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ABSTRACT

In October 1990 the Nuclear Regulatory Commission (NRC) sponsored a workshop to
develop a proposed methodology for use by the NRC in determming the effectiveness of .
nuclear utility training. The workshop develoxd a framework on which to base a.'

methodology which draws together current NRC and nuclear industry processes and
-initiatives m training evaluation and plant performence monitoring. The framewcrk
recognizes that utilities, under current NRC and industry guidance, operate closed-

systems that incorporate methods for self-correction. The model proposes
loop training,toring/rampling indicator data at various points in the utility's closed loopthat by mom
system the NRC can determine whether the loop is operating properly to maintain
training program effectiveness. This training loop includes the trainmg process, the
performance of trained workers, and plant operations. Monitoring / sampling of
mdicators is planned such that each indicator provides data which complemens data
denved from the other indicators. Agreement between indicators is used to confirm
either effective trainin or to detect training problems. Inconsistency between indicators
triggers further invest ation.
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1.0 INTRODUCTION

This report describes the results of the U.S. Nuclear Regulatory Commission (NRC)
training effectiveness workshop conducted from October 29 to November 1,1990. This
workshop was conducted: (1) to review existing training evaluation methodologies, (2) to
develop recommendations on the selection of an evaluation methodology to be used by NRC,
and (3)if necessary, to provide recommendations on how to develop such a methodology. It is
expected that this training effectiveness evaluation methodology would be applied by the NRC
staff to evaluate training programs et sclear power plants by measuring a training program's
effectiveness in providmg personnel ine knowledge and skills necessary to fulfill their job
responsibilities.

1.1 BACKGROUND

To fulfill its responsibility to evaluate training in the nuclear power industry, the NRC
developed Training Review Criteria and Procedures (NUREG-1220) as incorporated in NRC
Inspection Procedure 41500. These criteria and procedures are used by the NRC staff to review
training programs at nuclear utilities. In addition, the NRC observes and mor'itors the training
accreditation program managed by the Institute of Nuclear Power Operations (TNPO). Both the
NRC program and the INPO program are primarily oriented toward evaluating the training
process rather than its outcomes. It is impcrtant that the NRC develop a methodology which
extends evaluation beyond the training process to the outcomes as observed in the performance
of both personnel and the plant. This training effectiveness evaluation will in turn help casure
safe nuclear reactor operation and hence protection of public heahh and safety.

2.0 WORKSHOP ACTIVITIES

Planning for the w rkshop included defining specific goals of the workshop, obtaining
the participation of subject matter experts (SMEs), providing background information to the
SMt:s, and organizing the day to-day activities of the workshop. This planning, as well as
facilitation of the workshop was the responsibility of DCL OMN1 Engir,eering Corp., under
contract to the NRC.

2.1 GOALS AND OB,lECTIVES OF Tile WORKSHOP

The get.eral goal C. Se workshop was to define an evaluation methodology that would
provide information to the NRC en the effectiveness of licensee training nrocrams, and, in the
aggregate, the state of training in the industry. The general goal was supp'orted by five specific
obycuves: ,

(1) Propose a training effectiveness evaluation methodology (or methodologies) for
use by the NRC and describe the methodology / methodologies in terms of input,
process, and output elements.

(2) Specify the internal standards that are required of a robust training effectiveness
. ethodology.m

(3) Propose a method or methods for establishing external criteria that determine ,

whether training is " effective."

(4) Propose necessary considerations for pilot-testing the proposed methodology.

1
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(5) Describe research pro
needed todevelop the !jects that should be undertaken to provide informationinal methodology.

2.2 PARTICIPANTS

There were four categories of participants at the workshop:

(1) Subject-hiatter Experts (Shies) - the principal persons whose deliberations
produced the recommended framework.

(2) Facilitators - those persons who focused the deliberations of the SMEs on the
goals of the workshop; in addition, the facilitators all had backgrounds relevant to
training effectiveness evaluation.

-

(3) Resource People - NRC staff and indusuy representatives who bad specific
knowledge of current NRC and industry practices and procedures and provided
background information.

(4) Observers - individuals with an interest in the discussions leading to the
formulation of a methodology,$

The list of participants by category is contained in Appendix A.

The success of the workshop in achieving its goal and objectives depended, in large
part, on selecting workshop participants representing tLasc specific disciplines that needed to be
considered in the development of a training effectiveness evaluation methodology. A literature
search, conducted as part of the preparation for the workshop identified evaluation disciplines,
and the names of persons prominent in various disciplines relevant to training evaluation. The
specific disciplines w hich were identified in the literature search were:

Needs Assessment-

Testing and Job Performance Measures*

Analysis of Operational and hiaintenance Data*

Statistics-

Training Evaluation-

Program Evaluation
-

The following criteria were applied to judge the relative merits of the qualifications of
individuals' considered as workshop SMEs:

a. Direct relationship between the specific discipline in which the individual had
experience and the disciplines identified as necessary to support attainment of the
workshop goals.

.

b. Review of sxcific publications written by the individual and/or the individual's
record of pu)lished works.

c. The expertise of the individual as derived from peer recommendations and/or
reference citations of the individual's work by peers.

d. Specific projccts in which the individual had participated that appeared to have direct
application to the NRC training effectiveness evaluation project.

1
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2.3 WORKSIf 0P ORGANIZATION ,

Prior to 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 traming evaluation

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

* representative samples of NRC training inspection reports

Selected participants were asked to prepare brief workshop presentations on specific topics.

In general, the first step in accomplishing each 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
w'ere made by designa.ed workshop participants. The presentations were followed byt
discussions of the objective by all participants. - Small-group discussions followed these
discussions. The first set of small group discussions considered an appropriate evaluation
methodology for designatedjob positions. After an evaluation approach had been discussed for

-

each job position, a second set of small groups was formed to consider the application of
specihc evaluation / measurement techniques.

3.0 -- SUMMARY O' F RELEVANT LITERATURE.
.

-In preparation for the workshop, a thorough search of the literature on training
' effectiveness evaluation was condacted. This search included a review of computerized
~ databases in the physical sciences, energy, government, and social sciences. The review of the -
- literature did not identify 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 a methodology. The following sections
are a synopsis of these components; the complete report on the literature review is found in a
concept paper, Appendix B, which was provided to the SMEs prior to the workshop.

.

3.1' INTERNAL STANDARDS

Internal standards specify characteristics of a methodology to ensure that the
roduces intended results. A set of potential internal standards

methodology-consistently p& Webster (1980) and Bushnell (1996j formed the basis foridentified by S;ufflebcam
' 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. Ap xndix B, Seciion 3.1 provides a definition for
each of these standards. Table I in Appendix 3 presents these standards in a matrix linked to
the authors reporting on them. ,

i
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3.2 EVALUATION STRUCTURES

The literature search produced information concerning existing ti ining evaluation
programs, models, methodologies, and techniques. An evaluation program will typically
employ a model, implemented by a methodology and techniques to meet its objectives. An
evaluation program provides the plan or system under which action may be taken toward
achieving management's goals and objectives for training program evaluation. An evaluation
model provides additional details of an evaluation progam, including the program structure,
elements of the program and their interrelationships. An evaluation methodology describes the
operational processes to be used for implementing an evaluation model. Monitoring training
program effectiveness indicators is an example of an evaluation methodology. Techniques are
means of gathering, processing and reporting the information associated with an evaluation
methodology. Surveys are examples of evaluation techniques. Methodologies and techni: ues
are not umque to a specific conceptual model nor limited to any particular program. ,e

models and methodologies identified through the literature search, ahhough not necessarily
developed or used in the nuclear power industry, were considered by the reviewers as useful for
workshop consideration because their structures have broad application.

