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engineer training and performing well as a locomotive engineer. 
In preparation for developing this battery, a job analysis was 
conducted. The job analysis for the locomotive engineer's job 
involved seven steps: review of existing research the 
locomotive engineer job to develop a task list; 2) a site visit to 
one of the participating railroads, Union Pacific (UP); 
and revision of the tasks by UP job experts; 4) ratings of the 
tasks by UP engineers; identification of the required 
knowledges, skills and abilities by UP engineers; 6) review 
of the task list by eight additional participating railroads, 

Burlington Northern; Santa Fe; Bessemer and Lake 
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16. Abstract (continued) 


Test development proceeded directly from the job analysis results 
and the tests were designed to be as practical as possible, to 

facilitate their use by the railroads. The following six ability 
tests were developed to measure the important KSA requirements for 

the selection and promotion of locomotive engineers: Memory, 
Reading Comprehension, Perception (measuring attention to detail), 
Listening, Logical Reasoning, and Dichotic Listening (measuring 

focusing attention). 


Internal consistency analyses on the tests indicated that they had 

high reliability; coefficient alpha estimates ranged from .77 to 

-98. 

11 
job 

1)Scores 

3) 

Furthermore, the tests correlated with one another in a 

meaningful, interpretable pattern. These analyses further 

substantiated the technical adequacy of the test battery. 


The next step in the project involved determining if the tests 

predict engineers' performance. This step is called validation. 

Validation is demonstrated by a statistical relationship between 

tests scores and engineer performance. Two validation studies 

were undertaken. 


The purpose of the first study was to see if the tests predicted 

job performance. In this study, a sample of engineers from 

participating companies took the tests and were rated on their 

performance, using a specially developed rating form. No 

significant relationships were found between the tests and the 

performance ratings. 


In the second study, the test battery was studied as a predictor of 

engineer training. Statistical analyses were performed on data from 

engineer trainees to assess the relationship between the six 

selection tests, written job knowledge tests, and scores on the 

three simulator runs. The major results are summarized as follows: 


on the selection tests were not significantly related to 
simulator performance; 2) Scores on three of the cognitive ability 
tests - Reading, Logical Reasoning, and Dichotic Listening - were 
significantly related to performance on the two job knowledge 
exams; and Performance on the job knowledge tests were 

significantly correlated with simulator performance. 


A step-wise multiple regression indicated that the Reading Test and 

the Dichotic Listening Test efficiently predicted the written 

training tests. The results of these analyses show that these two 

tests can be used to identify applicants likely to pass engineer 
training. 
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The railroad indus 
o train One way of doing this is by

selection of its operating personnel, especially en The Federal 
Administration supported this study to develop an a battery of selection 
tests that can be used for the identification of internal and external candidates for 
the en job. The purpose of the project is to provide tests which the 

use to select engineer candidates who are capable of learning and 
later, performing the job 

The foundation for building selection tests consists of the job tasks and 
the skills and abilities which are required to perform these tasks. A 

s stematic method used to identify these job tasks and the skills, 
a ilities, and other personal characteristics required for effective job 
performance is job analysis. 

The job analysis undertaken in this project was complex since several railroads 
joined the project after the job analysis was completed in the initially participating 
railroad, Union Pacific (UP) Railroad. An engineer task list was developed using 
information gathered a literature review, observations of job performance, 
and interviews with UP job experts (engineers, road foremen, and trainers). The 
tasks were then rated by UP engineers to identify those which were important and 
be-consuming. As the next step in the job analysis, the KSA requirements of the 
engineer job were determined for UP engineers. Other railroads (Amtrak; 

Northern; Santa Fe; Bessemer and Lake Erie; Joliet 
and Eastern; Union; and Duluth, and Iron Range) then joined the study. 
Since the stud was intended for industry

b 
-wide use, we decided to expand the 

information a out the engineer job collecting additional job analytic
information. 
determine the de ee that the important 

Task ratings were collecte from all of these eight railroads to 
UP were also rated important in 

the other Similarly, ratings were collected job experts in the 
four railroads and compared to the KSA ratings from UP. The results of the 

job analysis indicated that despite differences in railroad rules, conditions and 
size, the tasks performed and the required for the important engineer job 
tasks were consistent across the participating railroads. 

Six tests were then developed to assess important KSAs identSed in the job 
analysis. These tests included: Memory, Reading, 9 tion (measurin 
attention to detail), Understanding Oral Instructions, Logic Reasoning, an 8 
Dichotic Listening (a measure of the ability to focus attention). The next step in 
the project was validation. Validation refers to the collection of evidence that the 
test is able to predict how well a job candidate will perform in training or on the 
job. The evidence used to support test validity in personnel research is the 
demonstration of a useful relationship between test scores and one or more 
measures of job or training performance. In this project, the engineer test battery 
was validated in two studies. The purpose of the first study was to determine if 
the tests in the battery predict job performance, specifically supervisor ratin s of 
engineer performance. The purpose of the second study was to determine i f  the 
test battery predicts training performance. 

Perce 
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observational rating form. 

a of 141 engineers in 11 railroads were given the tests in 
the battery and were ev by their road foremen, using a specially developed 

analysis of the validation data was through the 
examination of between the tests in the battery and the scores on 
the observational scale. None of the correlations were statistically 

the tests were not effective predictors of the job performance 
ratings. 

Potential explanations of these low correlations could focus on the tests, the job 
performance ratings, or both. Examination of the tests revealed that: they
measured important KSA requirements of the engineer job; they capture the 
abilities they were developed to measure; and they displayed adequate test 
reliability. Furthermore, much previous research attests to the efficac of these 
types of tests for predicting job performance across a wide variety o jobs and 
organizations. Hence, it seems reasonable to expect that these tests would predict 
job performance for locomotive engineers. Consideration of the job performance 
measure suggests several potential explanations for the low correlations. A small 
study demonstrated the modest reliability of the ratings over time, suggesting that 
differences in raters, railroads, and runs could these ratings. In 
addition, the supervisor ratings displayed low variability. The limitations in the 

ratings were a likely cause of the low correlations between the selection 
tests and the job performance measure in this study. 

The purpose of the second validation study was to determine if the test battery 
predicts training performance. In this study, a group of Burlington Northern 
engineer trainees took the tests in the battery during the classroom phase of 

After approximately 10 weeks of operating trains under the supervision 
of qu ed engineers, the trainees were given tests to evaluate their 'ob 
knowledge and skill. These training tests were two written engineer knowle ge 
tests (one on rules and a second on air break rules) and three runs on a 
simulator. The know edge test scores, along with the selection test scores, were 
available for 123 engineer trainees; and simulator scores were available for 114 
trainees. The correlations between the selection tests and the simulator runs were 
not 

correlated with the sum of the simulator runs. Multip e 
regression analysis indicated that two of the tests (Reading Comprehension and 
Dichotic Listening) efficiently predicted the job knowledge test scores. 

while the correlations between three of the selection tests (Reading 
Comprehension, Logical Reasoning, and Dichotic Listening) and each of the two 
job knowledge tests were statistically In addition, the job e 
tests were 

Based on these findings, we conclude that the selection tests predict performance 
on the job knowledge tests and that performance on job knowledge tests predict 
performance on the simulator. However, there no direct relationship between 
test scores on the selection tests and performance on the simulator. The results of 
Study 2 are consistent with the results of prior research indicating that cognitive 
ability tests are critical for successful training. Hunter (1983) sheds insight on the 
links between co 'tive ability tests those in the selection battery), 
performance, an job performance. Hunter's analysis of 14 validation studies 
indicates that cognitive abilities the extent to which an individual 
masters the knowledge required for job performance. Job knowledge then 
mediates the relationship between cognitive abilities and job performance. Models 
of Ackerman (1992) and Fleishman (1967, 1972, 1975) also can help us 
understand these findings. Their research suggests that cognitive ability tests 
predict the learning phase of job performance but are less predictive of the skilled 
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phase of job performance for jobs which are overlearned and relatively routine 
(like the engineer job). 

Reasoning,
and Di otic Listening predict scores on job knowledge tests. Two of these tests-- 
Reading and Dichotic Listening--together efficiently predict scores on the same 
tests. These results are consistent with the extensive previous research 
demonstrating that cognitive abilities are important predictors of training success. 
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What implications do these results have for the usefulness of the selection 

Because the 

tests for 
locomotive engineers? Three of the tests--Reading, 

of locomotive engineers is necessary for safe and efficient 
train handling, is le ally mandated, is time consuming and expensive, it would 
benefit the to identify those applicants who are most likely to 

complete training. The cognitive ability tests developed this project 
can such applicants. We recommend that seriously consider 
using these tests to select applicants for engineer training. Finally,
recommends the use of a physical exam to assess the applicant's ability to 
recognize colors, to reach with hands and arms, and to judge distance. Finally,

recommends conducting additional validation research, including the testing 
of additional selection tests. 

 





..................................................... 
......................................................................... 

...... 

............................ 
..... 

............................ 
KSAs ............................ 

............................................................ 

.......................................................................... 
................... 

...... 
FRA 

............................................................................ 
.................................... 

........................................................................... 

Exhibit 1 

Exhibit 2 

Exhibit 3 

Exhibit 4 

Exhibit 5 

Exhibit 6 

Exhibit 7 

Exhibit 8 

Exhibit 9 

Exhibit 10 

Exhibit 11 

Exhibit 12 

Exhibit 13 

Exhibit 14 

Exhibit 15 

Exhibit 16 

Exhibit 17 

Exhibit 18 

Exhibit 19 

Exhibit 20 

LIST OF EXHIBITS 


PAGE 

Locomotive Engineer Task List 5 

Time Spent Scale 7 

Importance Scale .............................................................................8 

Engineer Task Ratings .Description of Union Pacific Raters 9 

UP Task Ratings ............................................................................10 
Engineer Task Ratings .Description of Raters 13 

Engineer KSA Ratings .Description of Union Pacific Raters 15 

Inter-rater Reliability of the UP KSA Ratings ............................. 16 
The Number of Tasks for Which Each KSA was 
Rated As Essential ........................................................................ 19 

Engineer KSA Ratings .Description of Raters 21 

List of Reviewed by Additional Railroad 22 

Number of Tasks for Which Each KSA was Rated as 
Essential in each Railroad 24 

Preliminary Test Plan 

Revised Test Plan 29 

Pretest of Test Battery .Description of Participants 30 

Pretest Participants 

Companies Participating in 
Validation Study 

Locomotive Engineer 
37 

Validation 1.Description of Participants 38 

Test Mean Scores (Study 1)........................................................... 39 

Internal Consistency Estimates of Reliability of the 
Predictor Tests 41 



PAGE 

Exhibit 21 
 Inter-test Correlations ................................................................... 42 


Exhibit 22 
 Principal Components Analysis of the Predictor Tests ................ 43 


Exhibit 23 
 Descriptive Statistics on the Criterion Measure .......................... 44 


Exhibit 24 
 Percentage of Engineers Receiving Each Rating ......................... 45 


Exhibit 25 
 Correlations of Behavior Ratings and Dimension Ratings .......... 47 


Exhibit 26 
 ..... Correlations Between Selection Tests and Criterion Ratings 
 48 


Exhibit 27 
 Correlations Between Selection Tests and Sum of 

Behavior Ratings By Railroad .................................................... 50 


Exhibit 28 Correlations Between Selection Tests and Sum of 

Dimension Ratings by Railroad ................................................... 51 


Exhibit 29 
 Second Validation Study - Description of 
Burlington 
Northern Participants ................................................................... 54 


Exhibit 30 
 Test Mean Scores (Study 2)........................................................... 55 


Exhibit 31 
 Correlations Between Tests and Training Criteria ..................... 57 


Exhibit 32 
 Results of the Multiple Regression Predicting 

Training Performance on the 
 Tests .......................................... 59 


LIST OF EXHIBITS - (CONTINUED) 



LIST OF APPENDICES 

Appendix A ....................................................... Explanation of Statistical Terms 

Appendix B ............................................................................................... KSA List 

Appendix C ......................................................................... Engineer Rating Form 

Appendix D ............................ Scatterplots of ValidationCorrelations for Study 1 

..................................................... Appendix E Test of Train Handling Procedures 



INTRODUCTION 


The locomotive engineer's job is highly demanding. The efficient management of 
train operations, including the safe handling of the train and maintaining train 
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usin % 

dama T f 

hancia l  

payo& 

payoffs 

inflation, 

(FRA) 

ensurin 
training d 

training, 

schedules, requires a number of and the knowledge of railroad rules and 
procedures. Locomotive engineers are responsible for knowing and complying 
with applicable safety and operating rules, conducting predeparture inspections, 
reading bulletins and general orders, monitoring gauges, properly 
braking systems, complying with speed restrictions, knowing the p ysical 
characteristics of the territory, and responding to unusual conditions. 

The consequences of error in performance of the engineer's job, in terms of loss of 
life and destruction of property and equipment, are extraordinary. Improper or 
unsafe train handling can lead to severe consequences such as dela s, equipment 
and cargo e, derailments, collisions, and casualties. There ore, railroads 
need to ensure t at the individuals selected for (or promoted into) the engineer 
position have the skills and abilities necessary to learn how to perform engineer 
duties in a safe, efficient, and reliable manner. 

The optimal approach for railroads to ensure that new engineers are capable of 
performing this demanding job is to select applicants for requisite abilities and 
skills and to provide legally required training (49 CFR,Ch. 11, Part 240) to  those 
hired. The use of selection tests can increase the overall productivity of the 
workforce since the capabilities of the workers adequately meet the demands of 
the job. These productivity gains can be translated into dollar savings for the 
railroad. Boudreau (1991) reviewed published studies on the advantages
to the organization of hiring more competent workers in a wide variety of jobs. 
Boudreau concluded that the overwhelming evidence is that selection programs 
pay off handsomely. Virtually every study has produced financial that 
clearly exceeded the costs of test development, validation, and implementation. 
Even the earliest studies that reported utility per person found that the 
exceeded costs. In studies dealing with more employees, multiple-year tenure, and 
more recent studies that take into account the effects of the utility 
estimates are always positive and have ranged into the millions of dollars. 

The Federal Railroad Administration has recognized that the railroad 
industry faces legal, economic, and public pressures to  improve the quality and 
safety of train services. One way of doing this is by improving the selection of its 
operating personnel, especially engineers. The FRA supported this study to 
develop and validate a battery of selection tests that can be used for the 
identification of internal or external candidates for the engineer's job. The 
purpose of the project is to provide tests which the railroads can use to select 
engineer candidates who are capable of learning and later performing the job 
successfully. The dual objectives of that engineer candidates are able to  
complete and to perform the job e ectively are particularly important in 
an industry in which extensive both in the classroom and through on-the 
job experience, is required. 



JOB ANALYSIS 
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is to develop valid and reliable instruments for the 
selection of engineer can 'dates. The foundation for building selection tests 
consists of defining the tasks performed in the job and the skills and 
abilities which are required to perform these job tasks. A systematic method used 
to identify these job tasks and the knowledge, skills, abilities, and other personal 
characteristics necessary for effective job performance is job analysis. The 
results of the 'ob analysis provide the basis for constructing selection tests and for 
collecting ence of their validity or effectiveness. 

A job analysis is typically conducted in four steps: 

Preparation of a comprehensive list of tasks performed by workers in the 
job. 

2. 	 Identification of the most important and time-consuming tasks. We want to 
ensure that successful applicants have the capabilities to learn and to 
perform these tasks. 

3. 	 Identification of the which are likely to be important for effective job 
performance. 

4. 	 Ratings of these to determine those which are necessary for effective 
job performance. These are the which are necessary to perform the 
most important and time-consuming tasks performed on the job 

STEPS IN THE JOB ANALYSIS 

The job analysis conducted in this 'project was complex since several railroads 
joined the project after the initial job analysis was conducted. The following 
description of the project steps is presented to assist the reader in understanding 
the sequence of job analysis activities. 

The engineer job analysis was first conducted in one railroad, Union (UP),
using the four steps previously described: 

1. 	 Development of a task list at  UP. The task list was written using
information gathered a literature review, observations of engineer 
performance (in November, and interviews with engineers, road 
foremen, and trainers. 

2. 	 Ratings of the tasks by UP engineers (in April, 1987) to identify the 
important and time-consuming tasks. 

3. 	 Preparation of a list of 

4. 	 Ratings of the'  by UP engineers (in June, 1987) to identify the 
important 
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additional railroads Northern, and 
joined the study in November, 1987. Because the results of this project were 
intended for industry-wide use, we decided to undertake job analyses at the 
additional railroads to expand our source of information about the engineer job. 
First, job experts at each of the additional railroads rated the tasks using the UP 
list (in December, 1988) to ensure the relevance and importance of these tasks. 
Second, the KSAs identified at UP were compared to the important KSAs in these 
additional railroads. The job analysis indicated that the engineer's job 
was essentially the same, in both the tasks performed and the KSAs, across the 
five Class 1 railroads participating in the study. 

In February, 1990, a group of smaller railroads (Bessemer and Lake Erie; El , 
Joliet, and Eastern; Union; and Duluth, Missabe, and Iron Range) volunteere to
participate in the study. Because they were not Class 1 railroads, we were 
concerned that the tasks performed by locomotive engineers in these railroads 
might from those performed in the Class railroads already participating in 
the project. In order to any differences, job experts in these railroads 
rated the UP task list for relevance to the en eer job in their railroad. The 

further support the adequacy of the task st for the engineer's job. 

Below is a more detailed description of the job analysis used in this study. In the 
description below, all the steps in the determination of the important engineer 
tasks, in both UP and in the additional railroads, will be presented together. 
Similarly, the steps involved in determining the important KSAs, required for 
Union Pacific engineers as well as for engineers in the other railroads, will be 
described together. This is being done for clarification of a complicated job 
analysis rather than to reflect the sequence of job analysis activities. The 
sequence was presented previously. 

