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ABSTRACT

In October 1990 the Nuclear Regulatory Commission (NRC) sponsored a workshop 1o
develop a proposed methodology for use by the NRC in determining the effectiveness of
nuclear utility training. The workshop dcvek)ﬁed a framework on which W base a
methodology which draws together current NRC and nuclear industry processes and
initiatives in training evaluation and plant performsnce monitoring. The tramework
izes that utilities, under current NRC and industry guidance, operate closed-
loop training systems that incorporate methods for self-correction. The model proposes
that by monitoring/sampling indicator data at various points in the utility's closed-loop
system the NRC can determine whether the loop is operating properly to maintain
training program effectiveness. This training loop includes the training process, the
rformance of trained workers, and plant operations. Monitoring/sampling of
indicators is planned such that each indicator provides data which complements data
denved from the other indicators, Agreement between indicators is used to confirm
cither effective training or to detect training problems. Inconsistency between indicators
triggers further investigation.
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2.3  WORKSHOP ORGANIZATION

Prior 10 the workshop, each participant was provided with an information package that
included:

+ a description of the workshop purpose, goals, and objectives

« information on the training evaluation method being applied by the NRC staff

* a concept paper describing a review of the literature on traning evaluation

* copies of relevant literature describing evaluation processes, strategies, and programs
that could potentially provide a basis for the development of the training effectiveness
methodology

« representative samples of NRC training inspection reports

Selected participants were asked 10 prepare briet workshop presentations on specific topics.

In ?cncral, the first step in accomplishing cach workshop objective was an introduction
by the facilitators of the objective and a description of the workshop process for achieving the
objective. Following the introduction of each objective, presentations related to the objective
were made b dzsxinated workshop participants. The presentations were followed by
discussions of the objective by all participants, Small-group discussions followed these
discussions. The first set of small-group discussions considered an appropriate evaiuation
methodology for designated job positions. Alfter an evaluation approach had been discussed for
cach job position, a second set of small groups was formed (o consider the application of
specific evaluation/measurement techniques.

3.0 SUMMARY OF RELEVANT LITERATURE

 §

In preparation for the workshop, & thorough scarch of the lilerature on training
effectiveness evaluation was conducted. This search included a review of computerized
databases in the physical sciences, energy, government, and social sciences. The review of the
literature did not idemify any methodology which directly met the needs of the NRC for a
training effectiveness evaluation methodology.  The review did, however, identify many
components of a conceptual framework for developing @ methodology. The following sections
are a synopsis of these components; the complete repor: on the literature review is found in a
concept paper, Appendix B, which was provided o the SMEs prior to the workshop.

3.1 INTERNAL STANDARDS

Internal standards specify characteristics of a methodology 10 ensure that the
methodology consistently produces intended results. A set of poteniial internal standards
identified by Swufflebeam & Websier (1980) and Bushnell (l&()(,,u formed the basis for
discussions by the workshop SMEs. These were: (1) internal validity; {2) external validity; (3)
reliability; (4) objectivity; (5) relevance; (6) importance; (7) scope: (8) credibility: (9) timeliness;
(10) pervasiveness; and (11) efficiency. Appendix B, Secion 3.1 provides a definition for
cach of these standards. Table I in Appendix B:prcscms these standards in @ matrix linked to
the authors reporting on them.






3.2.2 Models

The appropriateness of "decision-bas~*" evaluation models as means of evaluating
training effectiveness in the context of commer .| puclear power training, was addressed at the
workshop. Different "decision-based” evaluation models are structured 10 collect and analyze
differcnt ki.ds of data. The types of data to be collected and the specific analysis procedurcs
vary according 1o the types of decisions to be made from the evalvation. Several evaluation
models, including decision-based models, are described and discussed in Appendix B. The
following models were presented for particular consideration by the workshop SMEs because
they were judged to be most potentially applicable.

3.2.2.1 Decision-Oriented Evaluation (CIPP)  The Decision-Oriented
Evaluation Model is conceptualized in terms of the decisions for which the evaluation 18
10 provide information. purposes of training evaluation these are defined as; (1)
Context evaluation; (2) fnput evaluation; (3) Process evaluation; and (4) Product
evaluation. Hence, this particular decision based process is generally referred to in the
literature as the CIPP model. Context evaluation relies to the goals and obiectives of
wne training program. Input evaluation is concerned with the system's capabilities and
strategies for cvercoming difficulties in meeting program objectives. Process evaluation
is concerned with the relationship between actual training program operation and training
program design. Product evaluation is concerned with the relationship between program
outcomes and program objectives.