3.2.1 Trninine Ev91uation Procrnms

Several existing training evaluation programs were identified by the reviewers as being
potentially applicable to the NRCs objectives. These programs are:

a. The U.S. Navy Strategic Weapon System Training Program (SWST/; and its
training effectiveness componem, the Personnel and Training Evaluation Program

was judged to best apply to the NRCs needs. The SWSTP recognim a closed
loop system of training and job performance. Its evaluation methainbgy
provides information to monitor and evaluate training effectiveness from sample
points throughout the k)op.

b. The Discrepancy-Based Process for Nuclear Training Program Evaluation

-based on a methodology developed for the U.S. Navy Strategic Weapon
System Training Program. This program is designed to identify discrepancy
information in order to produce a change in either the training program or in the
training and development specification under which the training program
oper ates.

c. The U.S. Navy Job Performance Measurement Program

-links enlistment standards to actual job performance data and includes a
description of future prospects for service performance. The Job Performance
Measurements Program provides the Navy with the capability to measure and
predict job performance.

d. IBM's Corporate Evaluation Strategy.

-uses input-Process-Output approaches in assessing trainee 9nd workforce
effectiveness.

These programs are described in Appendix B.

|
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3.2.2 h1odels j

|

The appropriateness of " decision-base" evaluation models as means of evaluating
training effectiveness in the context of commet .1 nuclear power training, was addressed at the
workshop. Different " decision. based" cvaluation models are structured to collect and analyze
different kl.;ds of data. The types of data to be collected and the specific analysis procedures
vary according to the types of decisions to be made from the evaluation. 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 Modelis conceptualized in terms of the decisions for which the evaluation is
to provide information. For purposes of training evaluation these are defined as; (1)
Context evaluation; (2) Input evaluation: (3) Erocess evaluation; and (4) Eroduct
evaluation. Hence, this particular decision based process is generally referred to in the
literature as the CIPP model. Context evaluation relees to the goals and objectives of
tne training program. Input evaluation is concerned with the system's capabilities and
strategies for overcoming difficulties in meeting program objectives. Process evaluation
is concerned with the relationship between actual training program operation and training
program desi;n. Product evaluation is concerned with the relationship between program
outcomes anc program objectives.

3.2.2.2 Discrepancy Euluation Model (DEM) The Discrepancy
Eva!uation Model was developed by Provus (1969). In this model, the purpose of
program evaluation is to determine whether to improve, maintain, or terminate a
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
associatet :tandard, and,(c) using discrepancy information to identify the weaknesses
of the program. The DEM cvaluation 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 Methodoloeles
.

The literature scarch did not identify an existing methodology specifically applicable to
the NRCs goal of developing a program for assessing the effectiveness of training programs in
the commercial nuclear power mdustry, However, the search did identify two basic types of
evaluation methodologies with- possible application to conducting training effectiveness
evaluations: (1) the monitor / investigate process; and (2) the review / extract pnxess.

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 someI

criterion / set of criteria. The 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 change over time is a characteristic of the
monitor / investigate programs. Inherent in these programs is an assumption that caining
is generally acceptable and that only deviations from the norm require investigation.

5
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b 3.2.3.2 Hetleuffhtact Review / extract is the process generally fu| lowed by
"outside" investigators (e.g., aulifors/ inspectors). This proecss consists of reviewing,,,

,^

. over a short period of time, th Jecords maint:ined by an organization, along with any i

other indicators considered relevant, followed by a site visit for the purpose of gathering
additionalinformation which can either confirm or clarify the impressions descloped in '

the review stage. Yhis review of data in a concentrated format can be helpful in putting
,

into focus trends and problems which otherwise can be missed in a momtcrir,g regime.
This is esgecially true when the changes are gradual and the relationship between events j
may be bst because of time lapse. :

3.2.4 Technitues

Techniques identified .a the literature for gathering. processing, and reporting training
effectiveness information were:

* Direct Measurement written tests and performance tests
* Drills / Exercises simulations of tesponses tocriticalevents
* Exception Reports exceptions from normaloperations +

+ Normal Job Records . o
* Performance Measures perating logs and mainteriance recordstamples of tasks performed under controlled conditions
* Surveys - formal systems for collecting on the. job feedback
* Work Sampic Obwrvations observation of persons on the job

,

>

Appendix B provides an expanded discussion of these techniques. |

4.0 TIIE WORKSilOP OUTCOMFS *

Thes hop goals and objectives were descr: bed in Sc(tion 2.1 of this report. The
goalof the wt top was to define an evaluation methodology that would provide information
to the NRC on ic effectiveness of specific licensee training programs and in aggregate the

,

i

status of training in the industry. While the workshop developed many of the attributes of tu
evaluation methodology, a complete methodology did not msulic Rather, a framework, on
which an evaluation methodology can be based, was developed. The framework recognizes4

and exploits the closed kmp nature of- utility training programs which are developed in
conformity with a " systems approach to training." A systems approach to training ensurcs that
training is developed and conducted based on job relatcJ needs, and includes a feedback loop 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.;'

Eventual implem mtation of a complete methodology is de
proposed by the workshop and successful pilot testing. pendent upon the outcome of research|

4.1 Tile TRAINING EFFECTIVENESS EVALUATION FRAMEWORK

As previously stated in Section 2.1 of this report, the first objective of the workshop -

was to propose a training effectiveness evaluation methodology for use by the NRC. This
section reports on the steps taken during the workshop to achieve this objective.

,

>

|

|
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4.1.1 [rnmework

The w^rkshop participants developed an evaluation fiamework that focuses on safety
and integrates current processes and initiatises with respect to training evaluatioa and plant
performance monitoring. The framework is discrepancy-based in that evaluators would c' ret
for deviations from expected outcomes and then attempt to confum and/or clarify such
deviatirns through correlation with other indicators. According to the framewotk utility5

training (measured by traininp orocess evaluation)is part of a closed loop that also includes on-
the job performance of trainea workers (measured by personnel perfumance indicators) and
plant performance (nicasured by plant indicators) as shown in Figure 1. The system operates
within a Inulti 'ayered environment, encompassed by the NRC and society tt latee. The
framework indicates that the needs of society stimulat'e the development of the NRCs safety
requirements for the operation of nuclear power plants. The performance of the plant is
compared by the utility to the standards derived from NRC safety requirements and other
standards. The root causes for discrepancies are identified. Sme of these discrepancies are
caused by training program weaknesses. When these weakneu s are idemified improvements
in the system am implemented. By monitoring / sampling data at various points in the utility's
closed k>op system, the NRC can evaluate system performance and determine whether training
programs are being effective relative to system performance. The momtoring/sarnpling points
are depicted in Figure 1 by the words MO' NITOR and/or SAMPLE. The training-actsonnet
plant h>op has three monitoring / sampling points that piovide access to potential indicators of
trammg effectiveness:

,

a. Plant Derived Performance Indiermrs

b. Personnel Perf rmance Indicators

c. Training Process Evaluation.

Strategies for implementing the framework are presented in Section 4.1.2. In general,
the framework woukiwork through a combination of monitoring and/or sampling at each of the
points shown in Figure 1. Each moniering/sampung point would have an effectiveness
standard. Indications at a monitoring / sampling point that did not meet the effectiveness
standard (s) for that pomt would trigger investigation at the other points for data that woulo ,

either confirm or dismtss a suspected training related problem. Workshop SMEs agreed that
em phasis in implementing the f ramework should be en monitoring indicators as the trigger for
add itional review. For example, if a plant-derived performance indicator showed a trend in
safety system failures. additional monitoring! sampling points would be reviewed. If review of
the data from these points imileated that the trend was the result of a non-training-related
problem (e.g., equipment fail tre due to the equipment not qualified for the env;ronment in
which it was requ; red to function), then the framework would return to steady state until another
parameter exceeded its effccti eness standard. If, however, the additional monitoring / sampling
mdicated that the trend was due to equipment improperly . c,talled by plant personnel, the
indicators would be reviewed to determine whether the substandard performance was due to
inadequate skills or knowledge. If this was the case then monitoring / sampling would focus on
those aspects of training programs specifically related to these skills and knowledge to
determine whethet the need for corrective action was indicated.

7
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Workshop SMLs concluded that there were three important characteristics of this
framcwork that made it particularly well suited for NRC (and licensee) needs:

1. much of IA "onitoring and sampling related to each of the three
cither the gs % g points of the framework is currently being performed bymonitorin

J. ' # ticensees; thus this framework builds ulxm existing methods
(the worLA WEs concluded, however, that improvements were needed in
existing data monitoring and sampling to make them more suitable to evaluating
training effectiveness, .md that some nn. going NRC research efforts had the i

,

potential to address these needs).

