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PREFACE

. This is an interim report on the analysis of watchstander
activities at the Houston-Galveston Vessel Traffic Service. The

! study was performed by the Human Factors Branch of the Department

i of Transportation's Transportation Systems Center (TSC) under the

I sponsorship of the US Coast Guard's Office of Research and
Develcpment, PFurther analysis of the Houston-Galveston data is
plsnned, particularly with the transcripts of radio communica-
tions. These initial results, however, were judged to be of

! enough interest to warrant an early report.

The authors wish to axpress their sincere thanks to LCDR

C.T. Johnson and LT P.R. Corpus of the Office of Research and
: Development and to CDR E. Schneider and all the personnel of the
! Houston-Galveston VT8 for the encouragement and support provided
: by them in every phase 0of this study. We also gratefully
acknowledge the guidance and contributions to the report provided
by Dr. H.P. Bishop, Program Manager and Chief, Human Factors
Branch (DT8-532) at T8C.
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EXECUTIVE SUMMARY

As the first study in a program for the evaluation of
watchstander productivity in US Coast Guard Vessel Traffic
Services (VT8's), a team of human factors specialists from the i
Department of Transportation's Transportation Systems Center 9
(T8C) collected and analyzed data on watchstander activities at i
the Houston~Galveston VIS. During the period September 19-21,
1977, the following information was obtained:

Copies of VI8 forms and logs;

Detailed rocords of watchstander activities for a total

of fifteen hours of observation;

Repeated time measurements of typical watchstander actions
and computer delays;

Records of twelve in-depth interviews with VI8 personnel;
Stress questionnuires administered to nine watchstanders;
Photographs of equipment and workspace layout.

The Houston-Galveston area is divided into three sectors,
each served by a Bector Watchstander (8W) at a sector position in
the Vessel Traffic Center (VIC). Each sector position has a
control console for a VHF-FM radio communications system, a
computer terminal (a keyboard and two cathode-ray-tube displays)
for the VIrs-Data Acquisition and Control System (VTa-DACS), and
controls for surveillance aids (television or radar). Position ' b
reports and identifying data are radioced from the vessels to the ‘
8W, who manually enters the data into the VI'S-DACS via the ;
keyboard. The computer then dead-reckons and displays current :
vessel positions and other relevant traffic information.
Subsequent positions, reported or observed on television or
radar, are used to verify and (if necessary) correct the computed
data. At the time of the study, the Houston~Galveston VTS was
maintaining a backup tracking syetem that involved advancing
traffic status cards along a slotted board.

The 8W monitors his displays and periodically radios a
traffic advisory to each vessel in his sector. The advisory is
generally limited to an enumeration of traffic that the vessel
will encounter, discrepancies in aids to navigation, significant :
weather, and channel hazards or obstructions. If conditions !
roqgiro it, special cautions and directions may be included in an ‘
advisory.

The SW's are supervised bx a Watch Supervisor (ws) and
assisted by an External Communicator (XC).

xi




Houston-Galveston VIS records show an average annual traffic
load of 250 vessels per day, 50 ships and 200 tows. During the
three days of TSC observations, traffic averaged 243 vessels per
day, 44 ships and 199 tows. Sector loads varied from 4 to 20
vessels during observations, with a mean load of 10 vessels. No
significant incidents were reported on the obhservation days.
Therefore we conclude that our observations were based on a
reasonably representative sample of "routine" operations,

Over the fifteen hours of cbservation of 8W activities, 6759
activities were recorded., General activity levels were highest
in the sectors having the highest traffic load. Within sectors,
comminicating with vessels and working with Vessel Status Cards
varied with the traffic load or with changes in traffic load, but
the monitoring activity (use of computer-generated traffic
displays, televigion or radar displays) was relatively
independent of traffic.

The principal types of activities were also timed.
Combining frequency of an activity with average time to pesrform
the activity yields an estimate of the total amount of time in-
volved in pexforming the activity. Because the time measurements
varied over a wide range and were not made concurrently with the
frequency observations, care must be taken to interpret the
combined figures as only rough estimates. These estimates showed
the following allocation of time to activities during the fifteen
hours of observation of Sector Watchstandars:

communicating with vessels 18 percent
Monitoring the computer 12 percent
Keying the computer 16 percent
Using the Vessel Status Cards 23 percent
Using radar 5 percent
Using television 23 percent
Miscellaneous activities 3 percent.

These figures indicate that in routine operations at the
Houston-Galveston VTS, delivery of the primary product, traffic
advisories, occupies less than two-tenths of the sector
Watchstander's time; the rest of the time is devoted to
supporting activities. Monitoring displays, in order to be ready
to issue advieories, occupies about 40 percent of the sw's time.
Working with the Vemsel Status Carda takes up nearly a quarter of
the time, while keying entries and requests into the computer
takes over fifteen percent. The rest of the time (about three
percent) goes to such miscellaneous activities as looking up data
in reference files, talking to other watchstanders, and
occasionally leaving the position briefly.
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The comments and opinions expressed by the VIS personnel in
the interviews identified some operational problems that were
alsoc reflected in the data. The principal set of problems
centers on inadequacies of the VTS8-DACS, including:

Inadequate integration of displayed data
Excessive keying requirements

Display delays

Request rejections

Inaccurate data.

