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USA Experience with SA J: 

The Simpler, the Better! 
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The Theme for USA NPP Management: 

Make it Simple, Make it Yours! 
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USA NPP History with SA T 

Since the TMS Accident: 

Early 1980's 

INFO ® Industry-wide job and task analyses 
& NRC (JTAs) 

© Accreditation of and standards for SA T-based 
training 

® SAT guidelines & good practices 

$ National Academy for Nuclear Training 



USA NPP History with SA T 
(Continued) 

Early 7980's 

NPPs ® Conducted types of comprehensive JTAs 
using INPO data as benchmark 

® Established SA T-based training programs 
procedures 

® Accredited operations training first then 
maintenance,, then technical staff 

© Well-funded training initiatives 



USA NPP History with SA T 
(Continued) 

Late 1980's & beyond 

IN PO ® Established higher goals and 
& NRC standards for training 

® Added accreditation standards for the shift 
supervisor and maintenance supervisor 

• Found NPP problems implementing SA T 
processes and programs 
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USA NPP History with SA T 
(Continued) 

NPPs - In light of resource reductions: 

• Needed to find a better way to achieve same 
high quality training 

• Simplified the SA T process programs 

© Corporate and plant management needed to 
be more accountable for training 
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USA NPP History with SA T 
(Continued) 

Resources Devoted to SAT: 
Prior to TMI: 

NPP Training Staffs -2-5 per unit on site 

(Training Coordinators & OJT Trainers) 

Early 1980's: 

NPP Training Staffs « 30-40 per unit on site 
(5 Trng mgrs, 5 admin support, 5 instr. techs., 15 ops/sim instrs., 5 sim staff, 5 technician & 
engr. instrs.) 

Late 1980's & Beyond: 
NPP Training Staffs « 25-35 per unit on site 

(3 Trng mgrs, 2 admin support, 1 instr. tech., 15 ops/sim instrs., 3 sim staff, 10 technician & 
engr. instrs.) 

NPP Mgt Staffs « 5 - 10 per unit on site 
(Training Coordinators & OJT Trainers) 
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USA NPP History with SA T 
(continued) 

SA T Cycles in Operation 



DISTRIBUTION OF IMPLEMENTATION EFFORT 
& VALUE-ADDED ACROSS THE SAT PHASES 

Level of Effort Value-Added to Training Quality 

80.0% 

20.0% 

ANALYSIS & EVALUATION 

lilgpr DESIGN, DEVELOP, & IMPLEMENT 



USA NPP History with SA T 
(Continued) 

Major Lessons-Learned with SA T: 

• The Simpler, the Better! 

• More training and plant management 
involvement with training needs 
analysis and program evaluation 
(feedback) 

• Exploit the technology for alternative 
training strategies 
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Current SA T Status 

© Used at all NPPs and at other 
high risk industriesf e.g., 
petro-chemical, transportation 

• Applied to all technical 
positions and some 
supervisory positions 

© The industry accreditation 
process is performance-based 
and uses the SA T model 

• All NPPs maintain job task 
lists that are used as the 
bases for all training 

• Training organizations that 
once reported to plant mgt 
(before TMI) and to corporate 
mgt (early-mid 1980's) now 
report again to plant mgt 

• Licensed operator exams 
include more higher-order 
cognitive evaluation items as 
a result of the SA T-based 
operator training programs 
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A TIA CHMENTS 

Exampie USA Cost-Benefit Studies 
Some Noteworthy Results Extracted 

1992 Study - Maintenance Technicians 

• 24% gain in job performance 

• $6.7 K gain per employee 

• $1.7 M gain for 250 employees 

1994 Study - Nuclear Facility Operators 

o 44% gain in job performance 

• $59.1 K gain per employee 

® $8.9 M gain for 150 employees 
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ATTACHMENT 1 

Example USA Cost-Benefit Study 
^ 
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Cost /Benef i t Analysis 
o f 

Nuclear Training Programs 

B A C K G R O U N D 

Most nuclear utilities are facing increases in operational costs. This fact makes the training 
programs that help produce qualified, proficient workers essential. Increasing demands for lower 
costs by the electric consumer makes efficient and effective training directly related to reducing 
these operational costs an organizational imperative. A 1990 American Society for Training and 
Development (ASTD) study reported that 66% of the training managers are under increasing 
pressure to prove that programs are yielding bottom-line results. Many of these pressures are 
market driven and call for major redesign of organizational structures and investment in training. 

Training for operational and maintenance personnel is an investment for Philadelphia 
Electric. Outside factors that have influenced training as an investment for the company are: 
increased competition, improving technology, changing characteristics of the work force and 
national legislation. As Philadelphia Electric and other nuclear utilities strive to meet the demands 
of our customers and other influencing factors, our commitment to quantifying training 
performance gains has to increase. 

Quantifying the relationship between training and job performance has historically been an 
elusive objective. (Hawthorne, 1987; Lombardo, 1989) . This research project.was designed to 
quantify the impact of Philadelphia Electric's Nuclear Maintenance Training programs in terms of 
worker performance gains and cost-benefits. It is a replication and major revision of a similar 
project that was undertaken by the author in 1987 at another major nuclear utility. If similar results 
were obtained then the applicability of the instruments and methodology would be proven to be 
generalizable to the utility industry. 

The approach taken in this project was "results evaluation" oriented. That is, the variables 
measured were tied directly to worker job performance. Carnevale and Schulz (1990) indicated 
that, "The results level of evaluation is the highest level of rigor and usually is expressed in 
organizational terms such as reduced costs." 

It was hoped that in the process of doing this research the awareness of management and 
trainers was heightened to the fact that the training function does, and will continue to improve 
employee performance, and contribute in a significant, quantifiable way to the company's mission, 
"to generate electricity safely, reliably and competitively." 

P U R P O S E 

The specific purpose of this project was to answer the following questions: 

(1) Is there a significant difference in job performance of highly trained and 
moderately trained nuclear maintenance personnel? 

(2) What is the dollar value of gains or losses resulting from training 
programs used in qualifying nuclear maintenance personnel? 
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M E T H O D O L O G Y 

The target population for this study was maintenance employees who directly impacted the 
electrical production or maintenance of the nuclear generating stations. The total number of 
maintenance workers in this group was 5 2 9 . The target sample (n=118) included: all level of 
maintenance workers; helpers, apprentice technician B & A and 3rd, 2nd & 1st class maintenance 
workers from both nuclear generating stations and from the mobile maintenance force. The target 
sample was randomly selected from the total population of maintenance workers. Training records 
were used to identify employees who completed the required task-specific training at each job 
classification level.. 

The quantity of training received was the criterion used to form the two-criterion, 
nonequivalent, ex post facto groups. Two-criterion describes the levels of training into which the 
target sample was divided (two). Nonequivalent refers to the fact that the two groups were of 
unequal numbers. Ex post facto defines the variables of the research as 'selected' rather than 
manipulated. For example, the training received :jy the sample workers was not varied or 
manipulated during the project, but rather the quantity of training already received was selected as 
the independent variable. 

The two criterion groups consisted of the following: 

Highly Trained = First Class nuclear maintenance workers who had finished all required training 
(N=49) 

Moderately Trained = Helpers, Apprentice B Maintenance Technicians, and 3rd Class Maintenance 
Workers who had finished little or no required training. (N=30) 

The apprentice A Maintenance Technicians and 2nd Class Maintenance Workers (N=39) 
were excluded from the groups to maintain a clear distinction between the highly and moderately 
trained groups. This distinction was based on the amount of training received. 

