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PREFACE

This report identifies and describes the principal tasks

performed by conductors, rear brakemen, and head brakemen during

over-the-road freight operations utilizing diesel-electric locomotive

equipment. Forty-four tasks and subtasks were analyzed and grouped

into six categories: basic handling tasks, pre-run preparation and

starting off tasks, over the road tasks, terminating tasks, operating

emergency and malfunction tasks, and auxiliary equipment operating

tasks.

Each task or subtask is described from a system's perspective.

The descriptions depict the tasks' initiating stimuli, the information

processing and decision making, the response made by the operator and

the feedback received. The tasks are also analyzed to determine task

difficulty, potential hazards and the criticality of each task. The

task descriptions are translated into operational sequence diagrams

with additional information given concerning the decisions depicted

on each operational sequence diagram.

An annotated bibliography of selected literature dealing with

job analysis is presented as an appendix. Illustrations of common

train documents filled out by the conductor are also included.

Recommendations are made in the area of improving the safety of

train operations.
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1. INTRODUCTION

This report describes the principal tasks performed by conductors,

rear brakemen, and head brakemen during over-the-road freight

operations utilizing diesel-electric locomotive equipment. The format

of this report is patterned after that used in FRA-OPP-73-2, Railroad

Engineman Task and Skill Study (August, 1972). Task descriptions are

presented in a systems perspective (i.e., input—throughput—output-

feedback). The descriptions depict the tasks' Initiating stimuli,

the information processing and decision making, the response made by

the operator, and the feedback received. The tasks are also analyzed

to determine task difficulty, the potential hazards associated with

each task, and the criticality of each task.

In addition to the task descriptions, an operational sequence

diagram has been prepared for each task. Additional information is

given concerning the information required to make the decisions

depicted on each operational sequence diagram.

Two appendices are included. First, samples and descriptions

of the most common forms used by conductors to document activities

during an operation are included. Second, an annotated bibliography

of references dealing with task analysis is included.

This report will supply required data to support continued research

in the area of improved safety of train operations. From the task

data, training requirements, selection criteria, and performance

evaluation measures can be ascertained.



1.1. Task Analysis Data

The information used to assemble this report came from three major
sources. First, a review of source data such as operating manuals,
handbooks, and railroad rules and regulations was made. In addition,
on-the-job observational interviews were conducted. Atotal of twelve
shifts or trips was observed. On four of these trips, two observers
were present, one riding in the caboose and the other in the locomotive.
On the remaining trips a single observer was present. Lastly, off-the-
job interviews with two conductors and two brakemen were conducted in
an effort to clarify and amplify the observations previously made.

The principal tasks of the conductor and brakemen were summarized
by task groupings. These groupings are:

A. Basic Handling Tasks

B. Pre-run Preparation and Starting Off Tasks

C. Over-the-Road Tasks

D. Terminating Tasks

E. Operating Emergency and Malfunction Tasks

F. Auxiliary Equipment Operating Tasks

The format for presentation of the task descriptions is shown in
Figure 1. This is essentially the format used in the Enqineman Task
and Skill Study (FRA-OPP-73-2). Analysis and assessment of task
difficulty, potential hazards, and task criticality were performed
for each task and are recorded on the data sheets. The classification
systems used are identical to those used in FRA-OPP-73-2. It was felt
that this would ease integration and comparison of the present study

<%

i



three major

manuals,

n addition,

al of twelve

observers

he locomotive.^"

tly, off-the-

onducted in

ly made,

summarized

s shown in

neman Task

f task

erformed

assification

It was felt

sent study

U> H
-J
!-• S4
m 01

H <
H

U. I
« CO
< 3
(-1 w

o
2;

• !>S

§3
, H

V! 1

IS
H (/>

o-

4 „
P "< s

„ o

p.
u •
H O

a:

in

M
M

a:

CO

o

oo m

of
I—
uj a:
uj o

oo g

oo «t
M

OO ^
>- 00
—I <
<p-

oo

e

u.



with the results for the englneman in FRA-OPP-73-2. The scales are

reproduced below so that reference to FRA-OPP-73-2 is not required.
1.1.1. Task Difficulty.

Aquantitative difficulty index was assigned to each task or
subtask. Afive point scale from least difficult (1) to most

difficult (5) was selected. The definitions for the five points on

the scale are as follows:

CODE
DEFINITION

A task that only requires the operator to recognize
devices, determine go/no-go situations, understand
non-precision indications, recall limited information,
distinguish primary colors, perform menial or simple
tasks, or perform gross motions to achieve acceptable
results.

A task that includes requirements to recognize and
understand the purpose and principles of operation*or
devices and systems, make non-precise determinations,
recall pertinent information, recognize shades of color,
or to perform tasks requiring some planning and manual
dexterity to achieve acceptable results.

A task that includes requirements to troubleshoot at a
qross level, perform non-technical repairs (e.g..
change a fuse), or to perform such tasks as checking,
inspecting, installing, and removing; requires knowledge
and skill necessary to detect differences of weights
and relative motions, or to perform accurate, coordinated
and timely motion to achieve results.

A task that requires the operation of devices, systems,
subsystems, or components, or requires complete system
troubleshooting; requires accomplishing detailed
procedures, making accurate measurements, or operating
devices in an accurate, coordinated and timely manner
for desired results.

Atask, activity, function, or operation that requires
repeated experience in the operation of devices, systems,
subsystems, components, and associated equipment; requires
extensive recall, understanding, precise know edge, or
correlation, computing, organizing, or controlling
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hazardous situations or situations affecting the
run timetable. May also require.making precise,
critical, and coordinated movements that are
necessary for desired results.

1.1.2. Task Hazards

Rather than using aquantitative scale, hazards are evaluated by

generic type. In assessing hazards, it is our opinion that the proper

question to ask is:

"Does the performance of the task, per se, expose the engineman
to any set of conditions which could cause bodily harm?"

This approach is more germane to the problem of task hazards than

attempting to assess whether or not improper execution of the task

will result in a hazardous situation. The latter is better treated

under the classification of task criticality. An alphabetical * "

categorization of task hazards was utilized. A hazard listing is

as follows:

A. Exposure to high voltages (e.g., electric shock or burn)

B. Exposure to body or appendages to high impact forces (e.g.,

collisions).

C Exposure to excessive accelerations and decelerations.

D. Exposure to excessive acoustical noise.

E. Exposure to falling objects (e.g., derailment)

F. Slippery or dangerous footing

G. Impaired visibility

H. Exposure to fire or explosion

I. No hazard involved



1.1.3 Task Criticality

Aquantitative criticality rating was assigned to each task or
subtask. Afive point scale is utilized, from least critical (1)
to most critical (5). Criticality is assessed within the context

of impact upon successful completion of the assigned run. The
definitions of the five points on the criticality scale are as follows:

CODE DEFINITION

1 Failure to perform task or improper performance will
not impair the successful completion of the run or
expose either equipment or personnel to a hazardous
situation.

? Failure to perform or improper performance may cause
run completion to be behind schedule but not so as
to result in damaged cargo or may result in a situ
ation which is in itself not potentially hazardous
but which if improperly handled will lead to a
hazardous situation (i.e., "ripple through effect).

3 Failure to perform or improper performance will
result in minor damage to railway equipment (i.e.,
repairable in field) or will place the train in
a situation requiring precise and rapid corrective
action in order to prevent major damage.

4 Failure to perform or improper performance will
result in major equipment damage requiring repair
at central shop facilities or will result in
significant cargo damage (e.g.. loss of a percentage
of the load) or in minor injuries to operating
personnel.

5 Failure to perform or improper performance will result
in a catastrophic situation involving major equipment
damage, major cargo loss or damage, major injuries or
death or significant disruption or destruction of
by-standing personnel or property.

The following table summarizes the difficulty, hazard, and

criticality evaluations given each task and/or subtask. The same

information is contained on each particular task description sheet.



Allows:

GROUP
TASK SUBTASK

DIFFICULTY
HAZARD CRITICALITY

ft i 1 Initiate hand, flag, or lanp signals I 3-5

A i 2 Relay hand, flag, or lamp signals * 3-5

A 2 Align switches
5

\—\ ., 2 BF 2A 3 1 Engage Knuckles
———r " '<!•A 3 2 Connect Air Hoses

3F 2

A 4 Uncouple Cars
BF 2
D_
C A

""a" 5 Set or Release Hand Brakes r 1

A 6 Set Brake Retainers
2

Be will
ft or A 7 Bleed Air Tanks

1

ftdous

2 ran^P '

A 8 Monitor Radio
- 1-5

— "~ 1-2B i Register on Duty
- 1-2

So as
•situ-
iJous

| lect).
H

le.,

B 2 Connect Power Consist to Train 1 *•
, 1— — 2

R 3 pre_Trip Inspection
- 2-4"1

l-i F 2,5
B 4 Move to Main Track

B 5 . Determine Length of Train - IV

r i Register at Intermediate Station ' 5
-

ftive 1— ' 3C l 1 Inspect Own Train
G 3-4

Sir

fttage

Iresult
•pment
•es or

ft'

3C 1 2 Inspect Passing Trains
- 2-4

.

r -k Report Track and Signal Conditions <• - 3-5

c 4 Protect Train at Red Block or Other 1
Emergency

- 5

c 5 1 Remove - Set Derails
F 5

q 5 ? Aliqn Switch _
- 5

C 5 3 Uncouple-Couple Cars
-2 BF 2

D

c 5 4 Block-Unblock Wheels
1 EB 3
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C 5 5 Set-Release Hand Brakes 1 F 4-5

c 5 6 Control Auto and Pedestrian Traffic 1 B 5

I .

c 5 7 Conduct Air Brake Test 3 - 3

•

c 6 Maintain Record of all Cars Set Out or
Picked Up

2 - 1

j c 7 Check Speed of Train 1 - 2

Bl
c 8 Run Train with Back-Up Hose 3 BC 4-5

D 1 Herd Train into Yard 2 FB 4

D 2 Submit Train Documents 1 - 1

E 1 Cope with Derailment 1 BE 3,5

E 2 Cope with Runaway * 'BF 5

E 3 Cope with Hot Journal Condition 1 H 4,5

1
E 4 Respond to Locomotive Alarm Bell i AFH 3

I

1

E 5 Secure Loose Cargo i BF 3

E 6 Cope with Personnel Injuries i - 1-4

E 7 Cope with Fire Emergency i G 4

F 1 Operate Radio Telephone i - 1-5

F 2 Operate Wayside Telephone i - 1

•

8
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1.2 Operational Sequence.diagrams (OSD)

An operational sequence diagram is essentially a graphic depiction

of the task analysis information. It is structured around the hardware

and operators in the task situation. It is useful in identifying the

inter-relationships between hardware and operators during the performance
of a task.

Many of the tasks are performed by either conductors or brakemen,

as will be discussed in Section 5. On many of the OSD's, therefore,

the specific position is not identified but, rather, is referred to

under the indefinite title of "crew member". The crew member can

be either brakeman or conductor. Where a definite title can be

specified it is done.

1.3 Decision Analyses

The traditional method for depicting the information processing

and decision making elements of a task is with decision flow or

information flow diagrams. The nature of the tasks performed by brake-

men and conductors does not, however, involve complex information

processing or decision making. The operational sequence diagrams

depicted in this report can then be viewed as essentially decision

diagrams. Rather than present redundant decision diagrams it was

decided to augment the operational sequence diagrams with more

narrative concerning the information required to make the decisions

depicted on each operational sequence diagram. It is felt that such

information will be especially useful for developing training programs
and for evaluating the knowledge and skill of the operators. Each

, C/»»B



The foMowing are the symbols

•i

used to construct the operational sequence

diagrams in this report:

/ \ Decision

1

[\ Operation

j j Inspect And/Or Monitor

\ / Store And/Or Memorize

-\ Energy Source's

r-\ Transmission And/Or
1/ Transportation M - Mechanical Or Manual

E - Electrical

/ \ Discussion
»

V. V - Visual

S - Speech Or Sound

\y) Continuous Or Automatic

->

SES - Speech To Electrical To Speech

T - Tactual/Kinesthetic

i j Receipt

[""") Delay

I J Continued

10



decision diamond on an operational diagram is numbered. The page

following each operational sequence diagram contains a list of the

decisions and the information required to make each decision.

1.4 Task-Operator Matrices

In principle, the conductor and brakemen have distinct posit'

with different responsibilities (as well as shared responsibilities).

In practice, however, many of the tasks which may be the primary

responsibility of one position may be performed by another person.

For example, it is the primary responsibility of the conductor (i.e.,

a duty he is personally responsible for) to maintain records of all

cars set out or picked up. In practice, however, the rear brakeman

may fill out the forms for the conductor if the conductor is busy or

occupied with another task.
ii

In order to summarize this state of affairs a task-operator matrix
i "

is presented below. In it are listed for each task and subtask (and in

some cases the individual steps) the crew members who perform them,

have primary or shared responsibility for their performance, or are

involved indirectly in their performance.

In way of an overview, the job of the conductor involves planning

the tasks to be performed on a mission, maintaining required records

and forms, and communicating with the yard master or dispatcher. His

primary responsibility is the operation and conduct of the train.

Although it is the engineer who physically runs the train, he does so

under orders from the conductor.

11
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Symbols:

D

O
i-

O

J*
1/

IS. t7

TASK OPERATOR MATRIX

Primary Responsibility

Shared Responsibility

Performed when necessary

Indirectly Involved

BASIC HANDLING TASKS

Signal Instructions by Hand, Flag, or Lamp
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C RB HB

B 1 3 2 Pre-Plan Operation I I

B 2 Connect power consist to train

B 2 1 Report to consist P •
B 2 2 Direct power to train •
B 3 Pre-trip Inspection

B 3 1 Walk around inspection

B 3 1 1 Verify Train Make-Up Against Train List P P

B 3 1 2 Note location of hazardous materials P P

B 3 1 3 Note location of "high-wides" P P

B 3 1 4 Inspect Lights and Signals P

B 3 1 5 Inspect Coupling P

B 3 1 6 Verify that Hand Brakes are Released P -̂ m\ ^A

B 3 1 7 Verify Sufficient Supplies and Tools are Aboard P
B 3 2 Roll Out Inspection

P
B 4 Move to Main Track

B 4 1 Request Clearance to Proceed Hp~
B 4 2 Radio Locomotive When Caboose Begins to Move J£TL
B i| 3 Align Switches to Herd the Train to Main Track

B U 4 Pick Up Train Orders from Order Stand
P

B 4 5 Radio Caboose When Locomotive Leaves Yard I
B 4 6 Prepare Message (Soup Ticket) for Telegraph Operator P
B 5 Determine Length of Train

B 5 1 Radio Locomotive When Caboose Passes Zero Marker jdx
B 5 2 Note Location of Locomotive [ij l\

B 5 3 Notify Dispatcher P I

13



C

C

C

C

OVER THE ROAD TASKS

Register at Intermediate Stations

Inspect Trains on the Road

Inspect Own Train

Inspect Passing Train

Report Track and Signal Conditions

Monitor Track and Signal Conditions

Radio Locomotive When Caboose Passes Slow Boards

Protect Train at Red Block on Other Emergency

Protect Ends of Train

Contact Dispatcher

Inspect Track Ahead While Moving Through Red Block

Fill Out Delay Sheet

Set Out or Pick Up Cars

Remove Set Derails

Align Switches

Couple-Uncouple Cars

Block-Unblock Wheels

Set-Release Hand Brakes

Control Auto and Pedestrian Traffic

Conduct Air Brake Test

Maintain Record of All Cars Set Out or Picked Up

Check Speed of Train

Run Train with Back-Up Hose

14



HB

D_

D

RB HB

TERMINATING TASKS

Herd Train into Yard

Submit Train Documents

OPERATING DIFFICULTY & MALFUNCTION TASKS

Cope with Derailment

Notify Dispatcher of Derailment

Determine Course of Action

Attach Rerailing Device

Signal Engineer to Move

Remove Rerailing Device

Cope with Runaway Cars

Cope with Hot Journal Condition

Respond to Locomotive Alarm Bell

Secure Loose Cargo

Cope with Personnel Injuries

Cope with Fire Emergency

AUXILIARY EQUIPMENT OPERATING TASKS

Operate Radio/Telephone

Operate Wayside Telephone

15



The job of brakeman essentially involves switching, coupling and
uncoupling, and protecting the train at stops. Both conductors and
brakemen maintain a constant vigil over the train, track conditions,
and passing trains in an effort to detect any unsafe conditions which
may arise.

r* '•'

I '
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land

ps.