DETERMINATION OF THE IMPORTANT TASKS PERFORMED BY LOCOMOTIVE 
ENGINEERS 

Review of Previous Research 

Initially, the project staff reviewed studies on locomotive engineer job
performance, including those which identified the tasks performed by locomotive 

eers and the requirements for effective engineer performance. These studies 
in ude the Railroad Job Analysis of Locomotive Engineer (Railroad
Personnel Association 1981) prepared by C.H. the study by Hale and 
Jacobs and the study by Douglas (1972) on the tasks erformed 
during over-the-road freight operations. Project staff also review a study
University Research Corporation (URC) conducted concerning the task and KSAs 
of commuter rail engineers (Myers, Hunter, and Fleishman, 1985). 

A preliminary list of locomotive engineer tasks was prepared using the task 
information available in these reports. Theinitial task list contained 31 tasks. 

Site Visit 

The project staff visited Union Pacific's Division in Salt Lake City in 
November, 1986 to discuss the initial task list with Union Pacific staff who 
conduct engineer training. The trainers eliminated, revised, and some 
tasks, and added other to the provisional task list. In addition, the project staff, 
with a Union Pacific engineer trainer, rode in the engine cab on an over-the-road 
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trip to observe en eer performance, equipment, and work conditions. Based on 
the meeting and o servations, the preliminary task list was revised. 

Review of Task List by UP Engineers 

The revised list of job tasks was reviewed and further revised by seven locomotive 
engineers attending Advanced Engineers Seminar and by nine UP general
road foreman. The rating instructions and cover letter, developed for task ratings, 
were also reviewed and revised by the road foremen and by UP management. The 

task list contains 39 tasks and is presented in Exhibit 1. 

Task Ratings 

Job tasks frequently vary in their criticality. The next step was undertaken to 
the tasks which are considered critical so that the of these tasks 

could be identified and analyzed. These tasks are the focus of the study since i t  is 
our concern that engineers have the capabilities to learn to perform these critical 
tasks. 

Two rating scales, time spent and task importance (presented in Exhibits 2 
and 3) were used in this effort. Researchers (Sanchez Fraser, 1992; Schneider 

1986; Thompson Thompson, 1982) have discussed the usefulness of 
collecting both importance and time s ent ratings in job analysis surveys. These 
two scales provide complementary Each scale provides a different 
perspective of task criticality. A task may be critical either because it is identified 
as important to the smooth, safe and timely operation of the train or because the 
engineer spends a great deal of time performing the task. 

The rating forms were sent to 30 UP engineers. Twenty-six engineers (86.7%) 
returned the task ratings forms. Thirteen engineers were assigned to 
freight service, two to local service, two to yard service, and nine to other types of 
service. Exhibit 4 includes demographic information on the sample. 

As a step in the data analysis, descriptive statistics were run on the two task 
ratings: importance and time spent. The mean ratings on the two scales are 
presented in Exhibit 5. As can be seen from this exhibit, not every task was rated 
by every engineer. In order to obtain the most reliable ratings of each task, we 
analyzed the data using all the ratings obtained (which ranged from 23 to 26 
raters). The grand mean of the time spent rating was 2.86 with the task rating 
means ranging form 1.22 through 4.42. These mean task ratings cover the gamut 
of rating levels. In contrast, the mean task importance ratings were generally 
higher, with a grand mean of 4.2 1 with task means ranging from 2.58 to 4.96. 

The goal of the analysis of the task rating was to identify a set of critical tasks that 
would be the foundation for the engineer A task was considered 
critical if the mean rating for either the importance or time spent rating was 2.5 or 
above on the five-point rating scale. Because all of the tasks met the cut-off of 2.5 on 
the importance scale, we concluded that they all were critical and should be retained 
for the determination of engineer The next analysis was the determination of 
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Locomotive Engineer 

Task List 


1. 	 Obtain information required for trip including: train orders; special notices; 
general orders; work orders; special orders; load consist information; check 

register. 

2. 	 Transmit information instructions (in person or by electronic 
equipment) to other train crew members, dispatchers, mechanical force 
personnel, and other railroad employees. 

3. 	 Conduct job by with crew about what needs to be done and 
how crew will operate to accomplish the job. 

4. 	 Inspect locomotive before run to quantity of fuel, sand, water, 
flagging equipment, and other supplies, as required by federal and company 
rules. 

5. 	 Sign daily inspection report, if no mechanical force personnel are available. 

6. 	 Start engines by operating switches, valves, and circuit breakers in proper 
sequence. 

7. 	 Perform initial terminal and other air brake tests as required by federal 
power brake law and company rules. 

8. 	 Receive and understand hand and radio signals. 

9. After receiving proceed signal from appropriate person yard master, 
conductor), operate controls such as throttle and air brakes to move train. 

10. 

regulations while operating locomotive. 

11. 	 Use knowledge of territory and train makeup to plan in advance how to 
synchronize throttle and brakes in order to operate train safely and 
efficiently. 

12. 	 Call out (wayside) train signals as they come up and receive 
from other crew members in cab. 

13. 	 Relay wayside or cab signals to dispatcher using radio. 

14. 	 Repeat information heard form dispatcher over radio. 

15. 	 Check accuracy of speed indicator by using watch to measure time between 
mileposts. 

16. 	 Observe track and surrounding area to detect obstructions and to anticipate 
operating problems. 

17. 
 malfunctions and reset protective devices. 

18. 	 Inspect locomotive and train during run to detect damage or defective 

5 
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Locomotive Engineer 

Task List 


19. 	 Prepare 2A Engine Work Report. 

20. 	 Notify proper authorities and, if necessary, prepare reports to explain 
accidents, unscheduled stops or delays, and advise designated personnel as 
specified by federal or company rules. 

2 1. 	 Operate locomotive between various shop locations, tracks, and 
areas. 

Operate ocomotive in yard to switch cars between tracks. 

23. 	 Pilot or supervise operation of trains where engineer is unfamiliar with 
territory. 

24. 	 Start train from stretched or bunched condition and on varying grades. 

25. 	 Stop train in stretched or bunched condition and on grades. 

26. 	 Control speed and slack of train by use of throttle, dynamic braking, 
air brakes. 

27. 	 Change operating ends of locomotive consist. 

28. 	 Set out or pick up units on line (including connecting hoses or change hose 
mu cables). 

29. 	 Respond to unintentional application of automatic brakes. 

30. 	 Control throttle so as to avoid unnecessary stress on the engine, generator, 
traction motor and draw bars. 

31. 	 Operate helper locomotive under direction and in coordination with unit 
lead engineer. 

32. 	 Direct operation of helper locomotive by giving instructions to  engineer. 

33. 	 Control operation of remote controlled engines. 

34. train handling techniques in response to  operating problems, 
malfunctions and changing conditions. 

35. 	 Observe condition of passing train and report results. 

36. 	 Operate pace setter system. 

37. 	 Sound whistle and ring bell when approaching crossing and during 
impaired visibility conditions. 

38. 	 Operate telemetry equipment for cabooseless operations. 

39. Respond to wayside signals of train problems hot box signals). 



Exhibit 2 

Time Spent Scale 

(1) How much time do you spend performing this task? 

I generally spend a great deal of time performing this task. 

I generally spend a moderate amount of time performing this 
task. 

I generally spend a small or no amount of time performing this 
task. 
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Exhibit 3 

Importance Scale 

(1) How important is the successful completion of this task for the smooth, safe, 
and timely operation of the train? 

of critical importance to the smooth, safe, and timely operation 
of the train 

of moderate importance to the smooth, safe, and timely operation 
of the train 

of little importance to the smooth, safe, and timely operation of 
the train. 



Exhibit 4 

Engineer Task Ratings 

Description of Union Pacific Raters 


Number of Raters 26 

Age Mean (SD) 42.4 (8.76) 

Gender 23 men 
3 woman 

Ethnic Background 23 White 
2 Hispanic 
1 African American 

Years of Experience as an 
Engineer 
Mean (SD) 

Years of Education 
Mean (SD) 
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Exhibit 5 (continued) 

UP Task Ratings 

Task N Mean 
Spent 

SD 
Importance 

Mean SD 



Exhibit 5 

UP Task Ratings 

Time Spent Importance 
Task N Mean SD Mean SD 



the inter-rater reliability of the importance and time spent ratings. Inter-rater 
reliability concerns the extent to which the raters agree in their judgments. The 
inter
co&cients, 
(Guilford, 

& Fleiss, m e  
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-rater reliability of each rating scale was estimated using intraclass correlation 
which is the standard method for estimating the reliability of ratings 

1954). The specific formula used assumes random effects from raters and 
for tasks (Shrout 1979, p. 423). general case of intraclass coefficient 
is discussed in Appendix A). 

The intraclass correlation coefficient for the time spent rating was for the mean 
across 22 raters (for whom complete data were available). The coefficient for the 
importance ratings was for the mean across 22 raters. These indicate 
substantial agreement among raters in their assessment of the tasks. 

Determination of the Important Engineer Tasks in the Other Railroads 

As was previously described, eight additional railroads (Amtrak; Bessemer and 
Lake Erie; Burlington Northern; Duluth, Missabe, and Iron Range; 
Joliet, and Eastern; Santa Fe; and Union) agreed to participate in the study after 
the identification of important job tasks at  UP. Because we intended the study to 
have applicability throughout the industry, we decided to broaden our study with 
information about engineer job tasks from the additional railroads. 

The task review, in the eight additional railroads, was undertaken with the Union 
Pacific task list (see Exhibit 1). Each compan was sent a set of task review forms 
and asked to have them out by a samp e of personnel knowledgeable about 
the engineer job. The sample is presented in Exhibit 6. Each rater was asked if 
each task on the list (with the exception of two tasks eliminated because of 
differences in terminology across railroads) did or did not describe an important 
part of the engineer's job at  their company. The results for each added railroad 
were analyzed to determine if the railroad engineer jobs were behaviorally similar 
enough to be considered the same as the engineer jobs at  Union Pacific. 

To evaluate the similarity in 'obs across the railroads, we used an rule. For a 
task to be considered part o the engineer's job, 80% of the raters must judge the 
task as part of the job in their railroad. In order for the en eer job to be 
considered similar to that performed at  Union Pacific, 80% of t e tasks on the 
Union Pacific task list had to be rated as part of the engineer's job in the other 
railroad. The ratings of all of the railroads were analyzed and each met this rule. 
Bessemer and Lake Erie; Union; and Joliet and Eastern railroads all had an 
81% overlap of tasks with the UP task list. The engineers from Duluth, Missabe, 
and Iron Range rated 86% of the UP tasks as being part of the engineer job. There 
was a 92% overlap at  Amtrak, an 81% overlap at  Burlington Northern, an 86% 
overlap at  and a 97% overlap at Santa Fe. 

Despite variations in railroad rules and conditions, the original task list accurately
described the engineer's job in the eight additional railroads, including both large 
and smaller railroads. Most tasks included in the original Union Pacific task list 
were rated as an important part of the engineer's job in each of the new railroads. 
Each railroad did, additionally, make some to the task list. The 
revised task lists were used for the determination of the in these railroads. 



Conrail Bessemer Elgin, 

Iron 

1.6(10.31) 
Age 54.6(10.24) 43.3(9.05) 46.8(8.35) 43.8(7.6) 47.6(3.29) 45.4(11.33) 41.2(8.53) 

1 

18.2(6.9 g.l(g.85) 16.7(11.6 12.9(8.30) 13.8(9.18) 7.6(5.59) 12.2(10.23) 19.8(16.04) 

Number of 
Raters 

Amtrak 

5 

Burlington 
Northern 

13 

Exhibit 6 
Engineer Task Ratings 
Description of Raters 

Santa Fe 
Lake Erie 

9 26 5 

Duluth Joliet, Union 
Missabe & Eastern 

Range 

5 5 5 

5 

Mean (SD) 

Gender 5 men 13 men 9 men 26 men 5 men 5 men 5 men 5 men 

Ethnic 4 White 12 White 9 White 25 White 5 White 5 White 5 White 5 White 
Background African 1 American 1 American 

American Indian Indian 

Years of 
Experience as 
an Engineer 
Mean (SD) 1) 1) 



DETERMINATION OF THE IMPORTANT ENGINEER KSA REQUIREMENTS 
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the important 'ob the next step in the 'ob analysis was the 
determination of the KSAs which engineers must have in or er to perform these 
tasks effectively. These KSAs cover the skills, abilities, and other personal 
characteristics required for successful performance of the job. 

The method used to the KSAs is based on the research of the project 
consultant, C.H. Dr. developed an inventory of 51 KSAs organized
into 13 categories. The categories are: understanding 

calculations; understanding oral communications; oneself 
understoo8 orally; making oneself understood in writing; understanding graphic 
information; exercising mechanical insight; making estimates; making

problems; making discriminations; using hands in 
work activities; making gross body movements; and climbing or balancing. The 
complete list of KSAs is in Appendix B. 

Procedure to Identify KSAs 

A group of 14 engineers attending Advanced Engineering Training Course 
participated in this phase of study. (Exhibit 7 presents the demographic
characteristics of the sample.) They were given the list of 39 locomotive engineer 
tasks that were prepared in the prior phase of the study and a rating form which 
listed the 51 KSAs. A job analyst administered the form and was available to 
explain the KSAs. 

The rating form presented each of the 13 KSA categories on a separate page with 
the KSAs the category listed below. The raters were asked to review 
each KSA and determine if it was or was not essential in order to safely and 
competently perform each job task. If the KSA requirement was considered 
essential, a check was written, and if it was not, a zero was written. 

Reliability of UP KSA Ratings 

The inter-rater reliability in the ratings made by these engineers was assessed 
using intraclass correlation coefficients (Shrout 1979, p. 423). The 
average agreement, across the raters, as to whether a KSA was or was not 
necessary to  perform a task ,was estimated at using the 10 raters who made all 
of the ratings. (For ratings of the individual KSAs, all the ratings which were made 
were used in order to increase the reliability of the ratings). 

In addition, the inter-rater reliability for each KSA was estimated separately using 
the same analytic method. The results are presented in Exhibit 8. Some of the 
reliabilities were quite low, indicating modest agreement in the judgments of some 
KSAs. Because of these results, a conservative procedure was used for identifying 
KSAs necessary for the job. 

Identification of Necessary KSAs for UP Engineers 

(1987,
personal communication). The KSA data were a matrix o the number of raters who 
indicated that each KSA was or was not essential to perform each of the 39 tasks. 
According 

The KSA data were analyzed using the method sug ested by 

to  a KSA is considered necessary for performing a task if 
more than half of the raters rate it as essential to  perform the task. 

Using this approach; we 



Exhibit 7 

Engineer KSA Ratings 

Description of Union Pacific Raters 


Number of Raters 14 

Age Mean (SD) 39.0 (6.33) 

Gender 14 men 

Ethnic Background 14 White 

Years of Experience as an 
Engineer 
Mean (SD) 

Years of Education 
Mean (SD) 
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Exhibit 8 

Inter-rater Reliability of the UP 

KSA Ratings 


KSA 

Category Specific lntra Class Correlation 


Understanding 
written material 

Performing calculations 

Understanding oral 
communication 

Making oneself understood 
orally 

Making oneself understood in 
writing 

Understanding graphic 
information 
Exercising mechanical insight 
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Exhibit 8 (continued) 

Inter-rater Reliability of the UP 

KSA Ratings 


KSA 
Category Specific lntra Class Correlation 

Making estimates 

Making choiceslsolving 
problems 

Making visuallauditory 
discrimination 

Using 

Gross body movements 
Climbing balancing 

Note: The numbers of these refer to the list of in Appendix B. 



analyzed the ratings data to iden* whether each KSA was necessary to perform 
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KSA, the number of tasks for which the 
KSA was identified as necessary rated by more than half the 
raters as essential to perform the task). 

Using this analysis, the following were rated as necessary to perform the 
greatest number of tasks: reading; coordinating work with co-workers through 

where effectiveness depends upon understanding others; 
understanding oral instructions or work procedures; coordinating work with co-
workers through where effectiveness depends upon being 
understood; and memorizing. 

We also reviewed the of three studies which analyzed the requirements of 
the locomotive engineer job. Hale and Jacobs (1975) determined, through expert 
judgment, the KSAs needed for safe operations of a train. The Railroad Personnel 
Association (1981) identified the KSA requirements of engineers, as rated by 
engineers and supervisors. Myers, Harding, Hunter, and Fleishman (1985) had a 
group of engineers and psychologists select the more important cognitive,
perceptual, psychomotor, and physical ability KSAs. 

All of the three studies identified reading as required for the engineer job. Two of 
the three identified speaking, memory and understanding oral instructions as 
necessary for effective job training and performance. The additional KSAs 
identified, in these studies, as necessary for the engineer job were: recognizing
colors, making logical choices, judging speed and distance, understanding visual 
displays, problem sensitivity, time sharing, selective attention, exercising han 

and responsibility. 

KSA Ratings in the Additional Railroads 

The purpose of obtaining additional KSA ratings was to broaden the source of job 
analysis information. Job experts from four railroads 
Northern, and Santa Fe) participated in this phase of the project. They 
were sent KSA rating forms on which they indicated if each KSA was or was not 
essential to perform the tasks on the task list specially prepared for their company. 
The sample of raters for the four railroads is presented in Exhibit 10. 

Because the KSA ratings were to be obtained using a mail-out procedure, we 
concluded that fewer KSAs should be included in the rating form than had been 
used previously at Union Pacific. We selected KSAs from those rated by Union 
Pacific engineers which were linked to several 'ob tasks and those identified as 
important engineer job analyses. We a ded identified in a 
validation study as relevant to  the job (Rahim personal
communication). The list of these KSAs is presented in Exhibit 11. 

We then analyzed the KSA data from the four additional railroads, and reanalyzed 
the data from Union Pacific. The analysis involved determining the number of 
tasks identified as requiring each KSA. As stated previous1 a KSA is considered 
necessary for performing a task if more than of the raters identify 
it as essential to perform the task. Exhibit 12 lists the number of tasks, in each 
railroad, for which a KSA was identified as essential. 

