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PREFACE

The work summarized in this report was conducted hy tne Trans-
portation Systems Center (TSC) for the Federal Railroad Administra-
tion, Office of Research and Development. Lawrence Johnson and
Associates, Irnc. (LJA) perforned three experiments under contract
with TSC as a part of the study.

The authors gratefully acknowledge the contributions to this
report made by C. Burnette of TSC in reviewing litevature and by
J. Jenes, M, Lewis, and B, Shapiro of LJA in collecting and
analy:ing the experimental data.

iv



EXECUTIVE SUMMARY

introduction
Maintenance of engineer alertness in railroad operation has
long been recognized as a basic safety requirement. Therefore,

most lccomotive cabs contain one or more types of alertncss de-
vices. This study was aimed at summarizing the literature on

theories and experiments in human vigilarce in a form that could

be Lsed to evaluate curvent alerting devices and techniques and

to suggest ways of improving them.

Literature

The literature review revealed eighteen principles of alert:

ness and attention having potential applicabhility to problems of

e - B
aleortness in locomotive cahs. Tloere were still some unresolved

dué;13ons iegarding these problems so three experiments were per-

formed tuv provide more information.

The exprrimnts were conducted 1n a full-<cale, realistic

mochvun of a locomntave (abh that sinulated meving along straight

trach~ at S0 mph at uyusk. A subject placed In tue engineer’'s seat
was required to monitor the scene through *he front window, to
letect an coccasional signal comprised ot two Jdim lights, and to

{

respord to the signal andication hy pressing appropriate keys,
~

Py manipulating the «chedule >f signals, the experimenters

could lead 2he cubiect tu expect a signal different from the cne

presented.  Motivation was changed by introducing ~ewnrdes tor

Carrect responses jin oone exrociment,  Several secondarv saignails

and tiasks were superimpo.ed on the primary tash to determine their

effoéfivrﬁﬁ??_tq alerters an combatting the effects of loss of

attention dur to horcdom and fatigne,
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~ Geasures)
The subjects' key responses and such h:g:g;gs/as response de-

and bodily movcemernt were recorded and amalvzed. A total of l6nd

responses ivere recorded from 26 suhjects in i66.5 hours of testing.

Criteria for A'erting Systems

The information obtained from the literature and the experi-
ments generated the following criteria for evaluating alcrting

technigques for locomotive engineers.

An ideal alerting svstem will:

1. Provice one or more secondary tasks to occupv the engineer
during periods of low joh demand.

2. Require activity of the engineer at fairly regularly
spiaced 1ntervals., .
L
3. Provide perindic rest breaks for the engiicer.
4. Provide positive rewards for appropriate performance.
g —
5. CGive the enginerr fecdhack on how well the joh is bheing
e
Jone.
6. [Provide pramar- and scuondary signals that are conspicucas
7. Provile advance aarning_of imponaing <ignals or tasks.
8. Provide secondary signals and tasks *hat are related to
the primiry job and tiit focus attention on the require-
meénts of vhe primary joh.
7, Provide sccondary sagnals and tasks that w2.er interfere
with plLimary :J:_-n;l:J_BJ taskn.
These nine criteria were nscd to cvaiaate the ollawing
levicrs and technigques:
Preamatic font valve {"dead man™ jedal) .

Cycling pr o.omatic tunt valve
Flectropic alertnesc contrali
~ IPerindic acknowledgment Jdoviocs
Cah signaling

-—

vi
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matic train speed control

n
erzittent inductive automatic stop system
n

Signal matching.

Re.ommendations

The literaturec, the cxperiments, and the evaluation of devices

and technigyues led to the following recommendations tor those

sceking to improve alerting techniques currently in use or to

advance the state of the art in maintaining alertness in the

locemotive rab:

1.

Replace the pneumatic foot valve with so=e device that
requires acknuwledement  fram the cnpineer Juring periods
af anactivity and that accepts operation of train con-

trnls s acknowledpments,

Support development of a system tihat requires the engineer

to make ar entry that matches each traffic contrcl signal.

——ee

Support development of fechniques for giving an engincer

advance warning when appreacking o signal.
—— e ——————

“opnort research and development on wavs te inform the

crgtneer . the A curar ol responsec and fo reward good

v perfarmanee,
PUSERASE ALV LA

Meitise the rreceding ¢-iteria in evaiuatung new jeas

for improvang enganeer alertness,

Vet Ao beemeprs g the e ardag and analviis of
Moeran pt b depreal hehaviar tao determine when the state
A ovhoe o voowteed e te wairrant further evalua

tron foi alertayes  arplication:,
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1. INTRODUCTION

1.1  PHRPOSE

lhe purposc of this study was to evaluate current Jdevices and
technigues for maintaining ¢rew alertness in railroad iocometive
vahs and te provide criteria for the selection and imprevement of

such devices and technigues.

1.2 SCOPLH

This study was coanducted for the Office of Rescarch and
Neveicpment, Pederal Railroad Adminsitration (FRA), hv the Depart-
nent af Transnartation's Transportation Svstems Center (TSC),  TSC
reviewsd current alerting devices and the technical literature on
human alertness and vigilance,  Lawrence Johnsor and \ssociates
coanducted a series of vigilance experiments unlder contract to and

with the techaical direction of [SC.

1.5 KACKGROMAD

In respanse to reanirements of the Federal Railroad Safety
Vroal 1270, the TR b neen eonducting research on waiys tu ime-
pooave the satety of railroad aperations,  Train accidents are a
costly conseauence of safety prohiems, and some twenty to twenty -
five percent of traan accidents are presently ascribable to husan
crrar. fhere vere 2238 tran acoidents caused by Yhuman factors'
T G PRAL 19T, Causing b deaths . 192 injaries, and
Sor,ann adn o an Jamage<. lar the top preceding voars, the number
ol osuch o accndents was roaphly the seme, but anfiatien caused the

s ta adouble over the ame pergod, Theretfore, as a pare of its
b hopregt s the TR cammpssraqded [SC o investigiate scveral
Atedasoan rarlroad aperations where salety was particularly dependent
onocharweteristas < ot haman perlformance.  One such arsa involved

the alertness< of Iocamative ¢rew memhers,



The FPA statistical summaries Jdo not provide cnounl detavils
to itdentify accidents invalving alertness. llavever, two detaited
analvees of narriative reoports af serians tramn accidents have heen

o dA me W
mauad ot oo

Uil \noanalvais of 30 tra.. accidents showed that 5.

percent involved loss of alertness to some Jdegree on the part of
g

locomotive crew memhev:s, ar ! a supplementary analvsis of I3 addi-

tTana! crew-caused accidents vielded the same percentage. Related

ﬁT‘TKT:_:T?:;tinn al<o was the finding that in 14 (26 percent) of

the 53 acciJdents analvzed, responsihle crew members had false
cypectations ahout the cperatinnal situation ahead. One American
ri:lroad man states that vigilance is a great factor in the preven-
tion of train accidents (Stacheli, 1972, p. 361, Davis 1366)

interviewed 34 British drivers (enginecers) who had failed to

re<pond correctlsy to traffic control signals. Twonty-nine of the

drivers bhad made errors related to alertness, lj had <cen the sig-
e ———— .

nai too lats to stop, 5 had misread the signal, ¢ had read the
wrore s.pnal, and 4 had failed to see any signal at aill. \lth ugh

i* 13 not well defined, crew alertress can he 1dentified as a
grew a

jrroblem area.

1.0 ATPROACH

The approach to the probicw of alertness in the lecomotive cahk
imvolved four (fforts: probiem definition, literatiure review,
cstanhlishment of a rescarch facility, and pertormance o. a serics

of experiments,

Section 2 dJdefines the prol lem; Section 3 sumearizes princ nles
ol alertnesSs in the technical! literatur~:; Section 4 descrihes the

-

experiments; Section 5 presents a set of criteria lor evaluating
ilertress devices and techniques and rates devices currantly in

wee, and Section 5 offers recommendations drawn from the study,



2, PROBLEM DEFINITION

SS AND ATTLNTION

is a readiness to Jdetevt stimuli in the environ-

ment requiring a response and to react to them quicklv and appropri-

atelv. (The *erm "visilance"”, u synonvm for alertness, appears
:;—?roquentlv in roth railroad and psychological literaiure that
hath terms wil! be used interchangeably in thi« report). Our
senses are continuously hombarded with more stimuli than we can
possibly respond to: we survive hecause of an ability to select
aind respond tn sets of these stimuli that are critical to us in
some wayv, f{iltering oat all others. This IEEBiiBE_DIEEEEE_ij,

called Attention” \lertness, then, rcadies us to detect and

respond; atteation Jetermines what we will detect and respond to.

\ loss of dlertnes~, or a4 l!iversicn of attention, can result in a
farlure to dJdetect and respond tn c¢ritical events in the environ-

ment: in the locemative cab, th:s can he disastrous.

It is well known that alertness declines Jduring periods of
— e

little or no stimulatien -- if nothing much happens for a while,

we are ocooeht unprepare whoen something -loes occur.  \n unchanging
stimulus or repetition of (he same or similar st*muli will also
17duce a loss of aicrtness Our loss of responsiveness to continw-
ous or repetitive stimuli is called "adaptation”. let us examine
the job of thz Incomotive engineer fnr situations where alertness
mav decline.

-~

2.2 THE [OCOMOTIVE ENGINFER™S OB AND ALLRTNLSS

2.2.1 Jomplexity of the Joh

The locomotive engineer (sometimes called engincaan in the
lnited States, driver, eclscwhere) controls the movement of the
train. Much of the safety and efficiency of train operations is
dependent on the encgincer's shill and judgment. In freight opera-
tions, a train, on the average, consists of some 4,000 tons (some-

times as much as 20,000 tons) of a looscly coupled, heterogeneously



distributed mass, snaking aiad undulating for a mile or two hehind
the engincer at speeds up to 70 miles per hour. Any adjustment the
enginecer may make on the power units (several multi-thousand-

ing together, but sometimes grouped in

horsepower lavomnt ives work
!

fiv

different parts of the train) can induce waves of compression or
extension {51ack run-in or run-out) to pulse through the train.
Misjudgment by the engineer can set in moticn forces that can
cause discomfort or injury to passengers, damag~ to lading and at
worst can result in derailment of the train. Operating a train is
rot like driving a truck. According to one railroad wan, it is

more like driving a hundred trucks all at once, with some going

up hill and othcrs going down hill at the same time (DeButts, 1975,
p. 40).