A-1 SIGNAL INSTRUCTIONS BY HAND,FLAG OR LAMP

A-l.l. Initiate Hand, Flag, or Lamp
Signals

Examples of situations which would require a crew member to initiate

a signal would be (1) to direct the engineer to move and stop the

train during coupling-uncoupling or switching, (2) to direct an

approaching train to slow or stop while protecting a train at a stop

or other emergency, (3) indicating the status of a passing train to

the crew of that train.

The crew member must first realize that signalling is required in

the situation. He then displays the signal and observes if the

receiver responds correctly to the signal. If not, the signal would

be repeated or a corrective action signal given.

The crew member must know the meaning of all hand flag and lamp

signals and be able to display them quickly and accurately. The most

common signals and their meaning are contained in the book of Operating

Rules.

In some situations, such as coupling or switching, the crew member

must anticipate a delay between displaying the signal and the response

of the train. In such as case a signal would have to be displayed

before the action is required. This is especially acute when signals

are relayed through an intermediary to the engineer. The use of direct

walkie-talkie communications in such situations would increase the

efficiency of the system.

17
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A-1 Signal Instructions by Hand, Operational Sequence
Flag, or Lamp

A-1.1 Initiate Hand, Flag, or Lamp Signals

Action

Sensed

CREW MEMBER

Monitor

Situation

>y\No Is Signal
(* y 'Required?

Yes

E>

| No /\ Was Action
^'/ Correct?

Yes

19

OTHER PERSONNEL

Depending on
situation, other]

fTTl might be con-
\J ductor, engineer]

brakeman, or
passing train or1
track crews.

•6 Action Taken

Depending on
situation, other]
may stop train
back up, proceed
etc.



A-1 SIGNAL INSTRUCTIONS BY HAND, FLAG, OR LAMP

A-1.1 Initiate hand, flag, or lamp signals

1?> Is signal required?

This will usually be self-evident due to the specific task required,

such as coupling or switching. At other times, such as observing a

passing train, a wide range of stimuli might initiate the hand, flag,

or lamp signal.

2/> Was action correct?

This is merely a comparison between the desired response to the

signal and the actual response made by the receiving crew member. No

action would indicate the signal was not received and it would be

initiated again. *

J
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'quired,

A-1 SIGNAL INSTRUCTION BY HAND, FLAG, OR LAMP

A-1.2 Relay Hand, Flag, or Lamp signals

A crew member will typically relay a signal when the initiator

of the signal is not visible to the receiver. For example, if cars

are being set out or picked up around a curve,such that the engineer

cannot see the operation being performed, the crew members will

position themselves along the length of the train around the curve.

A signal (e.g., proceed, back up, or stop) will be relayed from man

to man to the engineer. Each time a signal is relayed, there is the

danger of information loss and distortion. A walkie-talkie which

would do away with the need to relay signals would have considerable

safety value as well as reduce the time required to complete an

operation. * ''

The crew member positions himself to see the signal, he observes

the signal and repeats the motion to the next crew member in the chain.

21
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A-1 Signal Instructions by Hand, Flag, or Lamp

A-1.2 Relay Hand, Flag, or Lamp Signals

External

Source Crew Member

FJ) "«i bl

Mcve P

23

Radio

Telephone

i to Receiver?

)sition

Operational Sequence

Receiving Crew
Member

Relaying a signal
to another crew

member using hand,
flag, or lantern s

<S
ignals



A-1.2 Relay Hand, Flagror Lamp Signals

l.> Visible to receiver?

The crew member must position himself so that the receiving crew

member can see the signal he will relay. If the receiving crew member

is visible to the relaying crew member, it is assumed the reverse is true.

*

.1

24



true.

A-2 ALIGN SWITCHES

This task is performed, for example, as part of setting out or
Picking up cars, herding the train into ayard, moving the train
out of ayard onto the main track, or moving the train into siding
to allow another train to pass.

Acrew member aligning a switch first inspects the switch to
determine if it has been tampered with. If so, it must be reported
to the dispatcher. The switch is unlocked, aligned and inspected
to insure it is properly set and the switch points and rails meet
correctly. Depending on the operation, the switch may be realigned
several times before the set-out or pick-up is conplete. After the
operation is complete, the switch must be locked. Aswitch that is
defective or inoperative is "spiked". That is, a railroad spike*is
driven into the tie to prevent the switch from being moved. The
dispatcher must be notified of any spiking operation.

An improperly aligned or defective switch can cause a derailment.
It is important, therefore, that crew members be trained to recognize
an improperly aligned or defective switch.

Many switches require the crew member to lift aheavy weight from
an awkward position in order to align the switch. This could result
in back strain and injury.
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A-2 Align Switch

Crew Member

Has the switch

been tampered / i\ Yes
with?

No

Inspect switch for
evidence of tampering

Radio/
Telephone

<> Kalk to v ayside phone

No

Pick up icceivcr.

© Unlock switch.

(h) Aliign switch.

Inspect switch to dc
(e.g. obstruction,

t ;raiine if i

tic bar,bcit

Is the switch operati .'C?

I
Yes

3 > Can it bt
repaired.

YesSpike
switch.

O Repair
switch.

o
-o
Wait.

YES

/\

<>
Any more switc
be required?

ling

No

6 Lock the switc i

28

Dispatcher

or radio.

<x>

is operative,
btc.)

&

Operational Sequence

Discussi

S ) concerni

Conductor

' F,

with dispatcher
details of damage.

v-vtasscussion

concerning courso of
action. (Depends on
extent of damage.)

I* ''

• I

•s
Notify conductor that
switch is Inoperative.
Discuss consequences.



Siion

Iff

I

A-2 ALIGN SWITCH

<^> Has the switch been tampered with?
The crew member inspects the switch for broken locks, broken switch

Hghts, bent tie bar, obstruction in switch or damaged targets
(banners), and latches.

\2y Is the switch operative?

This decision „ made by coding the condition of the switch with
past k„„w,edge of what an operative switch ,ooks ,«.. such things as

A^ Wed96d betWM" the •«"* « "11 coo.d derai, the train.
\3y Can it be repaired? * •-

This decision is cased to agreat extent on the experience of the
-w .ember and h1s sk1„ ,.„ repa1rjng ^ .noperatjve ^ ,

<^> "ill any more switching be required?
This is determined by the scenario aiready agreed on by the crew

'fore ^ SWltCM"9 <><*™°° *"• Urequires the crew member
to recall the scenario.
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A-3 COUPLE CARS

A-3.1 Engage Knuckles

To engage knuckles, the crew member pulls the pin lifter, enabling

the knuckles to be opened by hand. Occasionally, the crew member

climbs on the knuckles and kicks them open with his foot. This places

him in a precarious and hazardous position. The entire coupling assembly

is inspected for damage. The most common failures are broken knuckles

and draw bars. If it is feasible and cost effective (in terms of delay)

to make repairs they are done and both conductor and dispatcher are

notified of the action. If repairs are not made the car is set out

as a bad order car. The conductor notifies the dispatcher and fills

out the proper forms declaring the car as a bad order.

If the couple assembly is operative, the crew member signals the

engineer to move the train and engage the couple. The pin lifter

must drop completely if the couple is to be successful. The engineer

is signaled to reverse the previous movement and "stretch" the

couple. If the couple was unsuccessful, the knuckles will disengage

and the process must be started over again.

30
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A-3 Couple Cars

A-3.1 Engage Knuckles

Pull pin.

Inspect height pin

1^Has pin been pullec completely

Yes

Open knuckles

Inspect degree of oening.

No r~\?/Are knuckles open s

Yes

j J Inspect knuckle an

RADIO/
TELEPHONE

ifficicntly

DISPATCHER

draw bar fi r damage

Is knuckle
broken?

No

No

4>
Is draw bar

Abroken?

Yes

Can knuckl

or replace ?
be repaired

Set
Bad Ortjer
(See T

o-o

Signal
Engineer

Is couple <6 >™i .
complete? y\

sk C-5
Yes

QRepair kn
draw bar

f

&

ickle or

Signi 1 engineer
reveise movement

-^jj Notify <ji
S course

action.
o mesh knuckles S

to "stretch" coupl

OPERATIONAL SEQUENCE

CONDUCTOR

spatched of si
of

ENGINEER

orm conductor
situation and
rse of action

uation

ut proper bad ord

(VSlOperates t
according

tiijnal•

ain

o

Signal en lineer to move forwird and stop
?
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A-3 COUPLE CARS

A-3.1 Engage Knuckles

1.y Has pin been pulled completely?

The height of the pin is the major cue to whether the pin has been

completely pulled. If the pin has not been pulled the knuckle will not

open.

2/> Are knuckles open sufficiently?

This requires a comparison between the opening obtained and that

required to engage the couple. Past experience supplies the referent.
3/> Is knuckle broken?

Broken knuckles are readily apparent from just a cursory observation.

4./> Is draw bar broken?

This is readily apparent from cursory observation, the entire

couple assembly will pull off the car.

5?) Can the knuckle be repaired or replaced?

The crew member must have information concerning the availability

of tools and replacement parts. Experience and skill in repair will

influence the decision made. Consideration may also be given to

whether lengthy repairs are cost effective in terms of keeping the
train on schedule.

6y> Is couple complete?

The crew member observes the appearance of the knuckles and matches

that against experience as to what asuccessful couple looks like. Some

crew members report that adistinct auditory cue can be heard when a
couple is successful.
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A-3 COUPLE CARS

A-3.2 Connect Air Hoses

The crew member first inspects the air hose assembly for defects

(e.g., hole in hose, missing gasket, or smashed connectors). If the
assembly is defective, it is replaced by acrew member. The two ends

of the air hose, called glad hands, are connected. If this is done

improperly, the connection will fall apart. After the glad hands have

been engaged, the angle cock is slowly opened to allow the air to fill

the hose. This must be done slowly, for if the air rushes into the

hose too quickly, the emergency brakes will activate. The sound of

the air filling the hose is the only cue available to gauge the rate

of air flow. If the emergency brakes are activated, there is no* '

harm done, it only means adelay until they can be released and

the air pressure built back up to the proper level. After the hose

has been filled, the angle cock is opened completely.
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A-3 Couple Cars

A-3.2 Connect Air Hoses Operational Sequence

CREW MEMBER

CP

Inspect air hose.

6 Is the air hose defective?

Yes

No D Walk to get replacement hose and
tools and return.

O "«Pl ace hose

<S> Connect glad hands of air hose

Slowly open angle cock

Si Listen to sound of filling air

Is air filling
Yes /\ too fast?

o
Adjust air flow
with angle cock

No

I )) Continue until hose is filled.

QOpen angle cock completely.
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A-3.2 Connect Air Hoses

1.> Is the air hose defective?

The major defects which are checked for are holes in the hose and

smashed glad-hands.

2^> Is air filling too fast?
It is critical that the air is not allowed to fill the hose too

quickly because it will cause the emergency brakes to be applied.

The only cue to the rapidity with which the hose is being filled

is the sound of air filling the hose. Experience is the only guide

available to determine the proper flow rate.

If the emergency brakes should be applied, they can be heard

engaging but, at that point, it is too late to prevent their activation.

I
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A-4 UNCOUPLE CARS

The crew member closes the angle cocks on both cars to bottle the
air in the hose. The pin lifter is pulled and the engineer is signalled
to move and stop the train. If the pin lifter was properly pulled, the
knuckles will disengage and the air hose will disconnect. Amajor
safety hazard exists. When the air hose disconnects, the pressure
of the air trapped in the hose causes them to lash out. If the

crew member is too close, the end of the air hose could strike him

with enough force to break abone. The disconnecting air hose also
emits ahigh intensity impulse noise which could startle the crew
member and cause him to lose his footing and fall.

I
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A-4 Uncouple Cars

Crew Member

o Close angle cocks to
bottle air in the lines.

*\J pull Pin lifter.

| I Inspoct pin.

'Y^Has pin been lifted sufficiently
to enable uncoupling ?

41

Engineer

Operational Sequence

.1

O Operates
train

according to
signal.

J~. Operates
—f J train

^-^ according to
signal.



A-4 UNCOUPLE CARS

1.y Has pin been lifted sufficiently to enable uncoupling?

This requires the crew member to compare the appearance of the

pin height with that which is sufficient for uncoupling. Experience

plays a role in defining the height thought to be sufficient. Some

crew members report an auditory cue can be detected indicating the

pin has been lifted.

2y> Did train uncouple?

This is a trivial decision, it is readily apparent.as the engineer

moves the train. The glad hands on the air hose automatically break

apart.

42
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A-5 SET OR RELEASE HAND BRAKES

Company rules set forth the number of cars which must have brakes.

Such things as the grade of the track and number of cars to be

restrained must be considered. The brake assembly (chain and rachet)
are inspected for damage. If they are damaged and the brake cannot be

set, the brake on the next car in line is set instead, and the

conductor and dispatcher or yard master are notified. The rachet ("dog")
is set to the proper position for set or release. The chain is then

wound up or let out as far as possible by turning a wheel. Some cars

have the wheel located at or near the top at the end of the car,

thereby requiring the crew member to climb to reach it. There is a

danger of falling. Other cars have the wheel located on the side of

the car. In some cases the crew member can operate the wheel while

standing on the ground. In other cases he must climb a ladder, and

while holding the ladder with one hand, attenpt to turn the wheel

with the other. Besides the obvious danger of falling, the wheel
may not be turned sufficiently from this position to fully engage
the hand brake.
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A-S Set Or Release Hand Brakes
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Operational Scquonco



A-5 SET OR RELEASE HAND BRAKE

1 .> Should brake be set?

Company rules set forth the number of cars which must have brakes

set. Such things as the grade of track, the number of cars to be

restrained and whether blocks will be used must be considered. On

occasion, the conductor, basing his decision on experience, will direct

the brakeman to set brakes on a particular car. This is rarely done,

however.

2/> Is hand brake system operative?

The information for this decision is obtained by visually inspecting

the brake system. Things that would indicate an inoperative system

would be a broken chain or rachet and whether the piston is irftne

proper position.

3/> Can it be repaired?

The crew member must know that tools and replacement parts are

available. The crew member's experience serves as a guide as to what

is repairable. A determination must also be made as to whether it

is necessary or worthwhile to repair it.

4/> Is chain tight or hose sufficient for purpose?

The main information source for this is whether the crew member

can turn the wheel any further. The crew member's strength, therefore,

becomes a critical factor in determining whether the chain is tight.
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A-6 SET BRAKE RETAINERS

The time table indicates whether retainers are needed in a specific

situation based on the tonnage and number of cars in the train. The

conductor directs the brakemen as to which cars should be set. To

set retainers a lever on the end of the car is activated manually.

There is no feedback indicating if the retainers are operative.

* ''

47



T
A
S
K
NO
.

A-
6

S
U
B
-
T
A
S
K

N
O
.

S
T

E
P

N
O

.
D

E
S

C
R

IP
T

IO
N

S
e
t

b
ra

k
e

r
e
ta

in
e
r
s

to
m

a
in

ta
in

b
ra

k
e

p
re

ss
u

re
fo

r
a

s
e
t

ti
m

e
a
f
te

r
th

e
y

a
re

re
le

a
se

d
by

th
e

e
n

g
in

e
e
r

t
a
s
k
t
i
t
l
e

Se
t

Br
ak
e

Re
ta
in
er
s

S
U
B
-
T
A
S
K

T
I
T
L
E

IN
PU

T
(S

T
IM

U
L

U
S)

'
lU

lS
i'

L
A

Y
IN

F
O

R
M

A
T

IO
N

T
i
m
e

t
a
b
l
e

i
n
d
i
c
a
t
e
s

w
h
e
t
h
e
r

r
e
t
a
i
n
e
r
s

a
r
e

ne
ed
ed

an
d

ho
wj

ma
ny
,

b
a
s
e
d

o
n

t
h
e

t
o
n
n
a
g
e

a
n
d
n
u
m
b
e
r
o
f

c
a
r
s

i
n

t
h
e

t
r
a
i
n
.