Since each of the five railroads used task lists with numbers of tasks, we 
could not directly compare the number of tasks linked to each KSA across railroads. 
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visuallauditory 

Exhibit 9 (continued) 


The Number of Tasks for Which Each 

KSA was Rated as Essential 


KSA Category KSA Number Number of Tasks 

Making estimates 

Making choiceslsolving 
problems 

Making 
discrimination 

Using handslfingers 

Gross body movements 
Climbing balancing 
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Exhibit 10 

Engineer KSA Ratings 

Description of Raters 


Burlington 
Amtrak Northern Santa Fe 

Number of Raters 

Age Mean (SD) 

Gender 13 men 9 men 16 men 19 men 
1 woman 

Ethnic Background 12 White 9 White 16 White 20 White 
African 
American 

Years of Experience as 
an Engineer 
Mean (SD) 11.0 (1.41) 

1 

I 

) 
I 

I 
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Exhibit 11 

List of Reviewed 
by Additional Railroads 

1. 	 Reading simple words, such as position signs on machine equipment 
or 

2. Reading sentences, such as posted signs or directions "Keep 
boxes out of aisles"). . 

3. 	 Reading complex sentences, such as written material on work tickets or 
printed material on containers "This material may explode if it gets 
wet"). 

4. 	 Reading paragraphs which describe a thing or event present multiple 
instruction in sequence, such as instructions in operating. 

5. 	 Memorizing and recalling specific information learned from printed 
materials. 

6. 	 Understanding oral instructions or work procedures information provided by 
supervisors or others. 

7. 	 Coordinating work with co-workers through where 
effectiveness depends upon being understood. 

8. Providing routine oral status or progress reports to or others, in 
person, by phone, or by radio. 

9. 	 Making in which the risks or consequence are slight, such 
as: sorting materials or parts. 

10. 	 Making affecting the security or well-being of others and/or 
which involve serious risk or consequences. 

11. 	 Recognizing colors, such as: light signals, containers, or electrical parts. 

12. 	 Maintaining attention to a task over long periods of time. 

13. 	 Judging distance from observer to objects between objects. 

14. 	 Reaching-extending and in any direction. 

15. 	 Exercising hand-eye coordination. 

16. 	 Agreeable good natured and cooperative. 



Exhibit I 1  

KSAs 

- 
- 

- 
- 

(continued) 

List of Reviewed 
by Additional Railroads 

17. Conscientious 
 responsible, careful and dependable. 


18. Calm composed under stress. 

19. General Activity busy, active in projects. 

20. Outgoing likes to be with people. 



Burlington Union 
Amtrak Northern Conrail Santa Fe Pacific 

Reading Words 
Reading Sentences 
Reading Complex 
Reading Para 
Memorizing 
Undemtanding Oral 
Coordinating 
Providing Reports 
Slight Choices 
Serious Choices 
Colors 
Attention 
Distance 
Reaching 
Hand-eye 
Agreeable 
Conscientious 
Calm 
Activity 
Outgoing 

Amtrak 
Burlington 
Conrail 

Pa&c 

rated 34 tasks 
Northern rated 37 tasks 

rated 39 tasks 
Santa Fe rated 37 tasks 
Union rated 39 tasks 

Exhibit 12 

Number of Tasks for Which each KSA 
was Rated as Essential in Each Railroad 

Notes: 
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s 
tasks linked to them. Two 

analyses were carried out to compare the across the railroads. In one 
analysis, the 14 KSAs common to the ratings in five railroads were compared. 

coefficient of concordance (Walker & Lev, 1953, p.284) was used to 
compare the ratings of the KSAs. The coefficient of concordance is a measure of 
the agreement in the of KSAs across raters (in this case, the railroads). 
The coefficient W is .53 (df 13, The coefficient, W, was also calculated 
for the KSAs common to the our new companies. In this analysis, W equals 

(df 19, p (The program used for analyzing these data corrects for ties 
in the 

Both anal ses indicated agreement in the of KSAs. We 
conclude t at there is a consistency across the railroads in the identified as 
necessary for performing important engineer tasks. 

Given this consistency, the most highly ranked KSAs were identified as 
appropriate for test development. These are: 

Reading 

Memorizing 

Understanding Oral Instructions 

Speaking 

Recognizing Colors 

Attention 

Judging Distance 

Reaching with 

Coordination 

Being Conscientious and Attention to Detail 



TEST DEVELOPMENT 

TEST DEVELOPMENT GOALS 

In preparing the test plan, we wanted the tests to be: 
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Practical and feasible for the railroads. Considerations in this 
decision include: ease of objectivity in scoring; 

to group or individual administration; and use of simple or minimal 

equipment. 


Look relevant to the job of locomotive engineer. 

Appropriate for both entry-level selection and for promotion. 

Relevant to the KSAs of the engineer job. 

PRELIMINARY TEST PLAN 

Using the test development goals for guidance, we prepared a plan concerning the 
measure of important KSAs identified in the job analysis. The preliminary test 
plan is presented in Exhibit 13. 

We decided to develop several tests that would include engineer-relevant material. 
We thought that reading, memory, logic and attention tests could be feasibly 
developed using engineer-relevant content. Published tests measuring other 
KSAs were already available. These tests included measures of understanding 
oral instructions, conscientiousness, and calmness. 

When reviewing the literature on measures of attention, we a dichotic 
listening test which predicts pilot success (Gopher, 1982; Gopher 
Kahneman, 1971) and reduced accident rates in bus drivers (Kahneman, Ben-
Ishai, & 1973). The test requires participants to maintain attention to 
information presented to a designated ear and to ignore information 
simultaneously presented to the other ear. Dr. Glen R. of the Naval 
Aerospace Medical Research Laboratory provided URC with a tape recording of 
the dichotic listening test he was using in research on Navy pilots. 

The literature on judging distance was extensive but we were unable to find any 
measures of distance perception that would be feasible for selection testing. 
Instead, we recommend that perception be evaluated during a physical 
exam. We also recommend that recognizing colors and reaching with 
be assessed during a physical exam. 

TEST REVIEW AND COMPLETION 

In November, 1988, representatives the railroads participating in the study 
at that time Northern, Santa Fe, and Union 
and Thomas, the project monitor, met with URC project staff to 
review the draft test plan and examples of test items. 
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KSA Recommended Test 

Reading Specially Developed Test 
Memorizing Specially Developed Test 
Understanding Oral Instructions. Published Test 
Speaking Interview 
Making Choices and Decisions Specially Developed Test 
Recognizing Colors Physical Exam 
Attention Specially Developed Test 

and Dichotic Listening Test 
Judging Distance Physical Exam 
Hand-Eye Coordination Computerized Test 
Reaching with Physical Exam 
Conscientious Published Test 
Calm Published Test 

Exhibit 13 


Preliminary Test Plan 




In general the company representatives liked the test battery. They made specific 
suggestions regarding the content, format and instructions of several of the tests. 
The group did not like the published test measuring understanding oral 
instructions. They thought it was too clerical in nature and suggested that 
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it be 
revised with engineer content. The representative from Northern 
volunteered to assist us in the development of an alternative test. The group 
decided to refrain from using measures of the personality because these 
tests were considered intrusive. The meeting participants also decided not to use 

computerized test of hand-eye coordination because of limited availability of 
personal computers in the railroads. The group also recommended assessing the 
reading level of the reading test to ensure i t  was consistent with the reading level 
required for the job. 

The tests were revised and completed consistent with the recommendations given 
by the railroad representatives. The revised test plan is presented in Exhibit 14. 

TESTBATTERYPRETESTS 

During February, 1989, we conducted two pretests of the test battery with railroad 
engineers and road foremen. At two road foremen, two engineers, and 
two engineer instructors participated in the pretest. At Amtrak, six road foremen 
and one transportation manager participated in the pretest. Demographic
information about the samples presented in Exhibit 15. 

These pretests were conducted to identify confusing test items and instructions as 
well as to estimate the time required for each test in the battery. The procedure 
for the pretests involved explaining the project to the participants, administering 
a test, discussing the test, and oing on to the next test. As a result of these 
pretests, the tests were edited an the instructions were simplified. 

During March and April, 1989, a third pretest was undertaken. The purpose of 
the pretest was to problem items for elimination, or replacement. 
Because a large sample is required for item analysis, we decide to collect data a 
at  college where it was more feasible to obtain a large sample than at  a railroad. 

Participants were volunteers from three colleges: the University of Virginia, the 
University of Maryland, and Piedmont Virginia Community College. The number 
of participants who took each test a t  each school is in Exhibit 16.. The professors 
requested that no background data be collected so that we have no demographic 
information about the pretest sample. 

During this pretest, we determined the length of time it took for the participants 
to complete each test. We wanted to determine time limits which allowed all the 
candidates to complete each of the tests, except for the perception test, which was 
prepared as a speeded test. The participants also unclear items. 

Item analyses were also conducted. Items were considered for elimination or 
revision the item was not correlated with total test score; if one wrong answer 
was frequently selected; and, if the item was exceedingly hard or easy so that 
there was little variability. As a result of the pretest, test items were edited and 
eliminated. Additional items were also added. 

After revision of the reading test, we evaluated the reading level to ensure that 



KSA Recommended Test 

Reading Specially Developed Test 
Memorizing Specially Developed Test 
Understanding Oral Instructions Specially Developed Test 
Speaking Interview 

, Making Choices and Decisions 
 Specially Developed Test 
R e c o ~ ~ g  Colors 
 Physical Examination 

, . Attention . Dichotic Listening 
Specially Developed Test 

HandsIArms Reaching with 
 Physical Exam 
Judging Distance 
 Physical Exam 

Exhibit 14 


Revised Test Plan 




Amtrak Conrail 

Number of Raters 7 6 

Age Mean (SD) 40.4 (5.32) 39.7 (7.06) 

Gender 7 men 6 men 

- 

Ethnic Background 7 White 6 White 

Years of Experience as an 
Engineer 
Mean (SD) 

Exhibit 15 

Pretest of Test Battery 

Description of Participants 






the verbal complexity of this test was no more difficult 
difficulty 

Flesch i 
Grammatik 11. 

h es 
1 

Amtrak 11th 
Conrail 

than the materials that must 
be read and understood on the job. In order to assess the relative of the 
reading test, we requested that the railroads provide us with -documents that what 
engineers read on the job. The railroads provided us with rules and regulations. 

We evaluated the complexit of the test passages and company materials using 
the Reading Ease In ex, which is calculated using the computer program 

The Flesch formula is based on sentence length and the number of 
syllables per hundred words in samples from prose passages (Flesch, 1948). The 
formula was used to calculate the reading level of the reading passages in the test 
and in the selected passages (of approximately two pages in length) from materials 
sent by each railroad. 

The reading level of the test passa was equal or lower than that of the reading 
material used on the job. The rea g test complexity level was lth grade level. 
The materials from and Santa Fe required at the grade reading 
level; those from required a 12th grade reading level; and the passages 
from Burlington Northern and Union Pacific required a college sophomore reading 
level. 



FIRST VALIDATION STUDY 

VALIDATION OVERVIEW 

Validity is the most important consideration in test evaluation. The term refers to 
the appropriateness, meaningfulness, and usefulness of the inferences made from 
test scores. Test validation is the process of accumulating evidence to support 
such inferences. Personnel selection tests are used to predict future job relevant 
performance. In personnel selection, then, the inference made from 
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se 
performance. The evidence used to 

support test validity in ection research is the demonstration of a useful 
relationship between the test scores and one or more measures of job relevant 
behavior. 

In this project, the engineer test battery was validated in two studies. Each study 
involved four steps: 

1. 	 Development of a measure of engineer performance. This is called the 
criterion measure. In the first study, the criterion measure was a 
supervisory rating of job performance. In the second study, measures of 
training performance were used. 

2. 	 Identification of a sample of engineers. 

3. of the test battery to the engineers and collection of criterion 
data evaluating their performance. 

4. 	 Analysis of the relationship between test performance and engineer
performance. In this validity is indicated by the empirical
relationship between pe ormance on the tests and scores on the criterion 
measure. 

We will discuss each study separately. Following is a description of the method 
and results of the first validation study. 

CRITERION DEVELOPMENT 

The goal of this study was to develop and validate a battery of tests for selecting 
candidates most able to competently perform the locomotive engineer job. There 
were complications in the identification of an appropriate measure of engineer job 
performance. Several options were considered. One option was a rating of job 
performance filled out by the supervisor based on prior observations of job 
performance. The major factor complicating the development of this measure was 
the lack of frequent observations of engineer performance. Road foremen may ride 
with engineers only once in six months. The other personnel (switchman, 
brakemen) who consistently ride with engineers are not trained or experienced to 
evaluate engineer job performance. 

We also considered the use of discipline, accident, and incident records. Railroads 
were reticent to allow us access to personnel records. additional option 
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was the use of the records made by event recorders mounted on 
locomotives. Although the records these recorders can be used to evaluate 
speed, braking, and stalling, the track and route must be considered in evaluating 
each tape. Since there were no consistent rules for evaluating these records and 
linka e of the record with a specific engineer might be problematic, we concluded 
that measure should not be used. 

Instead, we decided to develop an observational rating form that would be used by 
the observational rating form, we road foremen. As a first step in 

reviewed the reports which described engineer behaviors. Among the 
documents reviewed were Railroad Task and Skill Study 
Douglas 1972)and Railroad Engineer Task and Skill Analysis (Louisville
Nashville Railroad, 1981). In addition, the engineer rating forms for Norfolk 
Southern, and Union Pacific were reviewed. We also spoke to Union 
Pacific road foreman concerning the key components of engineer performance, the 
behaviors they are able to observe and the common errors that engineers make. 

the information from the literature review and interviews, we compiled a 
list o pre-start and tasks performed by engineers. Special emphasis was 
placed on train handling tasks as it was felt that between engineers 
would most likely occur in this aspect of the job. These tasks were the basis for a 
road foremen observation guide. The draft observation guide was reviewed by 
Amtrak, Burlington Northern, Santa Fe and Union Pacific road foremen 
and trainers. Based on all of their comments, revisions and additions were made 
to the rating form. 

The final version of the observation form includes nine dimensions of job
performance: rules compliance, operating equipment, starting,
accelerating, speed, negotiating a cresting grade, stopping, and 
switching. For each dimension, there were behaviors which were rated 
according to whether or not the engineer followed acceptable procedures. These 
ratings were called behavior ratings. 

In addition, for each dimension, there was a five-point rating scale (ranging from 
unsatisfactory to outstanding) for rating overall performance on that dimension. 
A sixth rating option was available if it was not possible to observe behaviors 
relevant to the dimension. These ratings were called dimension ratings. In 
addition to the evaluations of behaviors and to dimension ratings, each 
supervisor was asked to rate the difficulty of the trip, considering factors such as 
the territory, time of day, and weather. This was made on a five point scale 
from easy to  difficult. The rating form is in 

VALIDATION OF THE TEST BATTERY 

The objective of the validation was to  secure evidence that the test battery was 
useful for the selection of locomotive trainees. A criterion-related validation study 
was used to evaluate the validity of the test battery. Evidence for criterion-related 
validity consists of a demonstration of a statistical relationship between the scores 
on the test battery and ratings on the criterion measure. In this project, both test 
and criterion data were obtained for incumbent engineers. 



Selection of the Sample of Engineers 

In designing the validation study, consideration was given to selecting 
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validation sample, collecting test data, and obtaining the criterion data. The plan 

for the validation sampling was based on technical and practical considerations. A 

key consideration in designing the samplin plan was the cost for the railroads. 


. Because of engineer contracts and sched es, it was costly to have engineers 

participate in the validation. The cost of participation limited the number of 

engineers that any railroad could provide for the study. The railroads also 

determined that only engineers who volunteered should participate. Because of 

the costs for test administration, URC concluded that the tests had to be 

administered to groups of engineers rather than to individuals. 

These considerations led to a plan for sample selection in which railroads were 
asked to identify the number of engineers they could provide in a Limited number 
of'testing locations. After selecting feasible locations, the railroads asked for 
volunteers, a t  the locations, who would be willing to participate in the validation. 
Although URC requested that the railroads try to include a representative sample 
of engineers, in terms of race, sex, and competence, use of only volunteers did not 
ensure a diverse sample of engineers. 

Collection of Test Data 

URC project undertook all test administration and processing. Instructions 
for each test administrator were prepared so that instructions, timing, and 
explanations were consistent across the sessions. 

Company coordinators were asked to times and locations for test 
administration. They were also asked to inform the engineers about the study. 
The participants, however, did not receive any instructions or information 
regarding the specific tests prior to the testing session. 

At the onset of each testing session, the URC test administrator provided a brief 
overview of the project, summarizing the earlier phases of the study, and 
describing the purpose of the test validation. The participants were assured that 
the test and job performance data would remain and be used only for 
the purposes of the validation study. 

The participants then filled out background information forms. The tests were 
administered in the following order: Memory, Reading, Perception 
attention to detail), Understanding Oral Instructions, Logical Reasoning, an 
Dichotic Listening. The test administrator read the instructions for each test and 
the participants were given only those test materials. All of the tests were timed. 
However, except for the Perception and Memory tests, all the participants were 
given all the time they needed to complete each test. The test administrator was 
asked to record any instances when additional time was required, beyond the time 
limits. 

Collection of Criterion Data 

The railroad representative who for the validation, at  each site, was 
given a set of engineer observation forms after the testing, and asked to distribute 
them to the road foreman who supervised each of the engineer participants. The 
observation form contained instructions for its completion. railroad 



representatives were asked to contact URC project staff if they, or the road 
foremen, had any questions regarding the observation form or the validation 
study. 