2. the feedback loop of the systems apptoach to training, which is being used in
some form by all liernsees, relies on monitoring arid sampling of the same data
as does this framework; thus this framework should not impose significant
additional monitoring / sampling requirements on licensees. ,

.L the frarnework is well suited to the NRCs performance. based inspection
approach in that if a monitored indicator falls below an established effectiveness ,

standard, additional monitoring and sampling is conducted to establish the
'

reason for the sutstandard performance. Toc fraraework encourages a " graded-
approach" to alhication of inspection resources based on momtoring of plant. r

derived and personnel performance indicators, 7

The following provides additional discussion of the characteristics of the framework's
- components and their interrelationships.

4.1.1.1 Plant. Derived Performnnee Indientors The planWierived
performance indicator monitoring / sampling poim provides access for monitoring or
sampling plant operating and maintenance records and exception reports produced and
maintamed by licensees and the NRC. Examples of these indicators are:-NRC and
INPO performance indicators, LERs, SALP reports, -inspection reports, OA audit
reports, and maintenance backlog, personnel turnover, staffmg levels, and maintenance
effectiveness statistics, Such information might be ex Tected,- through trends or
execption repor's, to be an indicator of training problems, A though the data reported in

Any discrepancies'cht not be directly linked to training, they are closely related to safety.
the documents mi

betwecn actual plant performance and safety str.r.dards revealed in the ,

data are cause for checking personnel performance and the training process for
corresponding, measurable problems. Alternatively, ptoblems uncovered in either the
training process or in personnel performance should sumulate an investigation of related
operationaldata to determine whether training problems have developed to a point where

; they can be observed in phnt performance. -

.

'

Plant-derived performance indicators 3rovide a view of the plant during the time
peric.d covered by the records and reports. These data ate normally related to training
that took place at some previous period, Because of time lac, traimng discrepancies or
training corrections may not be reDected in plant-derived indicator data until some time
after the training has taken place. The amount of time lag between the data at different
monitoring / sampling points varies with the nature- and severity of the discrepancy
observed or corrected

As indicated above, the NRC is using some plant performance indicators, it is
also , vesugating other indicators of plant performance in operational data. These ,lant >

L m
performance indicators can be used in the training effectiveness evaluation methodo ogy.

| 9
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In addition to the operational data being investigated, other plant-derived performance
indicators, such as maintenance records, could provide indications of training
effectiveness. The data are available and theit use in training ettectiveness evaluation is
expected to pose little additional data accumulation requirements on utilities or the NRC.

4.1.1.2 Personnel Performance Indientors Momtoring/ sampling of
[:rsonnel performance indicators occurs both immediately upon completion of training
and when personnel are on thejob. Personnel performance indicators can tv used to
confirm cifective training ot to 0.olate or confirm problems found in either the plant-
derived performance indicators or in the training process review. Iloweser, personnel
performance in the work environment is a resuh of both formal training and the total
environment in which people work following training. Therefore, if measurement
points to a performance deheiency, it does not nec Aarily indicate a training problem.
ln addition to training, some of the other factors invulced in personnel performance are
experience, policies and procedures, motivation, and health.

hSMEs identified three personnel performance measurement techniques as being
particularly well-suited to application within the framework; they are: direct
measurement (w ritten and performance tests), surveys (interviews! questionnaires) and
work sample observations (Apper. dix C provides a brief description of these and other
personnel performance measurement techniques considered). Interactions between
SMEs and NRC personnel at the workshop indicated that allof the abose techniques are
used to a certain extent by the NRC or licensees in evaluating personnel oerformance,
but that the only area where direct measurernent was routinely used by the NRC was

.

with respect to licensed operator initial licensing and requalification examinations.

Time-lag effects must also be considered w hen measuring personnel performance.
These effects are related to the time clapsed between training and measurement. When
sampling in any population, one must recognize that these time-lag effects will s ary
because the personnelin the sample are likely to have received their training at different
times.

4.1.1.3 Trnining Process Evnluation Evahmtion of the training process is
-

an essential e!cment of the systems approach to training. Once a program is operational,
process evaluation is normally performed to seek causes for, or conclation with,
performance discrepancies observed at other monitoringjsampling points, and to provide
for continual modifications and improvements based on ioentified needs. In cases
where there is no suspected discrepancy to stimulate investigation, NRC evaluators, in
applying the training evaluation cifectiveness model, might spply selected parts of the
process evaluation methodology to related training programs to ensure that the actual
trammg process is continuing to meet established criteria / standards. Because of time
lag. changes in the training process may not affect the other indicators to any measurable
extent for some time. This can delay correlation from other measurement points of
incipient problems and confirmation of corrective action on previous problems.

Training process evaluation is currently the principal element of NRC training
inspections. 5s envisioned within the trainmg effectiveness evaluation model, the
existing training nrocess standards contained in NUREG 1220, Iaining Review
Criteria and Proce( urcs (as incorporated in NilC Inspection Procedure 41500), form the
basis of the training process evaluation monitoring / sampling point, . A review of
NUREG-1220 for the purpose ofintegrating it into the trainin
model might lead to extension of its coverace or possibly'g effectiveness evaluationto an extension of its
quantitative features.

10
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Complementary Charneteristics of Sampling Points The use of4.1.1.4
multiple monitoring / sampling points is important to the effectiseness of the framework
because cach point makes a di ferent and complementary contribution to the evaluation
process.

RELATIONSHIP OF TRAINING EFFECTIVENESS
MONITORING / SAMPLING POINTS 'IO:

SAFETY | TRAINING

Plant Derived
HIGIl Perfoimance LOW

Indicators

Personnel MODElWrE
MODERATE Performance TO

Indicators IllGli
. __

Training
LOW Process 111011

EvaluaSon

Figure 2.
Relationship of Monitoring / Sampling Points to Safety nnd Training

Figure 2 depicts the relationship with respect to safety and training (as assigned
by workshop SMB.) of the three monitoring / sampling pomts. For example, plant-
derived performance indicators (first row of data in Figure 2) are highly related to safety
but have a low relationship to training. The low relationship to training reflects the fact
that plant derived indicators are influenced by many thmgs in addition to training. The
plant-derived indicators are closely related to safety, however, because they directly
report the operating status of the plant r.t any given time.

The internal standards required of the methodology, as discussed in Section 3.1,
also underline the complementary nature of the three monitoring / sampling points. Based
upon the internal standard descilptors identified in the literature search and provided in
the Concept Paper, the SMEs at the workshop identified and defined 10 internal
standards that were considered important to the selection of a training effectiveness-

evaluation methodology, i.e an acceptable methodology would meet these standards.
These 10 standards are listed below and defined in Appendix D.

,

1. internalvalidity
2. external validity
3. reliability
4. objectivity

i 5. relevance
6. importance
7. scope

11
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8. credibility
9. timeliness
10. efficiency

The workshop SMEs concluded that to use these internal standards to evaluate a
methodology it was necessary to group them into logical categories. Three categorit s
were identified; these are: (1) technical adequacy (measurement properties). (2)
practicality (resources needed to obtain information, and case of use), and (3) usefulness
(application to the decision process). The groupings of the internal standards as
assigned by the SMEs to the three categories is shown in Table 1.