C
o
n

d
u
c
t
o
r

d
i
r
e
c
t
s

w
h
i
c
h

c
a
r
s

s
h
o
u
l
d

b
e

s
e
t
.

C
O
M
M

E
Q
U
I
P

I
N
F
O

P
R
O
C
E
S
S
I
N
G

D
E
C
I
S
I
O
N

M
A
K
I
N
G

L
o

c
a
ti

o
n

o
f

c
a
rs

to
b

e
s
e
t.

K
no

w
le

d
g

e
o

f
p

o
si

ti
o

n
an

d
o

p
er

at
io

n
o

f
re

ta
in

e
rs

.

D
I
F
F
I
C
U
L
T
Y

H
A
Z
A
R
D

C
R

IT
IC

A
L

IT
Y

D
U

R
A

T
IO

N
FR

E
Q

U
E

N
C

Y
3

0
S

e
c
o

n
d

s
A

s
R

eq
u

ir
ed

pj
gp

jn
rc

fiy
pj

jfj
j

A
C

T
IO

N
R

O
T

CO
M

M
E

Q
U

IP

F
E

E
D

B
A

C
K

(R
E

SU
L

T
S)

C
O

M
M

E
N

T
S

S
et

p
o

si
ti

o
n

o
f

re
ta

in
e
r

le
v

e
r.

L
e
v

e
r

V
is

u
a
l

c
o

n
fi

rm
a
ti

o
n

th
a
t

le
v

e
r

is
s
e
t
.

T
h

e
re

is
no

fe
e
d

b
a
c
k

in
d

i
c
a
ti

n
g

if
th

e
r
e
ta

in
e
r
s

a
re

o
p

e
ra

ti
v

e
.



'

A-6 Set brake retainers

External Source

Time Table
indicates whether
retainers are requj

GO
*ed

Crew Member

£

Operational Sequence

Conductor or Engineer

-CD

'Memory

Directs brake-
man to set
retainers.
(Maybe by radib)

OSets retaim
positioning

e rs by
levers

(jEnd
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A-7 BLEED AIR TANKS

This is not a common procedure and is only used when a lot of

switching is to be done with a set of cars. The conductor, from

experience, would determine that bleeding would be an efficient

procedure and directs the brakeman to bleed the tanks. Bleeding

is asimple procedure requiring the crew member to push or pull a

valve located on the end of the cars. The air can be heard bleeding
out of the tanks.

w •-
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A-7 Bleed Air Tanks

Crew Member

Knowledge that
bleeding is V /
required \/

6

®

Bleed air tanks
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Operational Sequence

Conductor

Directive to bleed

tanks.
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A-8 MONITOR RADIO

This is a continuous task which is engaged in by all crew members.

The monitoring performance of each crew member can, then, be less than

perfect because the crew members monitor in parallel. The crew must

be alert to message, which although not directed specifically to their

train, may involve their operation. This would include, for example,

notification of derailments, or vandals on the track ahead. The message

is passed on to the engineer. Radio contact may be initiated with the

calling party, if necessary.
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A-8 Monitor Radio

External Source

*&Rad
messages

Operational Sequence

Craw Member Engineer

GSl Receives voice nessage.

O
Does message concern crew member's train?

No

Yes

6

Contini e monitoring radio.

Discu: s with engineer.

\—v/(Front
voice

would

Execute instruct!
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A-8 MONITOR RADIO

l/> Does message concern present mission?

Usually messages sent to a specific train will be prefaced by a

code designating that train. The crew member must, therefore, remember

the appropriate code for the train.

In addition, the crew member must be aware of messages which,

although not directed to his specific train, are of concern to the

operation. Examples would include notification of a derailment or othe

emergency occurring on the track ahead or calls for assistance.

V

56

^^^mi^mm^M



iced by a

ire, remember

which,

to the

lent or other

nee.

B-l REGISTER ON DUTY

Each crew member must sign a time sheet when coming on duty. This

gives them a chance to meet the other crew members and review information

relevant to the operation. This would include such information items

as time table changes, track maintenance reports, weather conditions,

special orders, the train list and way bills. The crew then discusses

the operation. All members of the crew contribute ideas, suggestions,

etc., but it is the responsibility of the conductor to make the ultimate

decisions, formulate the plan and assign tasks. This is usually done

informally. The overall efficiency of the operation depends in l^arge

part on the quality of the pre-operation planning. If crew members are

not alerted to potential problems or special requirements, serious

delays could result.

Before the crew leaves to meet the train, each member must verify that

his personal time piece agrees with the railroad's standard clock. A

form is filled out by the crew member verifying that his time piece is

in agreement and noting any correction needed to bring it into agreement

with the standard clock. It is the crew member's responsibility to repair

or replace a time piece which does not keep accurate time.
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B-l Register On Duty Operational Sequence

External Source

&
Standard railroad

clock.

$•
Time table, special
track maintenance r
bulletin boards, tr

Crew Member Other Crew Member

Adjust
personal

time piece.

No

orders,
ports,

in list, etc.

o ime sheet.Stamp '

{D Meet other
crew

members.

Insped personal time piece.

j^Is per:
agreeme

onal time piece in
nt with standard clock?

Yes

6 Fill 011 form verifying
accuracy of time piece.

evari
nrj ReYiVjv rele

information

t to operation.

<A> ® Preplan

operation
with other

crew members.
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B-l REGISTER ON DUTY

K> Is personal time piece in agreement with standard clock?

This requires a simple comparison between the standard clock and

the crew member's time piece.

<* •'
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lock and

B-2 CONNECT POWER CONSIST TO TRAIN

After the crew has registered on duty they walk or are driven to

the consist (i.e., the string of locomotives which will power the

train). The engineer, and occasionally the head brakeman, verify that

the consist is the one assigned to them. This requires comparing the

engine numbers to the number on a clearance card picked up at the time

of registration by the engineer. If there is an inconsistency, the yard

master is called and he corrects the error. Usually the consist has

been prepared by the yard crew. Occasionally locomotives must be tied

together. This is the responsibility of the engineer but he will

sometimes ask the brakeman to assist in connecting the electrical

cables. After the consist has been assembled and inspected by "the

engineer, he directs the head brakeman to request permission from the
i

yard master to come out to move the train. The brakeman may then walk

ahead of the train and align switches to direct the consist to the

proper location. This task is usually performed by the yard crew

however. When the consist arrives at the train it is connected. The

brakeman will connect the air hoses and if directed to by the engineer

will assist with the electrical connections. Again, however, the

entire connecting operation may be handled by the yard crew.

In some cases, the brakeman does not go to the consist with the

engineer but rather, after registering, goes directly to the train.

In such cases, the brakeman is excluded from the entire operation

described above.
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B-2 Connect Power Consist To Train
Operational Sequence

External Source

fr
Clearance card.

&
Engine number

^
Layout of the
yard, switch
number, if any.

Crew Member
Radio/Tclephono Yard Master Engineer

V Walk or ride t< consist.

arance card?Does engine nui bcr agree with cli

Call >ard master for
clarii ication.

4?
0

6
: in connectingAssist enginee

electrical con lections.

§

0-

Q

Requests permission
IS Ito "come oit".

-^-qy -<jfcnntcd.

6'alks ahead of consist.

6
Aligns switches
(May be done by]

0-

OCouplo consist
(Sec Task A-3)

to guide consist to proper track,
yard personnel) (See Task A-2)

66

•$
Directive to

issist in

:onnecting
ilectrical.

4i
Directive to

request permission
to "come out".

-$
Directive to

couple to train.



nl Sequence

:tivc to
1st in
«ting
lical.

ft
Stive to

""permission
nae out".

'train.

B-2 CONNECT POWER CONSIST TO TRAIN

K> Does engine number agree with clearance card?

This is asimple comparison of numbers. The number on the clearance
card refers to one locomotive in the power consist, not necessarily the
lead locomotive.

"I* '•

,1 '
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B-3 PRE-TRIP INSPECTION

There are two phases of this inspection, a walk around inspection

and a roll out inspection. During the walk around inspection the

car numbers are compared to the train list to determine if they are

in the proper order and blocked (i.e., all the cars to be set out at

one location are together) and no cars are missing or extra cars are

in the train but not on the train list. Any discrepancies are reported

to the yard master. The location of hazardous materials (e.g., cars

carrying explosives) and "high-wides" (i.e., oversized cars) are noted.

Any violation of company or federal regulations is reported to the

yard master. Inspection is made of the lights and other signals on

the consist and train, couplings are inspected, as are hand brakes

and tools and supplies. Any problems are reported to the yard master.
i

Any cars that must be removed from the train or repairs that must

be made are done by the yard crew. Occasionally, the train crew will

assist but this is not their responsibility.

After the crew is satisfied that the train has passed the walk

around inspection. The engineer is signalled to move the train (after

he has been cleared to move by the yard master). A crew member

positions himself beside the track and inspects the train as it

rolls past him. If he notes any problems (e.g., sticking brake, sharp

wheel flange, dragging equipment, open box car or shifted load) he

signals the engineer to stop and notifies the yard master. A yard

crew will then take remedial action as directed by the yard master.
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The inspection is an important safety precaution. It often

uncovers potential safety problems which can be corrected before

they become serious. An interesting question is whether each crew

member should attend to a limited number of possible defects and inspect

the entire train or should each crew member attend to all possible

defects and inspect a limited number of cars, or several crew members

inspect the entire train in parallel for all defects. The cost

effectiveness of each alternative should be investigated.
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B-3 Pre-trip Inspection
1 of 2 pages Operational Sequence

External Source Crew Member Yard Phone Yard Master Engineer

Train r\_
list. U/

Car

numbers.

Company rules,
ICC regulations,,
etc. Z\

Compare train list with train mak

Are cars blocke 1 and in proper or lor for set out?

Walks to yard phone.

; up.

No

Yes

0

-0- 4TJ ,Ca11
\_J disci

yird master and
s problem.

Inspect locatio) of hazardous materials, "high-widci" lights
and signals, coiplings, supplies on board.

/\ Is ovorythin
\yno—i

in order?

6waiks to yard phone.

Yes •T5-^>
Inspect hand brikes.

Is brake in gooi working conditio l?

Remember. Rcmcm

Is the brake re leased?

yes f JRelcas; hand brake (Task A-5).

)^Contiinue check ing train until cc nplcte

73

\_J and di
ard master

jcuss problem.

"0
(cport to engineer
the number of cars

.'ith effective
hand brakes.



I

B-3 Pro-trip Inspection
2 of 2 pages

External Source Crew Member Phone

&

^

6 Nalk to position to
as it moves past.

inspect train

Inspect brake syster
dragging equipment.

, wheel flange,
load condition.

<^>
Arc there any problems?

Yes

No

Operat ional Sequence

Engineer Yard Master

0
Signals enj ineer to stop (Ta«k A-1).

KSJ

<$r

6 Walks to yard phone.

&

j \\ Contiinue inspectinf.

0 Board train.

74

{_)stop £

Calls yard master
and discusses

problem.

-©

o



al Sequence

rd Master

yard master

discusses
ilen.

f>

B-3 PRE-TRIP INSPECTION

ly Are cars blocked and in proper order for set out?
This requires knowledge of the order in which set outs are made by

destination. Matching car numbers with those on the train list verifies
that cars are blocked and in proper order.

/2N Is everything in order?

The crew member must know company and ICC regulations concerning
shipment of hazardous materials and display of lights and signals.
Knowledge of needed supplies and quantities must be memorized.

(3y Is brake in good working condition?
See Task A-5, Decision 2.

<MJ> Is the brake released?
See Task A-5, Decision 4.

\5y Are there any problems?

The crew member is required to check for an unspecified number of
possible problems as the train moves past.

Some conditions are cued auditorily, such as the noise made by
slipping wheels due to locked brakes or dragging equipment on the
track. Other potential problems require visual observation. Ashifted
load may require gross observation, while aworn wheel flange requires
adifficult psycho-physical judgment concerning the thickness of the
flange.

X '

I

75



B-4 MOVE TO MAIN TRACK

After the train has passed the pre-trip inspection, the engineer

directs the head brakeman to radio the yard master and request clearance

to proceed to main track. As the train moves, the caboose (rear

brakeman or conductor) radios the locomotive confirming its movement.

The head brakeman may walk ahead of the train and align switches to

"herd" the train onto the main track. Usually, this is done by yard

crews.

As the train leaves the yard the head and rear brakemen pick up

train orders from the order stand. This requires the crew member to

lean out of the cab or caboose and, while the train is moving, grasp

the message hanging from the stand. If the message is missed, the

engineer is radioed to stop and the crew member walks back to^pick

up the message. The rear brakeman or conductor radios the engineer

when the caboose leaves the yard. The conductor may be required to

prepare a message ("soup ticket") to be dropped at the telegraph

office. The message usually contains the train number, time of

departure, number of cars and list of cars.
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B-4 MOVE TO MAIN TRACK

1/> Orders picked up?

This is a simple go-no go decision. If the crew member missed the

order string or if it were dropped, he has not picked up the orders.

» '*
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B-5 DETERMINE LENGTH OF TRAIN

To determine the length of the train the rear brakeman or conduct
radios the locomotive when the caboose passes azero marker alongside^
the track (usually located at exit of the yard). The head brakeman 'j
notes the location of the caboose relative to distance markers located |
along track. This information is forwarded to the dispatcher via radio

or message (soup ticket) drop.

J '
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B-S Determine Length Of Train
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Zero mile
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Sequence

Engineer

0

t

B-5 DETERMINE LENGTH OF TRAIN

ly Radio dispatcher?

This is not acrlttcal decision. The decision depends on the Nation
of the train reiative to the next message drop cotmunication poj„t
the work ,oad of the conductor, and the apparent work ,oad of the dis
patcher (the Utter judged by the vo,ume of radio cans monitored,

IX ''

I
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C-l REGISTER AT INTERMEDIATE STATIONS

Company rules require trains to register at intermediate stations

and to proceed only if oncoming trains have already passed by reading

the register. The conductor can determine if the oncoming train has

passed and that it is safe to proceed. If it is not safe to proceed,

the conductor would notify the engineer and wait until the train

does pass. All delays should be comriunicated to the dispatcher.

If the conductor misreads the register and instructs the engineer

to proceed, the result could be a head-on collision.
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C-1 Register at Intermediate Stations Operational Sequence

External Source

\rrival

it

Inter
nediate
Station

er-[v>
ato V

Time piece
)f the .—\
train |_Vy-
nember

E>Register book

Regist
Time o
Depart

Walk b

to tra

Conductor Dispatcher Engineer

<V
;ring required?Is regist

YES

6 Walk to

Register
/^time of

Station

train number and tle
.arrival

Has on •coming train passed the station?
. C ?) 1

88

k back to train

Notify engineer of delay
<S

it

O Notify d ispatcher of delay

-TO Notify
v*-^/ enqinengineer

tu pi 0X6



Sequence

igineer

station?

0

per of delay

-T57y Notify
ix—/ engineer ^
r— tu proxee-

r
C-1 REGISTER AT INTERMEDIATE STATIONS

O Is registering required?

Company policy dictates when registering is required. The conductor
roust know the policy and determine if it applies in the situation at
hand. If the conductor should forget, the other crew member would
remind him that registering is required.

^2?> Have oncoming trains passed the station?
The conductor reads the register to determine what trains have

passed and when. He must know which trains must have passed before
proceeding. This information might be contained in the time table
or in a special train order.

.1
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C-2 INSPECT TRAINS ON THE ROAD

C-2.1 Inspect Own Train

This is done at every opportunity by the brakemen and conductor.
As the train rounds acurve the train is visible from the ends. The
most common problems include sparks or smoke from the wheels, unusual
tilt of acar, or dragging equipment. If anything unusual is seen,
the engineer is notified and the train may be stopped to allow closer
investigation. If the problem demands quick action, the emergency

brake will be activated.
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C-2 INSPECT TRAINS ON THE ROAD

C-2.1 Inspect Own Train

1.") Trouble?