The railroad representatives were asked to have the road foremen use the 
observation form during a normal ride with the engineers. The instructions on the 
observation form request that the road foreman read the form before the trip and 
fill out the form immediately upon completion of the ride. The forms were to be 
returned to the railroad representative who was asked to send the entire set to 
URC. 

Addition of New Railroads 

The five participating railroads (Amtrak, Burlington Conrail, 
dif6culty 
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Northern, Santa Fe, 
and Union Pacific) were having meeting the sample size requirements of 
the validation study, due to the costs of providing engineers for testing and the 

in coordinating the collection of the criterion data. The data collection 
was place more slowly and with fewer engineers than had been anticipated. 
The delay in the receipt of the observation rating forms was particularly
problematic. 

We decided that the inclusion of additional railroads in the validation study would 
reduce the burden on the companies participating in the study and increase 
size of the sample of engineers. We contacted the Railroad Personnel Association 
to help us additional railroads willing to  participate in the study. As a 
result, four additional railroads, Canadian Chicago Northwestern, CSX, 
and Norfolk Southern, agreed to  participate in the validation phase of the study. 
Later in the project, a group of smaller railroads (Bessemer and Lake Erie; El , 
Joliet, and Eastern; Union; and Duluth, Missabe, and Iron Range) volunteere to
participate. As a result of the inclusion of the eight new railroads, we were able to 
complete the validation study. The railroads participating in the validation data 
collection, the dates of testing, and the number of engineers involved are listed in 
Exhibit 17. 

Description of the Sample 

One hundred and eighty en eers from eleven different railroads participated in 
The largest num 

the sm 
er of engineers from any single railroad was 28, and 

est number was eight. Complete data sets, including both test and 
criterion data, were available for 143 engineers. The latter sample was the 
sample used for the validation. Demographic information about the sample is 
presented in Exhibit 18. 

Data Analysis 

Analysis of the Selection Tests: Internal Consistency 

Initially, the items in each of the tests were correlated with the total score on the 
test to  identify items which were not internally consistent. Three items were thus 
eliminated and the tests were rescored. The mean scores for the tests are 
presented in Exhibit 19. 

The internal consistency reliability of the tests was then assessed using coefficient 
alpha. Coefficient alpha is a numerical index of the extent to which the items on a 



Railroad Testing Site Date Engineers 
Tested 

Amtrak Washington, DC 
New York, NY 
Chicago, IL 

June 27, 1989 
June 28,1989 
March 30, 1990 

Burlington Northern Overland Park, KS August 2,1989 

Canadian Pacific Agincourt, ON 
Toronto, ON 

September 6-7, 1989 
March 26, 1990 

Chicago Northwestern July 25, 1989 

Conrail Greentree, PA 
Indianapolis, IN 
Harrisburg, PA 
Dearborn, MI 
Philadelphia, PA 
Selkirk, PA 

May 22, 1989 
May 26, 1989 
June 2, 1989 
June 6,1989 
June 8, 1989 
June 13, 1989 

CSX Evansville, IN August 15-16, 1989 

Duluth, Missabe & 
Iron Range 

Duluth, MN July 16-17, 1990 

Elgin, Joliet & Eastern Joliet, IL July 18-19, 1990 

Norfolk Southern Atlanta, GA 
Chattanooga, TN 

August 2, 1989 
April 2-3, 1990 

Union July 9-10, 1990 

Union Pacific Salt Lake City, UT March 23,1990 

Exhibit 17 

Companies Participating in FRA 
Locomotive Engineer Validation Study 
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Exhibit 19 

Test Mean Scores (Study 1) 

Test Mean Score SD 

Memory 2 1.66 
Reading 31.21 
Understanding Oral 27.19 
Perception 13.92 
Logical Reasoning 19.5 1 
Dichotic Listening 168.88 



test measure a single trait. The internal consistency results presented in Exhibit 
20 indicate that the five tests show adequate levels of reliability. It should be 
noted that the reliability of the Perception test could not be estimated using 
coefficient alpha, because the perception test is a speeded test. A speeded test is 
one in which no examinee has time to complete all of the items. 

(Anastasi, 
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Internal 
consistency indices of reliability are spuriously high for speeded tests 1988). 

Analvsis of the Selection Tests: Inter-test Correlations 

The correlations among the six tests 
Not surprisin ly, all of the ability tests (Memory, Reading, 

Understanding Instructions, 
co 'tive 
in the test battery are displayed in Exhibit 

21. 
Reasoning) were significantly

correlated. The Perception and Dichotic Listening tests were less highly
correlated with this set of tests and were not correlated with each other. 

In order to our understanding of the relationships among the tests, a 
nonorthogonal principal components analysis with rotation was used. 
(Appendix A presents a brief explanation of principal components analysis.) This 
procedure is intended to the underlying factors that account for the 
correlations among the tests. The results indicate two factors: (1) a cognitive 
factor, underlying performance on the Memory, Reading, Understanding Oral 
Instructions, and Logical Reasoning tests; and (2) a perception factor. The 
Dichotic Listening test loaded on the cognitive ability factor, but to a lesser extent 
than did the Memory, Reading, Understanding Oral Instructions, and Logical 
Reasoning tests. The Memory test loaded on the  perception as well as the 
cognitive factor. This rather unexpected may be explained by 
the content of the-Memo test. The test requires the applicant to remember codes 
(which are fi es) and t e operating principle associated with the code. Exhibit 
22 presents t e factor loadings. Together, the two factors account for 62.2 percent 
of the variance in test scores. 

Analvsis of the Criterion Measure 

For each engineer, two sets of ratings were used to evaluate engineer performance. 
One set was the ratings of specific behaviors. For each behavior, a "yes" rating
(indicatin adequate performance) was scored +1, a "no" rating (indicating 
unaccepta le performance) scored -1, and a rating of "not observed or "not 
applicable" scored The ratings for all of the behaviors within each dimension 
were then summed. In order to interpret these scores, one needs to consider the 
number of behavior ratings for each dimension. The number of behaviors for each 
dimension are: (6); Rules Compliance (15); Operation of Equipment (10); 
Starting the Train (10); Accelerating (4); Speed (17); Negotiating a 
Cresting Grade (6); Stopping a Train (12); and g (6). The mean specific 
behavior ratings (not corrected for the number of items), along with the mean 
dimension ratings, are in Exhibit 23. 

These summed ratings do not provide information about the relative use of the 
three rating options. In order to better understand the ratings, we analyzed the 
ercentage of engineers receiving each rating (see Exhibit 24). Of the 86 specific 

ratings, the mean number of "yes" ratings was 49.9, the mean number of 
"no" ratings was 1.4, and the mean number of "not applicable" 
ratings was 33.7. It appears that on 'the specific behaviors, engineers were rated 
as either performing acceptably, or a of not observedlnot applicable was 
given. Very few responses of inadequate pe were given. 



Test Coefficient A l ~ h a  

Dichotic Listening 
Logical Reasoning 
Memory 
Understanding Oral 
Reading Comprehension 

Exhibit 20 

Internal Consistency Estimates of 
Reliability of the Predictor Tests 



Memory Reading Perception Understand- Logical Dichotic 
ing Oral Reasoning Listening 

Memory 1.00 
Reading .44** 1.00 

Perception .23* .05 1.00 

Understanding Oral .3 I** .50** -.O1 
 1.00 
Logical Reasoning .49** .70** -14 .57** 1.00 

Dichotic Reasoning .20* -11 -11 .09 
 -18 1.00 

Notes:

* ~<.01 

Exhibit 21 

Inter-test Correlations 



Rotated Factor Matrix 
Factor 1 Factor 2 

Memory 
Reading 
Perception 
Understanding Oral 
Logical Reasoning 
Dichotic Listening 

Exhibit 22 

Principal Components Analysis 
of the Predictor Tests 



Specific Behavior Rating Dimension Rating 
N of Items Mean SD Mean SD 

Prestart 
Rules Compliance 
Operation of 
Equipment 
Starting 
Acceleration 
Controlling Speed 
Negotiating Crest Grade 
Stopping 
Switching 
Sum of All Dimensions 

Notes: 
N = number of subjects 

Specific behaviors refer to the spe&c 
Rating Form in Appendix B. 

The dimension rating is the rating for 
e.g., Prestart. 

behaviors which are rated 

the entire dimension or cat

on the Engineers 

egory of behaviors, 

Exhibit 23 

Descriptive Statistics on the Criterion Measure 



34.68 

70.73 

(SD) 

Dimension Performed Performed Not Missing 
Acceptably Unacceptably Performed 

Prestart 

Rules Compliance 

Operationof Equipment 

Starting the Train 

Acceleration 

Controlling Speed 

Negotiating Crest Grade 

Stopping Train 

Switching 

Mean 

89.16 1.75 8.68 

68.33 1.76 28.28 

0.30 64.72 

59.11 1.76 38.99 

70.63 2.18 26.60 

65.22 2.82 3 1.85 

0.98 28.28 

72.23 1.90 24.42 

58.57 0.40 38.63 

65.4 , 1.5 32.3 

14.60 0.83 15.09 

Exhibit 24 


Percentage of Engineers Receiving Each Rating 
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dimension ratings (scored for "not observed", and between 1 for 
to 5 for "outstanding") indicated positive, but not extreme, 

ratings. The mean ratings for each dimension were in the satisfactory range 
rather than the superior or outstandin range (see Exhibit 23). Since a number of 
engineers were not rated on the dimension, presumably because there 
were few instances of this behavior observed during the runs, we decided to drop
this dimension--both the specific behaviors and the dimension rating--from further 
analysis. 

The first step in determining how to score the criterion was to decide whether we 
should combine the ratings of specific behaviors across dimensions (to derive a 
sum of behavior rating) and combine the dimension ratings (to derive a sum of 
dimension score). Internal consistency analyses of the dimension ratings and the 
behavior ratings were undertaken. alpha was used as an indicator of 
the degree to  which the individual s were internally consistent 
correlated with each other). The coefficient pha for the behavior ratings was .89 
and the coefficient alpha for the dimension ratings was Based on these 
results, we decided to use the sum of the behavior ratings and the sum of the 
dimension ratings as the criteria for this study. 

We then wanted to see whether these two sets of ratings were correlated. We 
correlated the behavior ratings, for each dimension, with the dimension ratings. 
The correlations are presented in Exhibit 25. These correlations are modest to 
moderate. The correlation between the sum of the behavior ratings and the sum of 
the dimension ratings is similarly modest. These results indicate that the sum of 
the dimension ratings and the sum of the behavior ratings should not be 
combined. 

A small study was undertaken to evaluate the reliabilit 
retest approach was used to estimate the reliab' 

of the criterion ratings. 
A test- 'ty of the ratings. This 
approach was used since the railroads indicated that it was neither feasible nor 
appropriate to  have two supervisors rate an engineer's performance. Twenty-five 
engineers at UP were evaluated twice using the observational rating form. The 
intervals between the data collection ranged from one week to over one month. 
The test-retest reliability of the sum of the behavior ratings was .42 p 
and the sum of the dimension ratings was .62 p Both results 
indicate that there is only modest consistency in the ratings over time. 

Analvsis of the Validation Results 

The analysis of the validation data was the examination of the correlations 
between the tests in the battery and criterion ratings (the sum of the dimension 
ratings and the sum of the behavior ratings). Exhibit 26 displays these 
correlations. None of the correlations were statistically These 
correlations indicate that the tests in the selection battery were not effective 
predictors of the performance ratings. Subsequent multiple regression analyses 
support this conclusion. (Brief explanations of multiple regression and statistical 

are presented in Appendix A.) The multiple correlation between the 
six tests and the sum of the behavior ratings was 115, p
The multiple correlation of the six tests and the sum of dimension ratings was also 
not 102, In order to  determine if there 
might be relationships, we prepared scatterplots of the relationships 
between the tests and criterion measures (presented in Appendix D). 



Correlation N 
Prestart -2 1" 137 
Rules Compliance 
Operation of Equipment 
Starting 
Acceleration 
Controlling Speed 
Negotiating Cresting Grade 
Stoppi~ig 
Switching 

Correlation Between the Sum of Behavior 
Ratings and the Sum of Dimension Ratings 

(Excluding Switching) 

- Notes. 
*p < -05 
**p < -01 
N = number of subject 

Exhibit 25 

Correlations of Behavior Ratings 
and Dimension Ratings 



Sum of Behavior Sum of Dimension 
Ratings Ratings 

Memory -.04 
Reading -.04 
Perception -.03 
Understanding Oral .OO 
Logical Reasoning -.16 
Dichotic Listening -.02 

Exhibit 26 

Correlations Between Selection Tests 
and Criterion Ratings 



These scatterplots 

-.80 -60. 

KSAs 
KSAs. 

& 

d su 

(e-g., diEiculty, 

i 
signiilcant 

also indicate no discernible relationship between the tests and 
the job performance ratings. 

In an attempt to shed insight on why the tests were not predicting the criterion 
scores, we -examined the test and criterion correlations, undertaken separately for 
each of the participating railroads. Exhibits 27 and 28 display these correlations 
for the individual railroads. The correlations do not indicate that the tests are 
valid for individual railroads or even consistent across railroads. For example, the 
correlations between the memory test and the sum of the behavior ratings (see 
Exhibit 27) range from to 

Potential explanations of these low correlations could focus on the tests, the 
criterion scores, or both. Examination of the tests reveals no substantial evidence 
that the tests failed to capture the they were developed to measure. The 
tests also measured important As depicted in earlier sections of this report,
the tests displayed adequate internal consistencies and reasonable means and 
standard deviations. Both the pattern of test intercorrelations and the factor 
analysis results are interpretable. Furthermore, much previous research attests 
to the efficacy of cognitive ability tests for predicting performance across a wide 
variety of jobs and organizations (Hunter Hunter, 1984). Hence, it seems 
reasonable that we could expect these tests to predict job performance for 
locomotive engineers. 

Consideration of the criterion scores suggests several potential explanations for 
the low correlations. The reliability study results gest the presence of 
measurement error in the ratings. Variance due to erences among raters, 
railroads, and the nature of the run terrain, time of day, duration 
of trip, weather) could introduce error into the criterion scores. 

However, the major reason for the low correlations lies in the limited variability in 
the ratings. For the sum of the behaviors, there were very few instances of "no" 
ratings, indicative of unacceptable performance. For the dimension ratings, raters 
displayed a strong tendenc to label the engineers performance as satisfactory,
rather than extremely goo or extremely poor. The large number of moderate 
ratings reduced the likelihood of correlations between the tests and 
criterion scores. 

Why did we obtain these results? The road foremen observing the engineers made 
observations on only one run in order to rate an engineer. They were probably 
reluctant to make extreme ratings with only the Limited opportunity for 
observation. Second, performance on known territory, under most conditions, is 
overlearned. There are reduced opportunities for error when the engineer has 
performed this task over and over again. The engineers in the study were also 
likely to try to perform acceptably, or at least to refrain from unacceptable 

ractices, when they were being observed by their supervisors. Any of these 
factors, or some combination of them, could have caused the lack of validity in 
engineer ratings. 
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Exhibit 27 

Correlations Between Selection Tests 
and Sum of Behavior Ratings By Railroad 

Railroad N Memory Reading Perception Understand- Logical Dicho
ing Oral Reasoning Listen

1 10 .60 .62 .29 .71 
2 8 16 .28 .50 
3 13 .16 .16 
4 22 .12 .25 
5 1 
6 9 .02 
7 9 .07 .04 
8 3 .87 .98 -.91 
9 10 1 .44 1 
10 7 -.21 .39 .10 
11 2 

Notes: 

N = number of participants 


It was not possible to the data the railroads with only one and two 
subjects. 
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Exhibit 28 

Correlations Between Selection Tests 
and Sum of Dimension Ratings by Railroad 

Railroad N Memory Reading Perception Understand Logic
Oral Reasoni

1 10 
2 8 
3 13 -.14 .25 -.21 
4 22 19 10 
5 1 
6 9 .48 -.O1 .13 
7 9 .52 .25 .04 .75 .69 
8 3 .65 1.00 .87 
9 10 -.17 
10 7 .29 -.12 
11 2 

Notes: 
N number of participants 

It was not possible to analyze the data the railroads with only one and two
subjects. 
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SECOND VALIDATION STUDY 


The purpose of the second validation study was to determine if the test battery 
predicts training performance. Training performance is a critical precursor of 
engineer effectiveness. The importance 

a" 
of both training and the evaluation of 
ations 

ifications Locomotiue 
(1994), ce-g 
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training is indicated in the Federal re concerning engineer certification. 
According to CFR 49, Part 240, Qua and Certification of 
Engineers each railroad shall have a written program for 
locomotive engineers. Part of the certification must include classroom training in 
safety, operating rules, mechanical equipment, regulations, and skill training in 
train handlin procedures. Each shall also have procedures for testing 
knowledge an examining skill performance. 

We obtained the cooperation of the Northern Railroad to assess 
the validity of the test battery in predicting training performance. project 

administered the battery of tests to engineer trainees at BN during their 
classroom training. Their training starts with 30 days of on-the-job training in 
which the trainee rides with an engineer trainer, observes the trainer operate the 
train, and receives instruction in train handling procedures, safety and mechanics, 
and sometimes, operates the train. The second phase of is three weeks of 
classroom instruction. During this time, the trainees were given the test battery, 
using the same procedures as used in the prior validation study. 

At the end of the three weeks of classroom instruction, the trainees practice on a 
simulator built b Research Institute (IITRI). Trainees are assigned blocks of 
time on the Then the trainees return to their home territory and spend 

10 weeks operating trains under the supervision of a qualified
engineer. In the last two weeks of their training, the trainees take the final 
written examinations and the simulator evaluations. These written examinations 
and the simulator evaluation served .as the criterion measures for the second 
validation study. 

CRITERION PROCEDURES AND SCORING 

The criterion measure scores were provided by the BN Technical Training Center. 
The criterion measures were the combined score on the final simulator runs and 
the scores on the two final knowledge exams. 