2.2.2 TInginecer Nualities
ng N

Analvses nf the nersonal qualities necessary in a locomotive
engineer (e.g. Crant, 1971; Hale and Jacobs, 1975} always include
alertness or vigitlance along with such attributes as information
processing, memory, anticipation and perceptual-motor ccordination.
Hale and .Jacobs stress this capahility: '"Foremost among his many

talents, the enginecr must demonstrate vigjilonce or the canacity to

he attentive to all critical, informatiecnsl inputs throughout a

scveral hour trip within a relatrvely confined workspace (the loco-

motive cab)."™ (Halc and Jacobis, 873, p. lu),

2.2.3 Periods of Inactivity

~ .
It may scem strange that 1oss of alertne-: can occur on a joh
as complex and denanding as trun hand'ing, The explanatijon is

thnt the demands on the engineccr are not unitformlv distributed in

time. Sometimes an engineer is cxceedingly husv, bhut tnere are

other perinds when the train cssentially runs 1tself. I1f the track
1s stragght and level, the rratn is dvnamically balanced to cruise
at the requirced speed, aad wee events occur in the external environ-
ment to affect the train's pronress, then there is very little in
the job to stimulate the cngincer. This is not to say that there

is nothing tn Jdo, In fact, hrecausc of the slow and complex response

.



of the train to changes in the controls, the engineer must continu-

ally anticipate what is definitely going to happen (changes in

grade, curvatﬁ;zjdzgd speed requirements) and what might happen

unexpectedly (obstructions on or near the tracks, unanticipated

signal indications, breakdwons or malfunctions in the tréin,-and

the 1like). The engineer must respond quickly and accurately
———

when an action is regujred. Thus, the safety of the train is de-

pendent on the continual alertness of the engineer throughout these
periods when there is little stimulation from the job situation.

Periods of inactivity can be fairly long. Observers of
Canadian train crews noted: '". . . the distribution of activity is
such that there are long spells (5 to 20 minutes) during which the
crews had little to do or care ahout” (Michaut & McGaughey, 1972,
p. 5}. TSC personnei Lave recorded cvents in locomotive cabs on a
variety of freight service runs. From these records, periods can
he identified during whicn the engireer did not operate any major
controls; there were no significant changes 1n instrument indica
tions, and there were no major accelerations or jolts recorded in
the cab. Fven in undulating territory, 30 to 50 percent ol the
¢ime the train was in motion was time of iractivity, in periods
rangiag from one minute to cleven minutes. In ane run ot three
houvrs, half of the inaltive scriods were tonger than two minutes
and one-fourth exceeded four minates. On a run of five hours and
twenty-three minutes in very level country, 86 percent of the
running time was inactive. The fifty-six recorded inactive periods
rang.d from one minute to thirteen minutes, with nearly half n
excess of three minutes, over one-fourth in excess of eight minutes.
An <uch runs, there is ample time for an engineer to hecome dis-

tracted, daydream, and even doze ott

2.2.4 Other CoWRl!ﬁPIjPE_T“Ctotf

The enginerr's principal task .s to monitor the situation
during these dull periods. Many of the stimuli that arc present
are essentiallv continuous, such as the dyone of the ongines and
the bhackground noise of the radic Nther stimuli are repetitive

and thus monotanous, including the swaving of the cabh, the click



of the wheels on rail joints, the passawe of track &nd wayside

s
telegraph poles in the ficld of vision -- all rhythmic in nature
and rapidly adapted to as an unstimulating background. At night,
lights passing in the visual field may be irregular, but thev flow
by at a constant speed that is also lulling. O0ften the cabh 1is
warm, contributing tn the scothing atmosphere. Even the chatter

on the radio may fade into the background.

These soporific effects are aggravated at night by a natural

daily cycling of human activity (circadian rhythm) that reaches a
Iow point around 3:00 to 4:00 a.m. Michaut and McGaughey (1972y),

repoTting THE Tesults of many observations of train crews at work,

noted that crew memhers (other than the engincer) ave liahle to fall
asleep after midnipht -- an occurrence that they aever observed
during daylight hours. GFBranton, in discussing the cahs of British
locomotives, ohserves that instances when 2 driver has become

drowsy or has failen aslcep on duty are comron {Brarton, 1270,

p. B6). Many American engineers have had the frightening vxperience
of dozing off »t the throttle (oftcen just hefore sunvise), fortun-
ately awakening before anything serious had developed (an exnericnce
shared by many automohilc drivers). These evperiences are unrclated

to the haurs the engincer has heen on duty,

The engirecer Jees have duties during the dull periods. The
most frequent requirement is to watch for waveide traffic control
signals. But many times, the signal is “clear™, requiring no
control action. And the very act of watching for signals can

resalt in eve fatigue and a feeling of wanting to shut the eves,

Physiznl fatigue is rrohably less of a prohlem *“an monotony,
since *he enginerr's jch i< not phvsically deranding.  However,
the iaws in the *‘mit~d S ates that Iimit the hsurs of continuoun
work {or teain crews carnot cantrol the wav the engineer spends
time hetween work <hifts, Grant (1971) refers to "mental fatiguc®,
He asserts that the knowledpe that one s rushing along the trachks
in front of an ennrrous mass nf metal, d:fficult to control,
creates strese that cosntinually constitutes a more or less steady

drain on the enginrer's capacity to pertorm (Grant, 1971, p. 113),
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He gces on to note E. Grandjean's ohservation that the fatigue of
engineers arises, not from overload of the human system, but from
underload or monotony and boredom due to inaction, combined with
stress (Grant, 1971, p. 114).

2.3 CURRENT COUNTERMEASURES
e

The problem of maintaining an engineer's readiness to act
through these many periods of ina:tivity has io.; been recognized
by the railroads. Two approaches have been adopted. One approach

is to require the presence and activity of additional people in

the cab. The sccond approach i. to install devices in the locomo-
LSt phi AR B LLBNL L. 50
tive that will either keep the engineer active or apply the train's

brakes if the engineer heccomes inactive.

2.3, 1 Multiple Occupancy ef the (Cah

It is common practice in the linited States railroads to re-
quitre crew members in addition to the cngincer (firemen «r front
“rakeman or hoth) to he present in the lead locomotive during train

operation. Although practices vary among carriers, generally, all

crew memhers are required to sight and call out the aspects of all

wayeside signals controlling the train and to apply the emergency

Ttake 17 the cngincer should become incapacjtated. Thic practice

ha: several advantages: The requirement to tall signals keeps the
crew members active and focuses the)r attention on the signals
themselves. A crew membher across the cab (an often sce <ignals nn

turi's hefore the enginrer can <ce them, thus compensating for the

engineer’s limited visual field. Companions provide stirul-t.ion
during otherwise dul! periods. Mowever, this latrer stiuulation is

not necessarily joh-related, distraction of the enginver hy conver-

cation in the cabh i~ neted as critaical by Sracheli, (1972, p. 36), i

On the other hand, there are many commuter trains in which the
engincer ior matorman) ix alone. The positinn of fireman has heern

ahalished on many lUnited States vairlroads «n recent years, and

there is a continuing trend toward relduction of train crew size. 9
Thus, there wili he increcasingly more situations in which the .
’ ]

|



engineer is alone for :long periods while cperiting the locomotive.

without assistarce in sighting and interpreting signals.

2.3.2 Alerting and Safety Devices

a. Pneumatic Foot Valve (''Nead Man'" Pedal)

The oldest and most ccmmonly used alertirg device in the loco-
motive cab is the pneumatic foot valve -- the familiar "dead man”
control. The engincer is required to keep this foot pedal depressed
wnile the truin is in motion. I{ he releases it (bhy lifting or re-
moving his foot), a warning whistle sounds continuously. The
engineer must respond to the warning ‘in four to six seconds hy
depressing the pedal again or bv applying the train hrakes. [If the
engineer fails to respond, tne hrakes are applied automatically.
Keeping the fcot on the pedal restricts the engineer's range of
movement and can become uncomfortaple over a long time period.
There are innumerahble, widely practiced wavs to tamper with the
pedal. Furthermcre, foct pressure on the pedal dnes not guarantee

alertness.

h. Cycling P_Q:u_.jﬁl_t_i__g_ Foot Valve

One approach ‘o meetang abjections to the "dead man’ device is

to add a cvcitng valve. This feature requires tae engineney nat

only to kerp his font on the podal but also to perindicaily 1lift

his foot from the pedal to avoid a warning and ros~ihle penalty

brake application.  "hp" and "Nown™ time can be varied, typically

an "up” time ot 6 scconds and a “down" time o1 20 to 93 scconds are
uscd. To avoird leg tatigus, the AMTRAK Turhatrains permit the
crgineer to operate cithey of two pedals, The system ancludrs a
wirning horn for exiessive "down'™ time, a whivi)e {nr oxcescive
Yont tine, and actuatior of locomotive contrale may he suhstituted
for "up” releaces, Numnerons othe~ variations are possithle, includ-
ing use of manaal contrels an place of the pedal.  Thece (veling

Qiili“" by reauiring perandic actavity by the engineer, «ncrease

the prohability of enpinecr alertness, and thev are more difficul?

ta tamper with, However, there mav be busy times when the response

to the salety svatem can he a distraction or 1nfterfere with vther
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duties and thus actuallv be hazardous. According to manufacturers,
atout one-third of the new locomotives entering service in 1976

will be cquipped with a cyclirg "dead man" device.