The crew member must simultaneously check for several potential

problems during the short interval in which the train is visible.
The primary malfunctions inspected for are hot journal which is
detectable by flames and smoke emitted from a wheel of a car and
derailed cars. Other malfunctions include a shifted load, unusual

tilt of a box car, an unsecured load, sparks from the wheel, dust

being blown from a wheel, the sound of dragging equipment or an

out-of-round wheel, sticking brakes or sliding wheels.

2v> Emergency brakes required?

This is a split-second decision. The crew member must decide

whether t'he*'hazard is grave enough to demand emergency braking and

whether the train can be stopped by the engineer in sufficient time

without emergency brakes. Such things as a misaligned switch or track

obstruction would usually require emergency braking.
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C-2 INSPECT TRAINS ON THE ROAD

C-2.2 Inspect Passing Trains

When passing a train, the crew member should inspect it for possible

problems such as smoke or sparks from a wheel. If anything unusual

is seen, the passing train is signalled (by hand or lantern) or

radioed. Asignal is given if nothing unusual was observed. The

passing train also signals the status of the crew member's train.

If the passing train notes any problems, they are relayed to the

engineer or if necessary the emergency brake is activated.

l •
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C-2 Inspect Trains On Tlio RonJ

C-2.2 Inspect Passing Trains Operational Sequence

External

Source

Passing
train.

0-

0-

&
Signal from pa
indicating sta

Activate th
emergency b

Crew Member

<3

• Monitor passing train
of unusual condition.

Radio

or appearance

/\jrouble?

No

Give "OK" si; nal to passing

Engineer

train.

Other End

Of Train

/\ Radio or give hand or lamp signal indicating protlem.

sing train
us of owl) train.

Yes

akes

res Trouble?

Emergency
braking
reoulred

No j~\ Notifies engine
**S (Head brakeman ( oes it by direct

r conductor byrear brakeman <

o ^>>

voice,

(radio.)
Stops train.

O- o
Discuss problem with

crew members.

I \ Walks back to in/estigate probl

C\ Responds to emerjency. (See ETtsks)
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C-2 INSPECT TRAINS ON THE ROAD

C-2.2 Inspect Passing Trains

AN Trouble?

See Task C-2.1, Decision 1

<(2y> Trouble?
This requires the crew menfcer to know the meaning of standard signals.

/3^> Emergency brakes required?
See Task C.2.I., Decision 2

1

1

•

|

1

*

•

I
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C-3 REPORT TRACK AND SIGNAL CONDITIONS

This is done continuously by all crew members. The engineer is

notified of all block signals, train and siding signs, slow orders,

and other information displays concerning the train's operation.

Track conditions such as switch alignments, obstructions, soft spots

in the track bed, and trespassers are reported to the engineer. If

the situation demands quick action, the crew member should pull the

emergency brake.

The rear brakeman or conductor radios the engineer when the caboose

passes the end of a slow board, a crossover, or other area where the

train had to be slowed.

•I
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C-3 Report Track And Signal Conditions.

External

Source

®

Front Brakeman

V

Radio

Monitor track <
and signals, b:

onditions
ocks, etc.

s\.

Notifies cng
all block

ncer of

Inals.

Slow order zom

positions, obslructi
s, switch

ons, ct

Engineer

•o

Operational Sequence

Conductor Or Rear Brakeman

-0"

Monitors signals,
crossovers, slow

zones, track
conditions,etc.

Yes Is emergency b •ake necessa •y?

Appl
emer iency

brak

Acknowledgment if message

0

Continues to meni

track conditioi s.

Q-
Notifies engi

©
Acknowledges message

100

^

OSSt(ps train

necessary.

6

4

Has caboose

passed crossover,
slow board,

speed zones,etc?

2'

I '

Yes

<i
Notifies

locomotive
personnel.



C-3 REPORT TRACK AND SIGNAL CONDITIONS

1.y Is emergency brake necessary?

See Task 2.1, Decision 2

2.y Has caboose passed cross-over, slow board, etc.?

The crew member must remember train orders and know the location

of the train and where the orders apply. The wording of orders assumes

familiarity with the territory and occasionally includes colloquial

references to locations along the route.

f

•-, »
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3

C-4 PROTECT TRAIN AT RED BLOCK OR OTHER EMERGENCY

If the train stops for a red block or other emergency (e.g.,

obstruction, hot box, derailment) it is the brakeman's responsibility

to protect the train from oncoming trains (from the front and rear).
If the brakemen are notified in advance of a stop, they will ignite

and throw fusees (slow burning flares) as the train comes to a stop

according to company rules.

After the train stops, the brakemen dismount and walk down the

track from the train a distance which they feel is sufficient to

stop an oncoming train. The conductor notifies the dispatcher of

the delay. He also fills out the delay sheet indicating time of stop

and duration.

If the dispatcher authorizes the train to move through"1 the red

block, the engineer directs the front brakeman to walk ahead of the

train and inspect for unsafe conditions. The brakeman must maintain

a distance sufficient to allow the train to stop if he signals the

engineer.
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C-4 Protect Train At Red Block Or Other Emergency
1 of 2 pages
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Operational Sequence



. i protect Train At Red Block Or Other Emergency
fof 2 pages

Front And/Or
Rear Brakeman Radio Engineer

0 Front biakeman walks ahead of train.

itor: track conditions.| IMonii

Yes

j-A Signals engineer to btop. |~n

07
Discuss with engine
course of action. €
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C-4 PROTECT TRAIN AT RED BLOCK OR OTHER EMERGENCY

<ClN Torpedoes or fusees required?
The brakeman must consider the visibility of the train as seen from

an oncoming train, the track layout, and company rules or policy.

2/> Is distance from train sufficient?

This is a judgmental decision. The criterion is stated in vague

terms such as "a distance which allows an oncoming train to come to a

safe stop without collision". The brakeman does not have the required

information to make such a determination. He does not know, for example,

the speed or weight of the oncoming train.

3/> Move ahead?

This decision is made in conjunction with the dispatcher and should

be cleared with the dispatcher before action is taken. In most situations,

it is the dispatcher who makes the decision.

4/> Is another train coming?

Usually auditory cues are the first indication that a train is

approaching. The headlight may also be visible.

5^> Is there danger for own or passing train?
This is a decision only if there is dual track, in which case an

approaching train on the other track might pass without danger. On a singH

track, any approaching train is a danger.

6^> Danger?
The brakeman is looking for such things as track obstructions, broken

rails, switches (misaligned or tampered with ) other trains or runaway

cars.
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C-5 SET OUT OR PICK UP CARS

C-5.1 Reomve Set Derails

If derails are present on a siding and a set out or pick up must

be made, the derails must be removed first. After the operation,

they are replaced. The crew member, typically the brakeman, unlocks

the derails and removes them from the track. If the derails have

been tampered with the dispatcher is notified. When the derails

are replaced, they must be locked.

t

,, *<
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C-5 Set Out Or Pick Up Cars

C-S.1 Remove - Set Derails

Crew Member

(~) Unlock derail.

6 Remove derail.

Radio/Telephone

No A,as derail beei tanperedwith?

Store

information
No.

Yes

2 > Is wayside phine in vicinity

Return

to

train.6:

YES

6-

0

c phone.alk to waysii

®

•&

Is set out or pick ip operation complete?

Yes

6 Replace derail.

(j Lock derail.
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1

C-5 SET OUT OR PICK UP CARS

C-5.1 Remove Set Derails

O Has derail been tampered with?

This can be determined by cursory observation. Usually tampering

consists of removing the derail or fouling the lock so it cannot be

opened.

CZS Is wayside phone in vicinity?

Visual observations will usually confirm the existence of a wayside

phone. The crew member's knowledge of the set out location can save

search time.

(zS Is set out or pick up operation complete?
Knowledge of the particular set out or pick up scenario is required

in order to determine if additional operations are required.
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C-5 SET OUT OR PICK UP CARS

..C-5.4 Block-Unblock Wheels

Depending on the grade, number of cars on the siding with operative
hand brakes, the crew menber may decide that blocking is required.

Company rules often dictate conditions which require blocking. The
crew member must find a suitable block, such as a piece of wood.

The block is placed under the wheel. The engineer is signalled to

move and stop. If the wheel rolls entirely over the block, it is reset

and the engineer is again signalled to move and stop. To unblock a

wheel, the engineer is signalled to move the train and the block is

removed.
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C-5 Set Out Or Pick Up Cars

C-S.4 Block - Unblock Wheels

External Source

^
$"

Corpany rules

Incline of
tracks, • of
cars with
operative hand brakes.

&

-. *

0

&

Crew Member

Operational Sequences

Engineer

Memory

red?Are blocks requi

i>i^

Yes

Is there anythi
can be used as

-O
No

Yes

Retrieve "chunlj

ng around that
a block?

to be used as block.

Place block um cr wheel.

r~\ Signal engincci to move train .•rid.'jtop

Is block set pr perly?

6 Moves and stops
train.

Inspect wheel or presence of block.

Is block preser
vNo „

; > O

Yes

Signal onginee
train and stop

Remove block.

Signal enginee • to proceed.
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C-5.4 Block-Unblock Wheels

l."> Are blocks required?

Company rules, regulations and policies specify situations where

blocks are required. The crew member must consider the incline of the

track and the number of cars with operative hand brakes engaged.

2^> Is there anything around that can be used as a block?

This requires a little creativity in selecting a suitable object as

a block. Objects not expressly made to be used as a block must be

considered. Experience is the main guide in evaluating whether an object

is suitable for use as a block.

3^> Is block set properly?
Visual observation of block wedged between the wheel and rail

indicates proper set. If the wheel has rolled over the block it must

be reset.

4?) Is block present?

This decision is a simple go-no go decision based on visual

observation of the wheels of the car.
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C-5 SET OUT OR PICK UP CARS

C-5.6 Control Auto/Pedestrian Traffic

Occasionally, a set out or pick up is made across a pedestrian

or grade crossing. If the train is not blocking the crossing, a crew

member, out of courtesy, will lift the gate (if necessary) and signal

the traffic to cross the track if he determines it is safe to do so.

* "

i
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m
C-5 Set Out Or Pick Up Cars
C-5.6 Control Auto/Podcstrian Traffic

External Source
Crew Member

Signal cars/
pedestriansfy
to stop.

3-

No

No

No

120

Operational Sequence

Is it necessary to control
/ auto/pedestrian traffic?

Yes

Kalk to proper position for control.

Monitor traffic, presence of
oncoming trains.

it safe for traffic'to pass?<yl5U
Yes

(j Lift traffic gate if necessary

V> Signal cars/pedestrian to proceed

3 Nls train going to proceed?

|Ycs

V} Signal cars/pedestrian to stop.

Lower gate,

i Return to train.



C-5.6 Control Auto/Pedestrian Traffic

l.^> Is it necessary to control A/P traffic?

The crew member must consider the expected length of time the

train will remain in position and if cars and/or pedestrians wish to

cross tracks. Often this is done as a courtesy.

2^> Is it safe for traffic to pass?

The crew member must determine if the engineer will move the train

and if any other train is approaching on another track. Visual and

auditory cues are used to detect approaching trains. Knowledge of

schedules is used to predict an oncoming train.

3y> Is traity'going to proceed?

The primary cue used to determine if the train is about to move is

the sound of"the brakes being released. The engineer will usually

signal with a standard signal on the horn.
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C-5 SET OUT OR PICK UP CARS

C-5.7 Conduct Air Brake Test

When cars are picked up or set out, a brake test is performed.

The angle cocks on all cars must be open. The engineer is then

directed by the conductor to pump air into the brake lines. The

conductor verifies that the pressure is sufficient in the caboose

by looking at the pressure on the pressure gauge. If the pressure

is not sufficient, the brakemen walk the train to discover the problem

and repair it. Usually it will be a closed angle cock or a broken air

hose. If the pressure is sufficient, the brakemen walk the train

and inspect the pistons of each car to determine if the piston is

out sufficiently. If not, the problem is corrected or noted if not
<* '•

correctable. The conductor then directs the engineer to reduce pressure

by 20 lbs. This is verified by the conductor by looking,at his gauge.

The conductor then determines if the pressure drops more than 5 lbs/

minute by watching the gauge for one minute. If the leak rate exceeds

5 lbs/min, the brakemen trouble shoot and repair the problem. The brake-

men then inspect the pistons on all cars to be sure they are pushed

in (released) properly. If not, the car will be cut out (that is,

the air will be made to bypass the car), and its tanks bled to release

the brake. The conductor will be notified and the proper repair forms

will be filled out on the car. If the pistons are all properly released,
the test is successfully ended.
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C-S Set Out Or Pick Up Cars
c_5.7 Conduct Air Brake Test

External
Source

D>

&

Conductor

1 of 3 pages

Radio Engineer Rear Brakeman

Is ever; thing ready for air test to begin
Hi it

Operational Sequence

Front Brakeman

S Instruct engineer to increase pressure

Pressure

gauge.
Monitor:

pressun gauge.

ure sufficic it?Is pres:

air pressure

scuss ;ith engineer.
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C-5 Set Out Or Pick Up Cars

C-5.7 Conduct Air Brake Test

External

Source Conductor Radio

2 of 3 pages Operational Sequence

Engineer Rear and Front Brake; an

T
Direct to check pistons on all ca

V

©
Notify conductor.

5>
Notify

Noti y engineer

Last car

to inspe <l?Walks along train

es

Return to "engine or
caboose.

conductor.

o release pressure.

S

-

0

Inspects pistons

4 \ Is pisi M rod out?

No

b

•Q o Trouble

(See
phoot for difficulty
cedure above.)pi)

(jRelease pressure.
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C-5.7 Set Out Or Pick Up Cars
Conduct Air Brake Test 3 of 3 pages. Operational Sequence
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C-5.7 Conduct Air Brake Test

1?> Is everything ready for air test to begin?

The conductor must be sure that all functions of set out or pick up

have been complete and that the angle cocks on all the cars are open.

2?> Is pressure sufficient?

This requires simple check reading of the pressure gauge.

Minimum and maximum allowable pressures must be known.

30> Problem found?

The major cause of failure is a broken air line or a closed angle

cock. A broken air hose can be detected by the sound of escaping air.

Angle cocks must be checked visually.

4/> Is piston rod out? "

The operator must have knowledge of acceptable piston length. This
i

is a double check against the pressure gauge.

5/> Did pressure reduce 20 lbs?

The operator must remember the initial setting with the pressure up

and determine if the pressure dropped sufficiently.

6\> Did pressure drop more than 5 lbs. in one minute?

This is determined by observing the gauge and timing one minute

on a watch. This is the brake pipe leak test.

7y Is piston rod in?

See Decision 4.
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C-6 MAINTAIN RECORD OF ALL CARS SET OUT OR PICKED UP

There are four main types of forms that are filled out by the

conductor when cars are picked up or set out: wheel report and switch

list, bad order form, defective car report, and blind siding report. i '

Appendix B contains examples of each of these forms. The information

required is contained on the waybills for the cars or is obtained by

direct observation of the cars.
H

•

., *
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C-6 Maintain Record of all Cars

Set Out or Picked Up Operational Sequence

External

Source

Train list and

way bills.

Conductor

Inspect train
list and way
bills.

Prepare switch
list and/or
wheel report.

Have any cars been
set out or picked up?

Other Crew Members

Discuss with

conductor

xx set outs

•/ S \ and/or
\~v pick ups

Yes

Revise switch

and/or wheel
list

ort.I 3p

Was set out for

"bad order"?

Yes

Fill out "bad

set out forms.

Was set out at l}lind siding?

es

Fill out blind i

Submit to agent
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C-6 MAINTAIN RECORD OF
ALL CARS SET OUT OR PICKED UP

ly Have any cars been set out or picked up?

The conductor will be aware of any set outs or pick ups because of

the activities required. He must verify what car numbers were set

out and picked up. This is often not checked first hand but rather

is obtained from the train list.

2/> Was set out for "bad order"?

The conductor must make the decision to set out a car as a bad

order (i.e., hot journal, broken knuckles, etc.). Therefore, this

information is self-generated.

3?> Was set out at a blind siding?