Final Examinations 

In the last two weeks of their engineer apprenticeship, the trainees took the final 
written examinations which evaluate the knowledge acquired through training. 
The examinations consisted of two tests, each with 300 multiple choice questions. 
The exams are on two consecutive days. The first day the trainees 
take the General Code of Operating Rules test and on the second day they take the 
Air Brake and Train Handling rules test. 

Performance Evaluations 

The simulator examinations included three separate runs, each administered on 
one of three consecutive days. The simulator examinations were designed to 
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in train handling. The first run contributes 
40% toward the total simulation evaluation score. The purpose of this run is to 
test responses to centralized control (CTC) block signal indications while 
handling a 110-car loaded coal train. The trainees are randomly assigned to one 
of three variations of this run which takes one hour and 15 minutes. The second 
run (Billings) contributes 40% toward the total simulator score. The 
purpose of this run is to test response to CTC block signal indications and track 
flagging situations while operating a 58-car intermodel train in 60 territory.
The trainees are randomly assigned to one of three variations of this run which 
takes one hour and 15 minutes. The third run (Generic) contributes 20% toward 
the total simulator examination score. The purpose of this run is to evaluate the 
application of train handling rules and methods while operating a mixed 
freight in planned slowdown, stop, and acceleration situations. All trainees 
complete this same run, which is scheduled for 60 minutes. 

All three simulation runs are scored electronically based upon starting, stopping, 
speed control, timely whistle blows, Each run has between 8 and 15 items 
that contribute to  the total score for that run. The items are weighted in relative 
proportion to the importance of that item to the run as a whole and percentage of 
points earned is multiplied by the respective weight. The three weighted 
percentages are summed to create the composite score for the three runs. 
Simulator segments were prioritized by experienced BN engineers to establish 
weights for the simulation. In this validation study, the weighted sum of the 
simulator runs was used as one of the criterion measures. 

DESCRIPTION OF THE SAMPLE 

A total of 141 engineer trainees participated in the second validation study. The 
sample is described in Exhibit 29. 

DESCRIPTION OF THE TEST AND CRITERION DATA 

Exhibit 30 shows the mean test scores for the sample. Comparison with the mean 
scores obtained for the engineers in study 1 (see Exhibit 19) indicates that the test 
scores for the trainees are slightly lower on five of the six tests in the battery. 

Of the 141 participants in Study 2, only 123 completed the two written tests. 
Scores on these tests were analyzed in terms of percentages of items correct. 
Scores on the General Rules test ranged from 77% to with a mean of 93.9% 
and a standard deviation of 4.25. Scores on the Air Brake test ranged from 63% to 

with a mean of 93.8% and standard deviation of 5.29. For each test, a grade 
of 90% or higher was the cutoff for passing the exam. Of the 123 individuals who 
completed these tests, 10 did not pass the General Rules Test and 8 did not pass 
the Brake test. 

run and s run as functionally
equivalent. If so, we could collapse across the A, B, and varieties of these runs. 
An analysis of variance on the total percentage score means of 

Simulator scores were available for 114 participants. The procedure for 
calculating simulator scores was slightly more complex. Two of the simulator 
runs--Orin and Billings-had three versions (A, B, and C) while the other one 
(Generic) had one version. The first issue facing us was whether or not we could 
treat the three versions of the 

A, B, and C 
revealed no statistically differences 108; p 
Similarly, an analysis of variance on the Billings run means also revealed no 



Demographics 

Number of Participants 141 

Age Mean (SD) 36.1 (7.29) 

Gender 132 men 
9 women 

- 

Ethnic Background 11 African American 
117 White 
8 Hispanic 

Years of Experience as an 
Engineer 
Mean (SD) 

Exhibit 29 


Second Validation Study 

Description of Burlington Northern Participants 




Test Mean Score SD 

Memory 22.12 
Reading 28.66 
Understanding Oral 26.89 
Perception 13.56 
Logical Reasoning 17.96 
Dichotic Listening 165.25 

Exhibit 30 

Test Mean Scores (Study 2) 
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all subsequent analyses, we treated the A, B, 
and C versions of and Billings runs as equivalent. We then combined the 
scores on these runs using the weightings which BN used to derive an overall 
score (as described above). 

Total percentage scores for the combined score on the simulator runs ranged from 
40.95 to 85.38 with a mean of 73.20 and a standard deviation of 8.27. 

Both the written job knowledge tests and the simulator runs exhibited reasonable 
descriptive statistics and represent fairly broad differences in performance from 
inadequate to  excellent. Furthermore, the scores on the two types of criterion 
measures were correlated. The correlation between the simulator 
criterion and the General Rules Test is (p and that between the 
simulator criterion and the Air Brake Test was .31 (p The correlation 
between the two written tests was These results indicate that the 
written training test results were correlated with performance on the 
simulator. (A brief description of the correlation coefficient is presented in 
Appendix 

VALIDATION RESULTS FOR STUDY 2 

Exhibit 31 shows the correlations between each of the tests and the various 
criterion measures for Study 2. None of the six tests is correlated 
with the sum of simulator runs. Reading Comprehension, Logical Reasoning, and 
Dichotic Listening, however, were correlated with the two paper and 
pencil instruments administered at  the end of training. In turn, the paper and 
pencil training tests were correlated with performance on the simulator. 

Based on these findings, we conclude that the selection tests predict performance 
on the written job knowledge tests (as indicated by their correlation with the Air 
Brake and General Rules tests) and that performance on these job knowledge tests 
predict training performance on the simulator. Although the selection tests do not 
directly predict the performance component of training, they predict the 
knowledge component of training. In other words, the selection tests predict the 
knowledge component of and knowledge component of training predicts 
simulator performance. There is, however, no direct relationship between test 
scores and performance on the simulator. 

required for job performance. Job knowledge then mediates the 
relations between cognitive abilities and job performance. 

The findings of Study 2 are consistent with the results of prior research indicating 
that cognitive abilities are critical for successful training. Hunter (1983) sheds 
insight on the links between cognitive ability tests, training performance, and 
subsequent job performance. Hunter's analysis of 14 validation studies indicates 

On relatively
routine jobs with fairly constant 

that cognitive abilities the extent to which an individual masters the 

such as the locomotive engineer job, 
cognitive ability tests scores may not be related to job performance, but 
rather indirectly related via job knowledge. 

The next analysis concerned the identification ,of the set of tests which best predict 
the written training tests. Seldom is it necessary to include all of the tests which 
have been tried out in the preliminary battery. In order to select the combination 
of ability tests which best predicted the written training tests, we analyzed 



Tests Combined General Rules Airbrake 
Simulator Score 

Memory 
Reading 
Perception 
Understanding Oral 
Logical Reasoning 
Dichotic Listening 

Exhibit 31 

Correlations Between Tests and 
Training Criteria 
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multiple regression predicting the sum of the two written 
tests. scores on Air Brake and General Rules tests were standardized so that 
each test would have equal weighting in the sum.) 

In general, when a multiple regression shows that a test (or tests) does 
not add to prediction, the arises either because the test is not 
a valid predictor or because the criterion variance is predicted by another test in 
the battery which is highl correlated with that test. Because of the high 
correlations between all of e cognitive tests in the battery (see Exhibit we 
anticipated that not al l  these tests would be predictors in the multiple 
regression. 

As Exhibit 32 shows, the best predictor of performance on the training tests is the 
Reading test. The only other test which adds significantly to  the prediction is the 
Dichotic test. The multiple regression of these two tests predicting the 
training test scores is .41 This result predicates that the Reading and 
Dichotic Listening Tests together effectively predict performance on the written 
training test. This test, then, differentiates individuals who are more likely from 
those less likely to perform successfully in training. 
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RECOMMENDATIONS 

RECOMMENDATIONS FOR IMPLEMENTATION 

What implications do these results have for the usefulness of the cognitive ability 
tests for selecting engineer trainees? First, three of the tests--Reading, Logical 
Reasoning, and Dichotic Listening--predict scores on written training exams. Two 
of these tests, the Reading and Dichotic Listening Tests, together efficiently 
predict performance on the written training tests. These findings are consistent 
with extensive previous research 
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demonstrating that cognitive abilities are 
important predictors of success. Because training of locomotive engineers 
is necessary for safe and train handling, is legally mandated, is time 
consuming and expensive, it would benefit the railroads to  identify those 
applicants who are most likely to  successfully complete 

The cognitive ability tests- do indeed identify applicants who are more Likely to  
successfully complete training. We, therefore, recommend that railroads seriously 
consider using the Reading and Dichotic Listening tests to select applicants for 
engineer training. also recommends use of a physical exam to assess the 
applicant's ability to  recognize colors, to reach with hands and arms, and to judge 
distance. also recommends that the railroads administer the Logical 
Reasoning test, but not use it for selection, so that its effectiveness can be later 
assessed. 

The research results indicate that the selection tests can be used to 
engineer trainees most likely to pass written training tests. Why are these tests 
useful for a railroad? These tests measure the of reading and focusing 
attention which job experts identify as important for performing critical engineer 
tasks. These tests can reduce the number of individuals who fail training. In 
addition, these tests are especially useful when there are many applicants for 
places in engineer training classes. 

RECOMMENDATIONS FOR ADDITIONAL RESEARCH 

Although the results of the second validation study support the validity of the test 
battery for use in selecting trainees, the study was undertaken in only one 
railroad. We recommend that other railroads commence validation studies. 
Either individual railroads can perform a validation study or a group of railroads 
can work together in a consortium. 

In addition, we also strongly recommend that the railroads consider developing 
and validating other tests which might be useful for predicting both simulator 
performance and job performance. What types of tests might be useful for this 
purpose? Research by Ackerman and Fleishman can be used to identify such 
ability measures. Ackerman (1992) presents a model of complex acquisition
which indicates that at different stages of acquisition, different abilities 
predict task performance. Ackerman proposes that there are three phases of 
acquisition: 
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acquisition which is associated with demands 
eneral cognitive reasoning. Measures of cognitive abilities predict 

pe ormance during the acquisition or learning phase of performance. 

2. During the associative phase of acquisition, greater demands are 
placed on perceptual speed abilities. Measures of perceptual speed predict 
performance when the person has greater experience practicingthe but 
has not yet mastered the 

3. The autonomous phase of acquisition is associated with demands on 
abilities. Measures of 

ability reaction time) are more predictive of performance when the 
skill has been learned. 

Ackerman's model is consistent with the extensive research undertaken by
(1967, 1972, 1975) which indicates that early in practice, general 

cognitive) abilities are better predictors of performance, while as practice
continues, task performance is unrelated to the broad, general abilities. During
this later phase of acquisition, psychomotor abilities predict task 
performance. 

The research by both and Fleishman helps to explain why the cognitive 
abilities used in this study predicted the learning phase of performance but not 
the more aspects of performance. Their research also suggests that 
psychomotor tests might be predictive of both simulator and job performance. In 
an extensive review of the literature, and Rose (1986) conclude that 
psychomotor tests have been successfully used to predict job performance in a 
number of jobs. Measures of coordination, hand-eye coordination, rate 
control and arm-hand steadiness may be most relevant to the engineer job. 

There is a problem, the use of psychomotor tests using apparatus 
for test administration. Perhaps the most serious disadvantage of apparatus tests 
is the lack of standardization. Two units of the same apparatus may be quite 
different with respect to their actual operation. In the last 10 years a number of 
psychomotor tests have been adapted for the computer. Computerized tests have 
some advantages over apparatus tests: they are more reliable, less likely to break 
down, and reduce test administration costs. 

did not use these tests in the test battery because the railroads reviewing the 
initial test plan concluded that computers were not consistently available for test 
administration. Currently, this may be less a problem than it was in the 1980's. 

Ackerman's model also suggests that tests of perceptual abilities can be useful in 
predicting job performance. The test battery we developed and used included one 
such test which did not prove to predict job performance. Consideration of other 
perceptual ability tests (like reaction time) should be considered. However, we 
think that psychomotor test offers the most promise for the prediction of simulator 
and job performance. 

RECOMMENDATIONS FOR VALIDATION RESEARCH 

We recommend that the railroads undertake additional validation research on 
both the current battery and the battery with the inclusion of the Logical 
Reasoning test, a psychomotor test and perhaps a perceptual ability test. We 
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on the job to determine their 'ob performance over a 
period of time. The validation design propose for these tests is fairly 

straightforward. Implementation of the design requires the following five steps: 

1. 	 Give job applicants the three tests. 

2. 	 Hire the required number of applicants as locomotive engineer trainees. 

3. 	 Obtain tests scores for the trainees. If simulator performance data 
are available, include such data. 

4. 	 Obtain performance data for the trainees six months after they are on the 
job 

5. 	 Analyze the data. 

Although each railroad will establish its own procedure for determining which 
applicants will be given these tests, test scores for all applicants who take the 
batte should be kept on In addition to test scores, some basic demographic 
data or each applicant should be kept. These data should include name, age, 
ethnic background, sex, and prior company experience. 

All applicants hired for the job are automatically used for the validation study. 
Training performance data on the trainees must be collected. The railroad can use 
its own tests. We also recommend that the railroads use a standard 
written engineer training test developed for this project by Ralph and L 
which is presented in Appendix E. The test is a 95 item multiple oice test 
pertaining to train handling procedures of over-the-road and through freight 
trains. The test was developed in consultation with engineers and has been 
reviewed by both railroads and the If the railroads use a simulator to 
evaluate training performance, we strongly recommend that all the trainees take 
one or two standard runs and that scores on these runs be retained. 

After completing training, the new engineers should be followed for six months 
and evaluated on their job performance. If appropriate, the supervisory rating 
developed in this project (see Appendix C) could be used if the road foremen gets 
several opportunities to observe and evaluate engineers. When data for 100 
engineers have been collected, the data can be analyzed. Since few railroads will 
hire that many engineers in a reasonable period of time, we recommend that 
several railroads work together in a consortium study. By pooling the data across 
several companies, such a validation can be conducted and data analyzed much 
earlier than if a company had to wait until enough individuals were hired to result 
in reliable analyses. We should note that if a consortium study is planned, it is 
important to collect training and job performance data using the same forms in all  
the participating railroads. 

Several sets of analyses should be conducted as part of this validation study: 

Correlations among the selection tests. 

Correlations between scores on the selection tests and scores on the 
tests. 



trsining 

Correlations between scores on the selection tests and scores on the ratings 
of job performance. 

Correlations between scores on the tests and scores on the ratings 
of job performance. 

Correlations between scores on the selection tests and scores on the 
simulator runs. 
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Analvsis of Variance is a procedure used to determine the statistical significance of the 
differences 

+1.00. sine 

+1.00 

unlikely 
< .05" 

between the mean scores in three or more groups. For example, analysis of 
variance can be used to determine if the mean math achievement scores differ among three 
classes. 

Correlation Coefficient is value indicating the association between two variables. The 
correlation coefficient ranges from -1.00 through The and sign of the 
correlation indicates the relationship between the variables. The closer the relationship 
between the variables, the greater than size of the correlation coefficient (the closer in 
approximates or -1.00). The sign (+ or -) of the correlation coefficient indicates 
whether the variables are positively related (a positive correlation) or negatively related (a 
negative correlation). If two variables are positively correlated, then higher scores on one 
variable are associated with higher scores on the second variable. If two variables are 
negatively correlated, then higher scores on one variable are associated with lower scores 
on the second variable. 

Factor Analvsis is a statistical technique used to determine the grouping of a set of 
variables. In using factor analysis, a researcher can determine whether there are 
underlying factors which account for the relationship among the variables. The result of 
factor analysis is a smaller set of variables, or factors. The correlation between the 
original variables and the factors is called the loading. The pattern of loadings can be used 
to explain the nature of the factor. For example, if only reading tests have high loadings 
on a factor, then we could interpret this factor in terms of reading ability. Principal 
components analvsis is similar to factor analysis in that it is a technique to reduce the 
number of variables and make the relationships among the variables more understandable. 

Intraclass coefficient is a statistic which indicates the inter-rater reliability or agreement in 
ratings. It is essentially an average intercorrelation between the ratings from all pairs of 
raters. 

is a statistical test which correlates one characteristic with a set of 
other characteristics. For example, a researcher might be interested whether achievement 
on a math test can be predicted by the combination of intelligence test scores, socio-
economic status, and attitudes about math. 

Reliability refers to the consistency of scores obtained by the same individuals when 
retested with the same test or with a different set of equivalent items in two tests. 
Coefficient Alpha is one estimate of reliability. It indicates the consistency of the subjects' 
responses to all of the items in a test. It is a measure of the degree to which all the items 
measure one characteristic. 

Standard Deviation is a statistic which shows how much the scores are spread out or 
distributed around the mean. The larger the standard deviation, the more spread out are 
the scores. 

Statistical Significance Research is typically undertaken with a sample, rather than with a 
population of individuals. Having undertaken the research and analyzed the data, the 
researcher is left to ask how likely is it that the observed differences between groups or 
association between variables in the sample where there are no actual differences between 
the groups or not association in the population. In order to reject the explanation of 
chance, or what is called the null hypothesis, the data from the study is compared to the 
distribution of results that would arise by chance alone. If the research results are very 

to have occurred by chance (1 out of 20 times is the usually used), then the 
researcher concludes that the results are not a chance phenomenon. The term "p is 
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Understanding PrintedMlritten 

Readin (e.g., 
"o~/o&, vStart/stoptt). 

s i m ~ l e  (e.g., 

Readin 3 (e.g., 
or 
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spec& 

conversation1discussion 

training 

conversation/discussion 

19. 

Material 

1. 	 simple words, such as position signs on machine equipment 

or 


2. 	 Reading sentences, such as posted signs or directions "Keep boxes 
out of aisles").

complex sentences, such 3. as written material on work tickets or printe
materi on containers "This material may explode if it gets wet"). 

4. 	 Reading paragraphs which describe a thing or event present multiple 
instruction in sequence, such as instructions in operating.