.
h ble I Categories of Internni Standards

Technical Precticality Usefulness
Adequacy
internal validity importance relevance
reliaf>ility citiciency credibility
objectivity timehness

scope scope
external validity external validity

Figure 3 shows values assigned by the SMEs to the relationship between the
internal standard categories and the monitoring / sampling points. Each
monitoring / sampling point was judged on a five point scale with five representing ^~
highest degree attainable. For example, the plant derived performance indicat
monitoring / sampling point (first data column in Figure 3) was considered moderately
adequate technically (rating of 3); eminently practical (rating of 5); and of limited
usefulness (rating of 2). The " technical adequacy" rating reflects the mix of high
objectivity and reliability for indicators derived from plant performance, and the weak
linkages of these indicators to training. The high " practicality" rating was given because
plant-derived performance indicators are broad in scope, address aspects of plant
operation important to safety, and are available without additional collection efforts. The
low "usefulness" rating assigned to plant derived performance indicators reflects the
difficulty in isolating a causal relationship between training and plant-derived
performance indicator values. The SMEs concluded that this result indicated that the
intenal standards pointed to a need for a method which integrated the three
monitoring / sampling pointsin a way that builds upon the strengths of each type. This
was the case because each monitoring / sampling point complements the other and no one
point provides all the information needed to assess overall training effectiveness. As
mdicated in Figure 3, the uniformly high ratings for training process evaluation were
based on an assumption of proper front end analysis. Another complementary aspect of .

these three monitoring / sampling points is that the plant-derived performance indicators, j
and personnel performance indicators will aid in identifying wea (nesses in the from.cnd j

analysis Where weaknesses in front end analysis are identified this can be fed back .'
into the system, improving the training process evaluation. i

4
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MONT!ORING/ SAMPLING POINTS

INTERNAL
STANDARDS PLANT. DERIVED PERSONNEL TRAINING
CNTEGORY PERFORMANCE PERI ORMANCE PROCESS

INDICATORS INDICATORS EVALUATION

TECllNICAL
ADEOUACY 3 4 4

PRACTICALITY 5 2 4

__

USEFULNESS 2 5 4'

' Assuming 3 roper front-end analysis
SCALE: 1 ( owest degree)- 5 (highest degree)

l'igure 3
Relationship of Monitoring /Sanipling Points and Internal Standards Categorics

! 4.1.2 Method
I

) me training evaluation framework developed at the workshop lends itself to (1) a
monitoring strategy, where full scale inspections are triggered by discrepancies in indicators, to
(2) a strategy of periodic evaluation, or to (3) a combination of both strategies. Ilowever, it is
critical that those who implement the framework recogniec that its driving force is the training-
personnel plant loop operating within the utihty. This loop incorporates feedback fntures that
should permit internal correction of deficiencies. By monitoring / sampling at seve. ' h> cations

) within the loop, the framework accommodates an external check (ny the NRC) on the
i effectiveness of the loop. ,The workshop SMEs concluded that the preferred use of the

framework was a momtormg strategy, augmented by a combination of periodic and
discrepancy-driven inspections. Discussions with NRC resource personnel indicated that this
approach was censistent with the NRC's graded approach to inspections where SALP reports,
the NRC's " troubled plant" list, past inspection results, and other information are used to
allocate inspection resources.

\ Figure 4 provides a graphical presentation of the proposed training effectiveness
evaluation method. The fundamental characteristic of the method is its continual feedback and
improvement mechanism. Information collected from indicators for individual licensees is used
not only to make decisions about subsequent inspections and indicators for that licensee, but for
other licensees as well. There art a variety of ways in which this method could be
implemented. It could be primarily se:f reporting with NRC specifying the information to be
reported and licensees providing, or having available, the specified monitoring /samaling
information, NRC could collect all or most of the monitoriag/ sampling information itse f, or

t some combination of the two. The following is an example of an implementation approach
which includes a combination of licensee self-reporting of monitoring' sampling information

t

where NRC would specify the monitoring / sampling information to be provided by each

13
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licensee. A standard format and content u ould be specified to allow integration of results
amonglicensees(this is already done for current pit.nt perfoimance indicators). NRC training

,

pmcess evaluntions (e.g., NRC Inspection Procedure 41MK)) would continue to t< conducted
toindependently verify :he quality oflicensee sampling. NRC might also conduct independent
assessments of the licensee assessment of personnel performance, much as job. performance
measures (JPMs) are currently used for the assessment of licensed operator requalification
programs. This methtvt could be initiated without a great deal of effort because it builds upon
and integrates existing information. Results from implementation of this method wculd point to
needed tmprovements in the training effectiseness evaluation system. For example, one

possible result is that monitoring existing plant twrformanec indicators and personnel
performance indicators does not provide sufficient information to ensure the NRC that training

training process
programs are effective. This result would indicate a need for regular sampling (d thtoug1 these
evaluation and personnel performance) to augment the information provide
indicators. Because samp 'ng is more labor inttnsive than monitoring there is an incentive for
toth licensees and the N C to improve monitoring techniques to provide for efficient training
effectiveness evaluation.
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Figure 4 Proposed Training Effectiveness Evaluation Method
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4.2 EXTEltNAL STANDAllDS

criteria that determine whether training is 'p was to propose a method for estt.blishing externalef fcctive." For example, for personnel perforn.anceThe third objective of the worksho

indicators, external criteria could include the jobs and particular tasks to be motsitored, and the
standards to be used in monitoring / sampling. The workshop SMEs determined that describing
approaches for developing external standards that define whether or not training is cf fcctive was

,

premature until some of the recommended research had been completed (see Section 4.4). Of
aarticular concern to some of the SMEs was completion of research related to establishing
inkages between personnel performance and clant-derised indicators and " safety." These

linkages will enable evaluators to determine which indicators must be monitored to determine if
training is effectively supporting safe operation. By extension, determination of the indicators
to be monitored will permit identification of the best techniques for monitoring / sampling each
indicator. Once the techniques for monitoring / sampling an indicator are duermined,it will then
be possible to set standatds for the indicator.

4.3 PILOT TESTING

The fourth objective of the workshop was to identify necessary considerations for pilot-
testing the proposed methodology. The workshop did not proceed to the paint of developing a
detailed methodology, llowever, the SMEs recommended * hat the follawing be considered in
developing a pilot test after a methodology is developed:

The methodology should be pilot tested on a representative sample of traininga.
programs,

b. Pilot testing should be designed to determine the uscability of the methodology by
NRC inspectors,

c. During pilot testing, attention should be given to a 'fying problems in applying
evaluation technicues, including the possible need for specialists to administer
some types of eva nation instruments (e.g., personnel performance sampling).

d. As part of pilot testing, an effort should be made to retroactively validate (at
partially validate) the training effectiveness evaluation model and method by: (1)
reviewmg the results of previous training process evaluations: (2) using the
sampling / monitoring points of the model as a guide for collecting additional data
concerning conditions as of the time of previous evaluations; (3) evaluating the
selected training programs at the time of previous evaluations; and (4) comparing
(to the extent possible) the results of the new evaluation with the results of
previous evaluations and the results of any relevant evaluations performed by the
utility,

15
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i

b
4.4 RESEARCil PROJECTS

The fifth and final objective of the workshop was to describe rescarch projects that
should be undertaken to collect information needed to define the final methodology. As stated
earlier, the workshop did not teach the point of developing a complete training effwiiveness
evaluation methodology; thus the followmg developmental efforts are necessary to nae fully
develop the methodology:

Develop a detailed training effectiveness methodology based on the framework anda.

methods recommended by this workshop. .

i

b. Develop external standards,

Validate the training effectiveness methodology. -c.

d. Develop a training program for application of the training effectiveness evaluation
methodology by NRC personnel.

The workshop participants also idernified the following as research questions needing
attention in the context of the proposed methodology:

Measured against the internal statidards proposed by the workshop, what is thea.

cuality of existing evaluation techniques and data sources, especially those
c eveloped by utilities for evaluation of plant performance, training processes, and
personnel performance? To what extent can they be used for NRC training
effectiveness evaluation?

b. What effect does the time lag between training and performance have on the v
evaluationof trainingeffectiveness?

Ilow can this methodology be implemented in a way that will not make significentc.
_

additional resource demands on the NRC or licensehs?

The workshop participants identified another research topic that, while not directly
related to development of a final methodology, does plentially affect the utility of the<

methodology; that is the need to develop an operational definition of " safety" in terms of the >

attr;butes of safety. These safety attributes can previde an objective basis for identifying safety.
related activities, performance indicators, and job positions and tasks.

.
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A CONCEPTUAL FilAMEWoltK AND 1.lTERATUltE ItEVIEW

.