c. Llectronic A.ertiiess {ontrol

An electronic alertness control senses activity on the engi-

neer's part from the output of a copper-screen antenna built into

the enginesr's seat. If no activity is sensed over a period of

20 sccondéj_gﬂa?ng and visible warnings are actuated. The erngi-
neer must respond to the warning in 10 to 12 seconds by touching a
netal object or, if touching a metal object, by hreaking that con-
tact. Failure tc resnond initiates a penalty brake application,
In theory, a normally active engineer will satisfy system require-
ments, In practice, however, the antenna mav fail to sense normal
activities, thus initiating too many false alarms, to the distrac-
tion of the enginecer. According to the manufacturer, one U.S,
railroad has about 1000 locomotives equipped with this type of

device, and two others are testing it.

d. Terisdic Acknowledpment Nevices

These devices require an engineer tn actuate 1 special control
periodically f(generally once every 45 <eccndsi. Failure to respand
a-tivates some kind of warning, ard 17 there i< no rrsponse to the
warning in a fixed poriol of tine, 2 renalty brake apnlication is
initizted. Onec such =ystem requires the engincer to actuate a
toggle switih every forty-five seconde, The switch is sensitive,
has a long handle, and is located generally between the throtile
and the 2i. brake control. It can be actuated hy a simple hrushing
motion (for exarple, while moving the hand from hrake to throttlas).
If the sawi~ch is not actuated within the time required, two red
lights are iltuminatel, and 10 secrnde later, a whistle <ounds.
Tatlture 1o actuate the <witch within & to 7 scconds after the onset
of the whiatlie causes penalty application of the brakes., In anoiher
version of this type of alerting system, the two warning Jights
flash alternately, and 1nstead of operating a toggle switch, the
engineer pushes a re<et hutton. During periode of high warklnad,

requirements of these svioteme can be Jistracting and can constitute

o — s — ]
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a hazard. To overcome this disadvantage, the svstems nav he madij-

fied to accept a variety of routine control actions i< ~ubstitutes

re

= s
that

-1
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ac
for the actuation of the tnggle switch, Manufac

RSkl |
periodic ackncwledgment devices are used in about 1200 locomotives
of one [i.S. railroad, 80 of a second carrier, and ave being tested

by 3 additional lines. : 5

e. Cab Signaling

Cab signaling is not primarily an alerting technique, but it
does incorpnrate an alerting feature. 1In automatic block si1gnal
territory, the coded bhlock signal heing iransmitted along the rails
is picked up by receivers mounted ahead of the locomotive's wheels,
amplified, and presented in the cab on a visual display similar to

the oxternal wayside signals. Whenevar  the signal changes teo a

e
more restrictive aspect, a Jistainctlyv tonrd whistle sounds, and

continues tn sound until the enginecer presses an ackhnowledgang

hutton,  As with nther alerting Jdevices, acknowledgment ltocs not

PSS

guarantee that the enpinecer 1s {oiiv attending to his job, nor even

that he has correctly pe-ceived the signal.,
f. Automati. Train Stop (ATR)

Ihis svstem adds a_penaltv hrake application to the cah «signal

svstem, A change of hlock condition to a more restrictive asne-t

e .
initiates the whistle warning amd, alter a hrief time delav, a 11111

service .pplication of the locomnative train hrakes. Thi§ hraking

may he forestalled if the engincer acknowledges the audihle warning
within the time permitted.
£. “ntom,.tic Train Spee.dl Contrel “ATC)

S
Thiv v svsterm wdle darther ref inepent o to the ATS oy tom, framn
L

spred g sensed from the Jovonotaive asale and comparea with the

—

cpeed bamat detormaned by oahe cah g eal o wonda e, Mo4any bt e

*hat tle traan cooerdn the maimum cpec b 0 plaved by the cab <enal
(ryther through tie ~apineer’s Joss of vigilance or a change an
hiock condatenn:, the andihle ajare cnund<, 1t the enwineer applies

the hoakes approapriate s within o cecomds o the onset nf the

o

In
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alarm. he can release the brakes again when he has reached a sa’e
sperd. Should he f1il to respond, a full service brake application
i~ 1nitiated automatically and maintained until the train stops or

roches o predetermined ~dale speed.

h. lﬂfﬁfﬂiﬁfEUﬁ_Jlbhﬂ5tiV° Automatic Stop Svstem

This system is activated by trackside devices at sclected
locations, such as at signals or entranccs to intcriockings. An
Jutomatic brake application is initiated at the location, unless
the engineer forestalls it by manvally operating an acknowledging
Jevice on approaching the location. There arc no cab signals with
this svstem. To acgotiate tnesc locations successfully, the engi-
neer must know where they arce and anticipate hy operating the

acknowledgment device pust before his arrival at the control point.

2.5.3 Prqnnsod'uujunlupf
Geveral additional techmiques for mainta.niny alertness in the
ln.nmottve wah have heen proposed and are in various stages of

experimentation.,

4. hignal Matching

A fovi e has heen pronascl that regoires the engincer to punch
inte ke vhoard the aspect of each wiaverde sipnal nassed.  Coupled
vita 1 cab apnal svetenin the Jocvomotive, -uiaa device cnuld
pron e feedback to the engincer on his signal matching accuracy.
It could 1o compare the engincer's entry with tne nétunl signal
imd tr ogeer v warning and braking secquence in response 1o wrong
entiies" “uch a vechnigue promotes vigilanoo, focuses the engi-
neer'. altention anto the vob, and provides an automatic safety
backarn if the rngincer 1e incapacitated,.  Safety caperts have
antht vrastioatly eadorsed this concept in heth the !nitgs States

(Nper, 1T o pL ¥ ind Great Reataan (Habertsan, 1109, $H. 18 191,

b. Wnt||Jt'uw.» B

)
Ane manulactnrer designed an altrasonic transmitter and sensor
avetem ta detect the mations of the engineer, In theory, lack of

wenac ] aetivity would be anterproted as Joss ol attention or loss

11
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of consciousness in the engineer, and a given period of inac ity
would cause the system to awaken the engineer or, failing that, to
stop the train. Development of this system was discontinued, pri-
marily because vibrations of the locomotive cab could naot he dis-

tinguished fr~n the engineer's activity..

c. Physiological Sensing

Certain changes in physiological responses are known to occur
as a person loses alertness. Changes may occur in brajn wave
activity, electrical potential of forehead and neck muscles, heart
rate, eye movements, blood pressure, urinary metabclites, oral
temperature, oxygen uptake, and skin conductance. Laboratory
studies have related these caanges to loss of alertness, and
attempts have been made in the past to sense some of these phvsio-
logical characteristics while people were at work and to use
changes in these measurements to trigger warning devices. Unfor-
tunately, practical limitations have prevented the development of

physiological sensing equipment that can operate reliably under the

the rigors of locomotive cab conditions. Tor example, some early
researchers built a device which attached to the forehead and would
detect states of alertness and automatically wara the subject of

an approaching dangerous inattention during monotonous tasks
(Trovis and Kennedy, 1947). They tried using it to maiatain alert-
ness 1ii. truck drivers, but encountered several problems. Scme were
technical: there were electrode movement artifacts, Aye movement
artifacts, suspicion of brain wave interference, and the electrodes
would often fall off nr otherwise Jdisconnect. A serious ncn-
technicagﬁgroblpm was the objectioi of the truck drivers to the

discomfort and interference of being "wired-up"

Although technical prohlems have defcated the past attempts to

develop a practical physiotogical alertness indicator, this approach
should not be considered a dead issue. Technology advances so
rapidiy that, periodically, new techniques should be reviewed for
their applicability to old problems.

A technique has heen demonstrated recentiy that has implica-
tions for alertness. One component of the electrical activity of

12
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the brain (called theta activity) is known to increase when alert-
ness decreases (0D'Hanlon, 1970). 3eatty et al. (1974) were able
Lo irain peuple to increase or decrease their thera activity and
to show that those who cuuld decrease theta also performed bhetter
at a two-hour radar monitoring task. It is still a leng step from
the laboratory to the locometive cab, but the future use of theta
suppression as a technique for screening out 2agineer candidates
who may have alertness problems, or theta control as a means of
maintaining alertness in the cab, shouid not be overlooked.

PYRT -
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3, PRINCIPLES OF ALERTNESS AND ATTINTION

3.1 INTPODUCTION

From the voluminous published Jiterature on factors aftccting
alertness and attenticn, somc principles can be extracted that have
heen established experimentally and are generally considered as
<cientificallv acceptable. A review by Stroh (1971 provides an
exceptionally useful summary of such principle<. Trom Stroh's

review, thirteen principles of alertness and_five principles of

Jttention were identificd as being applicanle to locomotive cab
—

problems. These have heen further grouped according to their
i

applicability to primary tashe, secondary tacks or signals,

in the text tha* follows, cach principle will e introduced
with a <aimplificd title for convenience of reference, followed by
4 short, definitive statement of the principle Fellowing the
deinitinn af a principle {or 1n some cases twoe or Lhrev related
prin.iple=), the text will review the wavs the wrinciple {or
principles) have heen applied in the design of currently used

lertsne and warning devices.

Thr cpnventonce of discussien, terminnlogy hias been staadarl
10l as Uolinws: A is a stimulus that 1s part ot the joh:
p~adiness to reenond appropriately to the signal constitutes alert-
HeS S [he pranary fask for simply the tasy) .+ that part of the
1ah which involves detecting and responding to a sipnal. A
Q:::fjllﬁiliﬂLll; i~ a stimalus that is added to the jobu, te pre
ey 1ty ar Tay not be related to the jprimary tash

Aosecondary task o a tack o aretated or unrelated to the praorary

“ate alertne

ta<k: imposed nan i person to keep the person alert.

OO0 o IS 0T AL RINTESS

I Yramn ‘il' Velate bt Proamary [+ ¢

' tomplexgty

“lertness aeproaves with increased task compledite twithin
Feasanable Limits). toamverseiv, the duller the qjeh, the more
LG a0 TV

likeiyv is a decrease an alertoess, The vaution on rea-onable

14



limits simply acknowiedges that if a person is given too much to

do, alertness to the primary signals will suffer.