DATA C O L L E C T I O N AND I N S T R U M E N T A T I O N 

Data Collection-Stepl 

Data collection was conducted at each generating station, the Barbadoes Training Center, 
and the Nuclear Group Headquarters. Two steps were used in the data collection process. The 
first step was job performance assessment by the participant's first-line supervisor. Each 
supervisor was asked to evaluate at least two highly trained and two moderately trained workers. 
No supervisor was to evaluate more than four workers in each category. The number of workers a 
supervisor rated was determined by his knowledge of the individual worker's job performance. 

All through the project only those involved in the project management knew the results of 
the group ratings of any individual worker, and this was referenced only by number once the 
supervisor had assessed the worker. Selection biases, Hawthorne and 'Halo effects', and other 
threats to internal validity were minimized by this randomized, blind, assessment process. 
(Galagen, 1987; Campbell and Stanley, 1963; and Borg and Gall, 1983). 
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Tnsmimftnration-Sfp.p T 

T A B L E 1 
P I L O T T E S T R E S U L T S 

Mean Sid, Dex SL _L p > l t l 
First Supervisor 
Ratings 5.65 1.17 6 

.30 1.78 
Second Supervisor 
Ratings 5.88 .88 6 

3 . A change in instrument format (from a five to a nine point Likert scale) was made 
based on interviews with participants. 

The instrument also included demographic information such as age, gender, current and 
past job classifications, years spent in current position, education, and past job experience. (See 
Exhibit 1) 
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The Job Performance Assessment instrument was used by the supervisors to rate the 
individual workers measured six job behavior themes. These were: 

(1) Concentration/awareness of hazards, 
(2) Handling stress and pressure on the job, 
( 3 ) Responsibility of equipment, tools, products, or materials, 
(4) Experience/background, 
(5) Resourcefulness, and 
(6) Manual dexterity. 

For each job behavior theme, five items were developed to measure worker performance. 
The items were written to provide a difficulty range for each job behavior theme. For example, 
item #1 would describe cleaning or tasks preparation behaviors; the simplest skills for the theme 
and item #5 would describe prediction and troubleshooting behaviors; the most complex skills for 
the theme. 

To ensure the instrument's appropriateness the following steps were taken: 

1. Maintenance and training management reviewed the instrument for applicability, 
language interpretation and format concerns. 

2 . A pilot was conducted to determine inter-rater reliability (were ratings among 
supervisors consistent) and instrument useability. Each of seven pilot workers were 
rated by two supervisors in each of the job behavior theme areas. The results 
showed no significant difference between the two supervisor ratings. (See Table 1) 



E X H I B I T 1 
J O B P E R F O R M A N C E A S S E S S M E N T I N S T R U M E N T 

The work place often contains distractions which make it hard to concentrate on tasks. Perhaps the work 
place is noisy, or very busy. Perhaps work is interrupted by others needing information of just socializing. 
Sometimes employees have interests or life problems which enter the work place and distract them from 
quality performance. Employees need to be able to concentrate on tasks. They need to minimize influences 
which compete for their attention and to focus on tasks matters. 

The employee being evaluated: 

0 1 2 3 4 5 6 7 8 9 

Never/Rarely mini
mizes or tunes out 
distractions while 
performing job-
related tasks. 

Seldom minimizes or 
tunes out distractions 
while performing job-
related tasks. 

Sometimes becomes 
distracted by one or 
more competing in
fluences while perform
ing job-related tasks. 

Often minimizes or 
tunes out distractions 
while performing 
job-related tasks. 

Always minimizes 
or tunes out dis
tractions while 
performing job-
related tasks. 

Data Collp.ctinn-Step ?. 

The second step in the data collection process was to have the supervisors complete a 
Relative Weight instrument. The relative weight ratings of the six job behavior themes were based 
on the supervisor's assessment of the importance of the job work behaviors, seriousness or 
consequences of error, difficulty in performing job behaviors, and the time or frequency of the job 
behaviors. 

The supervisors were asked to complete this instrument as soon as they had completed the 
Job Performance Assessment instrument. 

Instrumentation- Step 2 

The Relative Weight mstrument was used by the supervisors to rate the following 
factors relating to the six job behavior themes. 

(1) Importance of job performance, 
(2) Seriousness or consequence of an error, 
(3) Level of difficulty in performing job activity, and 
(4) Time involved or frequency of job activity. 

four 

The adaptation of this instrument for Philadelphia Electric's use was based on a similar 
instrument developed by W.F . Cascio and R.A. Ramos (Cascio & Ramos, 1986). (See Exhibit 2) 



E X H I B I T 2 
R E L A T I V E W E I G H T I N S T R U M E N T 

Please rate each of the six job performance activities on the scales below that reflect, in your 
opinion, the (a) importance of the performance activity, (b) consequence of an error in performing that 
activity, (c) level of difficulty, and (d) frequency percentage. 

2. Handling Stress and Pressure on the Joh. Includes coping with change and associated stress; coping 
with deadlines and time pressures; coping with pressure to perform tasks accurately; coping with 

stress of working with others; and coping with stress of working with supervision. 

(a) Importance of activity: 

0 1 2 3 4 5 6 7 

not applicable or 
applies very little 
to job 

applies somewhat 
or up to half of 

applies to most 
of the job 

applies to all 
of the job 

(b) Consequence of error: 

0 1 2 3 4 5 6 7 

error is of no 
consequence 

slightly serious 
consequences; may 
result in rework and 
loss of time 

moderately serious 
consequences; may 
result in potentially 
unsafe conditions with 
damage to equipment 
and materials 

extremely serious 
consequences; 
results in unsafe 
conditions, injury 
and/or loss of life 

D A T A A N A L Y S I S 

Data analysis consisted of two parts. Part one established whether or not there was a 
significant difference between job performance of moderately trained and highly trained nuclear 
maintenance personnel. 

The second part compared two utility analysis models in determining the dollar value gains 
or losses from Philadelphia Electric's training programs for nuclear maintenance workers. 

Data Analysis-Part 1 

A statistical procedure called an Analysis of Covariance (ANCOVA) was used to analyze 
the two group's (.highly and moderately trained) differences while controlling for variables of age 
and time-in-position. The results indicated that there was a significant difference at the .05 level 
between job performance outcomes of the moderately trained and highly trained groups in four of 
the six job behavior themes. The four themes were: Concentration/awareness of hazards, 
Experience/background, Resourcefulness, and Manual dexterity. The two themes that did not 
have a significant difference between the two groups were: Handling stress and pressure on the 
job, and Responsibility of equipment, tools, products, or materials. 
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Data Analysis-Part 1 Cont'd 

T A B L E 2 
A C T U A L VS. E X P E C T E D G R O U P J O B P E R F O R M A N C E R E S U L T S 

Job 
Behavior 

Moderately 
Trained (MT) 

Highly 
Trained (HT) 

Sign. Diff. 