This concept paper describes the findings of an analysis ca the literature, citing potential
internaland externalcrittria which training cifectiveness assessment methods should meet in
order to measure training effectiveness and be capable of predicting su: cess of nuclear power
industry training programs. This paper also provides a composite abstract of the sigmficant (
training evaluation methodologies used in various industries, emphasizing performance
effectiveness measures. It highhghts the methodologies which may apply to the nuclear power
industry, as well as possible opportunities for development of other such measures. We hope (

this information will help you to prepare for the workshop. We look forward to your input and
contribution in making t be conference a success.

,

POTENTIAL INTERNAL AND ENTERNAL CRITERM

br an evaluation methodology to be effective, it must incorporate both internal and
external criteria. Internal criteria specify acceptable characteristics for the structure of the
methodology, i.e. to ensure that the methodology consistently produces the intended results.
External criteri_a define acceptability for the program characteristics that the methodology is
intended to evaluate, for example the characteristics of " effective" training.

InternalCriteria To support the
effectiveness evaluation methodology (primary goal of this project [i.e., to propose a trainingor methodologies) for use by the NRL, and describe
such a methodology in terms of its input, process, and output elements | a sub goal will be to
identify and describe the -internal . 'iteria that ate required of a training effectiveness-

methodology. Criteria described by 5tufflebcam & Webster (1980) and Bushnell(1990) are the
most inclusive of any such criteria suggested. These include, and are enhanced by others, as
follows: (1) internal validity - Does the evaluation design provide the 5 formation it is intended

- to provide? (2)cxternalvahd:tv Tb what extent are the results of the evaluation generalizable
actnss time, environmem, and human involvement (first cited by Deming,1975)? (3) reliabihty
~ llow accurate and consistent is the information that is collected? (4) ehitclirily The
evaluator should strin to collect information and make judgements in such a way that the same
interpretations and;udgements would be made by any informed and skilled person evaluating
the arogram (Feuer,1985). (5) relevance -- How closely does the data relate to the objectives
of tie evaluation study? (6) imoortance - Given a set of constraints on the design 'of an
evaluation project, what priorities are placed on the information to be collected or progiam
components to be evaluated? (7) scope - Ilow comprenensive is the desien of the evaluation
project? -(8) credibility - Is the evaluator believed by his audiences? ~ Are his audiences
predisposed to act on his recommendations? (9) timeliness - Will evaluation reports be
available when they are needed? (10) oervasiveness -- llow widely are the results of the
evaluation project disseminated? (11) efficiencv - What are the cost / benefits of the project?
Have resou,ces been wasted when the waste could have been avoided? Table One presents 1

these criterin in a matrix linked to the authors reporting on them.

i
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TABLE 1 CRITERIA CITED

in. Ex. Re- Otr im- Cred- Time. Pen -

ternal temal lis- jec- Rele. por- Scope ibil. li- siv e - Ein-

AutNrs v alid. V alid- bil- tiv- Sance tars e ity ricas ness ciency

ity ity ity ty

_.

Braun X X X X X X X X X X X

Bushnet! X X X X X X X X X X X

Cemt X X X X X X X X X X X

Cantor & X X X X X X X X X X

Walkei
Carter X X X X X X X X X

et al.
Deming X X X X X X X X X X X

Erickson & X X X X X X

Wentimg
Feita i X X X X X X X X X X

KJenun

fe m X X X X X X X X X

Garranum X X X X X X X

Ocidstein X X X X X X

liobts X X X X X X X X X X X

Kaufman X X X X X X X

Kocian a X X

Verhoeven
X X XKmy

Laats & X X X X X X X X X X X

Baker
Laabs, BerTy, X X X X X X X X X

Vineberg &

Zinut.erman

La;p X X X X X X X X

Maineld X X X X X X X X X X X

Morisseau X X X X X X X X X X X

ei al.
Palchinsky & X X X X X X X X X X X

Waylett
Stufnebeam & X X X X X X X X X X X

Webster

Sw mson & X X X X X X

Slecter
Wentling X X X X X X X
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External Criteria. The following external criteria are proposed in order to guide us in
our workshop efforts: (1) clear, objective standards derised from actual work perfonnance
requirements and acceptable to subject matter experts; (2) a satisfactory design of experiments,
tests, and surveys, and examination of existing data. The design of a new project should
include samples of the specified material; a description and record of the conditions under which
the evaluation is conducted; procedures for carrying out the investigation; and statistical controls
to aid supervision of the investigation. (3) methods for presentation and interpretation of the '

results of the evaluation that will lead to action different from the action that would be taken on
the basis of the original data; and (4) an official or group of people authorized to take action.

POTENTIAL EVALUATION MODELS

The appropriateness of " decision based" evaluation models, as a measure of
effectiveness evaluation, and within the context of conunercial nuclear power training, is the
operational question which we will be addressing at our workshop. Different " decision-based"
evaluation models are structured to collect and analyze different kinds of data. The types of data
to be collected and the specific analysis arocedures vary according to the types of decisions to
be made by means of the evaluation, in tie context of a training evaluation, typical factors to be
considered (i.e, factors that contribute to making decisions) include the input to training, the
training process, and the outcomes of training. The framework for considering the use of
decision based evaluation models can be seen in the previously cited works of Stufnebcam &
Webster, Kaufman, Cantor, Carter et. al, and also Laabs & Baker, (1989), and Cantor &
Walker, (1988). Various evaluation models and processes incorporating decision-based
strategies will be described and discuss:d here as a generalintmduction or review of the topic.

Decision Oriented Evaluation fCIPE). Abramson (1979) describes " Decision Oriented
Evaluation," which Stufflebcam and Webster initially proposed as an evaluation model which
provides data for decision makers which are relevant to the specific judgments that are to be
made. The model is thus conceptualized in terms of the decisions for which the evaluation is to
provide information. Decisions are classified along two dimensions: (1) ends-means, (2)
mt:ntion actualities. A 2X2 matrix of these dimensions yields four cells: intended ends,
intended means, actual means, actual ends. These same constructs appear in over 85 per cent of
all of our reviewed literature (see Table One). These four types of decisions, and their
associated evaluations (CIPP) (Kaufman,1988), are classified as: (1) planning decisions
(intended ends) - context evaluation; (2) structuring or programming decisions (intended means)

input evaluation; (3) implementing decisions (actual means) process evaluation; and (4)
recycling decisions (actual ends) - product evaluation.

" Context evaluation" is concerned with the identification of needs, conditions, and
problems within a defined and operating educational environment (Bushnell,1990). This
description of the set:ing gives rise to the goals and specific objectives of the program (input
phase). Data from theoretical and empirical studies which compare the intended and actual
system performance lead to analysis of possible disecepancies. Cantor (1988)in a review of
program evaluation in vocational education found that studies of goals and objectives were
usually conducted by asking panels of " experts" to judge the appropriateness of existing

- objectives.

" Input evaluation" is concerned with the identification and assessment of the system's j
capabilities and strategies for overcoming difficulties in meeting project objectives. Cost-benefit
analyses of human and material resources (in terms of altemative strategies for achieving project
objectives) provide the basic data for making comparisons and decisions.
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" Process evaluation" is concerned with the relationship between actual training pmgram
operation over its life cycle and the ori;inal training program design. Proe v evalu tion datai

help determine whether the program is xing operated as it was originally p._cned. %ese data
also indicate whether the goals and problems identified in the context and input phase and their
suggested solutions are occurring as planned. This type of evaluation is basically interested in
examining the day to. day management of the project m tenns of those areas widch imy give rise
to project failure, such as personnel, resource, and allocation problems (see Hobbs,1990;
Gammuto,1987; La )p,1987; Kusy,1986).

" Product eva ,uation" is concemed with the relationship between program outcomes and

program objectives, and the relationship between these outcomes and the context, input, and
process evaluation data. Student outcome data are generally collected for this type of
evaluation, and are interpreted and related to the context, input and process data.