Ablind siding is a siding at which there is no agent (i.e.,

an unattended siding). If there is no agent present, a blind siding

report must be filled out and submitted to an agent at the first

opportunity.
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C-7 CHECK SPEED OF TRAIN

If a crew member judges that the train's speed may be excess for

the circumstance, he determines the speed by timing the interval

between mile posts and converting that time to miles per hour using

a conversion table usually found in the time table.

The judgment of excessive speed is based on visual, auditory, and

motion cues. The computed speed is communicated to the engineer.

f

• , »•
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C-7 Check Speed of Train

External Source

Cues to

train speed

Mile posts.

&

piece. [_'•y-

Conversionk

table. | v\—
Usually S/
in time tabic)

Time tablcj,
special fvS
orders, '—y
slow boards, etc.

Front Brakeman

Operational Sequence

Engineer

Speed limits
slow orders.

r> ^° f*\ "ocs tra'n sPeed
\. / seem excessive?

No

Yes

o-
O Determines time

between mile posts.

•6
Converts time

to HPH.

o-

V

/\-

-0

s speed excessive?

<>•
Yes

^>

-6

Directs brakeman
. to checkA-J spood.

» 1 Notifies

—IsJ engineer
I of

com luted speed.

Acknow

ledges.

HO /X Is speed
' excessiv:?

Reduces
speed

Notify
—Is Iengineer

^y^ to rcduc

O Reduces

speed.



C-7 CHECK SPEED OF TRAIN

1./ Does train speed seem excessive?

Brakeman continuously receives vestibular, visual, and auditory

cues related to the speed of the train. From experience he learns to

estimate speed. In memory he must store speed limits, special orders,

etc., and recall them at the appropriate time. A judgment is made

comparing the desired speed with the estimated speed.

2.)> Is speed excessive?

This merely requires a comparison of the calculated speed with the

maximum allowable speed at that location. Maximum allowable speed can

be found in the time tables, special orders, rule books, etc.

i* ••

J
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C-8 RUN TRAIN WITH BACK-UP HOSE

Back-up hoses are not used very often in freight, but are more

common in passenger service. The emergency brake lever in the

caboose can be used like a back-up hose if the caboose is the end

car while backing up. If a long line of cars is being backed up,
a back-up hose may be connected to the last car's air hose. Connecting
a back-up hose to the air hose is identical to connecting the air

hoses of two cars together. By operating the level of the back-up
hose the crew member can apply or release the brakes to slow or

stop the train.

., »-
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Track
conditions!
speed of
train, etc!

C-8 RUN TRAIN WITH BACK-UP HOSE

Crew Member Engineer

Conductc r directs crew
member to connect back-up
hose (ccnductor may do it
himself'

Connects
air hose

glad hands of hose o
of car

connected and closed'

Conductor

<D

Sj Directs eng-
back up the

"neer to

train

JJfl-/2> Is speed
N^ proceed?

Yes

Backs up the train

excessive or is it i nsafe to

o Release lose lever to slow 01 stop
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C-8 RUN TRAIN WITH BACK-UP HOSE

1.> Is hose connected and closed?

This is a go-no go decision. If the hose is not connected, the

glad-hands will fall apart. Visual inspection of the back-up hose leve

will indicate if it is open or closed.

2/> Is speed excessive or is it unsafe to proceed?

This is a complex decision and depends on number aspects of the

situation. Such things as the track conditions, switch alignments,

obstructions, intended objective of mission, distance to intended

destination, etc. Experience is a prime detsrminant of performance.

oV '

•.i
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D-l HERD TRAIN INTO YARD

After the train is given clearance to enter the yard and has been

assigned a track number, the front brakeman may be required to walk

ahead of the train and align switches to direct the train to the proper

location in the yard. This may be by the yard crew, however.

The head brakeman dismounts from the train, runs ahead, and deter

mines if he has enough time to throw the switch before the train arrives.

If he does, the switch is thrown and he mounts the train as it passes.

If he does not have enough time, he signals the engineer to stop.

The brakeman must know the layout and track numbers of the yard.

This is learned through experience. The task of herding can be

hazardous. When mounting or dismounting a moving train, there is

always a danger of falling, twisting an ankle, or straining the back.

Also there is frequently danger from both stationary and moving

cars on adjacent tracks.
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D-l Herd Train Into Yard Operational Sequence
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D-l HERD TRAIN INTO YARD

1.^> Is switch in proper alignment?

This requires knowledge of switches and their alignment. Brakeman

must compare the desired alignment, based on intended direction of

train, with the actual alignment. The intended direction requires

knowledge of the yard layout and final destination for the train.

2i) Can switch be safely thrown before locomotive arrives?

This requires the brakeman to estimate the time of the arrival of

the train and the time required to throw the switch. A miscalculation

might result in the train entering the wrong track or being derailed.

3/> Has final location been reached?

The brakeman must remember the track number designated by the

yard master. This is matched against his cognitive map of the yard.
i

Many yards do not number the tracks or supply maps. The cognitive

map is acquired through experience.
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D-2 SUBMIT TRAIN DOCUMENTS

At the termination of an operation, the conductor submits all train

documents and forms filled out during the trip. Appendix B illustrates

the most common forms filled out by the conductor and submitted during

or at the termination of the trip. Different documents go to different

yard personnel. The specific person receiving the various forms varies

from company to company.

If the train is a through freight, the documents are left on board

for the next crew.

r
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D-2 Submit Train Documents

External

Source

Required
forms.

♦

-. *

Conductor

Operational Sequence

V Memory of what forms
are required.

Inspect forms.

Have all required forms
been completed?

6 No

Yes [^\ Complete required
V_X forms.

Yes /AAre forms to be left on train?

No

O

Take forms to proper persons.

Submit forms.
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D-2 SUBMIT TRAIN DOCUMENTS

1.y Have all required forms been completed?

This requires the conductor to know from memory what forms were

required to be filled out based on the events of the mission. Company

rules and regulations are the primary source of information.

2.> Are forms to be left on train?

If the train is to continue with a new crew, the documents are lefi

on board. Whether the train will continue is indicated in the time

table, but is also known from experience.

i* ••
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E-l COPE WITH DERAILMENTS

In the event of a derailment the engineer is signalled to stop

the train. The conductor notifies the dispatcher of the situation.

The brakemen provide protection for the train. Fusees and/or torpedoes

may be dropped at various distances from the train. The extent of

damage is surveyed. If possible and safe, the crew will attempt to

rerail the train using a rerailing device. The rerailer is attached

to the track and spiked to the tie. The engineer is signalled to move

the train. If the rerail was successful, it is removed from the track.

If the rerail was unsuccessful, the process can be repeated. It is

possible tha-t in attempting to rerail a car, the car wheel will wedge

between the rerailer and rail causing the rerailer to break loose and

shoot out.from the rail, creating a safety hazard.

If it is decided that rerailing would be impractical or unsafe,

the crew would wait for assistance to arrive. The brakeman would

protect the train and adjacent track and the conductor would contact

the dispatcher.
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Ii-1 Cope with Derailment

No

() Attach rerailing device to rail

(Spike to t

2 > "as rerail successful?

Yes

\Remove spi
'dovice fron

kc and remove

rail.

152

Operational Sequence

DisciJss

S_) and, if
dispatc
action.

0 Signal enbineer to
move and >top.

Discussion

continues

intermittently
throughout
emergency.

with crew member

Necessary, the
er on course of



E-1 COPE WITH DERAILMENTS

l.> Course of action?

This is a joint decision made by the crew based on the extent of

damage and severity of derailment.. The number of cars derailed and

the distance the wheels have traveled from the rail must be considered.

The available tools and outside assistance are critical. The experiences

the crew has had in similar situations is a major determinant of the

decision choice.

2/> Was rerail successful?

This requires a go-no go decision regarding whether the wheel has

returned to the track.

. !•

•»
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E-2 COPE WITH RUNAWAYS

Coping with runaway cars requires split second action. Upon

realizing that a runaway car exists, his first responsibility is to

alert other personnel in the area. This is done by yelling. Depending

on the situation, the crew member may attempt to derail the car by

throwing an obstruction onto the track, align a switch to divert the

car, open the angle cock as the car rolls by causing the brakes to

engage or run for safety. Conceivably the crew member could mount

the car and apply the emergency brake but many companies forbid such

action. The dispatcher or yard master is notified of the situation.

Flag protection is provided by the crew member.

« '-

i
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E-2 Cppe with Runaways

External

Source Crew Member

Other Per
sonnel in

Arpfl

Runaway
car.

Place obstruction
on track tc
derail.

m)

6

Run for
safety

4>

6

What action i:
to divert the

6A,ign

)0pe i angle

Provide flag [
(see Task C-4

O

. ,No

feasible ar
runaway?

switch to dl

cock

rotection
step 1)

t<\ NQtify dispatcher or yan
raster
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Dispatcher
or Yard
Master

Notification o1
runaway.
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runaway

d safe

vert car.

<D



E-2 COPE WITH RUNAWAYS

l.)> What action is feasible and safe to divert the runaway?

This often requires split second decision making. Consideration

must be given to what courses of action are available and the

probable consequences of each. Personality variables, such as

risk taking, impulsivity, tolerance for stress and self-image

probably play a significant role in determining the course of

action taken.

r

., *
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E-3 COPE WITH HOT JOURNAL CONDITION

The crew member becomes aware of a hot journal condition, either

by direct observation of smoke and fire from a wheel or being

notified by a passing train or the dispatcher who observed a "hot

box" on his hot box indicator (a device mounted near the track which

senses heat and radios an alert to the dispatcher). In all cases,

the engineer is notified to stop. The brakeman provides protection

for the train and the dispatcher is notified by the conductor. The

hot journal box is coated by inspecting each box for charring,

fire, heat, or smoke. The fire is extinguished with a fire

extinguisher or by throwing dirt in the box. The packing is removed

and the car is set out as a bad order. i%

Sometimes the fire is believed to be out when the car is set

out but a hot ember can ignite the entire car and the fire will

burn unattended. It is important that the crew member puts out

the fire and cools any embers that may exist.
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E-3 Cope with Hot Journal Condition

External Source

Fire, snoke
charring, signal
fron passing
train, etc.

$-

Snoke, fire,
charring, heat.

$•

Operator

Protect Train

raj>

Walk to locate

hot journal.

•Tj Extinguish fi)

Radio

•0-

6 Remove all the packing.

Q -0-

H&-

Engineer

Operational Sequence

Dispatcher

box

notecj
on

hot

box
dete

gj Notify engineer
of con ition.

o Stop t ain.

{SJ Notify engineer.

6 Set out as bad order (See Task C S)

<*> •0—^

161

*K0
Notify dispatcher
and discuss
course of action.
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E-4 RESPOND TO LOCOMOTIVE ALARM BELL

Although trouble shooting and repairing the locomotive is the

assigned responsibility of the engineer, the engineer often directs

the head brakeman to trouble shoot the difficulty. Warning bells are

installed on locomotives which activate if certain malfunctions occur.

The brakeman will confer with the engineer throughout the trouble

shooting and repair. If the problem cannot be corrected, the conductor

is notified and the consequences of the malfunction are discussed. The

dispatcher will be contacted if any change in the operation plan has

to be made.
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B-4 Respond to Locomotive Alarm Bell Operational Sequence

External Source

Alarm

bell.

Front Brakeman Engineer Radio Conductor

•O

0
Directive to troubleshoot.^Dil

••" spect warning lights.

L/ Walk to problem locomotive.

Inspoct for difficulty

T
O

alk back to en jincer.

^KO

i

Discuss situation

0 -/s~j Direct vc to make minor repairs.

( j Make minor rcpa

6 €K0
lived?Was difficulty s

Yes

No

<•>
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Discuss consequcn
and future course

-0—1^>

e of action

of action.

Discuss with

conductor

implications
of difficulty.



E-4 RESPOND TO LOCOMOTIVE ALARM BELL

O Was difficulty solved?

The engineer will usually make this decision if it involves the

operating characteristics of the train (e.g., loss of power in one

locomotive). The brakeman can often get visual or auditory cues

indicating whether the malfunction has been corrected.

f

»
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1

E-5 SECURE LOOSE CARGO

Upon realization that a loose cargo situation exists, the engineer

is directed to stop the train, and the conductor is notified of

the situation. The conductor directs the rear brakeman to provide

protection for the train. The conductor notifies dispatcher of

delay.

A crew member walks back to the loose cargo and determines if it is

possible to secure it. If so, it is secured. If it cannot be secured,

the dispatcher is notified and the car is set out as a bad order.

*
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H-5 Secure Loose Cargo Operational Sequence

i
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E-5 SECURE LOOSE CARGO

O Is cargo safe to move?

This is a subjective decision. Consideration must be given to the

distance to the destination and the type of trip anticipated (i.e.,

bumpiness, grade, number, and severity of curves). The crew member

may climb aboard the car to check the load or just visually inspect

it from the ground. Knowledge gained from experience and mechanical

aptitude may play a part in the decision process.

2/> Can cargo be secured?

Consideration must be given to the tools and securing materials

available. Experience and mechanical aptitude play a part in delineating

and evaluating possible securing procedures.

v
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'

E-6 COPE WITH PERSONNEL INJURIES

First aid is administered to the victim if it is judged necessary

and safe to do so. The conductor fills out an accident report and

notifies the dispatcher of the injury. If additional medical care is

required, assistance will be requested through the dispatcher or the

victim will be transported on the train.
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E-6 WRITE ACCIDENT/INJURY REPORT

The conductor must know relevant company rules and regulations.
Amajor factor involved in the decision is the extent of the injury or
severity of the accident.

r-
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I

E-7 COPE WITH FIRE EMERGENCY

Fire emergencies are relatively rare. The most common are hot boxes

and engine fires. The only real firefighting equipment on board is

extinguishers in both the engine and caboose. When the fire is controll

or burns out, the dispatcher is notified. An accident form is filled

out. If the car is set out, a bad order and defective car report are

required. Examples of these forms are contained in Appendix B.
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E-7 Cope with fire emergency

External
Source

Evidence
)r notice
)f fire

Operational Sequence

Crew Member Conductor

No

Q
Run to locati >n of fire,

No V\ Is it safe to

—<y

O

extinguisher?

Yes

use

Operate extin
or throw dirt
f1ames

juisher
on

Inspect

Fire out?

Yes

£>Notify crew menbers
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E-7 COPE WITH FIRE EMERGENCY

1^> Is it safe to use extinguisher?
The crew member must consider the extent and type of fire and how

close he must come to the fire to be effective. The type of fire is

ascertained by visual observation or from previous experience with fires

of the sort encountered. Knowledge of the type of fires for which the

extinguisher is designed is required also.

2?) Fire out?

The principal cues used to detect the presence of fire are visual
observations of flames and/or burning embers. Often it is difficult

to detect enters with the presence of smoke. It is critical that the

fire is entirely extinguished or it may ignite after personnel have

left the scene and burn unchecked.
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F-l OPERATE RADIO/TELEPHONE

The crew member perceives a need to use the radio/telephone, he

picks up the receiver, selects the proper channel and volume level,

and initiates conversation. He must observe FCC, state and company

communication rules. When the conversation is complete, the receiver

is hung on its cradle.
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F-1 Operate Radio/Telephone

Crew Member

Knowledge of FCC
regulations

No

No

Need for communication?

jX No

Yes

(J Pick up receiver.

6 Select channel.

(If more than one is available.)

„ » Call or answer

identifying self.

2y Is it the correct party?

jYes

'3SIS volume properly set?
N° ,

( ,~\ Adjust volume knob.

s /Discussion

4 N Is communication complete?

Yes

Hang up receiver.
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F-1 OPERATE RADIO/TELEPHONE

1y Need for communication?

Either the crew member will initiate the communication or respond

to a call. The latter situation is an extension of Task A-8. In

the former case, the particular situation would demand the use of

radio/telephone, or another crew member would direct him to use the

radio/telephone. There is rarely any ambiguity involved in this

situation.

2/> Is it the correct party?

The operator matches the information received concerning the

party reached with the stored information of the party desired.

3^> Is volume properly set?
This is a matter of personal preference.