The cveling "Jead man™ devices and thnse requiring periodivc
acknowindgmént appiy this principle by adding a task to the engi-
neer's joh, thus maintaiming activity and alertness during duil
periods. Their weakness is that the same extra task may overload
the cngineer during busy periods. The basic "dead man" device
violates *his principle, since maintaining a constant pressurc on
a foot pedal i not stimulating; it adds to the dullness of the job.
ho Intersignai Ranye

Alertness 1mnrovées when the range of intersignal intervals is
Jecreascd. _ﬁgﬁ:lﬂf?irnthcr than irrogu]nr)inggin;.ni_algggij_An,
t1me 1s preferrued.  Uihe studies leading to this principle did not
¢ wuch shor:r intersignal antervals that the stimuli would secem
‘hethmic-- 1n which case we might cxpect adaptation to lead tn a
Jeov  aof alertness).

Regular spacing of sccondary ctimulating activity is a fcature
N | Iy ) )

ot the ecling "dend man™ oand t.e periodic acknowledgment devices.
However, the pranciple s more applicihle to the primary task--in
thi. «aee, tesponding to the =aignals and ather events of the real
werl b o whoch conca il oan o noat o be arrange! to occur at regular

[y

prrer o als mos 1hie application of this p rinciple would he to
hreakh up long hlock, with intermediate signs or sipnals requiring

the cnginesr’'s dLhnowledement .

A person 1s nmore dikhely 10 drtect a signal it it occurs when

capected, and 18 more l.krlv to mics an unexpected cignal., 1t is

..._—.-'—"'_'___- N - . .
T rer to Jetermine wnen to ecxpect signal ar preceding signals
Vv ceanrted ot toriy o repeatar and <nall intervals (consistent

with the nppaoiple o antersignal rangel.

This princaple s an orporated in the deices with cvelic or

peroadie tasks, Fecansr tte ta<k 1< predictable, the cnginecer is

bept an a stace o readinesc tn perform, Agiin, we should note

[

ehat thiw ie realine to perform the sccondary task; we can't he

15



sure that it is readiness to perform the main job, The intermittent
inductive automatic stop system requires expectancy. The engineer
must learn where the external sensors are located and be ready to

operate an override control just before reaching them,

d. Motivation

Alertness improves when greater rewards are provided for good

performance.

1f we consider the avoidance of a penalty brake application

as a reward, then nearly all current safety devices make use c¢f

—_—

<his principie. The possibility of associating more positive re-

wards witr safe hehavior might be worthy of consideration as a

future approach.

Tncentive programs could be based on safety records with cash,
time off, special recogrition or merit promotions as rewards.
Perhaps a lottery could he hased on the sequence of ohserved sig-
nals. Certainly the industry can conccive of other techniques to

make alert behavior more rewarding,

c. Feedback

Alertness improves with knowledge of results of prior perfor-

mance .

rajlure to receive a penalty brake application in a sense
inforr.s the engineer of the _appropriateness of present control
actions, just as the application of brakes .s a clear indication
that something was done ~rong. As ncced in Section 2.3.3, one of
the most pramising additiona! applications of this principie would
ke a device requiring the enginececr to match the signal indication
and pioviding feedhack as to the correctness of response. A
weakness of most current devices is that they do not guarantec that

the engineer :< percciving the job demands correctly.

f. Breaks

Alertness improves with the introduction of short periods of

rest, conversation, and exercise.

16



None of the current safety devices provide rest breaks. 1In
fact, thuse lmpusning consvant or periodic secondary activity are
in violation of *he principle to some extent, interrupting con-

versational breaks.

The application of this principle can be realized operation-
ally in two ways, but both are difficuit to achieve in a practical
sense. One application would be to schedule trains to stop for
rest periods. Of course, normal freight operations routinely in-
volve many stops during which the engineer may rest, but there are
also long periods of continuous cperation without breaks. The
practical difficulties associated with interrupting schedules do
not need to be enumerated here,.

A second way of achieving rest breaks for engineers is to have
a second person take scheduled turns at the throttle. Many firemen
are qualified cngineers; however, there are also typically many
opcration, where the assigned cngineer is the only qualified engi-
neer in the cab. In present operations, it is not unusual for
qualified {iremen to operate the train; howaver, the institution
of a regular schedule of such hreaks also would ‘nvolve a host of
practicnl preblems.

Partial breaks, such us conversation while in motion, are more
feasible, but tc the extent that thev diver: the engineer's
at.ention from the primary joh, they are hazardous and unacceptable,

5.2.2 Principles Related to Secondary Tasks

a, Secondary Task

‘lertness improves with the inclusion of a secondary task in
the vigilance situation., (This follows from the complexity prin-

ciple.)

h. Frequency
Alertness improves with increased frequency of non-signal
stimuli. However, if the primary signa'! occ''rs at the same time
as a2 non-signal stimulus, alertness is better with a Jecreased
frequency of ron-sigral stimuli. That is, alertness is hetter when
et b sl RN
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monitoring a busy ratner than a dull background, provided that the
background doesn't interfere with the primary signal.

The ''dead man', both constant and cycling, and the devices
requiring periodic acknowledgment are examples of the application
of the secondary task principle. They assure some activity on the
part of the engineer during the periods when the primary job makes
no demands. The weakness of reiying only on a secondary task is
that it does not assure that the 2ngineer's attention is focused on

the primary job; it only assures activity.

The "dead man" i< the weakest secondary task, since adaptation
to the constant foot pressure on the pedal soon disqualifies the
function as an "activity". This is a violation of the frequency
principle. Of course, the cycling requirement was added for this
very reason, and the periodic acknowledgment devices serve the same
purpose...to avoid long periods of time when nothing happens.

These devices also represent violations of the frequency prin-
cipie. As originally designed, their secondary warnings and penal-
ties continue to operate when the engineer is busy, violating the
principle cf decreased frequency of a secondary signal when it
nccurs at the same time as the primary signal. Many of these de-
vices can be made to accept the operation of major controls as
acknnwledging signals. This feature is highly dosirable, and when
n use will zenerally prevent the safety device from distracting

the busy engineer.
¢. Other Senses

Alertness improves when, in a complex vigilance task, there is
a decreased amount of novel stimulation to the sensc¢ organs not
involved in the vigilanre task. For simple tasks, alertness im-
proves with increused stimulation of the other =senses. (For
2xample, background music disrupts complex industriai tasks but
leads to imprnved performance on simple tasks.)

During dull periods, devices with audihle warning signals con-
form to this principle, but during busy periods (comnlex task) they
violate the principle by artracting attention to the secondary

sense.

18
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3.2.% Principies Related tc Primary and Secondary Signals

a. Combined Senses

Ajertness improves when signals are combined audio-visual

events rather than just audic or visual events.

All the devices nusing audio-visual alerting or warning signals

have applied this principle.
b- Visual Area

When a signal must be detected visually, alertness improves
with a decrease in the area of the visual field to be scanned.

C. gpsition
When a signal must be detected visually, alertness improves

when the signal is most likely to appear near the center of the

arca to be scanned.

~he location of warning lights and cab signals is left to the
discretion of the individual carrier The warning devices are
usually given a preferred position in the engineer's visual field,
but this location is anot inherent in the design of the devire.
Many locomotive cabs have such restricted views of the outside
world that great care must be taken to avoid blocking the view with
cab instruments. With so many instruments and signals competing
for preferred positions in the enginecer's ri<ual field, we can not
recommend reliance on visual area ard position of devices as the
principal means of asruring alertress,
d. Training

-~

Alertness imnroves following training urder conditions of

appronriate signal probability.

Trainees should he given inst-uction and practice on the
operation of any safety devices that they may use on the job. The
alerting signals and tasks used in training should faithfully
match (in frequency, brightness, loudness, color, etc.) those used

on the roal.



3.3 PRINCIPLES OF ATTENTION

a. Magnitude
Stimuli *that are the largest (in intensity, size and time) are
the most likely to attract attention.

b. Novelty -

Stimuli that are novel are likely to attract attention.

¢. Change
Stimuli that involve movement or change (moving objects,
flashing lights) are likely to attract attention.

These three principles simply mean that, to attract attentijon,
a signal should be conspicuous. All of the current devices except
the intermittent inductive automatic stop system use unique, loud
and/or bright warning sigrals (magnitude and novelty principles).
The principle of change has been used in one model of the periodic
acknow edgment devices that has two lights that flash asiternately.

d. Need Fulfillment

Stimuli that fulfill a need are likely to attract attentioa.

Need fulfillment is interpreted here in terms of the engineer’'s
desire to knnw the information conveyed by the device. The princi-
i7lc is considered to apply in devices having signals directly
relateu to the jch (the elrctronic alertness control and tho=e that
work from cab signals). The principle of need fulfillment is con-
sidered to be violated in devices whose signals convey information
the engineer doesn't really feel a» nneed for.

e. Interest

Stimul: that are of particular interest to an Individual are
likely to attract his attention.

As with need fulfillment, the interes® principle is con-
sidered to be applied in the joh-related warning of the electronic
alertness control aad those devices involving cab signals., How-
ever, devices with warning <igndals not directly related to the

job are not considered to violate the interest principle, since,

20
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aithough the engineer nay not desire the information,
interest.
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4, EXPERIMENTAL PROGRAM

4.1 QUESTIONS TESTED

The foregoing principles of alertness and atténtion, although
providing a basis for evaluating ale.ting techniques, fail to
answer a number of questions when one tries to apply them to the
problems of the locomotive cab. This is to be expected, since the
literature was not derived from railroad prohlems, and the experi-
ments leading to the principles were based on tasks and situations
unlike those in the locomotive. To increase confidence in the use
of these principles, some of the unanswered questions were explored
further through a set of experiments with tasks and a setting more
closely related to conditions in the locomotive cab.