Aver - Exp. Diff. Aver - Exp. Diff. Total Diff -SD 
Concentration/ 
Awareness of 
Hazards 5.94-- 6.00 = - . 0 6 6 .59-- 6.00 = .59 .65 Yes 

Handling stress 6.14 - 6.00 = .14 6.63-- 6.00 = .63 .49 No 

Responsibility 
of equipment, etc 5.40-• 6.00 = - . 6 0 5.92-• 6.00 = -.08 .52 No 

Experience/ 
Background 5.67-• 6.00 = - . 3 3 6.74 - 6.00 = .74 1.07 Yes 

Resourcefulness 4 .84-• 6.00 = - 1 . 1 6 6.02 - 6.00 = .02 1.18 Yes 

Manual Dexterity 5.61 - 6.00 = - . 3 9 6.61 - 6.00 = .61 1.00 Yes 

Total Mean Averages MT = 5.6 HT = 6.42 .818 Yes 

Date Analysis-Part 7 

The first of two cost-effectiveness models was adapted from Godkewitsch's (1987) design 
to measure dollar gains between groups. The formula for calculating the dollar gains is: 

F = N [ ( E x M ) - C ] 
where: 

F = financial utility 
N = number of people affected (how many trained) 
E = effect of the intervention (what was the effect of the training) 
M = monetary value of the effect 
C = cost of the intervention per person 
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Table 2 shows the group averages for each job behavior theme. Also included in the table 
are the value differences, above and below the expected "qualified worker" level of 6. The "6" or 
expected "qualified worker" level was obtained as a consensus value from all rating supervisors 
based on the wording of the Job Performance Assessment instrument rating scales. For 
comparison purposes, the total difference between the Moderately and Highly trained group 
themes have been calculated. The last column indicates whether the differences between the group 
theme means are significant. 



Data Analysis-Part 2 Cont'd 

Mht = mean job performance for Highly Trained 
M m t = mean job performance for Moderately Trained 
Sh[2 = variance for Highly Trained 

S m t 2 = variance for Moderately Trained 
Njit = number of measures for Highly Trained 
N m t = number of measures for Moderately Trained 

After the within group standard deviation was determined the size of the effect could be calculated 
by using the following formula: 

es = effect size = E , or the training gains in job performance as a result of the 

E is representative of a difference in the groups distributions, and is expressed in standard 
deviations. Godkewitsch (1987) , Schmidt and Hunter ( 1 9 8 6 ) , and others equate a one standard 
deviation shift from the mean as 4 0 % increase/decrease in job performance. For instance, the 
average salary for Highly Trained group in the sample was approximately $ 3 9 , 0 0 0 . Therefore, the 
estimated dollar value of job performance one standard deviation from the mean would be 
approximately $ 1 5 , 6 0 0 , or M=$15 ,600 . The cost per individual (C) for the training programs was 
$9,600. This figure included development and startup costs. 

Applying Godkewitsch's formula to the above showed the following dollar gains for 
Philadelphia Electric's training programs: 

Financial Utility (Gains) = F = N [ ( E x M ) - C ] 
F = 250 [( .71 x $ 1 5 , 6 0 0 ) - $9 ,600] 
F = $ 3 6 9 , 0 0 0 

Using the same standard deviation shift, a percentage of job performance improvement was 
calculated. . One standard deviation equals approximately 34% of the area under the normal 
distribution curve. Therefore, . 34 x .71 (the job performance gain expressed in standard 
deviations) equals a job performance increase of 24%. 

The second cost-effectiveness model was adapted from the Cascio-Ramos Estimate of 
Performance in Dollars (CREPID) design and utilized data from the Relative Weight instrument 
used by the supervisors to rate (1) importance of job performance, (2) seriousness or consequence 
of an error, (3) level of difficulty in performing job activity, and (4) time involved or frequency of 
job activity (See Exhibit 2) for each of the six work behavior themes. 

where: 

es = ( M m t - M h t ) / sd •w 
where: 

training. 

-7-

The number of people trained (N) during the year with these programs was 250 . The 
effect of the intervention (E) was calculated by determining the within group standard deviation 
(sd w ) using the following formula: 



Data Analysis-Part 1 Cont'd 

T A B L E 3 
S U P E R V I S O R ' S R A T I N G S OF T H E 

S I X W O R K B E H A V I O R T H E M E S 

Work Behavior I C D F T RW 

Concentration/Awareness 
of Hazards 6.41 6.06 6.06 21% 4943 .34 

Handling of Stress 5.18 4.71 4.59 14% 1568 .10 

Responsibility of equip. 5.94 5.94 4.53 19% 3037 .21 

Experience/Background 5.41 5.12 4.53 16% 2008 .14 

Resourcefulness 5.31 4.06 5.06 14% 1527 .10 

Manual Dexterity 5.82 4.35 3.88 16% 1572 
14655 

.11 

The next step in the Cascio-Ramos design is to calculate the relative weighted dollar values 
for each of the six work behaviors. This is done on the average salary of the nuclear maintenance 
worker. The highly trained worker dollar gain is then calculated using this average as a base 
"performance dollar value". The formula for calculating the dollar value of work behaviors is: 

$ W B = RW x AS, 
where: 

$ W B = estimated dollar value of work behavior 
RW = relative weight for work behavior 
AS = $39,000 = average annual salary for nuclear maintenance workers 

-8 -

Table 3 shows the supervisor's ratings of the relative importance of the six work behavior 
themes using the following formula: 

CREPJD Formula = RW = T / I T 
where: 

RW = relative weight 
T = I x C x D x F 
I = importance of job activity or behavior 

C = consequence of an error in job activity or behavior 
D = difficulty in performing job activity or behavior 
F = frequency or time required for job activity or behavior 



Table 4 shows the results of the weighted dollar values for each work behavior theme and 
the Highly Trained (HT) dollar gain based on HT job performance gains from Table 2. 

Using the same costs and numbers of workers trained for the program the added cost value 
of the Highly Trained worker performance using the C R E P U ) analysis method was calculated to 
be: 

$16 ,360 - $ 9 , 6 0 0 (program costs) = $ 6 , 7 6 0 
$ 6 , 7 6 0 x 250 (Number of students) = $ 1 , 6 9 0 , 0 0 0 total dollar gain 

T A B L E 4 
D O L L A R V A L U E S O F J O B P E R F O R M A N C E W O R K 

B E H A V I O R S AND H I G H L Y T R A I N E D D O L L A R GAINS 

Work Behavior RW AS SWB HT Performance 
gain (from Table 2) 

Total Dollar value 
gain for HT worker 

Concentration/Awareness 
of Hazards .34 X $39000 = $13260 X .59 $7823 

Handling of Stress .10 X $39000 = $3900 X .63 $2457 

Responsibility of Equip. .21 X $39000 = $8190 X -.08 . $-655 

Experience/Background .14 X $39000 $5460 X .74 $4040 

Resourcefulness .10 X S390OO = $3900 X .02 $0078 

Manual Dexterity .11 X $39000 = S4290 X .61 $2617 

Total Dollar gain for HT worker = $16360 

S U M M A R Y AND R E C O M M E N D A T I O N S 

The results of the study indicated that there was a significant difference in job performance 
of highly trained and moderately trained nuclear maintenance workers. The Godkewitsch model 
yielded a 24% increase in job performance and a $ 1 , 4 7 6 savings per trainee after training program 
costs had been removed. The Cascio-Ramos model yielded a $ 6 , 7 6 0 savings per trainee after 
training program costs had been removed. 

The CREPID model yielded significantly higher monetary results but may not be as 
applicable for the following reasons: (1) It assumes that the job activities or behaviors used in the 
Job Performance Assessment instrument represented 100% of the job, and (2) it assumes that job 
performance below an "expected level (6.00)" yield negative dollar values. 
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S U M M A R Y AND R E C O M M E N D A T I O N S CONT'D 

Based on the findings of this study the following recommendations are made: 

(1) Further refinement and application of Godkewitsch's utility analysis models should be 
undertaken by training in other nuclear utilities. 