5. 	 Reading computer print-outs, computer screens, or other material that is 
in nature. 

6. Memorizing and recalling information learned from printed materials. 

Performing Calculations 

7. 	 Adding and/or subtracting whole numbers. 
8. 	 Multiplying and/or dividing whole numbers. 
9. 	 Adding, subtracting, multiplying, and/or dividing fractions. 
10. 	 Adding, subtracting, multiplying, and/or dividing involving decimals and/or 

percentages. 
11. 	 Using a simple formula to solve for an unknown. 

Understanding Oral Communications 

12. 	 Coordinating work with co-workers through where 
effectiveness depends on understanding others. 

13. 	 Understanding oral instructions or work procedures information provided by 
supervisors or others. 

14. Receiving on-the-job provided by supervisor or others. 
15. 	 Participating in group meetings or training sessions where effectiveness 

depends on understanding others. 

Making Oneself Understood Orally 

16. Coordinating work with co-workers through where 
effectiveness depends upon being understood. 

17. 	 Providing routine oral status or progress reports to supervisor or others, in 
person, by phone, or by radio. 

18. 	 "Breaking in" a new employee or otherwise instructing others. 

d 

Making informal reports to small groups. 

Making Oneself Understood in Writing 

20. 	 Entering simple information or data on forms such as: recording temperature, 
pressure, thickness, quality, or number or errors. 
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Pre
Copying information print-outs, reports, 2 into hand-written form. 

22. simple records, such as: work reports, logs, or information for next 

23. 	 Preparing written reports, such as: equipment malfunctions, performance 
results, or accident data. 

24. information by computer terminal, typewriter, or other keyboard or 
data entry device. 

Understanding Graphic Information 

25. 	 Reading simple sketches, diagrams, or shop drawings. 
26. 	 Reading numerical information in graphic form. 

Exercising Mechanical Insight 

27. 	 Understanding mechanical relationships in practical situations, such as: 
understanding e, pulleys, or the direction gear arrangements turn. 

28. 	 Understanding the re ationship of physical objects to one another in order to 
visualize a number of such objects acting together. 

29. 	 Visualizing objects in three dimensions. 
30. 	 Making visual comparisons between objects or pictures or diagrams. 

Making 'Estimates 

31. 	 Estimating weight or objects. 
32. 	 Estimating size of large objects or areas relative to other objects or areas, such 

as: when parking a car or moving a crate between machines. 
33. 	 Estimating the speed or distance of moving objects or parts. 

Making Choices Solving Problems 

34. 	 Making choicesldecisions in which the risks or consequence are slight, such as: 
sorting materials or parts. 

35. 	 Making choicesldecisions affecting the security or well-being of others 
which involve serious risk or consequences. 

36. 	 Solving problems involving limited options by applying common sense 
understandings, such as: selecting the correct tool for a job. 

37. 	 Solving problems involving a few relatively concrete options or variables by 
applying principles or methodologies, such as: troubleshooting or 
breakdowns in familiar equipment. 

Making Visual or Auditory Discriminations 

38. 	 Discriminating visual detail at  distances within arm's reach. 
39. 	 Discriminating visual detail at  distances within arm's reach. 
40. 	 Recognizing colors, such as: light signals, containers, or electrical parts. 



41. 	 Judging distance fiom andlor 

47. Reachin - % hand(s) arm(s) 
hand(s) 

fingers 

- 

andlor 

observer to objects between objects. 
42. 	 Recognizing changes in sounds. 
43. 	 Recognizing audible signals, such as: bells, whistles, or sirens. 
44. 	 Recognizing objects or signals under conditions of limited visibility, such as: 

seeing signals in fog or recognizing a sound in the presence of other noises. 
45. 	 Memorizing and recalling visual information such as maps or scenes. 
46. 	 Maintaining attention to a task over long periods of time. 

Using Hands in Work Activity 

extending and in any direction. 
48. 	 Seizing, olding, grasping, turning, or otherwise working with when 

are not involved. 

Making Gross Body Requirements 

49. 	 Stooping bending body downward and forward by bending spine at waist. 

Climbing or Balancing 

50. Ascending descending ladders, stairs, scaffolding, or poles, using feet 
and arms or hands. 

51. 	 Maintaining body equilibrium to prevent falling when walking, standing, 
crouching, or running on irregular, slipper, or erratically moving surface. 



Appendix C. Engineer Rating Form 
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TRAIN HANDLING AND OPERATING PROCEDURES OBSERVATION FORM 


Instructions 

Use this form to record how the engineer you are riding with performed during the trip. The form is built around 
several situations in which an engineer could be expected to demonstrate train handling proficiency, for example, 
starting or stopping the train. For each of the situations that the engineer encountered during the trip, record your 
observation of the engineer's 

pccuratc. 

by placing check marks in front of all statements that reflect what the 
engineer did or what happened to the train as a result of the engineer's actions. 

After making these ratings, an evaluation of the engineer's performance in that Use the scale at the 
bottom of each page to indicate your appraisal of the performance that you observed during the trip. 

Please review this form before in order to familiarize yourself with the ratings you will be making. Taking 
notes during the trip may be helpful. 

Observation: 

Engineer: 

Rater: 

Date of Trip: 

Duration of 

Train Symbol: 

Train Consist (No. of locomotives, 
loads and empties): 


Special Train Makeup (if appropriate): 


Territory: 


easY average 

Rate the diffuculty of the trip (considering the train consist, territory, weather, time of the day, and other factors.) 

difficult 



Prestart 

etc) 

during Prestart 

obscrvd Superior: 
Dou Comatentlv Perfonis Performance 
perform exacds 

rrquirrments 
level level level 

Did the engineer follow acceptable 
procedures? 

YES NO 	 Not observed or 
Not applicable 

1. 	 Reports to work on time and is fit for service. 

2. 	 Wears proper clothing and footwear. 

3. 	 Has and reviews required documents (time table, train 
bulletin, track warrants, general orders, 

4. Performs locomotive inspections. 

5. 	 Checks for safety equipment. 

6. 	 Performs radio check. 

Based on observations this trip, my evaluation of the engineer's performance for is checked below: 

Not or not Unsatisfactory Marginal: Satisfactory Outstanding 
applicable not Performs this this 

this pan of the job performs this pan of the job 
pan of the job 
at a competent 

at a minimally 
competent 

pan of the job at a more than 
competent for this pan of 

the job 
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Perfonnancc 
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morr requiremenu 
level lcvcl this lcvcl the job 

Rules Compliance 

Did the engineer follow acceptable 
procedures? 

YES NO 	 Not observed or 
Not applicable 

1. 	 Uses bell, whistle, headlight. 

2. 	 Verifies speedometer accuracy. 

3. 	 Acknowledges and complies with signals. 

4. 	 Speed compliance. 

5. 	 Reports signal malfunctions to dispatcher. 

6. 	 Reports defective track conditions. 

7. 	 Inspects train while moving. 

8. 	 Observes passing trains and reports defects. 

9. out necessary paperwork. 

10. 	 Communicates instructions and information with others. 

11. Uses proper radio procedure. 

12 Performs air brake tests, as required. 

13. 	 Protects the train, as required if train derails, 

ensures adjacent track is protected.) 


14. 	 Observes other crew members for proper job 

performance. 


15. 	 Other rules, as applicable (specify). 

Based on observations during this trip, my evaluation of the engineer's performance for Rules Compliance 

checked below 


Not observed or not Unsatisfactory. Marginal: Satisfactory. Superior: Outstanding 
applicable Does not Performs this Competently Performs this 

perform this part of the job performs this pan of the job 
pan of the job at a minimally pan of the job at a than 
at a competent 

competent competent for pan of 



follow 

alarm - -  - 
- -  - 
- -  - 
- -  - 
- -  - 
- -  - 
- -  - 

co~ecting/disconnecting 

(including train 

obserred Umtisfaetory: Superior: Outstanding: 
Das Performs Performance 
perfom thi perfoms palt the enneds 

the the more requirements 

Ievd level level this 

Operation of Equipment 

Did the engineer acceptable 
procedures? 

YES NO 	 Not observed or 
Not applicable 

1. When sounds, takes action to identify problem. 

2. Isolates a 	malfunctioning unit, as required. 

3. Resets devices, as required. 

4. Restarts the engine, as required. 

5. Notifies proper authorities of equipment malfunctions. 

6. Writes proper work reports. 

7. Properly conditions unit for lead or trail including 
hoses and cables, and positions 


other controls when picking up or setting out units. 


8. Monitors gauges and devices end of 

device) and takes corrective action when required. 


9. Drains unit during cold weather operations. 

10. Recognizes if locomotive is not performing properly. 

Based on observations during this trip, my evaluation of the engineer's performance for Operation of Equipment is 
checked below: 

Not or not Marginal: Satisfactory: 

applicable 
 not this Competently Performs this 

part of the job this of job 
pan of job at a minimally pan of job at a than 
at a competent 

competent competent for pan of 
the job 

I 
I 



appiica 

vaive 

Descendinv 

- -  - 
becomes 

below 

Does Perfonns 
perfonns execeds 
pan requirements 

level level ievci 

Starting the Train 

Did the engineer follow acceptable 
procedures? 

YES NO 	 Not observed or 
Not ble 

All Conditions 

1. 	 Properly charges brake system before moving. 

2. 	 Allows enough time for brakes to fully release before 
starting the train. 

3. 	 Uses independent brake to control locomotive 

acceleration, when required . 


4. 	 Reacts to wheel slippage. 

5. 	 Applies lead truck sanding on lead locomotive if 
required. 

6. 	 Advances throttle one notch at a time while observing 
load current meter in such a manner to provide smooth 
operation under proper slack control. 

7. 	 Advances throttle before releasing automatic and 
independent brakes. 

8. 	 On heavier grade, sets automatic brake and backs 
locomotive into train to bunch it. Release brakes and 
starts forward movement so rear cars do not roll back. 

Grade 

9. 	 After releasing automatic brake, gradually releases 
independent brake until entire train is moving. 

10. 	 With dynamic brake applied, gradually releases 
independent brake to keep slack bunched until dynamic 
brake effective. 

Based on observations during this trip, my evaluation of the engineer's performance for Starting the Train is 
checked 

Not observed or not Unsatisfactory: Marginal: Satisfactory Superior: Outstanding: 
applicable not this Competently Performs this Performance 

perform this pan of the job this pan of the job 
pan of the job at a minimally of the job at a more than 
at a competent 

competent competent for this pan of 
the job 
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cwes,  

practical. 

cyde 

initial 

maximum 

Controlling Speed 

Qidthe engineer follow acceptable 
procedures? 

YES NO 	 Not observed or 
Not applicable 

Conditions 

1. 	 Varies throttle movements slowly, only one notch at a 
time. 

2 	Adjusts dynamic brakes slowly, while observing load 
meter. 

3. 	 Keeps speed and train forces fairly constant with dynamic 
brake adjustments. 

4. 	 Uses automatic brake to supplement dynamic brake, 
when required. 

5. 	 Maintains speeds required in turnouts and 
restricted zones, without building up excessive train 
forces. 

6. 	 Uses retainers as needed. 

7. 	 Where possible, adjusts throttle for maintaining speed. 

8. 	 Uses dynamic brake rather than automatic brake, where 

9. 	 Uses braking to control speed. 

10. 	 Makes automatic brake service reduction plus 
additional reductions, as required (including blended 
braking). 

Slack Bunched 

11. 	 Uses permissible dynamic brakes before 
applying automatic brake (or blended brakes). 

12 	 Releases automatic brake in order to maintain desired 
speed. 



Superio+. 
Perfonns Perfonns Perfomrana 

performs this exceeds 

m o ~  nquircments 
kvcl level 

the 

Did the engineer follow acceptable 
procedures? 

YES NO 	 Not observed or 
Not applicable 

13. 	 Keeps train bunched using dynamic or independent 
brake. 

Slack Stretched 

14. 	 Gradually reduces throttle as automatic brake becomes 
effective, while observing load meter. 

15. 	 Uses throttle to keep train stretched. 

16. 	 Releases automatic brake before reaching desired speed. 

17. 	 Does not advance throttle until brakes are released. 

Based on observations during this trip, my evaluation of the engineer's performance for Maintaining Speed is 
checked below: 

Not observed or not Unsatisfactory Marginal. Satisfactory Outstanding. 
applicable Doesnot this Competently this 

perform this part of the job part of the job 
part of the job at a minimally part of the job at a than

	 at a competent 
level competent competent for this pan of 

job 

I 
I 



aests 

crest. 

my 

observed Outrunding. 
Perfonis Perfonns 

perfonn this performs erc#ds 

job more requirements 

level level level pan 

 

Negotiating Cresting Grade 

Did the engineer follow acceptable 
procedures? 

YES NO 	 Not observed or 
Not applicable 

1. 	 Has train moving at an appropriate speed at crest. 

2. 	 Reduces throttle as locomotive grade in order to 
maintain speed and reduce coupler forces in train at 

3. 	 Controls speed of train by further reductions of throttle. 

4. 	 Uses dynamic brake to control speed of train in descent. 

Transition to dynamic brake is made smoothly. 


5. 	 Use automatic brake to supplement dynamic brake. 

6. 	 Makes initial automatic brake service reduction plus 

additional reductions as required. 


Based on observations during this trip, evaluation of the engineer's performance for Negotiating a Cresting 
Grade is checked below 

Not or not Unsatisfactory: Marginal: Satisfactory: Superior: 
applicable Doesnot this Competently this Performance 

pan of the job this pan of the job 
pan of the job at a minimally pan of the at a than 
at a competent 

competent competent for this of 
the job 

I



service 

6. 

frnal 

obsened 

frnal - -  - 
12 - -  - 

is 

observed Outstanding: 
D w  Performs Competently Perfonns this P e d o r m ~ c c  
perform performs exceeds 

rrquinments 
lml lcvtl 

job 

Did the engineer follow acceptable 
procedures? 

YES NO Not or 
Not applicable 

Slack Stretched 

1. 	 Maintains sufficient throttle to keep train stretched. 

2. 	 Makes initial brake reduction plus additional 

reductions as required . 


3. 	 Reduces throttle one notch at a time, while observing 
load meter. 

4. 	 Train decelerates smoothly and efficiently to stop at 
desired location. 

5. 	 Applies independent brakes when stopped. 

Places throttle in idle at appropriate time. 

7. 	 Makes automatic brake application and keeps brake 

applied while stopped. 


Slack Bunched 

8. 	 Uses dynamic brake as primary braking source. 

9. 	 When automatic brakes are needed to supplement 

dynamic brake, makes initial brake reduction plus 

additional reductions as required. 


10. 	 Train decelerates smoothly and efficiently to stop at 

desired location. 


11. 	 Makes automatic brake application. 

Applies independent brake as dynamic brake fades. 


Based on observations during this trip, my evaluation of the engineer's performance for Stopping Train 
 checked 
below: 

Not or not Unsatisfactory: Marginal: Satisfactory: Superior: 
applicable not this 

this part of the job this pan of the job 
pan of the job 
at a competent 
level 

at a minimally 
competent 

pan of the job at a more than 
competent for this pan of 

the 

- 

I 

Stopping Train 



obsened 

all 

Not Satisfactoy: 
Performs Perfonnancc 

perform performs exrredS 

requirements 
level level leMl 

Switching 

Did the engineer follow acceptable 
procedures? 

YES NO 	 Not or 
Not applicable 

1. 	 Starts releasing independent brake and applying light 
power until slack is adjusted and cars in block are 

moving. 


2. 	 Speed is appropriate for switching conditions. 

3. 	 Bunches and stretches slack smoothly. 

4. 	 Makes moves at consistent speed so crew can anticipate 
stopping and starting distances. 

5. 	 Care is used in applying the independent brake to avoid 
wheel slide. 

6. 	 Observes and responds to hand or radio signal. 

Based on observations during this trip, my evaluation of the engineer's performance for Switching is checked below 

observed or not Unsatisfactory: Marginal: Superior. Outstanding 
applicable Does not this Competently Performs this 

this pan of the job this pan of the job 
panof the job 
at a competent 

at a minimally 
competent 

pan of the job at a more than 
competent for this pan of 

the job 







NOTES 


Criteria: 

SUMFS: Sum of the Dimension Ratings 

SUMFO: Sum of the Behavior Ratings 

Tests: 

Memory: Memory 

Reading: Reading Comprehension 

Percept: Perception 

Listen:Understanding Oral Instructions 

Logic: Logical Reasoning 

Dichotic: Dichotic Listening 
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n Factors Consultants, Highland. Park, Illinois 60035 


August 10, 1991 


Instructions to the Testee 

re 100 multiple choice questions pertaining to train handling 

ver-the-road through freight trains. Each question has four 

ers. Select the best alternative and mark it on the attached 

e questions are written so that one of the alternatives is the 

the given train, territory, and track configuration specified. 

estions may have to be interpreted in terms of the operating 

y the particular railroad. 


guration: Unless otherwise stated, all the questions in the 

e handling of a freight train of about 100 mixed freight cars, 

. about 6,000 tons, and a matched locomotive consist of 4 

erating 2,500 hp each. Only a few of the cars are empty, and 

buted evenly throughout the train. None of the cars are over-

igh. The automatic brakes are pressure-maintaining. The 

 made in 1976 or more recently, and are equipped with dynamic 

utomatic brakes use 26L equipment. There is no brake flow 

o rear end telemetry device. 


 Nearly all questions will pertain to a particular kind of 

h is specified in the question itself. If no territory is 

the question pertains to all territories. 

ories specified in the questions include five uniformly 

, and four non-uniform grades. 
m grades are: 
rrain: no changes in grade greater than foot per 100 
 or 12 feet per mile). Normally no in-train forces are 
 terrain when it is level. 

the grade increases at a rate between to 1% (12 

per mile) 

cending: the grade increases at a rate greater than 1% (50 


the grade decreases at a rate between and 1% 

scendinq: the grade decreases at a rate greater than 1%. 

form grades include crests, hogbacks, sags, and undulating 

re sufficiently steep to affect train handling procedures as 

ates the territory. 

the grade has a long single rise followed by a long single 

t a rate exceeding the surrounding terrain by at least 
1/4%. 
om the beginning of the rise to the end of the descent is at 

 train length. 