The specific questions that were investigated are given below,
together with the reasons for sclecting them {or study,

4,1.1 Questions Related to Principles of Alertness

a. False Lxpectations

(1f an engineer expects a particular signal indication, is he

ind .atron? The "expectancy' pranciple in the literature refers to

whon to expect a «igrnal and can be applied to prevent the crew from
miwsinyg sigrals, However, accident reports suggest that false expece
tations about what a signal will indicate can lead to wrong responses
to a signal even when 1t 1s detected. This question was studied to

nrovide some experimental data on false expectations,

b. Job-Related Task

CDwill.“n_:WSi“SFE“F“jf ff!ff_fffﬁffhjp.lﬁf,ﬂljm“'y Joh when

a_signal unrelated to the primary joh? The literature includes

studies in which t'e secondary task wus similar to the primary
tazk and studics 1n which the two taeks differcd greatly, but in-
formation is lacking comparing the retative effectiveness of rela-
ted and unrelatey secondary tasks in ma.ntaining slertress on the

P2



primary task. Complaints of railroad personnei that some alerting
devices distract their attention from their primary tasks make this
a desirable question to examine experimentally.

c. Warning Schedule

C}Is a secondary warning signal more effective when presented at

regular intervals or when presented at random intervals? The prin-

ciples of '"expectancy' and "intersignal range" suggest the use of a
regularly spaced signal, but the principles of "complexity' and
"novelty" suggest some value for an unpredictable alerting task.
his paradcx seemed worthy of further study.

d. Second Person

éDDoes a second person in the cab reduce the engineer's errors

in responding to signals by keeping him alert, or does the second

person increase the engineer's errors hy distracting attention from

the primary joh? This i3 a prartical question in view of th~ trend

to reduce crew size. There is 10 literature on the relative effec-
tiveness of a person as *the source of secondary stimuli.

¢, VMotivation

@DQpcs rewarding engineers for correct resporses to cignals

imrrove performance? This question was selected to test the appli-
caltlity of the "motivat.on" principle to cab problems.

4.1.2 Questions Related to Indices of Alertness

a. Thysinlogical Responses

@992 cﬁhnggi_{g_ggupnginoezlg_hrnin waves (FEG), particularly
alpha and theta waves, muscle potentinl (EMG), or heart rate re-

liahlv predict changes_in response accuracy” Certain physiological

responses have been found to change as alertness declines. Although
previcus attempts to use these changes to opecrate alerting devices
were unsuccessful, (Section 2.3.3), the possihility that improved
methods of measurement and analysis might make such techniques
feasible was judged worthy of checking.
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b. Behavioral Responses

MDbo changes in an engineer's rate of eye biinks, frequency of

cye movements, bodily activity, or response latency reliably pre-

dict changes in response accuracy? Research has shown that as a

long, dull task continues, gereral behavior tends to slow down.
Some indices of this slowing that are relatively feasible to mea-
sure include the frequency of eye blinks, the e _move-

ments, the frequency of body movements, aud reaction times. (With

regard to the latter variable, the elapsed time betwesn the onset
of a signal and the beginning of a subject's response to the sig-
nal -- response latency -- was sclectea for analysis). This ques-

tion was tested to determine whether some of these reactions might
be measured in the locomotive cab and used to trigger warnings of
diminishinyg alertness.

4.2 RESEARCH FACILITY

#,2.1 Cab Mockup and Basic Tas}

The experinments generated in response to these questions were
performed using a resear.h facility cerntered on a fullscale mockup
of the righkt half of a standard EMD locomotive cab, with space in
th> lett half for equipment and an cxperimenter, when required.
Monitoring and control of ali stimuli and recordisg equipment and
communications with the cab werc accomplished in a _control room

adjacent to the cah.

Tht cab was equinped with an enginecr’s sea. and a facsimile
AAR Standavd Corntrol Huund with associated controls and displays.

The enginnar'c ejdec window was opaquer. The transparent {ront wir-

dew (27 irches high hv 1A inches wide) as approximately thrre feet
frar the scatrd subject’'s eves and framed a rear-projection screen
one foot cutnide rtYie window. Behind the screen, a well illuminated
30 fnot tunnel containad several paralieil, continuous belts. A

belt on cach si1de contained model shrubhbery; un two central helts

were painted pairs of tracks., An optical system at the screen end

of the tunnel projected an image of the tunnel onto the screen.

24
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When viewed from the cab seat, the system created a realistic
illusion of looking down a pair of straight, foliage-bordered rail-
road tracks. From a darkened cab, the illuminatinn f the <cene
S BT

was similar to real-life conditions at dusk. When the belts con-

taining shrubbery were set in motion toward the ‘screen, a realis-
tic illusion of moving down the tracks was created. During all
experiments, the belts were run to simulate travel at 50 mph. The

illusion was ar laying an audio tape of locomotive noise
of 73 dbA. e

at a sourd level
-

In all of the experiments, each subject sat in the engineer's
seat of the mockup for severai hours of simulated train operation.
The subjectwgfg::i:;;-tasﬁ)was to moritor the scene through the

front window, detect an occasiona. colered light signal, and res-

pond appropriafely to the signal 'y pressing a hutton with his

r1EH;_han&i fhé_exbefimental questions were studied by manipulating
the schedule of signal prescntations and the rewards for correct
recsponses, and sometimes by adding a se.ondary task. 1lhe secondary
task involved respending to secondary sigails in the cib with a
button held in the left hand.

d B SHIERANS

One set ofjﬂiiﬂill_iiﬁiglk’ selected in the basis of consider-

able prelirinarv experimentation, was used in all experiments. Thev
consitted of three different combinations of 1three colored lights

in a vortical array. The colors, {rom top to hnttom, were yellow,

EflL_Eﬂﬂ_ZEllgy' Each light was one-quarter inch ir diamerer, and
the separation hetween each pair o 1. hts was one-quarter inch.
The three signa! comhinations consisted »f the following pairs

(top to hnitom). yellow-yellow, yeliiuvv-red, and red-yellow. The
yell w-yellow and vellow-red wer;_:T::;:hﬂcsignated non-critical
signals; the rcd-yellow was alwavs cailed the critical signal. The
signals were optictily combhines with the external scene, appearing
as dim lights to the 'eft of the tracks and at a fixed distance
into the scene. At the subjrct's eve, cach signal light and the
space hetween two lights suhtended an angle of fourteen minutes or

arc.
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In one experiment, warning signals were used. These were two
neon lights, one inch in diameter. One was mounted on top of the
coniiul siand to t'.e subject's left; the other was mounted to the
left of the window on the front wall of the cab, abuve the speedo-
meter. Ten seconds after illumination of the warning lights, a
buzzer sounded until appropriate responses cut off bouth lights and
buzzer. An alternative warning was provided vocally by an experi-
menter in one experimental session.

4.2.3 Response Buttons

A four-by-six inch response box was attached near the end of
the right arm of the engineer's seat. Near the top cof the box were
two pushbuttons, three-quarters of an inch in diameter and hori-
zontally separated by one and one-half inches. The right button
was always used for responses to critical signals, the left button
for non-critical signals. Centered below these response buttons
w2s a small, rectangular pre-sure sensitive monitoring button which
required no force to activate it. The subject was required to

«eep his right index [inger on the monitoring button at all times

Wnen he was not operating one of the control buttons.

In one experinent, the subject neld a push putton in his left
Fand, activation of which cut off the warning lights and buzzer,

Figure 1 shows a2 subject in the engineer's scat, wired fcr re-
cording, monitoring tue window for primary signals, with the right
index finger on the monicor button, the left hand holding the
secondary respunse botton. 0Ope of the warning lights Can be seen.

-

4.2.4 Tasks

The primary ta<k in each experiment was to monitor the scene

through the front window while hol!ding the righi index firger an

the monitor button. Whenever a two-light signal appeared, tie

subject was to respond hy lifting his finger from the monitor
button, pressing the appropriate response button (right for cri-
tical signals, left for non-critical signals), and returning his

tinger to the monitor bhutton.
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in conditions b and ¢ of Experiment 3, a sccondary falerting)
task was added to the primary task. In addition to detectine and
responding to the primary signals, the suhject was required to

erpend 1o a secondary (warning) signal by pressing the secondary

3

response button in his left hand as soon as he detected the warn-
ing. If the subject failed to respond within ten seconds, a penalty

buzzer was also activated.

4.2.5 Apparatus

nal selevtion and presentation were programmed on a Grayson
Stadler Series 1200 Behavioral Programming System. In Experiments
I and 2, an experimenter commanded each signal manually, following

a printed scrapt: in Experiment 3, commands for primary signals and
warning lights were evecuted automatically from pre-programmed

partey tapes

2ivad and behaviaoral rorpunscslworo scnsed as

Twn wold cup clectrades were attached to the svalp, one to

the occaprtal Tole and ene tu the vertes, for ELG (brain wave)
reasurenent,  Morocpsiar recordings were made between ecach of thewe

—_—

lestrode sptes wad o twe gold o cup mastord reference electrodes

ties toer ther

Fe s mintature Beckman hicpotential clectrodes were used for
Slﬁﬁrllﬂi,LiiiLiLiL* vone placed above and vne helow the left eve.
fwo additional Bechman hiopotential electrodes were placed hesid
the cater gjunction of the evelids of cach eye to record hor.zontal

CNO MoV enent
.
Iwo gola cup clevtrodes were placed over the lower riyhs neck

A e e M gmuscle potentialy recording.
-

tieart rate was recorled hetween two veld cup electrodes, one
ptaoed on the ternun (hreasthoned, and one on the lower left of

the Chest,

Vartrain-cage tran ducer, attached te the subject's chair,
corpae hadily ge vty
e ;
LG

eyt ok
i n.é,ab.r. HQUQM“‘VEF

grf/ ,c.aﬁu:tq



The time of each switch action, including hoth activation and
release, wa. recorded.