(2) Supervisor's perceptions and expectations should be considered as an 
input into the Job Performance Assessment instrument prior to 
administration. 

(3) The effect of training on job performance over time should be studied using 
the utility analysis approach to establish a baseline for future performance 
measurement. 
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TRAINING IMPACT 
on 

JOB PERFORMANCE 

PURPOSE 

This study measures operator job performance and related dollar gains using a "results evaluation 

and behavior-based" approach, and related dollar gains. Specifically, this study correlates the 

results of operator training to operator job performance and measures the job performance gain or 

loss expressed monetarily and defined by the Contractor's compensation structure. 

It addresses the following questions: 

1. What is the performance difference between TRAINED and NON-TRAINED 
workers? 

2. What is the dollar, value added (gain or loss) of the performance-based training 
programs used to train workers for their jobs? 

3. What changes can be made in training to cost effectively improve worker 
performance? 

BACKGROUND 

Historically, it is important to point out that the costs and benefits of worker behavior are usually 

evaluated from a "production" point of view. That is to say, "How few errors are made", "How 

many widgets are produced", or "How many accidents are avoided?" Over the past ten to fifteen 

years training has been shown to affect many types of performance or behaviors on the job. Some 

of these include: problem solving and decision making, communications, supervision, and human 

relations. 

At this point, it is important to remember that any skill, attitude, and performance can be 

"measured" somehow, and results in a distribution of data, such as rating scores. Every 

distribution of data or scores has an average (0) and a standard deviation (Sd). This standard 

deviation describes how the distribution in terms of being "bunched" or "spread-out". In a normal 

distribution, about 69% of all the scores are within one standard deviation of the average. 

A p r i l 4 , 1995 2 



While these "measurements" can be quantified objectively, the notion of 'value added' is tied to 

what management and others feel and think. Industrial psychologists from the University of 

Colorado, the U.S. Office of Personnel Management, and the University of Texas, among others, 

have developed a practical way to quantify job performance. This is expressed in terms of 

standard deviation of job performance (One standard deviation of job performance from the 

average of the work group is equal to approximately 40% of the annual salary). See Figure 1. 

Figure 1 
Normal Rating Distribution 

= 69% of all performance ratings will 
fall in this area 

Practically, this means that an operator who performs one Sd below the average (or at the 15th 

percentile) is seen to be worth 40% less (in terms of salary) than the average salary paid for the 

job. The opposite is true for an operator who is working at one Sd above the average operator (or 

at the 85th percentile). This operator is seen to be worth 40% more than the average salary paid 

for the job. These figures are derived from the findings of 29 studies and published in the study: 

F .L . Schmidt, U.S. Office of Personnel Management and I E . Hunter, Michigan State University, 

"The Economic Impact of Job Selection Methods on Size, Productivity, and Payroll Costs of the 

Federal Work Force: An Empirically Based Demonstration", 1986. 

A p r i l 4 , 1995 3 
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METHOD 

The operators for a Department of Energy Contractor were the work group selected for this study. 

The performance ratings were collected on operators who worked at three separate areas. The 

operators were selected randomly from each work group area and evaluated by their supervision. 

The operations supervisors were instructed to rate the workers on their performance in a number or 

areas or themes. The study facilitator was available to answer questions and provide assistance for 

any Supervisor or Manager that needed any clarification or explanation. 

Operators from these three work group area locations were divided into two groups: TRAINED 

and NON-TRAINED. The total number of operators for the three work areas is 212. Fifty of 

these are in the TRAINED group. The TRAINED group attended the Performance-Based Training 

program recently implemented by the Contractor. The NON-TR/JNED group has not attended 

this or any similar Performance-Based Training program. 

Performance Areas or Themes were developed based on performance attributes (such as attention 

to detail) and on content covered in the Training Qualification programs. Interviews with Training 

Management and Instructors were conducted to ensure that the Performance Themes were 

addressed in training and that operation job performance improvement could be based on training 

in these Theme areas. 

Subsequently, the revised survey was administered to shift managers and shift supervisors, who 

were asked to rate the job performance of their staff in the seven Job Performance Theme areas. 

These were: 

1. Attention to Detail and Accident Mitigation 

2 . Manual Dexterity: Operating, and Other Hands-on Performances 

3 . Handling Stress and Pressure in Job Tasks 

4 . Experience and Knowledge 

5. Equipment Care and Maintenance 

6 . Resourcefulness: Problem-Solving Approaches to Job-Related Tasks 

7. Procedural Compliance 
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RESULTS 

J o b P e r f o r m a n c e I m p a c t 

Thirty-six operator were scheduled for job performance evaluation. Of these, twenty-four were 

available for the study. The results of the Supervisor evaluations are described in Table 1. This 

Table shows the TRAINED and NON-TRAINED groups' averages for each job performance 

theme. Also included in the Table are the differences above and below the expected "qualified 

worker" level of 5.5. The "5.5" or expected "qualified worker" level was obtained as a consensus 

value from the supervisors that rated the operator's job performance. For comparison purposes, 

the total difference between the NON-TRAINED and TRAINED group themes have been 

calculated. The last column in Table 1 indicates whether the differences between the group theme 

means are significant at the probability level of .01 (p = .01). This means that similar performance 

results can be expected 99 out of 100 times. 

Table 1 
Actual vs. Expected Job Performance Results 

Job Behavior Theme NON-TRAINED TRAINED Sign. Diff. (SD) 

Ave - Exp Diff Ave - Exp Diff Total Diff SD 

Attention to Detail and Accident Mitigation 4 . 9 2 - 5.5 -.58 6 .54- 5.5 1.04 1.62 YES 

Manual Dexterity: Operating, and Other 
Hands-on Performances 

3 . 9 0 - 5.5 -1.60 6 .58- 5.5 1.08 2.68 YES 

Handling Stress and Pressure in Job Tasks 3.83 - 5.5 -1.67 6 .43 - 5.5 0.93 2.60 YES 

Experience and Knowledge 4 . 3 5 - 5.5 -1.15 6 .68 - 5.5 1.18 2.33 YES 

Equipment Care and Maintenance 4 . 0 0 - 5.5 -1.50 5 . 9 5 - 5.5 0.45 1.95 YES 

Resourcefulness: Problem-Solving 
Approaches to Job-Related Tasks 

4.05 - 5.5 -1.45 5 .85 - 5.5 0.08 1.80 YES 

Procedural Compliance 3.93 - 5.5 -1.57 6 .49- 5.5 0.99 2.56 YES 

Mean of the Averages: 4 . 1 4 6 . 3 6 2 . 2 2 Y E S 
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Chart 1 below shows much of the same data shown in Table 1 but in a visual comparison format. 

Chart 1 
Trained vs. Non-Trained Job 

Performance Theme Means 

Themes 
1. Attention to Detail and Accident Mitigation 2. Manual Dexterity: Operating Skills 
3. Handling Stress and Pressure in the Job 4. Experience and Knowledge 
5. Equipment Care and Maintenance 6. Resourcefulness: Problem-solving 
7. Procedural Compliance 

Table 1 and Chart 1 give a positive answer to the first question: 

What is the performance difference between TRAINED and NON-TRAINED 
workers? 