Although Stuf0ebeam and Webster (1980) described four phases or types of evaluation
L. ' heir CIPP model, there is only one strategy for conducting all four types of evaluation,
consisting of six major component" (1) focusing the evaluation; (2) data collection; (3)
information organization; (4) information analysis; (5) information reporting; and (6)
administration of evaluation.

" Focusing the evaluation" recuires identification of the decision making levels,
definition of the decision situations wit 11n the levels, specification of variables that define the
criteria within the situations, and description of the policies to which the evaluator must adhere
(as discussed by Feiza & Klemm; Kusy; Morisseau et. al; Palchinksy & Waylett; Swanson &
Sleezer;llobbs; Laabs & Berry,1987). " Data collection" requires specification of subjects,
instruments, sampling, administration procedures, ind scheduling. "Information organization"
and "infermation analysis" ret uire an appropriate data processing format, and selection of and
.means for data analysis (see l lobbs; Lapp). "keporting of information" requires specification
of the audience (s) for the evaluation repotts, the means, and schedule of dissemination
activities. " Administration of the evaluation" requires planning and conducting the evaluation
design by specifying resources, schedules, personnel and budget.

Instmetional Systems h.k.dd, The ulti- ste objective of trvining effectiveness evsluatiert
in the nuclear power industry is to ensure that the program produces competent
technicians / operators capable of safe reactor operation. To meet this objective an evaluation
process must: provide a means to systematically collect, review, and analyze critical employee
(technician / operator) and plant (engineering) performance data; match the data against utility
personnel procedures and engineering specifications against industry (INPO) and government
(NRC) guidelines and licy; and ultimat ly nutch the data against operator performances and
the utility's own over. I performance record. It is imponant to understand that nuclear utility
technician / operator training is designed and developed usins; an instructional systems design
approach (ISD), according to sxcific objectives which desc4ibe the personnel requirements and
responsibilities, and training c esign requirements and methods. The ISD process (Figure 1)
includes a structure for training needs analysir, training program design, desclopn.cnt,,

. implementation and evaluation, following the CIPP Model. ISD is a logical systenutic process
for defining worker competency requirements, developing worker performance objectives,
instructional delivery media, and traimng and trainee effecuveness evaluation strategies. Most all
of the training programs in the nuclear power indusuy are predicated upon this systems model
for instructional design. As such, a training effectiveness evaluation methodology must parallel
the ISD process (Cantor,1990; Cantor & Walker,19ho).
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Figure 1.

The first part of such an ISD modelis concemed with needs assessment. As the " input
phase," it is contemed with resources, budget, and time requirements necessary for achieving
the desired goals as identified in the context phase.

Discrecancy Evaluation hiodel. Another approach to evaluation as a meant for
providing administrators with infonnatiori leading to appropriate decisions was developed by
Provus (1969). In this model, Provus desenbcd the purpose and processes of evaluation as
follows:

"The purpose of program evaluation is to detennine whether to improve, maintain, or
terminate a program. Evaluation is the process of (a) agreeing upon program standards, (b)
determining whether a discrepancy exists between some aspect of the program, and, (c) using
discrepancy infonnation to identify the weaknesses of the program." i

This model which has come to be known as the Discrepancy Evaluation hiodel (DEht) is j
conceptualized in terms of four major stages resulting from program development. As

( described in CIPP, the stages consist of a program definition, program installation, program i

implemt,' ation, and program goal or pnxiuct attainment. Within each of these stages, t1e DEht
is con:eptualized as consisting of continuously repeated sequences of questions through implied
criteria, and new infonnation, until ultimately a decision is made. The DEh1 evaluation always
consists of a compariscrn of Performance (P) against Standard (S) which yields the Discrepancy
(D) infonnation. Disciepancy information then serves as the basis on which judgments are
made and decisions rendered. Each stage of the program goes through a series of SPD cycies in
attempting to provide the necessary inforiaation to the program personnel. The content
categories -- Input, Process, and Output provide for an in-depth review and analysis of the
respective stages in teims of: 1) Design Adequacy, 2) Installation Fidelity, 3) Process
Adjustment,4) Product Assessment, and 5) Cost-Benefit Analysis.

The flow chart (Figure 2) illustrates this process. Ilere S is Standard, P is Program
Performance, C is Compare, D is Discrepancy Information, A is Change in Program
Performance or Standards, and T is Terminate. Stage 5 represents the Cost-Benefit option
available to the evaluator only after the first four stages have been negotiated. The use of
discrepancy information always leads to a decision to either (1) go on to the next stage,(2)
recycle the stage after there has been a change in the program's standards or options, (3) recycle
to the first stage, or (4) tenninate the project.
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Cantor (1990) Jescribes the use of DEM in nuclear training environments. Decision-
oriented evaluation is appropriate for nuclear power training evaluation because as a prcxtuct-
oriented process, it can te applied within the framework of ISD. Furthermore, it permits
analysis of relationships between program outcomes and progran. otjectives; and relationships
b: tween these outcomes and the context, input, and process evaluation data. Thus it facilitates:
(a) stipulating program standards; (b) determining whether a discrepancy exists between some
aspect of the nuclear training program and the standards goveming that aspect of the program;
and (c) using " discrepancy" information to identify the weaknesses of the training program or
its components ("SPD"). Discrepancy analyses provide infonnation leading to appropriate
decisions, including immediate or formative decisions, as well as long-range summative
decisions (Rog & Bickman,1984).

An important characteristic of the DEM is its ability to provide infonnation to address
several layers of training program design and operation. Data is needed which will permit
training program managers to immediately correct individual operator training courses or
component parts (simulator, on the-job training, laboratory, etc.) of the program; to assess
overall outcomes of the program (in tenns of technician job perfom1ance) over time; and/or to
redefine aspects of the program's conceptual framework (instructional design procedural
s'.and.sds, perfomiance objective fonnats, item writing standards, etc.). Thcrefore, formative
and summative evaluation components are necessary.

A Framework for Discussion.

In summary, this paper thus far has described the findings of an analysis of the literature
citing potential criteria which effectiveness assessment methods must meet to measure training
effectiveness, and to predict success of training programs. We have discussed certain
fundamental criteria such as the requirements for a procese o be both content and construct
valid, as well as face valid (intemally and externally). It mu.a also be psychometrically reliable,
objective, relevant and important, and operationally feasible in temis of credibility, timeliness
and efficiency. Design aspects of the process were also discussed including ISD, CIPP and
DEM.

A primary purpose of training effectiveness evaluation is to determine whether to
maintain, improve, or temiinate a program or portion thereof. The training effectiveness
evaluation process ultimately identified and desenbed in this workshop will need to incorporate
some of the conceptual bases of decision-oriented evaluation models such as the Discrepancy
Evaluation Mcdel(DEM)(Provus,1969; Stufflebcam & Webster,1980) with the concepts and
elements of instructional design.

B-7

_ _ - - _ _ - - _ _ _



_ __ __ . _ _ _ _ _ .-

TRAINING EFFECTIVENESS EVALUATION PROGRAMS

The next pan of this paper will provide a composite abstract of the sianificant training
evaluation methodologies emphaslung effectiveness measures. It wiIl 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 slynificant
training evaluation pmgrams and methodologies emerged as significantly useful te aur oc,m,
and will be cited and brie 0y abstracted. These are: (1) The Dinrepancy Based Process for
Nuclear Training Pmgram Evaluation; (2) The Strategic Weapon 3ystem Tmining Program and
its training effectiveness component - Personnel and Training Evaluation Progmm WrEP); (3)
The Navy job Performance Measurement Program; and (4) IBM's Corporate Evaluation
Strategy.

The Discrecancy Based Process for Nuclear Trainine _Procram Evaluation. The
Discrepancy Based Process for Nuclear Training Program Evaluation is designed in three
phases. Phase 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 standards (INPO). Phase Two of t1e methodology assesses individual
training components and their outcomes in order to determine congruence to its respective
program development standard. Phase Three permits a synthesis of Phase One and Two
discrepancy 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:

i

a) discrepancies between industry (INPO) training 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,

c) 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 address these questions: (

1. Is the program denned?
2. Is the program installed?
3. Are the enabling objectives being met?
4. Are the tenninal 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 i
Nuclear Trainmg Program Evaluation (Figure 3) is designed to identify discrepancy infonnation
in order to produce a change in either the operation of the training program br 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; i
Montague et. al.,1983; Cantor & Hobson,1981). ;

!