A1l -ensed signals were fed directly into a paper drive Type R

-

Reckman Dynograph for immediate graphic ropr sentation ol Wy

AlT of these data were simultancously rec.orded on a § amo 3500

=
r
™

FM Tape Recorder from the output of the amplifier cf the dvnograph
{1.c., parallel to the input of the dvnograph pens). The tape
recorder recorded frequencies from D.C. to 1.5 KHz. The taped data
were analvied on an off-line Digital Pquipment Corporation I'dP-9

computer,

4.3 DFSCRIPTION OF EXPERTMENTAL CONDITIONS

Two preliminary experiments were run to select the procedures,
apparatus, schedules, data analyses, and other details most suitable
for testing the gquestions of Section 4.1. Then the three major
caperiments were performed, using a different group of subjects for

¢ich experiment.

1.5.1 Qpnqrﬁ]nﬂgﬁpjjlgj;y[

in all experiments, ciach suhiccdt experirnced one or more long,
dull scsstons 1n whivh he appearcd to move at a constant speed
alone strarght tracks, cocasionally pressing o hey 1n 1espoiss to

a primary <ignal dimly seen heside the track..

T'o test the questions of Section 4.1.1, relating to principles
of alertness, the experimental procedure was varied in some way,
and the kesulting changes in the number and type vl cervors made by
the subiect, were analvzed - evidence of the eoffects of the change
ir procedure,  The procedural changes inctnded ¢hianpes in the
wequerce of privoary signals and the introduction of different

secandary aler ang toeske,

lo test the questions of Section 4012, relating to physio-
logical and behavioral indices of ¢hanges an alertness, the heha -
viar in auestion was measured throughout an experiment and the
resnits analvoed to Jdetermine, if the indices varied consi:tently

d.a function of time on the task,



These appreaches were combined into the threc major cxperi-

ments.sted the questicns on physiological and
behavioral indices and generated crror data tha e compared
with the results of subsequent experiments (kxperiment 2J)nresented

@ _scaquence of signals contrived to lead the subjects into making

more errors than were made in Experiment 1 if the hypothesis of

falsc expectation was correct. In Experiment ., physiological and

hehavioral measures were repeated to see if the results of Experi-

—_—

ment 1 would be confirmed.

Ip/F?bcrime&?iEZ)ﬁecondary alerting tasks and rewards were
EEEQifJT'“Each subject was run five times -- first on a repetition
of Lxperiment 2, but with a monetary reward for correct i1esponses,
then with four different alerting conditions. Except for response
latency, phvsiological and behavioral measures were not made in

Experiment 3,

The following paragraphs describe the details of each experi-

mont,

0002 Ltﬂfrlﬂﬁﬂt_l

the primary purpose of bLxperiment 1 was to ohtain measurements

of respnnse accuracy, respanse latency, nhvsiological responses and

gereral activity as a (unction of tine on long, duli task. The

clffect of signal !requency On resporse aco iracy was also sought,
X . Iy

Light paid male volunteers were sul.jects. Four were experienced

lecomytive enginenrs and four were men of roughly the same gage bhut
e —

with o railroad experience. Ages ranged ‘rom 43 to 56 vears, with
a mean of 50,8 vears Fach subject perfermed the primary task of

morittoring the scenc and pressing the appropriate. response button
for critical and nen-critical signals for an uninterrupted period
vt houar ., fhe ~oheaale of srepals andluded 2 critical and 6 non-
ritscal wionadi: every halt hear, prescnted in random order, for

total of B respanses per subject. The interval between <ignals

varited randomly frem one-ha'f minute to ) minutes, Wwith a mecan of
SoTh manates,  Thy saalopical reactions and general activity were re-
corded tepether with the time of activation aad reicase of each

respon-c hntton,

n
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4.3.3 Experiment 2

The purposes of Experiment I were to obtain additional data on
the variables of Experiment 1 and to determine the effects on res-
ponse accuracy of false expectations about the signals. The suh-
jects were ten paid male volunteers, ranging in age from 31 to 30
vears, with a mean of 42.8 years. Each of these subjects made 52
responses in 3.25 hours on the primary task. lowever, the sche:

dule of signals used in Experiment 1 was changed to increase the

prohahilitvy of falsc ecxpectations. Signals always occurred in

rairs. the sccond always one minute after the first, occurving 4
times (8 signals) every half hour. 1In general, the paired signals
were non-critical, always in the sequence yellow-yellow and yecllow-
red. ’i_ngLngl_sigﬂgl_ngd-yellow) was randomly substituted for
one or the other non-critical signal twice every half hour. The
hypothesis was that the recurring pattern of non-critical <ignals
~culd induce an expectancy for the non-critical signals, resulting
i more errors in responsc to the rarer critical signals. The
interval between signal pairs was variable, averaging 6.5 minutes.

Again phvsiological resporses and general activity were recorded.

1.5 [Experimgnt &

In Laperiment 3, the valuce of rewarding correct Tesponses was
studied, und several sccondary alerting techniques were coapared
for their effectiveness in averting loss of alertness., The sub-
jeuts were eight male voluntecers, ranging in age from 30 to 56
vears, with a mean age of 43.3 yecars. They wcre paid the _ame
basic hourly fece as the suhjects of the other cxperiments. Howcver,
to inanipulate motivation, they were given an additional btenus, to
which money was added for ecach co rect respunse, and from which

moncy could he deleted for fajlure to respond 1n twy sescions,

In this cxperiment, cach subject was tested ir five sessions
of 2.°5% hours cach on five scparate days. The schedule of signals
cach day was on the same pattern as in Lxpcriment 2 (pairs of non-
¢critical signals a minute apart, 4 pairs per half hour at random
intervals, with 2 critical signals randomly substituted each half

hour), with a different sequence and different intervals each day.
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Physiclogical rcsponses and general activity were nct recorded.

Fach dav's session constituted a serparatc condition, as follows:

3a. Contrel, On the first day, cvery subject was tested on Condi-

v

- P o
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of Experiment 2 except for the

(V7]
1t
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shorter duration and the reward for correct responses.

3b. Random Warning. This condition added an unrerlated secondary

task to the primary task in the form of two warning lights that

were illuminated at random time intervals averaging one every 50
seconds. The subhject was required to extinguish the lights as

soon as they were detected hy activating the secondary respoinse
button in his Jeft hand, while continuing to monitor and respond to
the primary <ignals., (A penalty buzzer and a monetary fine resulted
if the warning was not acknowlsdged within 10 seconds; however, no

subjeccts incurred these penalties).

3.. Regular Warn.ng. This condition was identical to Condition
3h except that the warning signals were illuminatel at regular

irtervals of 5N scconds.,

3d. Tipht warping. This condition involved job-related warning
lights requlring no responsce, The warning lights (placed as in
{onditions %h and 3¢} were illuminated segularly 10 seconds hefore
the onset of every primery sigral. The subject made no response
to the warning; he simply prepared to rcspond'to the primary sig-

nal.

he. Voice Warning (Second Person). In this condition an experi-
meiater occtpied the left-hand side of the ¢ab mockup. The warning
lights (opecatiag as in Condition 3d) were relocatea so that only
the cexperimenter ¢nuld seec them.  When the lights illuminated ten
s~conds hefore c¢sch signal, the experimenter called to the suhject:
"Signal!” In one scnse, this procedure simply amounted to subhsti-
tuting a vocal warning for a visual warning. However, the psycho-
logical effect of having a second person in the cab was added., To
enhance this cffect, the experimenter cngaged ‘the subject in con-
versation throughont the session, covering such topics as sports,
politics, and the weather. The subject was reminded to watch the

external scene at all times.

2]
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4.3.5 Summary of Experimental Ccnditions

The principal features of the three experiments are summarized
in.Table 1. Note that in Experiment 3, the control condition was
administered first to all subjects, but the sequence of the other
conditions was counterbalanced.

4.4 PROCEDURE

The general procedure was the same for all experiments. Each
subject was tested individually. Prior to an experimental session,
he filled out a consent form and questionnaires covering name,
adiress, birthdate, social security number (for purposes of pay-
ment), previous medical history, and present physical condition.
1f the subject had any railroad experience or knowledge, this was
roted. He was then told that he would be participating in an ex-
periment having to du with the bechavior of railroad engineers. An
overview of the experiment was given, including a brief explanation
of the nature of railroad operations, and of physiological record-
ing. Electrodes were then attached if physiological recordings

were tn he made.

Following this preparation, the subjec. was tested for visual
acuity and color perception. He was then seated in the engineer's
seat and instructed to keep his right index (inger on the monitor
key at ail times, except when responding to signals by depressing
one of the rcsponse huttons. He was told that: (a) his task was
that of a railroad engincer, (b) he must pay attention at all times
to signals that would appear on the screen in front of him, and {«)
he was responsible for the general safety of the train, which
depended on making quick, accurate responses to the signals. He
was informed that railroacd engine noise would accompany tkre apparent
movement of the train. The right responsc key was to be used when
a critical, (red-yellow) signal appeared; the left response key
wias to be pressed in response to a non-critical (yellow-yellow or
yellow-red) signal. He was told to press as quickly as pussible,
and then return his finger to the monitoring position. The signal
schedule was then explained.
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TABLE 1. SUMMARY OF EXPERIMENTS

prefimont 1 Physiological and Behavioral Indicer

Ixperiment 2 False Expectations and Physiological and Behavioral
Indices ¢

Experiment 3 Motivatinn and Alerting Tashks

Experiment 3 Conditions Sequence of Condit ons
3a Control Subj. sSequence
1 adche
Secondary Tashk 2 adbce
3 acdehb
3h Random Warning 4 abde:
3c Regular warning S abed
6 a*chd
Joh-Related harning 7 acedh
R aehecd

3d Light warning
3¢ voice Warning (Second I'erson)

L\pr riments

i : 3

Namber of Subjrots 8 In R
Nemher of “te 1ans 1 1 8
Signale ner sessien: Tatal 45 o 14
Won fritgyonl in 19 3

tritreal ) ¥R 3 11

Heurs of Fyprramentatioe per Sessinon .o 250 2078

14
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If a subject was wearing a watch, it was removed. The experi-
menter then left the room, and allowed the subject to dark adapt
and hecome familiarizeu with the projected moving image for
approximately 10 minutes. The railroad engine noise was then
turned on. The subject was given ten to fifteen minutes of prac-
tice in responding to signals, following which the test session
began.