ANSWER: 

The overall performance difference between the two groups (as measured by 
management and supervision) is +2.48 points on a 0 to 9 scale. When this 
rating is converted to Standard Deviations above/below the Average Job 
Performance, it signifies an average of 44% Job Performance improvement for 
the TRAINED worker. (See Figure 2 below). 
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Figure 2 
Job Performance Gains of Trained Group 

NT Group X = 4.14 

• lSd for NT Group = 5.59 

Trained Group Ave. = 6.63 

2nd Sd 1st Sd 2nd Sd 1st Sd 

lSd for Non-Trained = 1.45 
TRAINED Group performed 40% better than NON-TRAINED group 

Financial Impact 

The dollar value of this performance gain is calculated using the following formula: 

Financial Utility (Gain/Loss) $ = F - N[(E x M) - C] 

Where: N = Number of operators in the program 

E = Effect Size (this is expressed in standard deviations, Sd) 

M = Dollar value of lSd of the average operator yearly salary (40% of Ave.) 

C = Cost per person for the program 

The number of TRAINED operators in the program was = 50 . The total cost of the program for 

F Y 1993 was calculated at 4.2 million dollars. This yields a cost per person for the program of 

$84 ,000 . The operator fully burdened average annual salary is $92,430. The Effect size is 

obtained from the performance gain, which is approximately 1.6 standard deviations. 

Applying the utility formula to this data, the value of the TRAINED operators' performance gain 

in dollars based on the Contractor's operator pay scale is calculated. The value added to the 

Contractor for this Training Performance Impact is a gain in performance value of 

approximately $59,155 per operator. 
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This value is multiplied by the number of TRAINED operators and yields: 

= 50 [(1.6 x 36 .972) - 84,000] 

= ($1 ,242 ,240) loss for the first year 

The time required to recover (or pay back) this loss will vary. With no additional trainees in 

the program the value-added benefit will provide z. payback in about a year and a 

half. Assuming another 50 operators are trained in the next two years, the total dollar gain to the 

Contractor will be $2 ,957,750. (This is without the start-up costs and adding the performance 

value of the existing operators.) 

50 x $59 ,155 = $2 ,957 ,750 per year x 2 years = $5 ,915 ,500 monetary performance 

value gain. 

The answer to the second question has two parts. 

What is the dollar value added (gain or loss) of the performance-based 
training programs used to train workers for their jobs? 

A N S W E R : 

The dollar value of TRAINED operators is $59,155 per operator. This 
value would provide a payback period of one and a half years even if no 
other operators were TRAINED in that period of time. 

Projecting the same dollar gains for untrained operators in two of the 
three facilities and given their larger operator population of = 150 
operators, the monetary performance value gain would be $8,873,250 a 
year . 

» ~ " • • • " • • • ^ • « » » » « j ^ ^ — . , • 
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RELATED RESULTS: 

These Job Performance and Financial Impact data are clearly in line with other industry studies that 

show anywhere from 15% to 30% performance gains and value-added dollar savings from 

TRAINED workers. But as encouraging and important as these indicators are other concurring 

data gathered from the TRAINED WORKER'S Management are just as telling. 

Work Area data indicates: 

• Zero contamination cases in the past year and a half. 

• A reduction in reportable occurrences from 71 in 1993 to 8 in the 1st 
quarter 1994. 

• Over 1100 lockouts installed by operators without incident since January 
1 9 9 3 . 

« Outage completed ahead of schedule 

Interviews with shift managers, shift supervisors, and on-the-job Trainers yielded the following 

examples of where Training has helped the operators perform their job. 

• A near miss was averted when a separator was overfilling. What the operator had learned 

in training was directly responsible for the operator's being able to recognize and mitigate 

the recovery process. This was estimated by the Shift Manager to have saved 

at least 280 work hours plus associated paperwork, reporting issues, and 

follow-up. 

• A cooling system line break could have pulled the contents of the tanks into the cooling 

coils. This would have caused an environmental release and contaminated the cooling 

system. Because the operators had seen this before through the training simulator setting 

they were able to mitigate the incident and prevent serious damage. The estimated 

savings to the Contractor by the Shift Manager was over 500 work hours, 

plus root cause investigation, incident reporting, associated paperwork, 

and follow-up. 
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Operators checking electrical panels for rewiring were able to prevent error because of their 

training on Electrical Distribution. This type of analysis could not have taken place before 

taking the class. The Shift Supervisor indicated that the operator was able to 

identify an error prior to putting the panel back into service, saving over 

200 work hours of further rework and probable damage to the equipment, 

and possible personnel injury. 

An operator challenged the use of a "wrong" procedure for valve alignment by bringing the 

issue to the attention of the Shift Manager. This had to be done twice before corrective 

action was taken. The Shift Manager indicated that this type of responsiveness and 

initiative would not have happened prior to the operator attending training on systems 

interrelationships and procedure compliance. The Shift Manager estimated that 

these actions by the operator saved at least two to three work weeks (640 

hours) of effort for clean up, equipment operability, and incident 

reporting. 

CONCLUSIONS: 

• TRAINED operators perform their jobs significantly better than NON-TRAINED operators. 

Although this seems like an intuitive statement, the improvement in their job performance is 

NOW predictable and can be used to support or deny additional training. 

• The annual monetary value-added job performance gain per TRAINED operator is $59,155 

(Fully Burdened). This is based on the Contractor's pay scale for operators. 

• Operational data collected by the facilities and operations management reinforce and confirm 

the value-added job performance gains of TRAINED operators. 
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RECOMMENDATIONS: 

The third question addressed by this study is answered in this section. 

What changes can be made in training to cost-effectively improve worker 
performance? 

ANSWER: 

• The themes that the operators scored lowest on (Resourcefulness: 
Problem-Solving) are areas for potential improvement and emphasis. 

• Even though Procedural Compliance was rated high, there was a great 
deal of variance between the individual job performance ratings. 
This indicates that there are a significant group of operators who need 
to improve in this area. 

• The Contractor's Training Group should continue to evaluate the retention 
of training skills and knowledge on the job. 

• Training management should aggressively move to reduce training program 
start-up costs. 

• Line management should establish and monitor, with training, performance 
indicators that reflect these Job Performance themes. 

• Now that baseline data has been developed, further job performance 
evaluation should be performed in six months to a year to determine the 
training impact on the NON-TRAINED worker group. 
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TRAINING PROGRAM/COURSE 
COST ESTIMATE GUIDELINES 

P U R P O S E : This system will aid Training Organizations in determining the actual cost of 
existing programs, as well as estimating the cost of new programs. It will also 
establish the number of trainees and/or the number of years necessary for a 
proposed program to Payback Development costs. 

F O R M A T : The Cost Analysis is divided into three main sections. Each section has a 
general statement defining and describing the purpose and/or procedure of the 
Cost Analysis. The following is a list and discussion of each section. 

Section I: This section develops general procedures for finding the total 
cost of a Program or Course, Delivery Cost, and Payback 
Development Cost. 

Section II: This section defines and describes the symobls and terms used 
in the formulas to find the Total Cost of a Training Program or 
Course. 

Section lU: This section provides a summary sheet for the total cost of a 
Training Program/Course. One may transfer totals from 
worksheets to the Cost Display Sheet. This section may be 
detached from Sections I & ÏÏ to make it convenient to sumarize 
the "Cost of Program/Course'. 

I M P L E M E N T A T I O N : All or part of the full cost analysis process may be used for any 
course development effort. The intent is to produce a systematic 
and flexible approach to cost analyzing a trairiing program. 