4^)> Is communication complete?
This will depend on the content of the conversation and intent of

the parties. It is a non-critical decision because communication can

be re-established if prematurely ended.
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F-2 OPERATE WAYSIDE TELEPHONE

The operation of the wayside telephone is essentially the same as

the operation of the radio/telephone (Task F-1) except there are no

channel or volume controls.
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hH!

F-2 Operate Wayside Telephone

External
Source

Signal light
on phone.

V

$•

Knowledge that
must be initiat

184

Crew Member

ommunication
d

No

Operational Sequence

Walk to phone.

Pick up
receiver.

Identify self.

•J

S ^Conversation

Is communi
cation complete]

Yes

Hang up
receiver.



I

F-2 OPERATE WAYSIDE TELEPHONE

1./ Is communication complete?

See Task F-1, decision 4.

r
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2. SUMMARY AND RECOMMENDATIONS

From observing the operation of a train crew, it is obvious that

each man can and does assist in the operation of all tasks. Brakemen

fill in for conductors and vice-versa to expedite the safe movement of

the train. Although the difficulty level of each task is not high, the

total difficulty of the job is greater than the average difficulty of

the individual tasks. Operations to set out or pick up cars represent

the more difficult and involved tasks required. When not engaged in

this activity, the crewman's primary task is monitoring the radio,

track conditions, conditions of passing trains and conditions of the

crew members' train.

The jobs require a moderate degree of mental ability, spatial

relations ability, physical agility and endurance. „

The following recommendations include some not related to the

primary purpose of the study, but which were inspired as a result

of the observations and interviews conducted during this project. The

order is not meant to imply priority. Assigning priorities to the

list would require information beyond the scope of this project. Each

recommendation is listed and discussed briefly.

1. Develop more reliable radio equipment.

It is not unusual for the train radio to fail intermittently. De

prived of the primary source of communication, it is difficult to

coordinate actions at the front and rear of the train or between the

train and dispatcher. Possibly vibration proofing could improve

performance.
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2. Supply hand-held walkie-talkie radios

This would improve the efficiency of the operation and would

eliminate the need to relay signals around bends during switching

operations. It is recommended that the radios be equipped with a signal

which tells the receiver that his radio is in contact with the sender

even if the sender is not speaking. In this way, if during a coupling

operation, for example, the engineer loses contact with the crew member

he would stop the train.

3. Investigate better crew scheduling procedures

Crews are called on an "as needed" basis. What frequently occurs is

that crew members work with little sleep. For example, a crew member

gets home at 4PM thinking that he will not be called out again until

the following day. He spends the remainder of the day with his family

and perhaps goes to bed at 11PM. He may be called at 1AM to go out

with only two hours sleep! This type of situation is not

uncommon and was witnessed several times during the trips taken for

this project. No doubt, working in a physically demanding task such

as required of brakemen and conductors with little sleep is an invitation

to an accident.

Study should be conducted to develop and determine the feasibility

of using computers to assign crews to trains so that a crew member can

know his schedule several days in advance.
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4. Human Factors: The Placement, Coding, and Operation of the Various
Angle Cocks Located on Cars " "

Presently, brake line angle cocks, piston bleeding valves,

etc., are placed without much consideration for the crew member

who must inspect and operate them. Efforts have been made to relocate

hand brake wheels so that the crew member can operate the brake from

the ground. Similar efforts directed toward placement of other controls

on freight cars should be initiated.

5- Connect Air Hoses to the Car with a Chain or Similar Restraint

When cars are coupled, the air hoses whip around and can strike a

crew member if he is standing too close. It is recommended that the

air hoses be chained to the car to prevent them from whipping around.

A length of chain or similar restraint could be employed to allow proper

slack yet prevent an air hose from flying around or hitting the ground

should it disconnect while the train is operating. Some cars already

employ such a system. Its use should be extended to all air hose

connections.

6. Use Shatterproof Glass on Locomotive and Caboose

During the train trips we made, crews frequently mentioned the

hazard presented by juveniles throwing rocks at passing trains. Several

of the crew members we talked to had, themselves, been struck by flying

glass. There exist several "vandal proof" glass substitutes. It is

recommended that their use be mandated if necessary.
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7. Develop Orientation Training Package for New Railroad Employees

Presently, new employee training is on-the-job and somewhat

haphazard. Depending on specific circumstances a new employee may not

be told, warned, etc., about aspects of his job. A systematic

training program, maybe lasting a week or so, conducted by competent

trainers could be developed. Films, demonstrations, mock-ups, etc.,

could be employed to instruct employees on safety procedures, nomen-

clature, rules, etc.

8. Train On-The-Job Trainers

A new brakeman, working his way up through the seniority system,

will still require on-the-job training from the conductor in charge

of his train.' Unfortunately, conductors are not taught how to instruct

a new worker. This can be dangerous, inefficient, and lead to

frustration and dissatisfaction in the new worker. A training package,

perhaps one day in length, could be developed to instruct conductors

in the art of on-the-job training. Such things as how to present

instructions to the new worker, how to sequence work tasks, how to

feed back information to the new employee, how to recognize and correct

learning difficulties, etc.
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9. Develop Job Aids for the New Brakeman or Conductor

Many systems do not have pocket maps of their track and yards to

help orient a new employee. After orientation, such aids might also

improve the efficiency of the worker. Check lists might also be

valuable so that required operations are not forgotten.

10. Develop Programmed Instruction Books Covering Rule Books

A job candidate must pass a rules knowledge test before becoming a

conductor. Most candidates do not use efficient methods of study

and hence waste valuable time trying to memorize the rule book. A

professionally developed programmed text covering the rule book

would reduce study time and result in better performance on the

test with far less frustration to the worker.

11. Rewrite Standard Rule Books Including Operating Rules and Air Brake
Rules *

Although efforts have been made to simplify the rule books and

eliminate obsolete rules, much still can be done. Especially acute

is the need to improve sentence structure and word use. The reading

ease could be improved drastically, legal phraseology could be eliminate

and simple sentence structure could be instituted. One sentence of an

air brake manual concerned with when a particular test should be applied

contained 74 words and ran over six (6) lines of type.

12. Considerations Should Be Given for Establishing Minimum Cut-Offs
for Promotion to Brakeman or Conductor

Such things as job knowledge tests, other than just the rules of

the road, physical agility and stamina tests, etc., should be developed

and validated as selection tools to be used in conjunction with the

present seniority and bidding system.
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APPENDIX A. SELECTED TRAIN DOCUMENTS

We would like to thank the Atchison, Topeka, and Santa Fe Railway

Company for permitting the use of their forms in this report. Different
companies may alter the information requested on aparticular form,
may require additional forms not presented here, and may require that
the forms be delivered to different people. The purpose of this

appendix is only to illustrate examples of the more commonly used forms
filled out by the conductor relating to aparticular operation. Some
forms are required for all operations; others are used only if required.

'
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Delay Report (Santa Fe Form 827 Standard)

Required for each trip. Conductor fills out a record of all delays,

including red blocks, switch time, tie up time, etc. Copies are

distributed to the time keeper at the terminal yard, telegraph operator,

train master, and the conductor himself.

m '
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GENERAL INSTRUCTIONS

1. This report shall bo rendered lor all Iroin employe! in rood service. I' will be prepared and
signed by tlie conductor, or in the absence of a conductor, by rlie ranking employe included on this
report. Conductors, trainmen, porter brakemen and chair cor attendant shall also use this form when
reporting individually. Reports shall be numbered consecutively (or each month beginning with No. I.

Conductor will render this report in duplicate to cover his entire trip, whether interdivisional or
otherwise, turning the original and duplicate in at their respective points lor handling according to
outstanding instructions. Conductors will not mail this report.

2. This report shall be doled as of the dote on which the employe first goes on duty.
3- Enter the train number or symbol and engines. Leave "Ticket Number" blank. Individual "Other

Employes" must show their oci
4. Where On and Off Duty Tii

station number on and i

5. Under "Remarks
is relieved before the completion of a trip, the name(s) of the employes being relieved will be shown.
If the whole or port of service is deadheading, the place ot which the deodheading began and ended
ond the train on which the employe deadheoded will be shown.

6. Miscellaneous Claims _ The prenumbered claims may be claimed by entering the number(s) in
appropriate column(s) opposite name of employe who is entitled to such cloim(s). Employes making
additional claims not prenumbered and shown in the "Miscellaneous Claims" ehort must enter number
"99" (Other) in the appropriate column opposite employes name ond explain details under "Remarks"
section.

7. Enter miles in the appropriate columns of "Kind of Service and Payment Cloi
tire trip.

8. Fill in "Details of Service" for eoch trip indicating the departure and arrival
9. Indicate the "Moximum No. of Cars" handled in your train during the trip.

10- In reporting delays the cause of each delay, the place ot which it occurred, the time it beg
nded shall be given. Delays due to different causes shall be shown separately.
.rs on Interdivisional runs will furnish on this form, delay information for each div

passed over, properly identifying same by filling in
each division at the final terminal of such division upon arrival thereat.

and code number in the appropriate blank column,
.wn, military time shall be given (0001 thru 2400). Show

off duty, total time on duty and actual miles run.
shall be shown any irregularities of the hours of duly. When a crew or employe

nd the I

Conduc

DELAY REPORT TroinNo Date

his forn

ecetsory headings, and file the delay report for

ned"

infori

All delo •ft mull ba shown ond divided between cauies

PLACE
DUBAIION Of DELAT FULL EXPLANATION OP CAUSE OP All DELATS

ill

TIME
BEGAN

l!l

TIME

ENDED
131

AMOUNT
14)

CAUSE IUS1 SYMBOLS BELOWI
151

H

.1

Time of Del;, mull be assigned lo at divided between the contributory covin, ond detigneled I
(Sec detailed instructions below).

IN DfSIGNATiNG IH1 CAUSE USl THE FOUOWING SYMIOlS:
O -Meeting or to be patted by fassengei Komi. Kt - Fuel ond wotei ond freightimm •
Oe- Meeting or to be potted by FieigM .taint, f-' - Switching nation height.
Fl - lood.ngond unloodingpot senge-s. baggage, moitond eipress. M • AM othe. detari.

lo) The total time ol eoch dels,
In coin where de-ay lime it ei

fied, such time should be anigned
mote symbolized comes, tveh «*th

mbolned coi

should be ehoiged ogointl the symbol which covtet the oddii
Ibf At oil slops of patsengef troint for meolt, eicen

contn'buiing couiet at provided for vndei Rule If).

(cl All nme of height tro-nt used lor meals should be otsigned to tymbol "Hs" (Fuel and wotei a
(dl When ctew pedormt slahon iwilching service ol Irointerminals underload pay hme, ihe delo|
tet Deloys otsigned to Symbol "M" mutt be teporoled between contributing couiei ond

oble to eoch couto thown lepaiotely.

SMCIF1C IHSHUCTIONS

should be accounted for.

clutively assignable lo a specific cov
under the oppropricte symbol. Where i

should be divided eguolly omong the
set ond one ol them leqviret mere l>i

is represented by
y *..— r it devoted conevnently
.hbuhng causes. Where the d
hon the othti ot others, the ci

onol deloy os well os its proportion of the conevnent time,
delay over the tegular meol lime, il ony, is lo be chorged lo Ih

CONDUCTON

of the speci-

:horge-
lay time

»dfreight hoin meals),
time should be os signed to "S",

>l deloy chtwge-
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Wheel Report (Santa Fe Form 1318A Standard)

Used to report any cars picked up and kept or set out in route.

The information required is contained on the waybills. If cars are

initially on the train and are to be set out, they are listed on

the computer output wheel list given the conductor at the initial

terminal. The wheel report is given to the telegraph operator or

car desk at the terminal point.

i

•*
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WHEEL REPORT

2 3
> >

00 CO
o o

it

E

F

s

1

EFORE WRITING
lace this symbol (

*-•• in square

ddresses

hPft Nn

Santa Fe
Form 1318-A Standard

i

TRAIN

; ) i l l l • 1 10

ENS.

l J 1 1

I D

-" 1

T R

R

T

E

•

WO

I 1

•

i i

Tr TIME

1 J 1 1

R_ Mism mllntlln atralfht perpendicular columns Irom right hind side.
1 — Means mllnliln itullht perpendicular columns Irom Ull hind side.

Numbers uied wllh "R" and "I" Indicile number ol spaces in tKh column.
Milntiln marilns is Indicated below ind do not write acrou column lints.

Place in eich line
thii symbol — |

LINE
NO.

1 1 J

i

INITIAL

1 Z 1 4

NUMBER

1 S » 1 1 1

» L

Kind /

I 1 E

I

CONTENTS

111*1111

ONLINE
DEST.—ICT.

1 I 1 « 1

Rtt. at
let. Point

111!

•

Cross

) f 1

f

NET TAKEN
FROM

S 1 J I 1

IEFT
AT

i < 1 1 1

i

OFF LINE DESTINATION

1 : ) i J t l • 1 10 11 II 11 1<

P.P.S.I.

• IllArt 5°i

*

1

1
1
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Conductors Trip Record (Santa Fe Form 806 Standard)

This is part of the conductor's train book which he carries with
him. It is for the conductor's own record and serves as a notebook

for taking information which may later be transferred to a standard
form. The trip record is kept by the conductor and is not turned in

to the railroad.

!••••

.. *
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1 M

CONDUCTOR'S TRIP RECORD

MEMORANDUM OF PASSES

KIND no. ISSUED TO FROM TO

-

1
~

CASH FARES COLLECTIONS

FROM TO SLIP NO. AM'T CASH FABBB . . .

• CHIP r.nil . .

lOCAl TICBITS

INTCRLIHC " "
TICBITS HOKOBBO

T»T»L ....

TRIP PASSU..•_

TOTAL ....

•rpniTi if«t . .

arMITTA'B HMT

BCUABR B •

IRREGULARITIES:

U«« Ofhar Blank Spoca, It Naca«»Qfy.

Form 806 Slandord Sailta Fe

Train No.

Lad

CONDUCTOR'S TRIP RECORD

Data 19

19

Arrived ol M. 19

ENGINEMAN ENG. FROM TO

Firaman CCA. T.B.Mon.

"

"

"

Brakaman

»

"
»

» •• Portae

Pullr*"1. Cond. Poital Clark

CAR RECORD.

INIT. NUMBER KIND | FROM TO
!

'

...—— "•

•
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Bad Order Form (Santa Fe Form 1571 Standard)

This report is filled out when any car is damaged. Even if the

car has been repaired and is being moved to its intended destination

a report must be filled out. Some of the information requested on

the form is contained on the waybills. The form is given to the tele

graph operator at the destination point.

i
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Form 1571 Std.

SANTA FE

WIRE report of cars set out bad order

or Repaired Enrotitc

Leave duplicate copy of lhin report with waybill

Trainmaster.

Chief Dispatcher

Car Foreman

AGM Mechanical

Data Correction Topeka.

Agent

A. Train, Time, date, location set out

B. Car initial and number
(include vans and containers on flat car)

C. Origin & Consignor

D. Contents

E. Destination & Consignee

F. Nature of defect & repairs made

G. If hot box. north or south side

H. Box number

I. Packing date

J. Manufacturer of Lubricator

K. Size of Journal or Bearing

L. Make of Journal Stops

M. Manufacturer of Roller Bearing .

N. Can wheel truck get to car to change wheels

Location Filed and Date

Address to Divn.
Headquarters

(At end of your run)
Third copy

. (To|«"ka. Amarillo, L. A.)

(when car set out bad order)

(Where Waybill Left)

O. Conductor or Agent

This rcjiort to be made out on all cais set out, or repaired enroute. When rai set out bad order in yard, Agent will com
plete section A thru F. Make this form in triplicate. Original to communication office, attach copy to waybill and copy
to Car Foreman.