4,5 RESULTS

Because the questions raised in Section 4.1 involve compari-
sons of experimental results in a variety of combinations, Table 2
1s presented as a guide to the principal results that hear on each
question. Table 3 summarizes the combined responses of all sub-
jects to all signals in all ivee experinents, We will first
examine the correct responses in mcre detail and then note any
additional information yielded by the tvpes of errors made.

4 5.1 Perfermance Accuracy

a. Performance DNecrement

The primary concern with alertness is the decline of effec-
tive joh performance as time continues on a dull task. All experi-
mental sessions were divided into 3N-mijute periods for analysis
for =uch a decrcment ‘In experiments 2 and 3, data were averaged
for a 15-minute init:al period, indicrated as '"period 0" in the
figures). As an index of performance effectivencess, the total
number of correct responses to primary signals was determincd for
each perlgd. expressed as a percentage of the tota! numbher of
si1gnals,

In Figure 2, the pereentage of correct 1 €s)0Nses AcTOSS
time periods 1s plotted for each experiment.  Since the firet
{contrnl) sessien of Lxperiment 3 constituted a special test of
motivation, both jondition 3a and the conbhined rerformance on the

other four condittons are shown.
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Heart Rate

TARLE 2. RELATIONSHIP OF RESULTS TO EXPERIMENTAL QUEST ONS
Question Measures Results tn be Compared
False Expectations Errors Experiment 1 with
Cxperiment 2

Job-Related Task Errors Fxperiment 3b and 3c
combined, with Experi-
ment 3d and 3¢ combined

Warning Schedule Errors Expe:iment 3b with
Experiment 3c

Second Person Errors Experiment 3d with
Experiment 3e

Mntivation Errors Experiment 2 with

. Experiment 3a

[

'hvsiclogical Responses | LEG Time trend cf measures,

EMG Experiments 1 and I

Behavioral Responses

Eyeblinks

Fye Movements
Bodily Activity
Response Latency

Time trend of
Experimonts 1

measures,
and 2

Time trend of measuries,
Experiments 1, 2 nd 3

A
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TABLE 3. SUMMARY OF PERFORMANCE IN ALL EXPERIMENTS

Not Rel

Experiments Related
Con |Ran | Reg | Lit | Vce
Critical Signals 1 2 3 3a | 3b 3¢ 3d 3e
Missed Responses 8 33 8 4 1 1 1 1
Wrong Responses 12 22 22 6 7 1 3 S
| Right Responses 70 75 410 78 80 86 84 82
Total 96 | 130 440 88 88 88 88 88
Nor-Crotical Signals
Missed Responscs 27|10 S0 13 16 19 0 2
Wrong Responses 16 ? 13 5 2 3 0 3
Right Fesponses 245 | 253 |1257 246 | 246 | 242 | 264 | 259
[otal | 288 | 390 (1320 264 | 204 | 204 | 264 | 264
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A slight tendenry for poorer performancc as time on the task

increased can be seen for Experiment 1, although it lacks s%tatis-
ET?ET_ETEEificancel hecause of considerable varjability in perfor-
mance among the subjects. On the other hand, a clearly significant
performance decrement occurred in Experiment 2, as was predicted

by the hypothesis of false expectations..

In Experiment 3, rewards were introduced to improve motiva-
tion, and various warnings werc tested as aids to alertness.
Conldition 3a, with no warnings, differed from Experiment ¢ only in
rewarding correct responses., The curve for Condition 3a recembles
that for Experiment 2 in shape--a decline in performance, tending
to level off, with an end-spur: of improvement, although at a much
nigher level ot performance. The shape of the curve suggests that
there was an alertness problem ‘41Condition Ja, but the high level
of pcrformance indicates that thd subjects of Experiment 3 were
much beticr motivated than thoss of Experiment 2.

The curve for the combined (ahcd) warning conditions of Fxperi-
ment 3 fails to show any consistent decrement in performance with
time, with the group averaging alout 95 percent accuracy throughout.
This result Jdemoi~strates the general effectiveness of alerting
signals over no sigrals. Figuare 3 breaks down the data to show
tne cffects of the 1ndividual conditions., Figure 3a shows consis-
rently accurate vertorirance in both the light warning and the voice
warning (second person) conditions, Performance lcvels off at a
slightly lower level for the second person condition, suggesting
that the secund person might have distracted the su:hject's atten-
*ion; hawewer, the difference is not statistically significant,

There was ro significant difference bhetween conditicns 3b and
Y¢ as shown in Firsure 3h, indicating that random and regular sche-
dules of sconndary alerting signals were equally effective in this

cxperiment

b [~

“tatistical sagnifacance gndicat~« the likelihond that the obtained
results were not due to chance . lone. In this report, “signifi-
cant'” results are those that would occur by chance no more than
five times out of 2 hundied.
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Conditions 3d and 3e both involved a warning given just bhefore

the appearance >f each signal, with no respcnse required of the

subject. Conditions 3b and 3c bhoth involved a secondary alerting

unrelated to the primary signal and requiring a
In Figure 3c the combined results o° conditions 3d and

signal, secondary

response.
e (warning related to signal) are compared with the comt:yned
results of conditions 3b and 3c {(warning unrelated to signal),

showing that signal-related warnings were significantly more effec-

tive than unrelated warnings in maintaining accurate Tesponses

(giving 5> percent greater accuracy).

b. Lrrors

Two kinds of errors were made: a signal was mis ' altogether,
or the wrong key was pressed in response to a signal. i.ahie 3
presents both types of error for all subjects in cach experiment,

The errors are further hroken dnwn by type of signal--critical or

noncritical. Figure 4 graphically represents thecse errors as

percents of total responses.
In Experiment 1, ron-critical signals appeared threce times as

often as the critical. [In Fugnre 1, it is apparent that propor-
. = /
»_responses were miade *to the non-critical s1g-

the same rate of

tionately more wr

nals than to the critical <ignals, with ahout
SR

fin the assumptinn that the greater fre-

miss~s for all signals,

quency of non-critivcal signals led to a false vxpectation fur

non-critical signals when the critical signals cecured, thus
indu-ing more wrong Tresponsces, the schedule of signals was pur-
posoly arranged to ,ncrease this expectancy in Experiment ..

The rr<ul€s justified the assumption; even a higher proportion of

wrong responses to non-critical signals resulted. This second

signal schedule was alsce used in Fxperiment 3, yielding cimitlar

prorortions of wrong responces

Ixperiment 2 produced a ver high percentage of missed sig-
p p b4 p K

This was attributed to poor motivation. The suhjects were

nals.
<o hared that their attention wandered (perhaps they occasionally
doced), and they farled to see many signals. In lxperiment 3,

the cubjouts were olfercd extra pay for cvery correct responsc,
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The control condition (3a) was identical to Experiment 2 except for
this motivation factor, whose elfectiveness is well demonstrated
kv the dramatic drop in both missed and wrong responses in Experi-

mont

i

We have already noted that performance was more accurate with
cignal-relatel than with non-related warnings. The lower portion
of Figure 4 shows that the difference was primarily in missed
signals. False expectations continued to generate some wrong
responses to critical signals under all conditions, hut whea each
wiarning was associated with an upcoming signal, missed signals were
virtually climinated. Wken a second person provided the warning,
there were a few more wrong responses than when a warning light
was used. Possibly the conversations distracted the subject
occasionally: however, the number of errors was too small to have
statistical significance.
¢. tonclusions Based on Irrformance Ac.uracy

'n suamary, without some hind of alerting signal, performance
accuracy tended to ddecline vith time, When alerting signals were
used, this decline did not occur. Alerting signals related to the
nrimiary signal were more effective than those unrelated to the
primary signal in maintainirg accurate performance, virtually
climiaating missed <ignals,  When a sccondary alerting taskd was
used, 1t made no diff{~1ence whether the aierting signals were
presented in a random or regular time sequence. ‘A situation
crusing a Talse expectation for certain signals induced an increase
In winng r-sponsces toy them, Monetary rewards for cocrect responses
and threat «f penalty for wrong responses (motivation) resulted in

an improved level of porformance accuracy.,

o2, Indives of Tass of Alertness
k. Physaolegrcal and Activaty Measures

The *ape-recorded data were 1educed by computer. All of the
brain wave (PP, muscle potentiral (LMG) and bodily activity data
were reduced by the Tast tourier Iransform (I'FT) technique. FFT's

woere averaged for the first ¥ sceconds of each minute, [EG measures
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were recorded for each frequency in the band 1-44 Hz. They were
then averaged for 4-7 Hz (theta), 8-12 Hz (alpha), and 14-20 Hz
(beta); 40 Hz activity was summed over the frequency band 35-44 liz.
Power spectra were also produced for EMG data ane bodily aciiviiy.
The number of eye blinks within the first 8 seconds of each minute
were recorded, and heart rate was averaged for the same time
periods.

None of these measures showed any consistent relatienship with
performance. A few tendencies of thcoretical interest were noted;
principally that the ratio of alpha-to-theta activity and the 40 Hz
actavity were higher for good performers than for poor. However,
there were no results that would warrant a recommendation for use

of any of these measures io operate cab alerting devices,
h. Response Latency

On the hasis of preliminary experimentation, the mecasured time
between signal onset and the subject's rclease of the monitor key
was selected as the measure of response latency. This measure
showed how much time it took the subject to notice the signal and
to start his response,

Response latencies varicd so much in Ixperiment 1 that no
trend with time on the task was apparent for the group as a whole,
H>ecver, the subjects of Experiment 1 could be divided into two
distinctly different groups of four hased on response accuracy.
Tre "good™ performers averaged 95 rercent accuracy; the '"poor”
pefarmers averaged 78 percent.® [he pnor performers varied
gre.tly in latency throughout tlie experiment, and no signif;cant
trend coulu he e-~tablished. The pood performers started respond-
ing much faster than the poor, with a significant slowing trend
with time; so at the end of three hours, the good and poor per-

formers had essentialiy the same latency. In Experiment 2, there

“The locomative engincers in the subject group split evenlv on
perfarmance--two 1n the gond group, two in the noor. Since thev
performed like the nther subjects on all measures. locomotive
engineers were not sought out as subjects for the subsequent
crperiments.
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was a significant tendency for responses to become slower with
time for the total subject group, but this relationship was not
apparent in results of Experiment 3. There was a slight tendency

€icant) for the subjects of Experiment 3 to react faster
when the alerting task was job-related than when it was unrelated;
within job-related responses, there was a significant tendency to
react slower to critical (unexpected) signals than to the non-

critical signals.