The areas of concern are identified at the top of each section. For 
example, Facility cost includes Steps 1 through 3 and Development 
Cost includes Steps 7 through 13. This breakdown allows you to 
cost analyze each section as applicable or to follow a step by step 
procedure through the entire cost analysis process. 
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S E C T I O N I 

GENERAL PROCEDURES 

Section I shows the Procedure for finding the Facility, Administrative, Development, Trainee, 
Instructor, and Total Costs of a Course. Section I will also show the Procedure for finding 
Annual Delivery Cost and Development Cost Payback. 

Facility Cost: 

The formulas below reflect the facility cost of a course or program. The following steps could be 
used: 

1. To find Annual overhead of Training Department/ft2 : (AO) 

AO = Annual overhead ft. 2 = CL + C B + U + E T + M C T 
Tft.2 

CL Cost of Land 
CB Cost of Building 
U Utilities (Electric, Water, etc.) 
ET Estimated Taxes 
Tf t . 2 = Total square foot of Facility 
MCT = Maintenance Cost of Training (Repair and Cleaning) 

To find Course Annual Overhead: (CAO) 

CAO = Course Annual Overhead CAO = AO (c + s) + A E O 

AO Annual Overhead 
c = Classroom Area ( f t 2 ) 
s = Supporting area (e.g., library) 
AEO = Area Equipment Overhead 

(to be used — storage room, etc.) 

3 . To find Facility Cost for a Course: (FC) 

CAO 
FC Facility Cost (for a course/program) FC = SD x CD 

CAO = Course Annual Overhead 
SD Number of Student Days/Year (260) 
CD = Number of Course Days 
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ADMFMSTR ATTVE COST 

The formulas below reflect the Administration Cost of a course or program. The following steps 
could be used: 

4 . To find Line Management Cost: (LMC) 

LMC = Line Management Cost LMC = LMS X % 

LMS - Line Management Salary (Yearly) 
% = Percent Devoted to Course 

5 . To find Staff Management Cost: (SMC) 

aç 
SMC = Staff Management Cost SMC = SD X CD 

ac = Annual Cost (Staff Management) 

6. To find Administration Cost: (AC) 

AC = Administration Cost AC = LMC + SMC + LCC + CC + mc 

LCC = Line Clerical Cost 
CC = Consumable Cost (Text, Lab Supplies, etc.) 
mc = Miscellaneous Cost 
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DEVELOPMENT COST 

The formulas below reflect the Development Cost of a course. The following steps could be used: 

7. To find Project leaders Cost: (PLC) 

M + f 
PLC = Project Leader Cost PLC = 173.3 X H 

M = Monthly Salary 
f = Fringe benefits 
173.3 = Average hrs/month people work. 
H = Hours (actual) 

8. To find Subject Experts Cost: (SEC) 

M + f 

SEC = Subject Expert Cost PLC = 173.3 X NSE X H 

NSE = Number of Subject Experts 

9. To find Program Developer Cost: (PDC) 

M + f 
PDC = Program Developer Cost PDC = 173.3 x * H 

*H = *Hours (Total to Develop -- see standard ratios for 
analysis, design and development time). 

*Hours are from Personnel Analysis Worksheet (Appendix A) steps 6 
through 9 

10. To find Production Cost: (PC) 

PC . = Production Cost PC = VC + AV + T A + PP + C + O 

VC = Vendor (consultant) Cost 
AV = Audio-Visual Materials 
pp = Publication & Printing 
C = Clerical 
O = Other 
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11. To find Material Cost: (MC) 

MC = Material Cost M C = B + E + S M + 0 

B Books 
E Equipment 
SM = Special Materials 
0 Other 

12. To fmd Miscellaneous Expense: (ME) 

ME - Miscellaneous Expense M E = L + T + m + 0 

L = Lodging 
T = Travel " 
m = meals 
O = Other 

13. To find Total Development Cost: (DC) 

DC = Development Cost (Total) DC = PLC + SEC + PDC + PC + MC + ME 

PLC = Project Leader Cost 
SEC = Subject Expert Cost 
PDC = Program Developer Cost 
PC Production Cost 
MC = Material Cost 
ME = Miscellaneous Expense 

Note: Use Appendix A worksheet to help determine the costs above. 

4/4/95 Page 6 



I /1 

TRAINEE COST 

The formulas below reflect the Trainee Cost of a course or program, the following steps could be 
used. 

14. To find Trainees Salary: (TS) 

M + f 
TS Trainee Salaries TS - 173.3 X NT X H 

NT Number of Traines 

15. To find Trainees Replacement Cost: (TRC) 

M + f 
TRC = Trainee Replacement Cost TRC = 173.3 X NR X H X LOC 

NR = Number of Trainee Replacements needed 

LOC = Lost Opportunity cost (Value of Productivity loss on job - [TRC x 4] ) 

16. To find Trainee's Per Diem Cost: (TDC) 

TDC = Trainee Per Diem Cost TDC = (PD + m + L) (NT) (ND) 

PD • = Per Diem 
NT = Number of Trainees 
m = Meals 
L = Lodging 
ND = Number of Days 
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17. To find trainee Travel Cost: (TTC) 

TTC = Trainee Travel Cost TTC = (RT + LT) (NT) 

RT Round Trip 
NT = Number of Trainees 
LT Local Travel Cost 

18. To find Trainee's Cost: (TC) 

TC Trainee Cost TC = TS + TRC + TDC + T T C 

TS Trainee Salaries 
TRC = Trainee Replacement Cost 
TDC = Trainee Per Diem Cost 
TTC = Trainee Travel Cost 
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INSTRUCTOR COST 

The formulas below reflect the Instructor Cost of a program or course. The following steps could 
be used: 

19. To find Instructor's Salary: (IS) 

M + f 
IS = Instructors Salaries IS = 173.3 x *(NI) (*PP + *I + *P) 

M = Monthly Salary 
f = Fringe Benefits 
173.3 = Average Hrs/Mo people work 
NI = Number of Instructors 
*PP = Preparation (Hours) 
*I = Instruction (Hours) 
*P = Post Evaluation (Grading) (Hours) 

* Hours are from Personnel Analysis Worksheet, (Appendix A) Steps 1 
through 5. 

20. To find Instructor's Replacement cost; (IRC) 

M + f 
IRC = Instructors Replacement Costs IRC = 173.3 X (NR) (H) (LOG) 

NR = Number of Replacements 
H - Hours 
LOC = Lost Opportunity Cost (Value of productivity loss on Job = IS x 4 ) 

21. To find Instructor's Per Diem Cost: (IDC) 

IDC = Trainee Per Diem Cost EDC = (PD + M + L ) (NI) (ND) 

PD = Per Diem 
m = Meals 
L = Lodging 
NI = Number of Instructors 
ND = Number of Days 
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22. To find Instructor's Travel Cost: (ITC) 

ITC = Instructor Travel Cost ITC = (RT + LT) (NI) 

RT - Round Trip 
LT = Local Travel 
NI = Number of Instructors 

23. To find Instructor Cost: (IC) 

IC Instructor Cost IC = IS + IRC + IDC + ITC 

IS Instructor Salaries 
IRC = Instructor Replacement Cost 
TDC = Instructor Per Diem Cost 
ITC = Instructor Travel Cost 
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T O T A L C O U R S E C O S T 

The formula below reflects the Total Course or Program Cost. The following steps are used: 

24. To find Total Course Cost: (TCC) 

TCC = Total Course Cost 

FC = Facility Cost 
AC = Administration Cost 
DC = Development Cost 
TC Trainee Cost 
IC Instructor Cost 
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ANNUAL DELIVERY COST 