!

!

B-8 '

i

,-~ . ~ , _. , _ - . - # ,- >#._,. - .



- __ _ - _ - _ _ _ _ - _ _ _ _ - _ _ _ _ - _ . -

i

Ihe Strnuic Weapon System Training Program. The Strategic Weapon System
Training Program (SWD) was designed and developed in order to serve the constant training
need , of the U.S. Navy's Polaris, Poseidon, and Trident submarine force. This training
program possesses unique characteristics in that it follows an instructional systems approach for
program design from the identification of training needs, thmugh the design and developnxnt of
instruction, followed by the evaluation of both training effectiveness and trainee readiness. The
model constructed for this training program involves the active participation of both Navy
activities and a group of contractors providing engineering services suppon. This prognun has
been in operation for over thiny years, and has become recognited by the Navy as a most
effective and desirable training program model (see Cantor,1986; Braun,1979).
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Figure 3.

The Personnel and Training Evaluation Program (PTEP)is the evaluation and feedback
loop in the SWSTP and follows an ISD model. In the SWSTP it is viewed as the quality
assurance element. The PTEP measures, evaluate.; and reports the effectiveness of the
program. It is designed to assist overall training measurement by providing the capability for
monitoring, evaluation, feedback, and improvements. PTEP accomplishes its objectives by
means of personnel testing, collection of test and nontest data, evaluation, and reporting. Both
test and aontest data are evaluated to determine trends, iden"fy deficiencies, and formulate
recommendations for corrective action. Evaluation results are reponed in various types of
reports which are distributed to assist commands in increasing personnel proficiency and
in.plementing improvements to SWSTP. Nontest data include personnel history data, group
performance data, the status of training facilities /hardw are/ documentation, and other statistics.
An operational data assessment group comprised of fleet personnel, other navy commands and
support contractors, assists in this nontest data evaluation effon.

The test instrument basis for PTEP is the criterion referenced system achievement test

(CR S AT) which is b. ilt for each technician naval enlisted classiGeation (NEC). The CR SAT is
developed through the use of fleet personnel feedback used to identify elements o| their jobs that
L e most crucial. Through a workshop which is periodically conducted, these data are collected
and used as a basis for the development of a test design specification for that NEC. For the test
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design specification, a prototype test is built at two levels per NEC for the technician and
technician supervisor. A separate cut score workshop is conducted, again using fleet technician
mputs, to ascenain 1 roper performance standards for these tests.

S ATs are ac ministered periodically to all technicians in the SWSTP to measure overall
system knowledge and skills levels. De l' REP evaluation program uses all accumulated data to
measure the effectiveness of the training program. Analyses are conducted to measure individual
and crew status, curriculum appropriateness, and hardware reliability. In addition to formal
reports at six month intervals, qui:k look reports and training flags are also provided when test
data indicate a pmblem that cannot wait until a normal reporting cycle.

)
The Navy's Job ; erformance Measurement Project. The Navy's Job Performance

Measurement Project (JPM) is part of a Congressionally mandated Joint Service Project.
Specifically, this program links enlistment standards to actual job performance data and includes
a description of future prospects for service performance. The JPM provides the Navy with the
capability to measure and predict job performance and contributes to major improvements in
their personnel system functions and measurement technology (see Laabs & Berry).

The Joint Service Project had its genesis in congressional ecucerns that the Armed
Services Vocational Aptitude Battery (ASVAB) was not being validated against eventualjob
perfomiance. The project developed both hands-on and surrogate measures of job perfomiance.
This research strategy was endorsed by the Manpower Accession Policy Steenng Committee
and the National Academy of Sciences (NAS) Committee on the Performance of Military
Personnel. Research was conducted in 32 occupational specialty areas across the four services.
This constituted about 20 percent of the total enlisted Armed Force.s.

The program covered seven ratings that fit well in the Joint-Service effort because
together they covered about 25 percent of the total Navy enlisted force, originated from the top
26 critical Navy ratings, represented 5 of the 24 officially recognized occupational fields, and
used 5 of the current 10 ASVAB composites that are in operation in the Navy's classification
and assignment system. In addit!an, two original research tasks (i c., development of a
prototype JPM data base and demonstration of new computerized predictor tests) have become
separate pmjects. The JPM data base can be used by the research community to guide criterion
development and by the opeintional community to answer policy questions and guide decisions.
The work on new predictors-was conducted late in the life of the project and new test
development technology progressed at a very fast rate. With the advent of the comauterized (
ASVAB, there has been an increasing amount of interest in evaluating new precictors to '

supplement this selection battery.

The JPM Program will provide the Navy with the capability to measure and predict job,

performance. Such a program in the Navy will lead to major Improvements in persennel
selection and other personnel system functions and significant contributions to measurement

-technology in particular and applied psychology in general. -This program offers certain
components to the NRC training effectiveness effort. It also demonstrates a capability to
measure a training program's effectiveness from outside that system.

IBM'S Corocrate Education Stratecy. Bushnell describes IBM's Corporate Education
Strategy and its process for evaluating corporate training effectiveness. This program is
reported to be tigatly linked to all other human resource management programs. Termed an
integrated system approach to training improvement, IBM's top management needs data to
anticipate personnel requirements, and to offer retraining opportunities before employee skills -
become obsolete. Another component of the program is its new hire skills training.

The IBM process uses Input ProcessOutput (IPO) approaches in assessing trainee and
workforce effectiveness. IPO is based on a process modelin which desired output from a

B-10

l



_ - _ - _ _ _ _ _ _ - _ _ _

|

process (i.e. an evaluation process) is identified, the necessary inputs are specified, and a
procedure is developed for using the inputs to achieve the desired output. IPO requires
evalua: ion designers to (a) identify their evaluation goals (output); (b) develop an evaluation
design strategy; (c) select and construct valid, reliable measurement tools; and (d) make
conclusions and recommendations based on analysis (process) of the data (input) collected
using the nasurement tools.

IBM training directors need to balance the cost and results of training. In the past much
of the cost occurred at the delivery stage. Today design and development costs are rising
rapidly as technology takes the responsibility for training delivery.

IBM has found that an IPO approach to training evaluation enables decision makers to
select, from several options, the package that will optimize the overall effectiveness of the
training program. Those who use the IPO model can readily detennine whether the ualning
programs are acnieving the right purposes. It also enables them to detect the types of changes
they should make to improve cost design, content, and delivery. Most importantly, it tells them
whether
students actually acquire the needed knowledge and skills.

EVALUATION METHODOLOGIES AND TOOLS

Methodologies are procedural; i.e., they are ways of doing things. Tools are particular
instruments and devices (such as questionnaires and tests) that ure used to collect or analyze
data. Methodologies and tools are neither unique to a particular conceptual model nor limited to
any particular program.

METHODOLOGIES
J A training evaluation methodology is a defined procedure for determiring the value (for the

purpose of this woik, effectiveness) of traimng. Consequently, a training evaluation
methodology describes how to evaluate training. Evaluation methodologies vary with the
purpose of the evaluation (such as assessing productivity, efficiency, or safety). The NRC's
interest in training effectiveness is different from that of the nuclear utilities. The NRC's
emphasis is primarily on safety, not specifically on productivity, efficiency, or other economic
factors. The literature search did not result in identifying any particular, ready made
methodology specifically applicable to the NRC's goal of developing a program for assessing
the effectiveness of training programs in the commercial nuclear power industry. There are,
however, two basic types of evaluation methodologies with possible application to conducting
training effectiveness evaluations: (1) a process of continuous monitoring of certain indicators
with specific investigations when the indicators fail to meet some criterion / set of criteria; and (2)
a process whereby data is collected and reviewed in a short pc'iod of time followed by a site
visit to extract specific information. These two processes will be tcferred to as
" monitor / investigate" and " review / extract."