3.2.2.2 Discrepancy Cvaluation  Model (DEM) The Discrepancy
Evaluation Model was developed by Provus (1969). In inis model, the purpose of
program evaluation is to determine whether 10 improve, maintain, of terminate i
program. Evaluation is the process of (a) agreeing upon program standards, (b)
determining whether a discrepancy exists between some aspect of the program and its
associatec andard, and, (¢) using discrepancy information to identify the weaknesses
of the program. The DEM evaluation always consists of a comparison of performance
against standards which yields the discrepancy information. Discrepancy information
then serves as the basis on which decisions are made.

3.2.3 Methodologies

The literature search did not identify an cxisting methodology specifically applicable 1o
the NRC's goal of developing a program for assessing the cifectivencss of training programs in
the commercial nuclear power industry. However, the scarch did identify two basic types of
evaluation methodologies vith possible application 1o conducting training effectivencss
evaluations: (1) the monitor/investigate process; and (2) the review/extract process.

3.2.3.1 Monitor/Investigate The monitor/investigate process forms the basis
of most good, in-house training feedback in that it provides continuous monitoring of
certain indicators and specific investigations when the indicators fail to meet some
criterion/set of criteria. actual data monitored can vary from program to program
and, indeed, multiple data sources may be monitored within a single program. In
general, programs of this nature make use of internal records maintained for purposes
other than training evaluation. In addition, some evaluation process specific records
may be created. The ability to track program chunge over time is a characteristic of the
monitor/investigale programs. Inherent in these programs is an assumption that . aining
is generally acceptable and that only deviations from the norm require investigation.
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,' 3.2.3.2 Review/Ext st Review/exiract i the process generally followed by

; “outside” investigalon (c.g.  vlitors/inspectars). This provess consists of 1eviewing,
over a short period of ume, th  ecords maini ined by an organization, slong with any

| other indicators considered relevant, followed by a site visit for the purpose o gathering

| additiona) information which can either confirm or larify the impressions developed in
the review stage. 1his teview of data in a concentrated format can be helpful in putting

: into focus trends and problems which otherwise can be missed in & moaiicring regime.

| This is especially triue when the Changtes are gradual and the relationship between events
may he 1ost because of time lapse.

| 3.1.4 Techniques

Technigues identified .a the literature for gathering, processing, and reporting fraining
effectiveness information were:

* Dircet Measurernent - writien tests and performance tests
* Drills/Exercises - simulations of responscs 10 critical events
. * Exception Re: « exeeptions from normal operations
* Normal Job R - operating logs and mainterance records
* Performance Measures - samples of tasks performed under controlied conditions
* Suiveys « form.| systems for collecting on-the-job feedback
¢ Work Sample Obecrvations - observation of persors on-the-job

Appendix B provides an expanded discussion of these technigucs.

4.0 THE WORKSHOP OUTCOMES

| The » hap goals and objectives were deser bed in Section 2.1 of this report.  The
| goal of the we  10p was 10 define an evaluation methodology that would provide information
| to the NRC on ¢ effectiveness of specific licensee training programs and in aggregate the
status of train‘ng in the industry, While the workshop developad many of the attributes of cu
evaluation methodology, a complete methodology did not sult. Rather, & framework, on
which an evaluation niethodology can be based, was developed. The framework recognizes
and exploits the closed-loop nature of wtility training programs which are developed in
| conformity with a "systems approach to training.” A systems approach 10 training cnsurcs that
| training is developed and conducted based on job-relatc.] needs, and includes a feedback Joop to
| continually monitor the performance of the training program. The framework proposed builds
| upon process evaluation procedures currently in use by the NRC and the nuclear industry.
-ventual imple==ntation of a complete methodology is dependent upon the outcoie of research

| proprsed by the workshop and successful pilot-testing.