CondiXfCfj will thow oil entling defect! thot mc« require attention, luch at b'oken counter, or po'li. broke Deomt. Hoi wheeli. or defecti** or evoke opDlioncei,
•te. All port j removed Irom cor* between terminoti mult be taken to terminal notion c^d turned over to Inipector. A & I end. ol a cor ore determined by loeo-
lion ol broke Itoll which il on B end. On cart, equipped with two brake Itolll. Ilencillma on cor will go.em Bo.el ore numbered Ol lollowli Beginning o' B end
of cor. bo.ei on right tide ore numbered Bl. 82. B3 ond 81; on left tide. II, 12. 13 ond 14. Thui bo«e» 11 ond 81 would be on ouilide o.le I end ol cor. All in
formation colled for mull be ihown.
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Defective Car Report (Santa Fe Form 1523 Standard)

Must be filled out if a car needs or needed repair. Even.if the car

was repaired by the crew, the form must be filled out. The form is

given to the car inspector and train master afthe terminal point.

I-

i
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Blind siding report (Santa Fe Form 63)

If a car is picked up or set out at a siding at which no agent is

present (blind siding), this report must-be filled out and delivered

to the agency office having jurisdiction over the blind siding.

•

... *
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BLIND SIDING REPORT

CARS CHECKED

Conductoe.

Troin No

Siding .

Blotk Oirl line Nol Used.

•From Moving Train
Actual Inspection

•East

•West Dole.

Time,

.19

.P.M.

1 J K 1 M N 0

Imltol 5<il Out No I'tcled Up No On Hond No Kind Contents 5»m

Agenls receiving these reports Irons conductors will retoin and (ile the Original ond
mail the Triplicate lo Agent next beyond Siding for his guidance and file. Superintendent
will advise wholdisposition tomake ofDuplicate.

DAILY NON-AGENCY REPORT
PCDB FOBM 63

204



Accident Report Fnrm (Santa Fe Form 810 Standard)

This report must be filled out for any kind of accident involving
property, people or the train. The form is delivered at the first
available point of communication.

v
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Ponn 810 Etand&nJ

Santa Fe
TELEGRAPHIC REPORT OF ACCIDENT

Statu..-,

To ACCIDENT.

1. Train

2. Place

. Direction . . Conductor . _ Englncman .

.Speed

3. No. of loads in train _

i. Nature and cause of accident.

Time.

. No. Empties ,

.Date.

No. Tons.

5. Did accident occuf slatting, stopping oi when running?.

6. Is car defective?. ,. If io, explain details .

. Engine Units .

7. Is main track obstructed?. . How long lake to clear track? .

8. What Is position In train of damaged cars?.

1

See othe: aide fot further ,„,„,
matlon requited, cue of high
w«y or street crossing »cei0,nt

19

9. Equipment damaged and detailed:

INITIALS NUMBER CONTENTS DESTINATION TO WHAT EXTENT DAMAGED

t
1

1 *
1

i(

«

10. Were there any petsons injufed ot killed? If so, give* iholt names, addressen and occupation, extent of Injury and disposition. State

whethet erncloye, passenger rr ttespasset. Furnish name, title and location c*. •-'•^Bt'rra'InP officers. SUte in whose care body left

ot location io which trmoved and bv »hnn

11. Name and position of crew members

12. How long delayed' . Further particulars »nc snggeitlons?-.

Conductors, Englnemen and/ot Engine Fotemen ant! others making :i'..r,::s of accidents by telegraph will use tnls form In every case.

Be careful to aniiwer all ouestlons nnted above).

In Mansmlttlng tcpott, operators will give MUMBERS and ANSWERS 0. questions ONLY.
When received on printer, report will be transfetted to fofm 810 Special, oage I and oage 2.

Conductors -v!M 'ceep a siicil" of tnese blanks and a supp'.v o' am* will also be ::ept at all lt»leJ7«,oh stations.
Agents and opetatota must send this report promptly by telegraph, and the receiving operatot must deliver without delay.

206



fooa 810 Staaoani

13. Name and address of driver of vehicle?.

Names and addresses of occupants? —

14. Lloense number, make and kind of vehicle?

15. Estimated speed of vehicle ,

16. Did vehicle approach from right ot left side?
17. Extent of damage to vehicle?

18. Did train sttlke vehicle or vehicle strike train?.
If the latter, state whete struck

19. Was view obstructed lot drivet?

20. If obstructed, stalehow obstructed ,
21. Straight track ot curve? _

23. Was whlsllo sounded'.
. Was engine bell ringing? -

23. What effort made to stop -hen It -a. s«n collision =..vold.ble?

24. How btakes applied?

;;: z^z*~-»-*-»~»~ —- --,,e -pi-feet loc,uo°-
26. Kind of crossing p,..-ctlo-. "C.os.lng sip" - "Hashing Light" - "Wig »««"-**• •
27. If other than "Crossing sign", was It working?
28. Distsnc. of train fro. crossing -he. vehicle o. person flt.t ob.erved _
29. la case of switching movement, -as crossing protected?

State -here each membe. ofce- stationed at time of accident

30. For persons -Itnesslng accident sho- lnforrastlon below:

Slgnatute .
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Work Train Report (Santa Fe Fonn 957 Standard)

This is used if the train was involved in track and right-of-way

maintenance. For example, if the train handled ballast cars, wrecker

equipment cars, rail cars, etc. It is important to distinguish run

;

time, work time, meal time, and idle time.

|

j •

• i

1

••

; 1'
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Holl-7.72-75M

DIVISION.

ENGINEER.

foim 957 Std.

WORK TRAIN REPORT

CONDUCTOR.

CALLED TIME

TIED UP TIME

M DATE—

M DATE_ 19

•— • •' 1- 1 IwocWofk
mow

TIMl
DlfABUO

TO
TIMl

ABBIVIO
DISCBIPTIOH OFWOBB ItBfCBMlD llri. Mia,

urainf •

It or w Mi.

M M

M M

M M

M M

M M

M M

•RUHNINC TIMl ANDW0«« TIMl Mil! B! SlfABAIlD. SHOW -«• " "W".
it nt fit '.iryicis USL

FOR AUDITOR'S USE

AIM
Cod*

function
Cod.

O

|

AgtSor.tr

No. tr

ImcM
Do>o

Amovnf

M. loc. Accl.
AcHv

Hy u

r

Tons
=

HOVCHCNT OF CARS 01110 AM

U.
«r

Mir

BlIUBHIHO

(BOW TO OAU
COHTlNTi letM

Al
linn

Bn

T

Co.

Ifti.i-a

i
••'.•••- > .' '•'/ •

2

'1 • ' f ' ' , • ••• • )ll«

•; ! ' , 1. '.

Hi *.• I.fl ... i >**•

3 '

3

. '*••
- " If .fl'l

—

r7T
.'..-,

•1

•

m* 1 1 ,«•' Mi "• ... 1 ''I''1 s.l ' '

-* :v ii.. ' IT"

"' j
1

5

r ,;t, ••'

6
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15

Tie Up Sheet (Santa Fe Form 830 Standard)

This form is filled out at the terminal point crew dispatcher's

office. It is not used in all parts of the system. Often the informat

is collected from the conductor and the crew dispatcher fills out the

form himself.

*

J
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Blue Form (Santa Fe Form 1468 Standard)

1 Th1S iS af0m put out b* th* dispatcher to the train crew notifyin
j I them of any movement of cars of excessive width or height ("high-wides"

1 that may 3ffeCt thei> oration. This will include high-wides on their
1 tra1il 3nd any train the* ma* P»»i. In addition, the form is used to

i I notify the train crew of any unusual conditions such as track repair,
1 etc. The form is not passed on to anyone by the crew members. It

is for their reference only.

r* •-

,i

»

V

•
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Form 1468 Std. hoII-o-ts-mm

Santa Fe

NOTICE OF THE MOVEMENT OF CARS OF EXCESS
WIDTH OR HEIGHT

TO C&E

AT

EXTRA

1_19.

..LEAVING

. CARSOF EXCESS
ABOUT — M HAS "
MEMBERS OE CREW ARE PROHIBITED EROM RIDING ON SUCH CARS ACCOUNT
OF INSUFFICIENT CLEARANCE.

(Trainmaster)
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1.

4.

Applied Science Associates. Handbook for Development of Advanced
Job Performance Aids (JPA) in Accordance with MIL-J-83302 (USAF).
Valencia, Pa.: Applied Science Associates, January 1971.

This handbook provides guidance in the development of advanced
Job Performance Aids (JPA) in accordance with MIL-J-83302(USAF).
The handbook covers Task Analysis, Proceduralized Troubleshooting
Aids, Development of Troubleshooting Decision Aids, Translation
of JPA into Vietnamese, and Preparation of Practice Exercises.

Ardon, V. The elemental time monitor—A trial marriage between
electronics and work measurement. Journal of Industrial Engineering,
1968, 19, 342-347.

Describes the development and use of the elemental time monitor--
a device used to aid time and motion analysis.

Army School of Instructional Technology. How to Conduct a Job
Analysis and Write a Job Specification. London: Ministry of
Defense, 1970.

This guide has been produced as the first part of a more detailed
investigation into the application of job analysis techniques in
the Army and has involved a survey of past and present projects
in the British Armed Services, in the US and Canadian Services,
and in industry. The aim is to outline methods of job analysis
and the writing of job specifications which can serve as a
guide to the non-expert.

Autonetics. Film Analysis Techniques for Methods and Measurements
Autonetics, Anaheim, California, March 1971 (AD 808-4?

basic

The report discusses techniques of film analysis that allow
thorough, accurate, and timely use to be made of methods and
measurement data gathered through this medium for both the
industrial engineer and the manager. Particular emphasis is
placed upon the novel technique of dual camera, syncronized
filming that provides complete viewing of electronic microscope
work stations.

5. Barnes, R. Motion and Time Study: Design and Measurement of Work.
John Wiley and Sons, New York 1968 (6th Edition).

Classic text on time and motion study.
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6. Bennett, C. A. Toward empirical, practicable, comprehensive
task taxonomy. Human Factors, 1971, 13, 229-235.

Considerable interest has developed in task taxonomy. Rational
approaches are too simple. Empirical classifications based on
performance will ultimately be forthcoming. A more readily
available technique is described and illustrated where judgments
of task verbs serve as data which are intercorrelated and factor-
analyzed. In the study, four broad task dimensions were found:
cognitive, social, procedural, and physical. Major problems in
task taxonomy include the use of job-oriented rather than worker-
oriented verbs and the inability to define the level of a task.
A well-developed task taxonomy would aid both system designers
and researchers on task performance.

7.

8.

Betke, R. L. Application of behavioral sciences to the practice
of Industrial Engineering, Journal of Industrial Engineering,
1967, 18, 293-298. ~~ *

This article describes an experiment in applying concepts of
behavioral science to the practice of Industrial Engineering
to implement a work measurement program. The purpose of
the program was to control manpower and reduce costs through
the analysis and measurement of the activities of 700 people
by using the appropriate engineering techniques such as MTM,
work sampling, and time study, with the understanding,that
human considerations can mean the difference between success
and failure. The Industrial Engineers were given training
to help them develop a behavioral science approach. Results
of the experiment showed that when the Industrial Engineer
understands and uses behavioral science concepts, the traditional
reactions to his efforts are changed, resulting in significant
benefits for this company.

Boling, R. A Model for Analyzing Systems Involving Sequential
Crews• Stanford University, September 1969 (AD 693-983).

A model is described which can be used to analyze the behavior
of sequential crew systems. Such systems consist of two or more
crews following one another in a fixed sequence with each crew
completing a particular task on a unit being constructed,
repaired, or serviced. The model is useful in those cases
where crew service times can be approximated by one of the
family of Erlang distributions. An analysis of the general
behavior of sequential crew systems is included.

216



9. Bongers, L. Factors Affecting Retrieval of Task-Time Data from
Human Store, UCLA School of Engineering and Applied Science,
August 1969, (AD 696-985)

A methodology for obtaining time estimates from human subjects
was developed which was consistent with current theory and the
empirical data. The methodology was tested on 20 subjects.
Subjects were asked to estimate task completion times based
on their total past experience and to assign a probability of
occurrence to each time value. The end products were probability
distributions of task completion times, which were then compared
with actual task time measurements made by methods and standards
personnel. Estimated times from when a 'learning curve' correction
was made. Some variables affecting human judgment of time duration
were investigated. The need for further research was discussed
and proposals were outlined.

10. Brumback, G. and Vincent, J. Factor Analysis of Work Performed^
Data for a Sample of Administrative, Professional, and Scientific
Positions, Personnel Psychology, 1970, 23, 101-107.

This article reports on a factor analysis of the work performed
by Conmission Corps Officers who occupy a wide range of admin
istrative, professional, and scientific positions in the United
States 'Public Health Service (USPHS). The findings from this
study will provide the framework for the eventual development
of a new officer performance rating instrument.

i

11. Burger, W., Knowles, W., Will feck, J. Validity of Expert Judgments
of Performance Time. Human Factors 1970, 12, 503-510.

An apparatus and a method for validating estimates of performance
time and reliability against empirical measures of human performance
time and reliability are described. Measures of performance
time were obtained on five tasks and were correlated with estimates
of performance times obtained from eight judges in a previous
study. Median observed and estimated performance times were
highly correlated (x = .98). Estimates of maximum performance
time corresponded to the 95th to 100th percentiles of the observed
distribution of performance time, but estimates of minimum
performance time were high and scattered over the lower percentiles.
The significant validity coefficient suggests the feasibility of
using estimates of performance time, at least for some simple_
tasks, in system-analytic models when empirical data are lacking
and are too expensive to obtain.
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12. Chowdry, B. G. and Christ, C. F. Sample Size in Stopwatch Time
Study. Journal of Industrial Engineering, 1968, 19, 434-439.

The object of this research is to compare two methods for
estimating the number of observations required for determination
of normal time; the Barnes1 method and Krick's method. A criterion
was developed for choosing betv/een the two methods based on which
method would result in a normal time closer to the true normal
time.

13. Christensen, J. M. Arctic Aerial Navigation: A Method for the
Analysis of Complex Activities and Its Application to the Job
of the Arctic Aerial Navigator. Mechanical Engineering, 1949,
71, 11-16.

This report describes a method employed in gathering activity
data under rather unusual and difficult circumstances. The
chief merits of the method are simplicity and flexibility of
application. Data were acquired regarding the following:

(1) How often each item of equipment was used.

(2) The amount of time required to obtain the information the
equipment was designed to supply. *

(3) The general sequence in which operations were performed and
equipment was used.

14. Christensen, J. M. A Sampling Technique for Use in Activity
Analysis. Personnel Psychology 1950, 3, 361-368.

Employment of sampling principles offered a simple, inexpensive
and flexible approach to the job analysis type of problem. The
technique has been used successfully in operational situations
in the United States Air Force. The technique yielded data from
which was inferred: (a) the frequency with which specified
activity elements occur, (b) the proportion of total time de
voted to each activity element, and (c) the sequence of activities.
The analysis and interpretation of such data make possible
reconmendations regarding equipment design and development,
workplace layout, the duties of crew members, and manninq require
ments.

15. Christian, R. W. Work Measurement Today. Factory 1963, 121, 123-8.

Survey of improvements in time study and work sampling at various
companies; specific developments announced by leading consultants
in industrial work measurement.
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16.

17.

»

19.

DeGreene, K. Systems Psychology, McGraw-Hill: New York, 1970,
page 108-112.

Presents an overview of task analysis; definition, conducting a
task analysis and task demands analysis.

DeJong, J. R. The Contribution of Ergonomics to Work Study.
Ergonomics 1967, 10, 579-588.

In the course of this work study has come to concern itself more
and more intensively with all kinds of work systems and, after
the one-sided stress placed initially on motion study and work
measurement, has gradually given an increasing measure of
attention to all systems elements. As is evident, among other
things, from the textbooks on work study, training course syllabi
and examination requirements, interest in ergonomics has shown a
marked increase of recent years. Considering the desirability
of giving ergonomics the widest possible application, it is
recommended that this subject be included in all work study
training courses, with particular emphasis not so much on the
imparting of knowledge, as on effective ways of putting it into
practice and on the use that can be made of ergonomics data.

Dickmann, R. The Use of Functional Job Analysis as an Aid to
Personnel, Washington, D. C. American Personnel and Guidance
Association, January 1969.