(also called a hump or knoll): the grade has a single short 

y a single descent. The' prevailing terrain before and after 

be level, generally ascending, or generally descending. 

o called dip): the grade has a single descent followed by 

 ascending, or generally descending terrain. 

nq: a grade changing so often that an average train has some 

 more alternating ascending and descending grades. 

fi~urations: Unless specifically mentioned, all track is 

raight, without any curves greater than a half degree. 




braking'effort 
1. Dynamic braking 


a. produces a 


rearend 

b .  

similar to an independent brake, especially 
at low speeds 


b. is generally less effective than the independent brake beause it is 

operative only on powered wheels 


c. is more efficient than the independent brake because it does not 

depend on air pressure for its operation 


d. produces a retarding force proportional to the load shown on the 

ammeter 


2. Running releases made at low speed are dangerous because 

a. some brakes may stick 

b. the next brake pipe reduction may not apply properly 

c. the train may make an unintended stop 

d. excessive draft forces are likely due to insufficient time for 


release 


3. On level terrain with straight track, when crossing an intersecting track, 

a. the speed of the consist should be reduced to 45 mph or track speed 

(whichever is less) until the consist has crossed 
a high throttle should be momentarily reduced until the locomotive 


consist has crossed 

c. the speed of the entire train should be reduced to 45 mph or track 

speed (whichever is less) until the entire train has crossed 
d. no adjustment is needed unless required by special instructions 


4 .  You are starting a train on level terrain. What do you do first? 
a. advance the throttle to run 1 

b. release all brakes 

c. release only the automatic brakes 

d. release only the independent brakes 


5 .  A split reduction 
a. occurs when a high initial brake reduction is followed by a much 


smaller reduction 

b. increases the time it takes to stop the train 

c. reduces excessive slack action 

d. occurs whenever any combination of two or more of the braking systems 

are engaged at the same time. 


6. Accelerating on level can produce undesirably high in-train forces if 

a. the train stays below the minimum continuous speed too long 

b. the throttle is advanced from notch to notch before the ammeter 


stablizes 

c. the short-time rating is exceeded for at least five seconds 

d. all of the above 










headend 

headend 
headend 

rearend 

rearend 

7. Normally, slowdowns or stops should be completed with no more than a 15 psi 

total brake pipe reduction 


a. to avoid split reductions 

b. to avoid excessive run-in 

c. because a full service reduction leaves no reserve braking power 


(except emergency brake) 

d. to avoid sticking brakes after a subsequent release 


8. When starting a train on undulating terrain with the on a 

descending grade, the engineer should follow the same procedures as when 

starting on 


a. a heavy descending grade 

b. a sag with the on the descending portion 

c. a crest with the over the crest 

d. none of the above: starting on undulating terrain is unique 


9. Stretch braking 

a. is only a good practice on level terrain 

b. is used in slowing or maintaining speed to control slack in the train 

c. requires that throttle reduction begins before brake application 

d. can only be done when dynamic braking is available 


10. The proper procedure to start on level terrain is 

a. release independent brakes, advance throttle to run 1, and then 


release automatic brakes, and continue until moves 

b. release all brakes, advance throttle to run 1 to get locomotive 


consist moving, remain in run 1 (or 2 if necessary) until moves 

c. release all brakes, advance throttle several notches, but keep ammeter 


below 500 amps, until rearend moves 

d. advance throttle gradually, but ammeter should not exceed 800 amps 


until speed reaches 5 mph 


11. To slow in undulating territory, 

a. the dynamic brakes are preferred to the automatic brakes 

b. running releases of the automatic brakes, even at high speed, should 


be done with extra care, if at all 

c. if automatic brakes are used, they may be supplemented with the 


independent brakes 

d. if automatic brakes are used, the initial reduction should be at least 


10 psi 


12. You are starting a slack-stretched train on a light ascending grade. What 

do you do first? 


a. advance the throttle slowly to run 3 or 4 

b. release the automatic brake 

c. advance the throttle to run 2 

d. release the independent brake 




I 
I 

2O, 

rearend 

rearend 

headend 

13. You are negotiating level terrain at track speed with your throttle in 

notch 5. You know there is a slow speed zone ahead. You decide to slow your 

train keeping slack stretched. What should you do first? 


a. Gradually reduce the throttle to idle 

b. Gradually reduce the throttle to 1 

c. Make a minimum brake pipe reduction 

d. Make at least a 10 psi brake pipe reduction 


14. To start a backup movement on level terrain: 

a. allow sufficient time for the automatic brakes to fully release, then 


apply throttle 

b. release the automatic brakes and immediately apply the throttle 

c. release the independent brake, leave the automatic brakes applied, and 


throttle up until the locomotive consist moves at 1 mph 

d. release the automatic brakes fully, throttle up gradually using the 


independent brakes to limit the locomotive consist speed to 1 mph 


15. To control speed on a curved descending grade, where the curvature exceeds 


headend 

the engineer should 

a. depend more on the automatic brakes than on the dynamic brakes 

b. depend more on the dynamic brakes than on the automatic brakes. 

c. depend on the same combination of braking that he would use on 


straight descending track 

d. avoid the use of the independent brake, if at all possible 


16. When accelerating after slowing through a sag 

a. a light application of the automatic brakes until the locomotive 


consist starts uphill will help control slack 

b. a steady advance of the throttle throughout the sag is proper as long 


as the ammeter stays below 800 amps 

c. it may be necessary to reduce the throttle after the of the 


train passes the sag to permit slack to adjust 

d. it is best to hold the throttle constant until the of the 


train clears the sag, then advance the throttle 


17. You wish to slow while approaching a hogback. Your throttle is in notch 3 

and you do not have dynamic brakes. What should you do first? 


a. Immediately reduce the throttle one notch 

b. Immediately make a minimum brake pipe reduction 

c. Reduce the throttle one notch when the reaches the summit of 


the hogback 

d. Make a minimum brake pipe reduction when the reaches the 


summit of the hogback 


t 




18. You are negotiating a sag travelling below track speed. What is the best 

train handling method to prevent run-in? 


a. Travel through, making no changes in throttle or brakes. 

b. Manipulate the throttle 

c. Manipulate the throttle and automatic brakes 

d. Manipulate the automatic brakes 


19. The dynamic and independent brakes should not be used at the same time 

except when 


a. changing from dynamic to air braking during stopping 

b. starting a train on a crest 

c. sand is not available or is impractical 

d. all of the above 


20. To stop on a heavy descending grade, 

a. dynamic brakes should be used if available 

b. automatic brakes should be used, even if dynamic brakes are available 

c. the engineer is free to choose whatever brakes he prefers, depending 


on train makeup and terrain 

d. the independent brake can be used to supplement dynamic braking until 


the dynamic brakes begin to lose their effectiveness 


21. With doubleheading, extreme care in both road and helper consists must be 

used in the manipulation of the throttle to avoid 


a. exceeding safe coupler limits and high 
L/V ratios 

b. excessively high lateral forces due to coupler or car-body angularity 

c. excessively high buff in-train forces, especially on curves, 


crossovers, and turnouts 

d. all of the above 


22. You wish to slow on an upcoming light descending grade. You wish to bunch 

your train. You do not have dynamic brakes. What do you do first? 


a. Make a minimum brake pipe reduction 

b. Make a brake pipe reduction of at least 10 psi 

c. Gradually reduce the throttle 

d. Make a minimum reduction and apply the independent brake 


23. You are about to negotiate a hogback traveling at track speed. What is 

the best train handling procedure to minimize slack action and in-train 

forces? 


a. Travel through, making no changes in throttle or brakes 

b. Manipulate the throttle setting 

c. Manipulate the throttle and automatic brakes on descent 

d. Manipulate the automatic brakes 




headend, 

headend, 

t a i l end ,  

L/V 

24. You are  s t a r t i n g  a s t re tched  t r a i n  on a l i g h t  descending grade. What is 
the cor rec t  s t a r t i n g  procedure? 

a .  re lease  a l l  brakes, allow the automatic brakes t o  re lease  f u l l y ,  and 
then advance the t h r o t t l e  t o  run 1 

b. re lease  the  automatic brake f u l l y .  Then advance the  t h r o t t l e  t o  run 
1. Use the independent brake t o  control  the  speed of the locomotive consis t .  

c .  re lease  the independent brake, place t h r o t t l e  i n  run 1, and re lease  
the automatic brake 

d.  re lease  the automatic brake f u l l y .  Then re lease  the  independent 
brake. Advance the t h r o t t l e  only a f t e r  the  e n t i r e  t r a i n  is moving 

25. You a re  gradually approaching t rack  speed over l i g h t  descending t e r r a in .  
What is the s ingle  bes t  procedure t o  maintain cor rec t  speed? 

a .  Use the dynamic brake t o  control  t r a i n  speed 
b. Apply the  locomotive brakes 
c .  Make a minimum automatic brake reduction 
d. Reduce the t h r o t t l e  s e t t i n g  one notch a t  a time 

26.  To s t a r t  a f u l l y  s t re tched  t r a i n  stopped on a c r e s t ,  where the middle of 
the t r a i n  is on the summit, the  f i r s t  s t ep  is  t o  

a .  run out  a l l  s lack 
b. advance the t h r o t t l e  t o  1 before re leas ing the  independent brake 
c .  re lease  the  independent brake before re leas ing the automatic brakes 
d. re lease  the automatic brakes f u l l y  before re leas ing the independent 

brakes and adding power 

27 .  To s top on a heavy descending grade, when the  t r a i n  has an uneven 
d i s t r i bu t i on  of heavy and empty ca r s  

a .  i f  the  heavy cars  a re  a t  the the  independent brakes should be 
applied before the f i n a l  s top 

b. i f  the heavy ca r s  a re  a t  the  keep some power applied u n t i l  
the f i n a l  s top 

c .  i f  the  heavy cars  a r e  a t  the the  independent brakes should be 
applied before the  f i n a l  s top  

d. use the same procedure a s  with a balanced weight t r a i n ,  but allow more 
distance t o  slow and s top 

28.  With a mid-train helper ,  extreme care i n  both road and helper  consis ts  
must be used i n  the manipulation of the  t h r o t t l e  t o  avoid 

a .  exceeding sa fe  coupler l i m i t s  and high r a t i o s  
b .  excessively high l a t e r a l  forces due to  coupler o r  car-body angulari ty 
c .  excessively high buff forces ,  especia l ly  on curves, crossovers,  and 

turnouts 
d.  high headend t r a c t i v e  forces 



29. You want to slow your train on a heavy descending grade, and you are 

certain that dynamic braking alone will not be sufficient. What should you do 

to slow your train? 


a. Start with at least a 10 psi brake pipe reduction and supplement with 

the dynamic brakes 


b. Start with a minimum brake pipe reduction, supplement with the dynamic 

brakes, and add further automatic brake reductions as needed. 


c. Start with a minimum brake pipe reduction and allow the locomotive 

brakes to set as well, adding further automatic reductions as needed. 


d. Supplement the dynamic brakes with a single service reduction 


30. You are about to negotiate a crest. Which of the following is the best 

train handling procedure? 


a. Manipulate the throttle and automatic brakes 

b. Manipulate the dynamic and automatic brakes 

c. Manipulate the automatic and independent brakes 

d. Manipulate the throttle 


31. You are starting a slack-bunched train on a light ascending grade. What 

is the correct starting procedure? 


a. release the automatic brakes, immediately advance the throttle one 

notch at a time until the locomotive consist moves, then release the 

independent brakes 


b. release the automatic brakes, release the independent brakes, then 

advance the throttle one notch at a time until the cars begin moving one at a 

time while brakes are releasing 


c. release the automatic brakes, wait until fully released. Then add 

throttle sufficient to hold train and release the independent brake 


d. release the independent brake and add sufficient throttle to hold the 

locomotive consist. Then release the automatic brake and gradually add 

further power to move one car at a time 


32. You are approaching track speed on a heavy descending grade, Your train 

does not have dynamic brakes. Your throttle is in notch 3. How should you 

avoid overspeed? 


a. Make a minimum brake pipe reduction. Immediately begin to throttle 

down one notch at a time 


b. Make a minimum brake pipe reduction. When effective throughout the 

train, begin to throttle down one notch at a time 


c. Make a minimum brake pipe reduction. When effective throughout the 

train, begin to throttle down and also apply the independent brake 


d. Reduce the throttle one notch at a time. Then make a minimum brake 

pipe reduction 




3 3 .  When 

b. 

planning t o  s top on leve l  t e r r a i n  
a .  it is  near ly  always desirable t o  s top with slack s t re tched 

the major consideration of how the s lack is t reated i s  the way i n  
which the  t r a i n  is t o  be subsequently s t a r t e d  

c .  whether slack i s  t o  be bunched or  s t re tched i n  stopping depends 
primarily on the d i s t r ibu t ion  of heavy and l i g h t  ca rs  

d.  the engineer can f ree ly  choose whatever method of stopping he wants, 
as long as he does it properly 

3 4 .  When stopping while the t r a i n  i s  crossing a sag o r  dip 
a .  it i s  usually preferred t o  keep s lack bunched regardless of the 

overall  average grade 
b. it i s  usually important t o  keep s lack s t re tched,  regardless of the 

overal l  average grade 
c .  i f  the overal l  average grade is  ascending, t h r o t t l e  reduction alone 

can of ten be used t o  s top the t r a i n  
d. i f  the overal l  average grade is descending, slack should be kept 

s t re tched when using dynamic brakes 

35. When braking against  power, so as  t o  keep s lack  s t re tched 
a .  do not l e t  the independent brake apply 
b. the independent brake should be applied along with the automatic 

brakes 
c .  the dynamic brake, when ava i lab le ,  should be used along with the 

automatic brakes 
d. the dynamic brakes, when avai lable ,  a r e  preferable t o  use ra ther  than 

the independent brake 

3 6 .  I f  power is applied too soon a f t e r  making a running re lease ,  the t r a i n  
may separate.  This is more l i k e l y  i f  

a .  the reduction being released was l i g h t  ( 7  p s i  or  l e s s )  and the  t r a i n  
is s t re tched 

b.  the reduction being released was 10 p s i  o r  greater  and the t r a i n  is  
s t re tched 

c .  the reduction being released was 10 p s i  o r  greater  and the t r a i n  is 
long 

d. the reduction being released was l i g h t ,  and the  t r a i n  is  shor t  

3 7 .  Stopping on an undulating t e r r a i n  i s  bes t  done with 
a .  automatic brake and t h r o t t l e  manipulation, even i f  the dynamic brakes 

are  avai lable  
b .  the  dynamic brake, plus the  independent brake as the t r a i n  slows 
c . t h r o t t l e  manipulation only, unless the t r a i n  entered the undulating 

t e r r i t o r y  a t  high speed, and the stop was unexpected 
d .  the  dynamic brakes, plus the automatic brakes as the  t r a i n  slows 
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38. When stopping on a light ascending grade, 

a. if the stop can be made entirely with throttle reduction, this is 


usually preferable to the use of automatic or dynamic brakes 

b. whatever method is used, the independent brake should be applied about 


50 feet before the final desired stopping point 

c. whatever method is used, the throttle should be at idle at least 50 


feet before the desired stopping point 

d. whatever method is used, avoid sand if possible 


39. You are traveling just below track speed, with the just on the 
summit of the crest and the still on the uphill side. In order to 
negotiate the crest properly, what should you do? 

a. Make a minimum brake pipe reduction 
b. Apply the dynamic brake 
c. Gradually reduce the throttle 
d. Do nothing until the locomotive consist is well over the crest 


40. You wish to slow on a light ascending grade. What is the best method? 

a. make a total brake pipe reduction of at least 10 psi 

b. Make a minimum service reduction and apply the independent brake 

c. Keep the same throttle setting and the let the terrain slow the train 

d. Gradually reduce the throttle 


41. You are starting a slack-bunched train on a light descending grade. What 

is the correct starting procedure? 


a. release the independent brake, then advance the throttle to run 1 and 

release the automatic brakes 


b. release the independent and the automatic brakes, then advance the 

throttle to run 1 


c. release the automatic brakes, then release the independent brakes 

gradually, using the independent brakes to control speed until the 

entire train is moving 


d. release the independent brake gradually, release the automatic brakes 

and allow the entire train to stretch as the automatic brakes release 


42. When accelerating after starting a train in a sag, once the entire train 

is moving 


a. and the locomotive consist is still heading downhill, the independent 

brake can be used to control in-train forces 


b. and the locomotive consist is heading uphill, hold the throttle in the 

lowest notch capable of maintaining movement until the tailend of the train 

clears the sag 


c. regardless of where the locomotive consist is located on the sag, the 

throttle has to be advanced more slowly then when accelerating on level, so 

that the slack can adjust through the sag 


d. regardless of where the locomotive consist is located, this task is 

similar to accelerating on level 




43. 
When negotiating a heavy descending grade with dynamic brakes, the best 

train handling procedure is to 


a. use the dynamic brakes alone, or supplement them with the independent 

brakes, if necessary 


b. start with the automatic brakes and supplement them with the dynamic 

brakes, if necessary 


c. set retainers before entering the grade 

d. use the dynamics brakes alone, or supplement them with a minimum 


automatic brake reduction, if necessary 


44. You want to start your train on a hogback. The locomotive consist and the 

first third of the train are on the descending part of the hogback. The first 

step is 


a. advance the throttle to 1 until the entire train is in motion and then 

advance the throttle notch by notch 


b. release the automatic brakes to let the slack run out, and then add 

throttle slowly 


c. gradually release the independent brake and add throttle to keep the 

locomotive speed slow until the entire train is moving 


d. any of the above, depending on the conditions. 