The formulas and procedures below reflect the Annual Delivery Cost, Annual Delivery Cost per 
trainee, and Delivery Savings per trainee. The following steps are used: 

25. To find Annual Delivery Cost: (ADC) 

ADC = Annual Delivery Cost ADC = FC + AC + TC + IC 

F C Facility Cost 
AC = Administrative Cost 
TC Trainee Cost 
IC Instructor Cost 

26. To find Annual Delivery Cost Per Trainee: (ACDT) 

ADC 
ACDT = Annual Delivery Cost ADCT = ANT 

ADC = Annual Delivery Cost 
ANT = Annual Number of Trainees 

27. To find Delivery Savings Per Trainee: (DST) 

DST = Delivery Savings Per Trainee DST = EADCT - PADCT 

EADCT = Existing Annual Delivery Cost Per Trainee 
PADCT = Proposed Annual Delivery Cost per Trainee 
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DEVELOPMENT COST PAYBACK 

The formulas and procedures below reflect the pay back for Development Costs. The payback 
period is constructed in two parts. They are: 

1. Number of Trainees needed for Development Cost payback. 

2. Number of years needed for Development Cost payback. 

The following steps are used: 

28 . To find Number of Trainees for Development Cost Payback: (NTDP) 

NTDP = Number of Trainees for DC 
Development Cost Payback NTDP = DST 

DC Development Cost (Proposed) 
DST = Delivery Savings Per Trainee 

29 . To fmd Number of Years for Development Cost Payback: (NYDP) 

NYDP - Number of Years for NTDP 
Development Cost Payback N Y D P = DST 

NTDP = Number of Trainees for 
Development Cost Payback 

ANT = Annual Number of Trainees 
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SECTION II 

G L O S S A R Y OF T E R M S 

This section, Glossary of Terms, defines or describes the symbols used in the different formulas 
used in the Cost Analysis for programs or courses. 

ac = Annual Cost of Staff Management (yearly salaries). 

AC = Total Administration Cost of course or program. 

ADC = Annual Delivery Cost of course or program. 

ADCT = Annual Delivery Cost per Trainee in course or program. 

AEO = Area Equipment Overhead Cost -- Equipment that will be used in course (i.e., lab 

equipment, simulators, machines, mock-ups, etc.) 

AO = Annual Overhead per Sq. Ft. of the Training Department facility. 

ANT = Annual Number of Trainees enrolled in course or program. 

AV = Audio-Visual materials cost (Transparencies, Video Tape, etc.) 

B = Books Cost (Reference Books). 

CAO = Course Annual Overhead Cost - Cost of total area in which the course is being 

presented. 

CB = Cost of Building where Training Department is located. 

C = Clerical Cost - Typing, Tests, Text , Worksheet, handouts, etc. 

c = Classroom area total square feet. 

CC = Consumable Cost - Total cost of Textbooks, Lab Supplies, etc. 

CD = Course days - Number of days the course will meet. 

CL = Cost of land where Training Department is located. 

CS = Cost of simulator. 

DC = Total cost of developing a training course (proposed). 

DST = Delivery Savings Per Trainee ~ Amount of money saved between existing and 

proposed course or program. 

E = Equipment Cost — A.V. Equipment, Lettering systems, Computers, etc. 

EADCT = Existing Annual Delivery Cost per Trainee of course or program. 

ET = Estimated Taxes of Site of Training Department. 

f = Total Fringe benefits paid by Company. 

F C = Facility Cost — Total cost of the facility for a course or program area. 

H = Hours -- (total) number of hours. 

I = Total Instruction hours for course or program. 

IC = Total Instructor Cost for course or program. 

IDC = Instructors Per Diem cost 
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IRC = Instructors Replacement Cost. If instructor is being relaced or productivity is being 
reduced because of non replacement, the IRC should be accountable. 

IS = Instructors Salaries for instructing the course or program. 

ITC = Total Instructor Travel Cost for course or program. 

L = Lodging Cost. 

LCC = Line Clerical Cost « Total cost of Administrated Clerical work (i.e., typing, 
certificates, communications, etc.). 

LMC = Line Management Cost ~ Persons who initiate, control or implement new courses or 
programs (Administrative Costs). 

LOC = Lost Opportunity Cost - Value of productivity loss on the job (i.e., replacement 
salary, RS x 4 (trainee productivity is 4 times of that of 
replacement - can be greater or less) 

LT = Local Travel Cost (Motel to training site). 

MCT = Maintenance Cost of Traiing Area (repair and cleaning). 

M = Monthly base salary. 

m = Meals. 

mc = Miscellaneous Cost -- Administration Cost not listed in formulas. 

MC = Material Cost — The cost of material used in developing the course or program. 

ME = Miscellaneous Expense ~ the cost of any expense not listed in formulas. 

ND = Number of days. 

NI = Number of Instructors instructing the course or program. 

NPD = Number of Program Developers on project. 

NR = Number of Replacements. 

NSE = Total Number of Subject Matter Experts. 

NT - Number of Trainees in a course or program. 

NTDP = Number of trainees for Development Cost Payback for proposed course or program. 

O = Other -- Items that are part of total cost, but not mentioned in formulas. 

P = Total Post hours for E x a m Grading for course or program. 

PADCT = Proposed annual Delivery cost per trainee of course or program. 

PC = Production Cost ~ Total cost of outside vendors, A-V materials, training aids, 

publication and printing, and clerical cost. 

PD = Per Diem per day. 

PDC = Program Developer Cost - Persons who design and coordinate training activities. 

pp = Publication and Printing cost - drawing;--, printing text, etc. 

PP = Total preparation hours for instructing course or program. 

PLC = Project Leader Cost ~ Person who directs the new course development. 

% - Percentage of salary devoted to the new course or program. 

1 
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R T Round Trip Cost. 

S = Supportive area total square feet (i.e., labs, library, etc.). 

SEC — Subject Experts Cost - Persons who are subject matter experts that give input to Task 
Analysis, Training Objectives, Course or Program content. 

SD — Total number of Student Days per year (260 work days in a year). 

SM — Special Materials Cost (i.e., Data base searches, diagram reproduction, etc.) 

SMC — Staff management Cost -- Persons who provide support services to new course or 
program. 

T — Travel Cost. 

TA - Training Aids -- Demonstration kits, demonstration models, etc. 

TC - Total Trainees Cost. 

TCC = Total Course Cost. 

TDC = Trainee Per Diem total cost. 

Tf t 2 = Total Sq. Ft. of training facility. 

TRC : Trainee Replacement Salary Cost -- If trainee is being replaced on the job ay another 
person, the other person's salary is TRC. 

TRS = Trainee Replacement Salary. 

TS = Trainees' Total Salary Cost. 

TTC — Trainees' Total Travel Cost. 

U = Utilities (electric, water, and water treatment, etc.) 

VC Vendor Consultant fees. 
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S E C T I O N III 

COST DISPLAY SHEET 

This section shows a summary sheet that will aid in calculating the Total Cost Analysis for a 
training course or program, this section may be detached from Sections I & II. 