Monitor / Investigate. The monitor / investigate process forms the basis of most good,in-
house training feedback. The 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 intemal records maintained for aurposes other than training
evaluation, in addition, some evaluation-process-specific recorcs may be created. The ability
to track program change with time is a characteristic of monitor / investigate programs. Inherent
in these programs is a generally unexpressed assumption that training is generalp - eptable
and ibt only deviations from the norm require investigation. The Personnel a.. raining
Evalation Program (U.S. Navy,1989)is an example of a monitor / investigate program.
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A positive feature of the monitor / investigate process is that it provides continuous review, in
order to be effective, a monitor /investigaL process requires constant attention. The appropriate
level of attention is sometimes difficult to achieve when evidence of change comes infrequently
and when reviews of data are delayed because it will be possible to " catch up tomorrow."

Review / Extract. Review / extract is the general process followe6 by "outside"
investigators (e g., auditors). The process consists of reviewing, over a short period of time,
the records maintained by an organiution, along with any other undicators considered relevant,
then making a site visit for the purpose of gathering additional information which can either
confirm or clarify the impressions developed in the reviev stage. This review of data in a
concentrated format can be helpful in putting into focus trends and problems which otherwise
can be missed in a monitoring regime. This it, es xcially true when the changes are gradual and

zthe relationship between events may be lost ecause of time lapse. The dangers of the
review / extract approach lie in the fact that the review is intermittent and that the " snapshot"
gained in the review may provide a distorted picture of the overall situation. Abrams et al.
(1979) report on processes for conducting a review / extract evaluation. The NRC has developed
a review / extract process, Trainine Review Criteria and Procedures (NUREG.1220) for use by
the NRC staff in reviewing nuclear power industry training programs. NUREG 1220 is
oriented to evaluating the traming process (rather than outcomes).

DATA cot 1 FCTION TOOLS

Data collection methods employed in measuring training effectiveness may apply to either
monitor / investigate or review / extract processes. The exact form may either vary with
application or remain unchanged. The following items are common tools addressed in the
literature (Abrams et al.,1979; Lapp,1987; Walker,1987; Worthen & Sanders,1973):

o Direct Measurement
o Surveys
o Work Sample Observations
o Drills / Exercises
o Normal Job Records
o Execption Reports
o Performance M:asures -

Experience has shown that training effectiveness can seldom be either validated or challenged on
the basis of any single one of the tools cited. It is tme, however, that some investigators (e.g.,
Walker,1987) ieport good results using data from either two or n,vre of the tools in
combination.

DimcDieasuremen Well managed direct measurement is one of the most useful and
best accepted means of determining training effectiveness. Measurement instruments include
written tests and performance tests. Performance tests may be administered either at actual
work stations or through some form of either simulation or stimulation. Most investigators
recommend the use of some form of direct measurement in conducting summative evaluation.

Smveys. Fomial systems for collecting on the-job feedback generally involve some -
form of questionnaire, The questionnaires can be administered by mail (internal / external) or
may be administered by means of structured interview. Survey data is included by most
investigators as a product evaluation tool.

Work Sample Observations. This form of data gathering usually involves the
observation of persons on the job. Data are recorded on a check sheet, which displays expected
actions and has space for recording actual worker actions.
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Drills / Exerciser. Drills / exercises are simulations of responses to critical events (e.g.,
large-scale ' ictor emergency preparedness exercise). Drills / exercises are conducted for the
purposes of demonstrating capabilities, maintaining proficiency, and evaluating perfomiance.
hunison et al. (1987) repott that drills and exercises provide indications of both personnel and
program perfonnance.

Normal Job Reconh. Normal job records consist of operating logs and maintenance
records. They provide the most complete objective record on how a plant operates on a day to-
day basis. The problem with these records lies in discriminating which data clearly reflect upon
the adequscy and effectiveness of training (rather than some other variabic). These ircords are
important when used in conjunction with other tools (such as tests and surveys) but have
proved difficult to use as a primary " training effectiveness" data , urce. The NRC has an
ongoing project on the selection of programnutic perfonnance indie tors of training that may
include mamtenance data as perfonnance indicators

Excention Recons. Exception repons are made when reponing exceptions from normal
operations. For example, nuclear licensees must report cenain types of safety related events to
the NRC. Exception repons are of importance both with respect to the nature of the problems
and the ruponse to the problems reponed. According to Morisseau et al. (1987), the NRC
performs evaluations of training programs in response to reportable operating events.

Perfornunce Measures. Perfonnance measures are samples of job tasks perfonned
under controlled conditions. Consequently, they are similar to performance tests and work
sample observations. However, they generally have a different purpose. The importance of

measures (for purposes of performance appraisal, hiring, jobperformance
selection / classification, compensation) has been described by Ridgev r" & Zucco (1987) and
Laabs & Baker (1989).1.aabs describes task sampling in terms of GuiorPs (1979) paradigm for
reducing a job to a job sample. The paradigm includes the following steps: (a) define the job-
content universe, (b) determine the job <ontent domain,(c) define the test-content universe, and
(d) determine the test-content domam.

Canet, Connelly, and Krois (1989) developed a method of synthesizing performance measures
for evaluating overall system (plant and team) perfonnance as a crew responds to an off normal
event in a nuclear pow er plant simulator. They identified factors important to perfonnance
assessment, developed example crew performances and obtained ratmgs from instructors on the
exampics. then denved the perfomunce measures using the instructors' assessment rules as a
bcseline. Consequently, they quantified subjective assessments by instructors, making the
assessments more objecGe.

.
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APPENDIX C

PERSONNEL PERFORMANCE MEASUREMENT TECIINIQUES
,

Evaluators c investigators develop, plans for personnel performance measurement to
look for specific kinds of information. This information will be used to attempt correlation with
data from other sampling points or to look for changes in response at the Measurable
Performance sam) ling pomts from that received in previous evaluations. The basic list of
measurement teciniques or " 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 most useful and accepted means of
determining trainin; effectiveness. Measurement methodologies include written tests and
performance tests. )ctformance tests can be admidstered either at actual work stations or
through some form of simulation or stimulation. Direct measurement techniques applied hi a
work environment are generally referred to under the term " Job Performance Measures."

b. . Surveys

(1) Interview
(2) Questionnaire

Formal systems for collecting on.the. job feedback ;cnerally involve some form of
survey consisting of questions for which answers are sougit from selected persons. The
questions can be asked in an interview or prepared in the form of a questionnaire to be
administered by mail (internal or external). Survey data are included by most investigators as a

t
product evaluation tool.

c. Self Reports ,

These are statements volunteered 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.c unstructured. .

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 tests, 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 to the person or persons performing the
work (unobtrusive), or can involve interaction between the observer and the worker (s)
(obtrusive).

L
L C.1
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e. Normal Job Records

(1) Raw
(2) Treed

Normaljob records consist of operating logs and maintenance records and provide the
most complete objective record on how a plant operates on a day to day basis,

f. Imgged Data

Lo
maintaine<gged data represent data collection on normal operations that is requested andin addition to normal plant records,

g. Excep'lon Reports, Licensee Event Reports, etc.

These are reports that identify exceptions from notmal operations. They are ofimportance both
with respect to the nature of and the response to the problems,

s

$
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APPENDIX D

INTERNAL STANDARDS
OPERATIONAL h)EFINITIONS FOR USE

BY WORKSIIOP SMES

1. IntemalValidity:
ne methodologf must produce the infometion that it is intended to produce.

,

2. Extemal Validity:
He extent to which the c.# cf the evale@n are measurab'y linked to some

extemal criteria, e.g., sarc;y, organizational results, jobs, and tasks.

3. Reliability:
The information that is collected must provide consistent indicatic

4. Objectivity:
The evaluation methodology must be constmeted so as to control for bias in data

collection and inteyretation.

5. Relevance:
De evaluation must serve the infomution needs of the decision making audience.

6. Importance:
De information to be co!!ected and program components to be evaluated are

prioritized.

7. Scope:

ne design of the evaluation project must be comprehensive enough to meet, but not

exceed, the objectives of the project.

8. 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 derived.
|

|

!
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