4.1 THE TRAINING EFFECTIVENESS EVALUATION FRAMEWORK

As previously stated in Section 2.1 of this report, the first abjective of the workshop
Was o propos. a trining effectiveness evaluation methodology for use by the NRC. This
section reports 0o the steps taken during the workshop (o achieve this objective,
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Figure 1. Training Effectiveness Evaluation Framework
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Workshop SMEs concluded that there wers three important characterstios of this

framework that made it particularly well-suited for NRC (and hieensee) needs:

1. much of . —opitoring and sampling relaed o ecach of the three
monioring/. g potnts of the framework is cutrently being performed by
cither the * o+ wensees; thus this framework builds upon existing methods
(the works®, ks concluded. however, that improvements were neaded in
existing data monitoring and sampling to make them mare suitable to evaluating
training effectiveness, and that some on-going NRC research efforis had the
potential to address these noeds).

the feedback loop of the sysiems approach 1o raining, which s being used in
some form by all licensees, relies on monitoring and sampling of the same data
as does this framework; thus this framework should not impose significant
additional monitoring/sempling requirements on licensees.

e

3 the framework is wellsuited to the NRCs performance-based inspection
approach in that il a monitored indicator falls beiow an established effectiveness
standard, additional monitoring and sampling is conducted 1o establish the
reason for the substandard performance. Toe fraraework encourages a “graded.
approach” 10 allocation of inspection resources hased on momioring ol plant-
derived and personne! performance indicators,

The following provides additional discussion of the charactenstics of the framework's

components and their interrelationships.

4.1.1.1 Plant-Devived  Performance  Indicators  The  planidenved
performance indicator monitoring/sampling point provides access for moniloring of
sampling plant operating and maintenance records and exception reports produced and
maintsined by licensees and the NRC. Examples of these indicators are: NRC and
INPO performance indicators, LERs, SALP reports, inspection reports, QA audit
Tfu.mdmaimm nee backlog, persunnel turnover, staffing levels, and maintenance
effectivencss statistics.  Such information might be expected, through trends or
ncxon repor's, 10 be an indicator of training problems. Although the data reported in
the documents might not be directly linked to training, they are closely related to safety.
Any discrepancies between actual plant performance and safety stardards revealed in the
data are cause for checking persomnel performance and the training process for
corresponding, measurable problems. Alternatively, poblems uncovered in either the
training process or in personne! performance should stimulate an investigation of related
operational data 1o determine whether training problems have developed 1o s point where
they -an be observed in plani performance.

Plant-derived performance indicators provide a view of the plant during the time
pericd covered by the records and reports. These data are normally related 10 training
that ook place at some previous period. Because of ime lag, training discrepancies or
training corrections may not be reflected in plani-derived incficamr data until some time
afiur the training has \aken place. The amount of time lag between the data at different
mmnﬂumplina points varies with the nature and severity of the discrepancy

or !

As indicated above, the NRC is using some plant performance indicators, 1t is

also investigating other indicators of plant performance in operational data. These plant
performance indicators can be used i the training effectiveness evaluation methodology.
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TRAINING EFFECTIVENESS EYALUATION PROGRAMS

The nex: pan of this paper will provide a composite #bstract of the significant training
evaluation methodologies emphasizing effectiveness measures. It will highlight the
methodologies which best apply to the nuclear power industry, and possible opportunities for
development of such measures. While there are numerous training programs operating
nationally and internationally, some of which were cited in the literature, four sienificant
training evaluation programs and methodologies emerged as significant!v usefnl t~ Lur jces.
and will be cited and briefly abstracted. These are: (1) The Discrepancy-Based Process for
Nuclear Training Program Evaluation; (2) The Strategic Weapon 3ystem Training Pro and
its training effectiveness component -- Personnel and Training Evaluation Program ( % (3)
g‘he Navy Job Performance Measurement Program; and (4) IBM's Corporate Evaluation

trategy.