Conrse /P r o a r am : D a t e : 

Procedure 
Step# 

Hours Days Cost 

1 - 3 Facility Cost ( F C ) $ 

4 - 6 ' Administration Cost $ 

7 - 13 Development Cost ( D C ) i S 

1 4 - 18 Trainee Cost (TC) $ 

1 9 - 2 3 Instructor Cost a c ) S 

2 4 Total Course Cost Í T C O s 

2 5 Annual Delivery Cost s 

2 6 Anmial'Delivery Cost Per Trainee $ 

. 27 . Annual Delivery Savings Per Trainee 

2 8 Number of Trainees for Develooment cost Payback 

2 9 . Number of Years for Development Cost Payback 
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APPENDIX A 

PERSONNEL ANALYSIS 
WORKSHEET 

The following worksheet can be used to calculate the personnel required to carry out the various 
training functions within an organization. The standard ratios used are taken from Nuclear and 
other Industry data, derived from over twelve years of tracking data on training projects and from a 
composite of inputs from training managers across the country in various industries and service 
organizations. 

Although these standard ratios and percentages are based on "real" (historical) data, situations and 
organizational constraints will vary from facility to facility. These are to be used as guidelines and 
"reality checks" on personnel requirements. 

State the assumptions you feel are important or impact on the personnel loading for the program 
for which you are completing the worksheet. Each program type should have a separate 
worksheet (e.g., Operations Cycle training, Operations Initial training, Maintenance training, etc.). 

ASSUMPTIONS: (These are real examples -- yours may be different) 

• 1680 Hours available for instructional and development duties per instructor per year. 

• 10 cycles of training per year (5th shift rotation) 

• Attrition rate at 4 .5% per year 

• One initial training program every two years per program (i.e., pipeline requirement) 

• 2 5 % new instructors per year due to promotions, transfers, attrition rate, and plant exchanges. 

• Platform time held to 33% of available instructor time. 

• Instructor that teaches the material normally develops the lesson. 

• 75 % of Instructors are technically and instructionally qualified. 
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STAFF CALCULATIONS 

Of the total Training Staff positions allocated the average position assignments are as follows: 

5 9 % -- Instructors 
16% ~ Clerical and Admin 
2 5 % - Other Professionals (Supervisors & Managers included here) 

Of the Instructors the average position assignments are as follows: 

4 3 % - Operations 
2 5 % — Maintenance 
2 0 % - Technical/Scientific 
12% - Other 

Of the Other Professionals the average position assignments are as follows: 

4 4 % - Manager/Supervisor 
22% - Educational Specialist 
3 4 % - Other 

E X A M P L E : 

An example of the above position allocations for an assumed staff of 100 would be: 

5 9 Instructors, 16 Clerical and Administrative, 2 5 Other Professional 

• For the 5 9 Instructors the functional area assignments would be: 

2 5 for Operations 
15 for Maintenance 
12 for Chemistry, HP, Tech Staff 
7 for Other (General Subjects) 

• For the 2 5 Other Professionals the functional area assignments would be: 

11 for Management/Supervision 
6 for Educational Specialists 
8 for Other Support Positions (Graphics, Computers, etc.) 
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For those facilities that do not have multiple disciplines, the instructor percentage breakdowns are 
not applicable. Other functional area assignment can be made as applicable, but the average 
percentage of instructors to the total training staff shall be followed. 

• The TOTAL Training Staff to facility/site population served should average 1 trainer 
per 15 people served. 

• The INSTRUCTOR to facility/site population served should average 1 instructor per 21 
people served. 

IMPLEMENTATION 

S T E P 1 : 

Number of Course Hours X .75 (for every 40 hrs of class length calculate 30 hrs of actual 
course content). 

Course hours X .75 = = CH 

S T E P 2: 

Number of Course Hours (CH) X .2 for preparation time if Instructor developed the material 

Number of Course Hours (CH) X 3 for preparation time if Instructor is new or does not have 
background with material. 

CH X .2 = (Experienced or developed material) 

CH X 3 = (Inexperienced or new ) 

Total o fCH = Prep Hours (PH) 

S T E P 3: 

Number of actual classroom, laboratory, and/or simulator contact hours X the number of 
instructors needed to teach the session. 

Actual Classroom hours (ACH) X number of Instructors = Implementation Hours 
(IH) 
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STEP 4: 

Part of implementation time is Exam grading, analysis, and review with the trainees. 
Number of ACH X .2 for Exam grading, analysis, and review hours. 

ACH X .2 = Exam grading, analysis, and review hours (EG) . 

STEP 5 : 

Total Implementation Time (IT) equals PH + IH + EG. 

PH + IH + EG = IT hours. 

DEVELOPMENT 

STEP 6: 

Determine overall percentage of CH that will be developed as new material. 

a. If new material is technical in nature then use a standard ratio of 8. 

b. If new material is non-technical or fundamental in nature then use a standard ratio of 6. 

c If new material is OJT/JPM or laboratory in nature then use a standard ratio of 10. 

(CH X % of new CH = ) X selected standard ratio (a, b, or c ) = Development 
Hours (DH) . 
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S T E P 7: 

Determine number of new tasks to be analyzed or major revisions to old tasks that will be affected 
by the new material development requirement. This can be expressed as a percentage of the 
existing task list if one exists (i.e., 25% of 500 existing tasks = 125 tasks). 

Tasks to be analyzed X 1 or 2 = Hours required for Task Analysis (TA) 

STEP 8: 

Determine tests questions to be developed based on development, TA, and resulting number of 
objectives to be developed or revised. Given the number of objectives to be developed or revised, 
determine the number of test questions required for each objective. 

Number of objectives X Number of test questions required per objective 

X .5 = Hours required for Test Question development (TQ). 

STEP 9: 

Total Development Time (DT) equals DH + TA + TQ. 

DH + TA + TQ = DT Hours. 

EVALUATION 

STEP 10 : 

Evaluation time (ET) requires 4 0 hours X the number of programs involved per year. 

4 0 hours X programs = ET hours. 
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TOTAL INSTRUCTIONAL HOUR REQUIREMENTS (IHR): 

STEP 11: 

IT + DT + E T IHR. 

STEP 12: 

Total Instructor/Developers (TID) needed equals IHR - Hours available for 
instructional and development activities during the year per instructor. 

IHR + Hours Available = TID. 
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APPENDIX B 

MANPOWER LOADING (STANDARDS) WORKSHEET 

1 
Standard Ratio 

Target 
Popuation # 

Program/Course 
Name 

ANALYSIS 1-2 hours per 
task 

DESIGN & 
DEVELOPMENT • • • H ü 

• • • • • • H H i i B i 
H H H H M M M K 

Academic LP 
6 hours per 1 
hour of LP 

Technical LP 
8 hours per 1 
hour of LP 

Laboratory 
10 hours per 1 
hour of Lab 

OJT/JPM 
10 hours per 
OJT/JPM Guide 

Test Item 
Half hour per 
Item (w/key) 

IMPLEMENT 

Coordination 
.2 hours to 1 
hour of class 

Classroom 
*3 hours to 1 
hour of teaching 

Laboratory 
*3-5 hours to 1 
hour of teaching 

OIT (Line) 
*2 hours per 
OJT or JPM 

EVALUATION 4 0 hours per 
program 

l l l i i l l l l i 

ADMINISTRATION 

Scheduling 

These functions 
are part of the 
allocated 16% 
of 
training staff for 
Clerical & 
Admin. 

l i i i i l i i l i l 
wmmmmmmm mmmmmmmm 

• 

Records 

These functions 
are part of the 
allocated 16% 
of 
training staff for 
Clerical & 
Admin. wmmmmmmm 

Management 
Allocate as 
assigned by % 
of time 

mmmmmmmB 
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* This number is reduced to .2 hours to 1 hour if the Instructor developed the course or is teaching 
repeat sessions of the same material. 
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