to upgrade the
task analysis and occupational analysis systems of the Navy so that more
sophisticated analyses are possible, such as those required to make infer-
ences across occupations. The NOTAP system should incorporate a method for
determining the relative importance of the tasks in the inventory, and the
method should be further refined so that occupations can be clustered accord-
ing to their similarities and important job dimensions can be determined
across many or all occupational fields. At the present time, clustering
programs are appropriate only within an occupation. The reason for estab-
lishing these capabilities is to provide a framework for determining skill

deterioration functions using the PQS scores as the criterion measure. (The
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concept of determining skill deterioration functions in this manner is
developed below in the section dealing with the short-range program.)
Phase III can be pursued concurrently with Phase II, and there should be
liaison between the two efforts to establish a consistent framework. For

example, the scaling of the PQS items should be consistent with the relative

importance of tasks determined by the NOTAPS method.

Phase IV. The purpose of Phase IV would be to gather empirical data
through the PQS system in such a manner that the skill deterioration functions
can be updated and refined on the basis of experience. Depending on how
individuals are handled on their return to a specialty area after a period
of nonuse, empirical evidence could be generated as to the efficacy and
necessity of various retraining decisions. An adequate management informa-
tion system would be required to integrate, develop, and store this infor-
mation. Since this phase is far removed from the limited objectives of

this study, it will not be further explored at this time.

OUTLINE FOR A SHORT-RANGE STUDY EFFORT

The purpose of the short-range study effort is to develop a schema
for determining a skill deterioration function that could be applied to the
entire array of skills in the Navy's enlisted classification system. This
section will detail the steps that could be taken, using expert judgment,
to arrive at such a skill deterioration function. The skill deterioration
function, once obtained, could be used as a basis for determining retraining
requirements using similar methods of eliciting and processing expert judg-
ment. The steps in the process are outlined in Figure 2 and described

below.
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