.

he 1) eQ rro - i eram L ation, The
Discrepancy-Based Process for Nuclear Training Program Evaluation is designed in three
phases. Phas¢ One of the methodology permits an evaluator to systematically review the overall
utility training process including training standards and pinpoint any lack of congruence with
accepted industry siandards (INPO). Phase Two of the methodology assesses individual
training components and their outcomes in order to determine congruence 1o its respective
program development standard. Phase Three permits a synthesis of Phase One and Two
discrepuncy analysis findings, and includes a description and discussion of the overall
indications. For example, in one application of the discrepancy-based process, a commercial
nuclear power plant had its training programs evaluated by in order to identify:

a) discrepancies between industry (INPO) trainin program development

standards/guidelines and the utility's own training and development process and
standard,

b) discrepancies between the utility's training standard and the utility's actual training
program; and,

¢) discrepancies between the utility's training program goals and objectives and the
nuclear control operator performances.

Each stage of a training program being evaluated goes through a series of "SPD" cycles in
attempting to provide the necessary information to adeiress these questions:

1. 1s the program defined?

2. s the program installed?

3. Are the enabling objectives being met?
4. Are the terminal products achieved?

Based on a methodology developed for the U.S. Navy Strategic Weapon System
Training Program (Braun, 1981; Cantor, 1986), the Discrepancy-Based Methodology for
Nuclear Training Program Evaluation (Figure 3) is designed to identfy discrepancy information
in order to produce a change in either the operation of the training program ur in the training and
development specification under which the training program operates. Specifically, discrepancy
information can be used to redesign a training standard and process, its relationship to the
overall organization, or to better control the process in the training environment (Cantor, 1988
Montague et. al., 1983; Cantor & Hobson, 1981).
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APPENDIX C
PERSONNEL PERFORMANCE MEASUREMENT TECHNIQUES

Evaluators c* investigators develop plans for personnel performance measurement 10
look for specific kinds of information. This information will be used io atlempt correlation with
data from other sampling points of 10 look for changes in response i the Measurable
Performance sampling poinis from that received in previous evaluations. The basic list of
measurement ucﬁniq es of "tools” identified in the literature search and refined by the

workshop follows:
a. Direct Measurement

(1)  Written Tests
(2)  Performance Tests

Well-managed direct measurement is one of the mosi useful and accepted means of
determining training effcctiveness. Measuremeni methodologies include writien lests and
performance iesis. Performance tests can be admir’siered cither al actual work stations or
through some form of simulation or stimulation, Direct measurement lechniques applied in a
work environment are generally referred 1o under the term "Job Performance Measures.”

b. Surveys

(1)  Interview
(2)  Questionnaue

Formal sysiems for collecting on-the-job feedback generally involve some form of
survey consisting of questions for which answers are sought from sclected persons.  The
questions can be asked in an interview or prepared in the form of a questionnaire 10 be
administered by mail (internal or exiernal), Survey data are included by most investigators as a
product evaluation tool.

¢. Self Reports

These are stalements volunicered by individuals outside of the context of a structured
response system, The self-report differs from the survey in that it is both randomly supplied
ar. unsiructured,

d. Work Sample Observations

(1)  Obtrusive
(2)  Unobtrusive

This form of data gathering usually involves the observation of persons “on the job."
This differs from performance (ests, which consist of situations designed for the sole purpose
of measurement. Data are recorded on a check sheet that lays out expected actions and reactions.
Observations can be made such that they are transparent 1o the person of persons performing the
work (unobtrusive), or can involve interaction between the observer and the worker(s)
(ubtrusive).
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APPENDIX D

INTERNAL STANDAKDS
OPERATIONAL WEFINITIONS FOR USE
BY WCRKSHOP SMES

. Internal Validity:

The methodolog,” must produce the information that it is intended 10 produce.

. External Validity:

The extent 10 which the = #¥ - “ the evalr»: -~ n are measurah’y linked 1o some
external criteria, €.2., sdic.y, 0 ganizational results, jobs, ana tasks.

. Reliability:

The information that is collected must provide consistent indicati

. Objectivity:

The evaluation methodology must be constructed so as to control for bias in data
collection and inte-pretation.

. Relevance:

The evaiuation must serve the information needs of the decision-making ardience.

. Impartance:

The information to be collected and program components te be evaluated are
priaritized.

. Scope:

The design of the evaluation project must be comprehensive enough to meet, but not
exceed, the objectives of the project.

. Credibility:

The evaluation process must provide results that are believable to the audiences (i.e.,
NRC, utilities, public).

9. Timeliness:

Evaluation reports must be available when needed.

10. Efficiency:

The costs of the project should be less than the value of the benefits denved.
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