45. You are negotiating level terrain at track speed. Ahead is a sag. What 

should you do? 


a. Make no change in the throttle or brake 

b. Reduce speed 

c. Keep the train speed constant 

d. Add throttle gradually 


46. When stopping on a heavy ascending grade, the train should be 

a. stretched 

b. bunched 
c. either stretched or bunched, depending on train makeup and territory 

d. stretched only when dynamic braking is available 


47. When negotiating a heavy descending grade without dynamic brakes, the best 

train handling procedure to control speed is to 


a. hold throttle as constant as possible and make several automatic brake 

applications 


b. use primarily throttle manipulation and minimum automatic brake 

application 


c. supplement throttle manipulation with independent brake applications 

d. set retainers before entering the grade 




48. Remote locomotive units are particularly useful in cold temperatures 

because they reduce 


a. brake pipe gradient 

b. brake pipe charging time 

c. brake release time 

d. all of the above 


49. To slow a train on a heavy descending grade, cycle braking of the 

automatic brakes is acceptable 


a. if dynamic brakes are not available 

b. if speed is reduced sufficiently before the brakes are released to 


provide adequate time to recharge before the next cycle 

c. if when speed drops below 10 mph the engineer is prepared to stop the 


train rather than release the brakes 

d. only if all of the above conditions are met 


50. The time required for the automatic brakes to achieve release on the last 

car depends on 


a. train length 

b. brake pipe leakage 

c. the amount of reduction 

d. all of the above 


51. If one or more locomotives in the consist starts to lurch or slip during a 

start, what is the safest procedure? 


a. add another notch of power 

b. add sand 

c. close throttle, come to stop, and determine the cause 

d. close throttle, take slack, and start over again 


52. To stop on a heavy descending grade with dynamic brakes available 

a. the dynamic brakes should be fully applied by the time the first 


application of the automatic brakes becomes effective 

b. automatic brake applications should precede the dynamic brakes 

c. the independent brake should be used to supplement the automatic brake 


if needed 

d. avoid using sand if possible 


53. You are negotiating undulating territory in which the prevailing grade is 

ascending. Your speed is 10 mph below track speed. What is the best train 

handling method to maintain speed? 


a. Travel through, make no changes in the throttle or brakes 

b. Manipulate the throttle 

c. Manipulate the throttle and automatic brakes 

d. Manipulate the automatic brakes 




54. You wish to slow on a heavy ascending grade. What is the best method? 

a. Make a minimum brake pipe reduction 

b. Keep a high throttle setting and allow the terrain to slow the train 

c. Make a minimum brake pipe reduction and apply the independent brake 

d. Gradually reduce the throttle 


55. You are beginning to accelerate on light descending terrain with a fully 

bunched train without dynamic brakes. When the entire train is moving you 

should 


a. fully release the independent brake before adding any throttle until 

the train is fully stretched 


b. advance the throttle at least to run 1 before fully releasing the 

independent brake 


c. gradually release the independent brake while slowly adding throttle 

to stretch the train 


d. continue to work the independent brake to keep the train bunched as 

long as possible as it gains speed 


56. Your train is accelerating rapidly and approaching track speed over level 

terrain. What should you do to achieve correct speed? 


a. Maintain your present throttle setting until you reach track speed, 

and then notch back quickly to a setting that should provide a balance speed 


b. Start notching back now 
gradually 

in- 

c. Maintain your present throttle setting until your speed is slightly in 

excess of track speed, and then notch back quickly to a setting that should 

provide a balance speed 


d. Maintain your present throttle setting until you reach track speed, 

and then notch back gradually to a setting that maintains balance speed 


57. You are starting a slack-stretched train on a heavy ascending grade. What 

is the correct procedure? 


a. release the automatic and independent brakes, then advance the 

throttle slowly to a position sufficient to hold the train 


b. sand, then release the automatic brakes and advance the throttle 

slowly to a position to hold train 


c. advance the throttle to notch 1, then release the automatic and 

independent brakes 


d. release the automatic brakes, advance the throttle slowly, 

sufficiently to hold the train, then release the independent brakes 


58. When beginning to accelerate a fully bunched train on a light descending 

grade, and dynamic brakes are being used 


a. the independent brake is used to keep slack bunched until desired 

speed on descent is achieved, or bottom is reached 


b. The independent brake is gradually released as the dynamic brakes 

become effective 


c. Both dynamic and independent brakes must be released by at least 10 

mph so the train can be stretched 


d. Throttle is added before dynamic brakes become effective to reduce 

train forces 




YOU 59. are negotiating undulating terrain. The best train handling goal is 
to 

a. keep at track speed 
b. vary speed with the ups and downs of the terrain 

c. keep the locomotive consist speed constant 

d. avoid heavy braking 


60. To plan a start on a hogback, the engineer should consider 

a. where the train is located in relation to the summit of the hogback 

b. the slack condition of the train when it stopped 

c. the severity of the curvature of the track over the hogback 

d. all of the above 


61. When accelerating on level terrain, pausing between each throttle advance 

insures that 


a. in-train forces do not become excessive 

b. wheel slips do not occur 

c. excessive amperage is avoided 

d. all of the above 


62. Retainers are used on heavy descending grades when 

a. dynamic brakes alone would not be sufficient to control train speed 

b. automatic and dynamic brakes together would not be sufficient to 


control train speed 

c. the grade exceeds 3% 

d. the total train weight exceeds 10,000 tons 


63. Which of the following describe the impact of curves on train handling? 

a. Curves increase rolling resistence and therefore produce faster 


slowing and greater buff forces than do straight track 

b. Curves increase lateral forces and therefore produce a greater chance 


of rail turnover and wheel climb 

c. Curves increase draft forces when starting and make string-lining more 


likely 

d. All of the above 


64. With large locomotive consists, there is the potential for too much 

dynamic braking capacity. Dynamic braking capacity must be limited when 


a. the independent brakes are also used 

b. crossing turnouts and in sharp curves 

c. there are high, long, or unloaded cars near the frontend of the train 

d. all of the above 
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65. On a heavy descending grade, using primarily the dynamic brake to r
the train, if the 


drawbar 

brakes suddenly become ineffective, the eng
should 


a. stop the train quickly with an emergency application 

b. immediately add independent brake to replace the dynamic 

c. reduce throttle immediately to idle if not already there 

d. make a full service reduction, allowing the independent brake to 

66. Once the entire train is moving, accelerating on curved heavy asce
terrain 


a. can be done at the same rate of notching up the throttle as
straight track, as long as the curve is 
 or less. 


b. requires a slower rate of notching up to prevent string lining
heavy cars 


c. requires a slower rate of notching up to prevent separation 

d. is safer if the train has a higher 
 ratio 


67. When starting a train in a sag when the locomotive consist is in
ascending portion, you should 


a. release the automatic brakes and the independent brake to bunch
train before applying power 


b. release the automatic brakes and apply minimum power as th
independent brake is released to prevent the from rolling back 


c. advance the throttle gradually several notches to stretch the t
before releasing the automatic brakes 


d. keep the automatic brakes applied until after the independent br
are released to prevent high in-train forces 


68. Train separation is likely when starting on a crest 

a. at the on the descending side of the crest, just behind

locomotive consist, where forces are maximum 

b. at the especially when the crest is also on a curve 

c. at the middle of the train at the summit, where forces 

maximum 

d. none of these: train separation is not a serious problem on crest

69. You are traveling at track speed. You are about to enter undul
terrain. What should you do? 


a. It depends on the prevailing grade of the undulations 

b. Make no change in throttle or brakes 

c. Keep the train speed constant 

d. Reduce speed 




70. 'You have been t ravel ing over l eve l  t e r r a i n .  Ahead is  a c r e s t i ng  grade, 
and you plan t o  slow while negot ia t ing through the  c res t ing  t e r r i t o r y .  What 
i s  the bes t  method? 

a .  Gradually reduce the  t h r o t t l e  while the locomotive cons i s t  is on 
ascending por t ion of the grade up the c r e s t  

b. Gradually reduce the t h r o t t l e  a s  soon a s  the  locomotive cons i s t  comes 
over the c r e s t  

c .  Make a minimum reduction as  soon a s  the locomotive consis t  comes over 
the c r e s t  

d .  Make no change, allowing the ascending por t ion of the c r e s t  t o  slow 
the t r a i n  

71. Which s ing le  fac tor  has the biggest  influence on stopping dis tance f o r  a 
f r e igh t  t r a in?  

a .  Speed 
b. Train weight 
c .  Train length 
d .  Weather conditions 

72. To s top a t r a i n  on a c res t ing  grade 
a .  begin t h r o t t l e  reduction while the  locomotive cons i s t  is  c r e s t i ng  the 

grade 
b .  do not  use automatic brakes when dynamic brakes a r e  avai lable ,  t o  

prevent high d r a f t  forces a t  the r ea r  of the t r a i n  
c .  the highest  d r a f t  forces  w i l l  occur j u s t  behind the locomotive 

cons i s t  a f t e r  the cons i s t  c l ea r s  the c r e s t  
d .  the  independent brakes should be s e t  about 50 f e e t  before reaching the 

f i n a l  des i red stopping point  

73. To s top  on a l i g h t  descending grade with s l ack  bunched, the f i r s t  s t ep  is  
t o  

a .  make a t h r o t t l e  reduction 
b .  make a l i g h t  appl icat ion of the automatic brakes 
c .  make a heavy appl icat ion of the automatic brakes 
d .  the engineer can f r ee ly  choose t o  start with t h r o t t l e  manipulation or  

with a brake appl icat ion 

74. The time needed f o r  the automatic brakes t o  begin t o  apply a f t e r  an 
appl icat ion is i n i t i a t e d  by the engineer is 

a .  the same f o r  a 6 p s i  a s  f o r  a 12 p s i  reduction 
b.  g rea te r  f o r  a 6 p s i  than f o r  a 12 p s i  reduction 
c .  l e s s  f o r  a 6 p s i  than f o r  a 12 p s i  reduction 
d .  whether it is  the same, g rea te r  o r  l e s s  depends on the brake pipe 

pressure before the reduction 
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75. When stopping on a hogback 

a. a slack-stretched method of stopping should be used to avoid large 


buff in-train forces 

b. if the locomotive consist is on the ascending portion of the hogback, 


increase the throttle while the automatic brakes apply 

c. if the locomotive consist has cleared the summit of the hogback, 


advance the throttle sufficiently to maintain speed as the brakes apply. 

d. all of the above 


76. Sanding on curves 

a. is less effective in increasing adhesion than on straight track 

b. should be minimized because it increases lateral forces 

c. is needed more than on straight track due to the centrifugal forces 


generated by the train 

d. has the same impact on train handling as on straight track 


77. To stop a train on level terrain and keep the slack stretched, you should 

a. apply the automatic brakes before you make any throttle reduction 

b. reduce the throttle to idle before you begin any brake application 

c. use the independent brake to control in-train forces 

d. allow the independent brakes to set when applying the automatic brakes 


78. Accelerating through undulating territory should be done 

a. with power added every time the locomotive consist starts down to 


maintain a stretched condition 

b. more quickly than over uniform terrain to keep slack stretched at all 


times. 

c. not at all: speed should be held as constant as possible until the 


undulations end 

d. at a slow rate 


79. You are starting a slack-stretched heavy train with 3 on a 2% 
ascending grade. If the locomotive consist does not begin to move as 
the independent brakes are released and power is added, you should: 

a. keep adding more power, at least until the ammeter goes above 1200 

b. add sand 

c. consider doubling the hill 

d. allow the locomotive consist to roll back a few feet to pick up some 


slack and then try again 


80. You are starting a slack-bunched train on a heavy descending grade. The 

initial control of the speed of the locomotive consist is made by: 


a. throttle manipulation 

b. releasing the automatic brakes 

c. gradual release of the independent brakes 

d. gravity 
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81. lo accelerate after starting on a hogback 

a. the independent brake should be used to control speed to prevent 


excess stretching 

b. high throttle position should be used as soon as the locomotive 

consist crosses the hogback to prevent run-in 
\

c. the throttle should be advanced carefully, using the ammeter to 

indicate when severe in-train forces are likely on the hogback 


d. all of the above 
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. If you have to initiate a slowdown just as the reache
a sag, your first action should be to make: 
a. a minimum reduction of the automatic brakes 

b. a more rapid than usual reduction in throttle 

c. a minimum reduction of the automatic brakes, allowing the

brakes to set as well 

d. a normal reduction of the throttle before setting any brak

8 3 .  You wish to slow on a light descending grade, keeping
stretched. Your throttle is in notch 3 .  You do not have dyn
What do you do first? 

a. Reduce the throttle gradually 

b. Make a minimum brake pipe reduction 

c. Make a brake pipe reduction of at least 10 psi 

d. Make a minimum brake pipe reduction and apply the independ

84. When stopping on light ascending grades, 

a. it is advantageous to have slack stretched for the next st
b. it is advantageous to have slack bunched because there is

forces during the stop 

c. it is advantageous to have slack bunched to reduce roll

starting 

d. Either slack stretched or bunched is acceptable, dependi

makeup 


8 5 .  When stopping a train on a curve, and dynamic braking has 
slow the train 


a. an automatic brake application should be made to suppl
dynamic brake 


an automatic brake application should be made and a cor
reduction in dynamic braking be made 


c. the dynamic brakes completely released and rep
independent brakes 


d. the dynamic brakes should be completely released and repl
automatic brakes 
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86. When it is desirable to take slack in a train stopped on an ascending 

grade, in order to start'the train (and no communication with the rear of 

train is available), the engineer should 


a. make a brake pipe reduction sufficient to just hold the train, reverse 


shou1.d 

train with low throttle until all the slack is bunched, release the brakes 

and advance the throttle only enough to move the train forward 


b. release all brakes and allow the train to roll back until the 

locomotive consist has bunched into the cars, then advance the throttle to 

run 1 to move forward 


c. release all brakes, reverse the locomotive and advance throttle to run 

1 until the train is bunched. Then set all brakes, reverse again, advance the 

throttle and release the brakes. 


d. all of these are proper 


87. In planning to slow on a light ascending grade, when past experience 

suggests that throttle reduction alone will not be sufficient, you 


a. make a minimum brake pipe reduction and then begin to throttle back 

b. reduce the throttle to idle before beginning a minimum brake pipe 


reduction 

c. reduce the throttle gradually and supplement with the independent 


brake 

d. begin to throttle down and supplement with a minimum brake pipe 


reduction 


88. You are negotiating level terrain at track speed and decide to slow your 

train allowing slack to bunch. What should you do first? 


a. Make a minimum brake pipe reduction 

b. Apply the independent brake 

c. Gradually reduce the throttle 

d. Make at least a 10 psi brake pipe reduction 


89. When accelerating a fully stretched train on heavy ascending terrain 

a. to avoid the minimum continuous speed limit, the engineer should get 


to a high throttle position as soon as feasible 

b. sanding should be used whenever wheel slip is anticipated 

c. high in-train forces occur from too high a throttle position when 


still at low speed 

d. all of the above 


90. In hogback territory, when accelerating after a slow down 

a. buff forces among the cars on the hogback is the greatest concern 

b. control of slack action within the train at the point where it crosses 


the summit of the hogback is the greatest concern 

c. control of slack must be handled by manipulation of the throttle along 


with the independent brake 

d. the rate of acceleration can be increased once the locomotive consist 


begins descent off the hogback 


I 



you 
9 1 .  You a re  s t a r t i n g  a slack-bunched t r a i n  on a heavy descending grade. The 
independent brake had been fu l ly  applied t o  hold the t r a in .  What should 
do f i r s t ?  

ammeter 

a .  apply the automatic brake 
b .  re lease  the independent brake 
c .  advance the t h r o t t l e  t o  run 1 
d. ascer ta in  t ha t  the automatic brake system is fu l ly  recharged 

92.  You have s t a r t e d  your t r a i n  and s t re tched it. In  order t o  accelerate  
properly, you should: 

a .  advance the t h r o t t l e  one notch a t  a time, pausing a minimum of 20 
seconds before making the next advance 

b.  advance the t h r o t t l e  one notch a t  a time, pausing u n t i l  the 
speedometer r eg i s t e r s  a t  l e a s t  a 2 mph gain 

c .  advance the t h r o t t l e  a s  many notches a s  you can u n t i l  the ammeter 
exceeds 800 amps on any advance. 

d. advance the t h r o t t l e  one notch a t  a time, watching fo r  the to  
s t ab i l i ze  o r  drop before the next advance 

93. You wish to  slow while crossing over a c res t ing  grade. What do you do 
f i r s t ?  

a .  Gradually reduce the t h r o t t l e  
b. Make a minimum brake pipe reduction 
c .  Make a t o t a l  brake pipe reduction of a t  l e a s t  10 ps i  
d.  No change--allow the ascending grade t o  slow the t r a i n  

94. To stop a t r a i n  on level  t e r r a in  with s lack bunched, what is  the f i r s t  
s tep? 

a .  Reduce the t h r o t t l e  gradually t o  i d l e  t o  gather the slack 
b. Apply l i g h t  independent braking t o  gather the slack 
c .  Make a l i g h t  automatic brake appl icat ion while beginning t o  reduce the 

t h r o t t l e  
d. I t  depends upon the makeup of the t r a i n  

95. In  general ,  when stopping on a l i g h t  descending grade, the engineer 
a .  should usually stop with slack bunched, a s  it  makes it eas ie r  t o  s t a r t  

again 
b.  should usually stop with slack s t re tched ,  a s  t h i s  reduces the i n - t r a i n  

forces during the stop 
c .  should usually stop with s lack s t re tched i f  dynamic brakes a re  

avai lable ,  otherwise bunched. 
d. i s  f r ee  t o  bunch o r  s t r e t ch  the s lack a s  dic ta ted by t r a in  makeup and 

t e r r i t o r y  

I 
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