Although both errors and latr~—_...s showed some tendency to in-
crease with time, the variability with time could have masked out
a stronger error-latency relationship. A comparison of mean group
errors with mean group latencies regardless of time period did
show a tendency for errors to be associated with slower responses,
However, the variability between the subjects contributing to the
mean latencies was so much greater than the variability bhetween
the means that no significance could be attached to the trend.
Recause of this variability in latencies even in tae laboratory,
the uncertainty as to whether an increase in latency represents an
undesirahle loss of attention or a desirable thinking-through of
alternatives before acting, and the difficulties inherent with
"wiring up" engineers in operating locomotives, the concept of
measuring an engineer's response latency to operate an alerting
device in the lrcrmotive cab is not considered operaticnally
feasible at this time.

4.6 CONULUSIONS FROM EXPERIMENTS

~

With regard to the questions raised in section 4,1, the re-
sults of the three cxperiments led to the following conclusions:

—_—

| If an engineer expects a ticvlar signal, he is more likely
to mizke an erroneous response to a different and unexpected signal,

An engincer is likely to make fewer errors in the primary job
when alerted by a signal related to the primary jobh than when
alerted by a signal unrclated to the primary job,

Secondarv warning signals prescnted at cither regular or
random intervals arc likely to he equally effective,
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A second person in the cab calling signals is as effective
as a warning light in preventing missed signals, However, care
must be taken that the companionship of a second person does not
distract the engineer's attention in responding to signals,

Rewarding good performance reduces the likelihood of loss of
alertness on the job. '

The use of measures of response latency, brain or muscle
electrical activity, or bodily activity to sense warning alertness
and operate warning devices is not considered operationally feasi-
ble at this time.
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5. CRITERIA FOR ALERTiNG DEVICES

5.1 SUMMARY OF FINDINGS

The literature on alertness and the confirming results of the
experiments establish the fact that alertness regularly declines

————

during periods of relative inactivity on_tasks of several hours'
duration. When signals in the environment must be detected and
responded to during these periods, therc is a risk that some

signals may be missed or misinterprcted. A false expectation about

a signal increases the chances that the signal will be misinterpreted.
‘n railroad situations, the results of missing or misinterpreting
signals are potentially disastrous. The use of alerting signals

and alerting tasks, properly designed, can significantly reduce

these risks. These findings have been combined 1nto a sct of criter-
ia for the design of effective alerting .ystems, and the alerting
devices currently 1n use on U.S, railroads have been evaliLated

in terms of these critetria,

5.2 CRITERIA DIERIVLD FROM FINDINGS

The following criteria are proposed as yjuidelines for evalu-
T L —

ating svstems for naintaining a locomutive engineer's alertness,
g s) < for n:
The term "system'” is usel hecaise no single device can incorporate

all of the recommend~d features.

5.2.1 Seccondary Task

An_ideal alerting system will provide one or more secondary

tasks to occupy the engineer during periods of low job demand,
This criterion applies the principles of secondary task, complexity,

and other senses.

§.2.2 Spaced Activity

An_ideal alerting system will
at fairly regularly spaced inicrvals. This criterion applies the

principles of frequency and intersignal range. The results of

Experiment 3 (random versus regular spacing of signals) suggest
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that precise spacing of secondary tasks is not essential.

5.2.3 Rest Breaks

An ideal aierting system will provide periodic rest breaks for

the engineer.. This critericn applies the princ¢iple of breaks.

5.2.4 Rewards

An ideal alerting system will provide positive rewards for

appropriate performance. This criterion applies the principle of

motivation, strengthened by the results of Experiment 3,

5.2.5 Feedback

An ideal alerting system will give the engineer feedback on

how well the job is bheing done. This criterion applies the princi-

ple of feedback. It will help avoid the generation of false

expectations.

5.2 6 Conspicuous Signals

An ideal alerting system will provide primary and secondary

signals that are conspicuous. This criterion applies the princi-

ples of combined senses, visual area, position, magnitude, novelty

and change.

5.2.7 Expected Signals and Tashs

An ideal alerting sy-stem will provide advance warning of

4
ippending.kignals or tasks. This criterion applies the principle

of expectancy, strengthened by the results of Experiment 3
(warnings asscciated with signals). It will help avoid the genera-

rion of false exnectations,

5.2.8 Joh-kelated Signals and Tasks

An ideal alerting system will provide seconduary signals and

tasks that are related to tho primary job and that focus attention

on the requirements of the primary job., This criterjion applies the
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principles of need fulfillment and interest. Its value was con-
firmed by the results of Experiment 3.

5.2.5 Non-Interfering Signals and Tasks

An ideal alerting system will provide secondary signals and

tasks that never inierfere with primary signals and tasks. This

criterinn applies the principles of frequency and other senses.

5.3 QUALITATIVE RATINGS OF CURRENT ALERTING DEVICES

The foregoing criteria for an ideal alerting system were used
to evaluate the devices currently in use on U.S. railroads. The
results of this evaluation are summarized in Table 4. A plus (+)
entry shows that the device named at the head of the column meets
the criterion listed at the left. A minus (-) entry ind.cates that
the device violates a principle on which the criterion was estab-
lishei. No entry means that the device is essentially unrelatecd to

the cJsiterion.

The numerous positive entries in Table 4 show that the rail-
road industry has generally adopted devices and practices ior
maintaining cab alertness that are hased on well-established
principles for maintaining alertness and attention. However, the
negative entriex show that aany devices also have features that
violite some of the proposed criteria; together with the blank
spices, they suggest that even more ecffective devices and techn:-
ques may he possible through further r:search and development,

5.3.1 Pneumatic Foot Valve ("DNeat Man'' Pedal)

In terms of the number of ncpative r1atings in Table 4, the

dead man device sppears to he the least desirable alertness aid now
in use. Although prescsing the pedal is required as a svcondary

task, thec constart pressure actually comes to constitute ''no
activity". The device does not stimulate the engineer t> stay
alert: it limits his mobility, promoting muscle fatigue; it is
unrewarding, uninformative, competetive with the primary iob, and
is easily tampered with,
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5.3.2 (yclirg Pneumatic Foot Valve and Periodic Acknowledgment

Devices

These two Jevico- Jo provide a regularly spaced secondarv
activity and ccnsp: ;s warnings. Hcwever, since they can penalize
an engineer who i~ ,ioperly performing his primary job, they are
negatively rewa: ng. They provide no job-related information, and
in continuing to rejuire responses when the engineer is husy, they

can intarfere with the :-imary jorb.

5.3.3 Electrrnic Alertness Control

This Jevice ti1~vides sma. ! 4ctivity by requiring acknowledg
ment wn:ra it serses s veriod 1 anactivity. However, since job
——

ACtivity ta 1overred froa bhaadly activity, it can not determine
whether ~enwed activity s job-related or not; it can penalile an
alert ~ ,ineer (false alarm), and 1t can interfere with primary

Can ANt ot e
task:

5.3.4 ﬁgﬁiﬁ;:q}lon

wome of the objzctions to the cycling “"dead man”, the reriodic
acknowledgment and the electrnaic alertness devices can be overcore
Ly cenrmecting them to accept certain control actions (operation of
Yrakes, threttle, sander, or bell) as acknowledgments adequate to
fore=tall a.arms «nd renalties. The medification :s feasible with
currant models of all ot these devices. So modified, any cf those

devices 1s more jobh related, provides tu# cngincer vwita feedback

in that no alarm means the primary job 1s being d.ne, and is un-
likely to int>rrupt a busy engincer, Any ‘nne of these modified

devices pruhably represents the hest alerting mrthod commercially

svailable today.

5.3.5 Cab Signals, Automatic Train Stup, and Automatic Train Speed

Control

Cab signals, and the train stop or train control systems
operated with them, are designed to attract attention when a
response is required rather than to maintain alertness. However,
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they are strong on the job-relevant criteria and provide a base
from which improved alertness systems may be derived.

5.3.6 Intermittent Inductive Systems

These svstems are of intercst because they may include a
trackside sign (board) in advance of the sensor. Although the
passive boa'd is not as conspicuous as the lights and alarms of
other systems, it provided the only positive rating on expected
tasks in Table 4.

5.3.7 Signal Matching

In Section 2.3.3, we noted that two sources had proposed
development of a device requiring the engineer to key an entry
matching cach cab signal, thus assuring that the signal was cor-
rectly perceived. Rated on the nine criteria for an ideal svstem

(T-ble 4), this concept zppears promising. It is a job-related
secordary task that provides immediate feedbhack on an_ importrat

aspect of the job. C(orrect responscs will be rewarding. end false

cxpe~tations will be'E;ECCted. There is the possibility, however,

T . . .
that the task could interf-rre occasionally with required control

acticns,

5.4 THOUGH1S5 ON AN INDEAL SYSIEM

If we consider an ideal alerting system as one that would
receive positive ratiings cn n.l nine criterid, then Table 4 shnows
t'a: all of the rated technigues fall short of the ideal. MHowever,

ameny them there is at lerast one posit’ve rating in every column

axcert "Res. Breaks', which we have alrrady noted requires no i
devic? but an estahlished operational policy. Using this raw

material, we could svnathesize an improved svstem--one well within

the state of the art, although requiring research and developmem

to achieve cost cffectiveness,

A signal matching system coupled with cab signals provides a

starting point, To fill in the periods when there are no opera- ' !

tional signals, an alditioral (alerting) signal could he added
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