Functional Job Analysis (FJA) is based on the premise that every
job requires a worker to function in relation to Things, Data
and People (factors) in varying degrees. A level is determined
for each of the three areas for each worker function. A measure
of emphasis was developed by assigning percentages to weight each
factor. The level at which a worker functions in relationship
with Things, Data and People together with the weights form a
functional profile. Highlights of the use of FJA include: (1)
inexperienced analysts can determine correct functional levels
and weights easily, and (2) a performance appraisal instrument
can be developed so ratings are made in direct relationship to
functional profiles.

Dumas, N. and Muthard, J. Job Analysis Method for Health-
Related Professions. Journal of Applied Psychology 1971, 55,
458-465.

A method for analyzing work of health personnel was devised and
applied in a physical therapy service. Procedures for developing
the special language for describing the tasks performed by
physical therapists and methods for training observers to prepare
sequential reports of the ongoing work of staff are presented.
Observers were able to reliably report the detailed characteristics
of the tasks in a physical therapy service over an extended period
of time. Implications of the method are discussed.
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20. Farina, A. Development of a Taxonomy of Human Performance: A
Review of Descriptive Schemes for Human Task Behavior.
Pittsburgh, American Institute for Research, January, 1969.

This report reviews a number of schemes designed to describe
the human behaviors occurring during task performance. The
purpose of the review was to assess whether such schemes would
be useful in classifying tasks per se. Included in the review
were schemes which employed such conceptual units as functions,
abilities, and overt behaviors. In general, the available
schemes are hampered by one or more of several factors (a)
imprecise terms; (b) little measurement capability; (c) lack
of development of the scheme to a point where it may be readily
applied to real world tasks. The logic of describing tasks in
behavioral terms is examined with a final conclusion being
reached that tasks per se are more appropriately described in
terms of non-behavioral task characteristics.

21. Jeanneret, P. and McCormick, E. J. The Job Dimensions of "Worker
Oriented" Job Variables and of Their Attribute Profiles as Based"
on Data from the Position Analysis Questionnaire. Lafayette, Indiana,
Occupational Research Center, Purdue University, June 1969.

This study was designed to investigate the hypothesis that there
is some structure underlying the domain of human work, and that
this structure can be defined in terms of one or more sets of
job dimensions. The basic approach to the derivation of these
dimensions involved the characterization of the job activities
and work situations in behavioral or "worker-oriented" terms
usinga job analysis instrument known as the Position Analysis
Questionnaire (PAQ). Two major data sources were developed and
structured in terms of the behavioral job elements comprising
the PAQ. Three different multivariate procedures were used to
construct several sets of job dimensions. There were noticeable
similarities between all of the dimensions, and it was concluded
that there is a certain structure to the world of work that can
be identified. Implications for the use of such dimensions,
particularly in the synthetic validity context, are noted.

22. Jones, M. Hulbert, S., and Haase, R. ASurvey of the Literature
or Job Analysis of Technical Positions, Personnel Psychology, 1953,
jj i/j~iy4.

This paper presents a survey of the literature on job analysis of
technical positions. Atechnical position is defined as one which
is not of professional level, but which requires considerable
background of knowledge in a rather narrow area, and some know
ledge of general principles. Very little work has been published
dealing with these positions, but there is some indication that
they are more difficult to rate than are standard factory and office
*e f; a 1S c°n^uded tnat ™ther thorough study of technical positior
knoilpSelSS *£* considerable emphasis must be placed on skills &Knowledge rather than on supervisory factors.
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23.

24.

Mansoor, E. and Yadin, M. On the Problem of Assembly Line Balancing,
Israel Institute of Technology, Haifa, April 1969 (AD-692-127).

Assembly line balancing involves the sequencing
their assignment to work stations, according to
relations and the work content of each job, in
the maximum work content of the jobs which are
of the stations, that is, to minimize the so-ca
There are two approaches: one being to determi
cycle time for a given number of stations, and
to minimize the number of stations for a given

of jobs and
given precedence

order to minimize
assigned to each
lied 'cycle time1,
ne the optimal
the other, being
cycle time.

McCormick, E. J., Jeanneret, P., Mecham, R., AStudy of Job
Characteristics and Job Dimensions as Based on the Position
Analysis Questionnaire. Lafayette, Indiana: Occupational
Research Center, Purdue University, June 1969.

This is the final report of a research project relative to the
analysis of human work in terms of "worker oriented or behavioral
job elements. It was hypothesized that, across the spectrum of
jobs, there is some underlying "structure" of human work in terms
of the human behaviors involved. The project was directed toward
the identification of behavioral job elements and their organiza
tion into job dimensions, and the exploration of certain possible
practical applications of job data based on such job elements
or dimensions. Principal components analysis procedures were
used in the analyses of two types of data based on the PAQ.

These analyses resulted in the identification of reasonably
satisfying job dimensions, with some of the dimensions derived
from the two data sets having considerable congruence. Data
based on the PAQ were used experimentally in the prediction ot
wage and salary rates for a sample of jobs. In addition, the
PAQ was used as the basis for developing synthetically-derived
job requirements for a sample of 179 jobs. These were "tested
against" test data from the U. S. Employment Service for
corresponding jobs, with distinctly positive results; if data
based on a larger sample of jobs confirm the present indications,
it might then be possible to derive a statistical procedure for
developing job requirements for individual jobs from data based
on the Position Analysis Questionnaire (PAQ).
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25. McCormick, E. J., Jeanneret, P., Mecham, R., The Development
and Background of the Position Analysis Questionnaire.
Lafayette, Indiana, Occupational Research Center, Purdue
University, June 1969.

This report deals with the background and the development of
the Position Analysis Questionnaire (PAQ), which was used
as the basic job analysis instrument in the research program
covered by this contract. The PAQ (Form A) used in the
study includes 189 job elements of an essentially "worker-
oriented" nature, these elements generally characterizing
work activities of a behavioral nature (or that have strong
implications in behavioral terms), and elements that characterize
certain aspects of the context within which human work is performed
The job elements of the PAQ have been used as the basis for
deriving various sets of job dimensions, and for studies of an
exploratory nature that deal with the potential use of the PAQ
as the basis for developing synthetically-derived job attribute
requirements, and for job evaluation purposes. This particular
report describes the development of the PAQ, Form A, from earlier
job analysis instruments, and the more recent development of a
modified version of the PAQ, Form B.

26. Mcknight, J., Butler, P., and Behringer, R. An Analysis of Skill
Requirements for Operators of Amphibious Air Cushion Vehir-U lKr\i<r\
Alexandria, Virginia, HumRRO, November 1969.

This report describes the skills required in the operationof an
amphibious Air Cushion Vehicle (ACV) in Army tactical and
InTtnf !™SSTS: Tne research involved (a) an analysis of
?M !«c ^^.eristics, operating requirements, and environment,
IhL E8 a Slmu1atl0n experiment. The analysis indicates
that ACV operation is complicated by (a) an inherently slow
vehicle response in certain control dimensions, (b) a need for
complex control coordinations in performing certain necessary
maneuvers, and (c) the ACV's sensitivity to various aspects of
the natural and man-made environment.

27. Merrill, P. Task Analysis—An Information Processing ApproachAal-anaq7e' Florida: Florida State University, Tech Memo No. 27,

Several concepts and techniques used to design computer simulation
or human performance were used in developing an information
processing approach to task analysis. This new approach was
mSr Np^hTi-35^-1"^ Gagne'S hierarchical task analysismodel Neither hierarchical nor information processing analysis
would be sufficient for all types of tasks. Ahierarchical
analysis would be appropriate where lower ordered skills qenerate
positive transfer to higher level skills, while an information
,nhci:-iin9 analysis would be utilized where the output of one tasksubskill or operation is required as input for a succeeding operation.
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28.

29.

30.

31.

32.

Miller, R. B. Suggestions for Short Cuts in Task Analysis
Procedures. Pittsburgh: American Institute for Research,
December, 1954.

Moores, B. Ergonomics--or Work Study?
1972, 3, 147-154.

Applied Ergonomics

After reviewing the nature of the Ergonomics and Work Study
disciplines, the author discusses Performance Rating, which
provides a general target from particular performances, and
Compensating Relaxation Allowances, which indicate how much
rest is required. He quotes from studies on the efficacy
of ratings and allowances and discusses the variabilities
that can arise.

After examining progress in adopting physiological and psycho
logical measurements of work intensity to determining work
loads, he concludes by considering some of the present
relationships between Ergonomists and Work Study Officers,
and between them and managements and men.

Morgan, et al., Human Engineering Guide to Equipment Design.
McGraw-Hill, New York, 1963, page 3-13.

General introduction to system analysis. Presents various
modes of presenting task or system analysis data. Discussed
are functional analysis, decision analysis, activity analysis,
flow analysis, and job analysis.

Morsh, J. Job Analysis in the United States Air Force,
Personnel Psychology, 1964, 17, 7-17.

Describes the job analysis methods used in
indicating advantages and disadvantages of
their reliability and validity.

the Air Force,
each, as well as

Morsh, J. E. and Archer, W. B. Procedural Guide for Conducting
Occupational Surveys in the U. S. Air Force. Lackland AFB,
Texas: Personnel Research Laboratory, PRL-TR-67-11, September,
1967.

This procedural guide sets forth in detail the procedures for
collecting, organizing, analyzing, and reporting information
describing work performed by Air Force officers and airmen.
Specific steps in the application of the Air Force method of
job analysis are presented in chronological order. The guide
has been designed to (a) provide guidance to Air Force and other
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agencies who proposed to construct and administer job inventories,
(b) assemble information about the Air Force method of job
analysis which is now available only from scattered sources,
(c) indicate problems found in applying the Air Force method
and suggest possible solutions, (d) summarize hitherto unreported
experiences gained during occupational surveys, (e) acquaint
using agencies with the products of occupational surveys, and
(f) provide briefing material where summary information about
the Air Force method is required.

33. Mosel, J., Fine, S.,
Worker Requirements.
156-160

and Boling, J. The Scalability of Estimated
Journal Applied Psychology, 1960, 44,

Study investigated the extent to which estimated trait requirements
can be said to constitute a scalable domain in the sense proposed
by Guttman. That is, do such commonly used requirements as
verbal ability and motor speed represent undimensional attributes
on which jobs can be placed. Interest and personality requirements
had acceptable scalabilities, but only three of the 10 aptitude
requirements proved scalable.

34. Niebel, B. Motion and Time Study. Richard Irwin, Inc., Homewood,
Illinois, 1972, (5th Edition)

«.

Classic text on time and motion study. Describes the what,
how, and why of time and motion analysis.

35. Peters, D. L. The Scaling of Jobs and Job Tasks in Terms of
Selected Physical and Sensory Dimensions. AD-710-826.

The general purpose of the study was to provide information about
scaling techniques which could be used for rating work activities
or work behaviors. The initial phase was concerned with the
development of numerically anchored scales for use in rating
job tasks and job titles on certain physical and sensory dimensions
A later phase was devoted to the construction of job task
anchored scales, these scales incorporating previously scaled
job tasks as benchmarks to represent scale levels. In a final
phase, a comparison was made of the relative effectiveness of
the scales which had been constructed of job task anchored
benchmarks as opposed to scales based on numerically anchored
ones.
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36. Prien, E. and Ronan, W. Job Analysis: A Review of Research
Findings. Personnel Psychology 1971, 24, 371-396.

The scope of this review is not limited to the research literature
dealing with the definitions and measurement of work and of nec
essity touches some areas tangential and peripheral to the main
theme. As such, some of the literature in sociology and anthro
pology is related to the complete understanding of what
constitutes work in modern society. The review is organized
into sections covering the historical, cultural, and societal
etiological determinants of what constitute work. Second,
the methodological approaches to the analysis of jobs. Third,
job function taxonomies. The fourth section is concerned with
the results of research designed to define and analyze jobs in
contemporary industrial psychology. The final section, five,
is devoted to the delineation and examination of the various
applications of job analysis methods and results and the
questions remaining to be answered through continuing research.

37. Rigney, J. and Towne, D. Computer Techniques for Analyzing
the Microstructure of Serial-Action Work in Industry. Human Factors

. 1969, 11, 113-122.
'f

Three computer-based techniques for analyzing and simulating
serial action tasks are described. The first, called BETS,

, measured the efficiency, in terms of expected information, of
tests made by technicians who were troubleshooting. It computed
efficiency ratios for a technician's detailed time and motion
analyses from gross descriptions of serial action tasks and man-
machine interfaces and computed the time costs of these tasks.
The third technique incorporates a general model of the action-
goal structure of serial action work. This program, called
TASKSYM, can generate all alternative correct ways to accomplish
serial-action work and can track a subject through the performance
of this work. The model includes an anti-goal structure which
identifies action sequences leading to catastrophic error.

38. Singleton, W. T. Techniques for determining the causes of error.
Applied Ergonomics 1972, 3, 126-131.

After reviewing attempts to classify errors, emphasising the
distinction between causes, effects and remedies, also between
system and human problems, the author considers analytical
techniques. These include statistical, critical incident and
observation methods. Remedies proposed include better displays
and controls, improved monitoring of performance, and incentives.
The article concludes with some examples of error research in
forestry, keyboard operation, and control rooms.
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39. Smith, R. and Siegel, A.
the job of civil defense
1967, 51, 476-480.

Amultidimensional scaling analysis of
director. Journal of Applied Psychology

40.

41.

An examination was performed, through multidimensional analytic
scaling techniques, of the complex job of the Office of Civil
Defense (OCD) Director. Three bipolar factors emerged from
the subsequently factored matrix: (1) internal vs external
3fr^nn:ntenanCe' (2) r°Utine ^. emergency prograSK andGiLiS USe VS- reS0Urce evaluation. Afourth factor,

,nn!^fHemer9e?Cy SyTtem inte9ration, was less clear and
r^V'V5 concl"ded that multidimensional scalinganalysis is a practical approach for defining complex jobs Such

rac o^foun maPrhU SU5S?quen* ""^^nslonal measurement. The
directors * "' °r se1ection' training, etc. of OCD

Stevens, A. Activity Sampling or Buildino Sites,
btation, Watford, hngland, May 1969 (AD-692-586). Building Research

ro «hS n2£+r6 6fch,stat1?n has been using sampling techniquesJ.0 ™^tailed information on the labor expended on site K
rernrdfnn^Kj3"10^ cate?ories of ™rk. This involves up to 1000recordings being made daily with each recordinq containing
several pieces of information. To speed up the work of the
analysis the station has been developing the use of special -<
Aftfti0™! Wh^h Canube read dl>ectly int0 an °Ptical reader.tlZilI lnJ bnefly Wlth the Poetical aspects of the samplingtechnique this paper concentrates on the snags that occurred
when using these forms in the field and how information obtained
from the analysis and explains how this is presented by the computer
U.

D.

S.

C.
Department of Labor.epartment of Labor. Handbook for Analyzing Jobs. Washington,
Department of Labor, Manpower Administration, 1972.

Reference for conducting job analyses according to U. S. Department
ot Labor procedures. Discusses job analysis and its uses,
concepts, and principles in job analysis and details the procedure,
including standard form, for conducting ajob analysis study-
including a staffing schedule, organizational and process flow
charts and the narrative reports. Bulk of the report defines
Department of Labor terms and codes.
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42. U. S. Department of Labor. Task Analysis Inventories:
A Method for Collecting Job Information. Washington, D. C.
U. S. Department of Labor, Manpower Administration, 1973.

The inventories in this publication were developed in accordance
with the basic criteria established for the analysis of jobs,
as contained in the Handbook for Analyzing Jobs. They will
be used as supplementary aids to in-depth job studies and
will provide an abbreviated method for collecting job analysis
data in situations where complete job analyses are not required
or not feasible. They will also provide a tool for job data
collection by persons who are not trained in job analysis
techniques.

43. Zacks, S. Determination of Optimal Sample Size for Some Work
Measurement Procedures. International Journal of Production
Research 1962, 1(4), 43-53.

Work measurement procedures for estimation of Ratio-Delay and
Average Performance Time are reconsidered; statistical models
corresponding to these procedures are formulated in terms of
various sources of variation in work production systems; optimum
number of observations for each relevant time period, and
optimum number of time periods are derived in terms of sampling
cost, available budget and required confidence intervals for
estimates of characteristics being measured.
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