Basically, the SW needs to know the location and iden~
tification of every vassel in his sector. To get this
information from the VIrs-DACS, he must look at two displays (a
plan position display and a vessel listing) and mentally
integrate this information. To get supplementary information
{such as vessel intentions, future encounters, vessel in port,
etc.) from the VIS-DACS, or to enter information, the SW must
call up other displays. 8Since he has only two display devices,

he must always lose a basic display while using any supplementary

display. To change a display requires at least four keystrokes
and may require up to fourteen. Because of computer memory
limitations, there is a delay of st least one sscond, genexally
two seconds, and possibly ten seconds after the keying is
completed before the requested information is displayed. If
keying is too fast, or if power fluctuates, the computer may
reject a request, forcing the 8W to repeat the entire keying
operation. In our limited testing, two-to-seven percent of our
display requests were rejected. Finally, since changes in vessel
speeds are often unreported and undetected, the displayed
positions and projected positions are fregquently in errox.

The first consequence of these problems is that the 8W fails
to make full use of the capabilities of the VIS-DACS. Bocth the
usage ratings of displays made in the interviews and the
observations of watchstanders at work showed that SW's tend to
use only those displays they can't avoid using, rarely calling up
supplementary information. IXIn particular, the display that
should be the basis for every traffic advisory (Traffic status

Summary) , requiring excessive keying and subject to excessive
delay, is almost never used.

A second consequence of thie situation is that the Vessel
status Card tracking and reference system is still relied on
heavily for information. About one-quarter of the 8W's time ie
spent in maintaining and using it, and it seems unlikely that it

can be dropped until the VTS8-DACS can be made more responsive to
the 8W's needs.

xiii
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A second problem area concerns wogkspace illumination. The
stress questionnaires yielded consistent reporta of aching or
burning eyes and tiredness, also noted in two interviews. One
cause of this could be the need for frequent visual readaptation
to varying levels of brightness in the visual field, particularly
to glare spots in a generally dim environment.

A third area of possible problems was identified from
comments in the interviews to the effect that the present
arrangement of equipment inhibits interactions among SW's,
prevents them from keeping up with the system-wide traffic
;iggitign, and makes group cocpexation in problem situations

cult,

Consideration of these problems and additional information
from the observations and interviews leads TSC to offer some
recommendations. The feasibility and desirability of
implementing these suggestions can not be determined from this
study; however, the ideas seem worthy of note and possible
further study.

a. Add additional television sites to Bector III.

b, Add a radar site to Sector II.

Ce Provide additional computer display scopes at Sector
watchstander positions.

4. Reprogram the VTS-DACS display formats to eliminate
unnecessary displays, to add entry time to the
Vessel Departures Sheet, and to allow expansion
and off-centering of the Dead Reckoning Sheat.

e, Increase the computer memory capacity to permit
reduction in display delay times,

£, Add more function keys to the keyboard to reduce
the number of keystrokes required for requests
and commands.

g. Provide a trackball or joystick for cursor con-
trol on the VIs-DACS displays.

h. Extend the tracking algorithm to include pre-
dictions of changes in vessel speed.

i. Obtain a more stable power supply for the VTS8-DACS,

9 Reorient and shield the radar PPI's to reduce glare,

k. Increase room illumination to the level of television
and computer displays.

1, Mask down the brightness of self-illuminated
panel buttons.

m, Conduct follow-on stress evaluations as an aid
to evaluation of the twslve-hour watch schedule.

na study the relative merits of grouped versus seg-
regated sector positions.

o. Provide at least one position for a full-time
training instructor.

e s
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1. INTRODUCTION

T

- 1.1 Purpose

In order 0 reduce the probability of veassel collisions and
. groundings in crowded waterways, and ¢o keep individual vesselr

apprised of the total traffic situation, the US Coast Guard is
operating several Vessel Traffic Services (VIS's). To profit
from the experience gained in operating these VTs's, both to
improve present sexvices and plan future services, the Coast
Guard's Office of Research and Development has undertaken a broad
program of analysis of VTB operations.

A i e e A e e e

i Human performance is basic to the operation of a Vrs. The
i principal product of a VIS is a traffic advisory communicated by
d : a VT8 watchatander to a vessel master or pilot via VHF radio.
; The value of the advisory is dependent on the skills of the
; i various watchstanders in acquiring and monitoring traffic data,
: in integrating the data into a coherent picture of present and
anticipated traffic, and in composing and delivering a clear,
: ‘ concise and accurate traffic advisory. Therefore the Coast Guard
s , has recoqnized that any model of VIS operations and productivity
i i must include the influence of watchstander performance on system
‘ ! performance. The Coast Guard's Office of Research and
b e Development has commiassioned the Human Factors Branch of the
4 Ve Department of Transpertation's Transportation Systems Center
(TSC) to obtain and analyze data on watchstander gtrtormnneo and
to integrate the results into models of watchstander activity and
productivity.

1.2 ggoope

For its firest year's work on this study of VI8 watch-
standers, TSC has undertaken the collection and analysis of data
3 ! on watchstander activities in routine operations in four
R | , operating VI8's; Houston-Galveston, Puget Sound, New Orleans and ,

. San Francisco. This report presents the initial results of the i
analyeis of the first Vvrs -- Houston-Galveston.
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2. DESCRIPTION OF HOUSTON-GALVESTON VESSEL TRAFFIC SERVICE
2.1 Purpose of vrs's

The Ports and Waterways Safety Act of 1972 authorizes the
Coast Guard to operate vessel traffic services (VIs's) in
designated areas to "...prevent collisions and groundings and to
protect the navigable watexs of the VI8 Area from environmental
harm resulting from collisions and groundings.'* VTS's meet this
objective ",.. by providing pilots and masters of vessels
information concerning vessel traffic conditions and navigational
hazards that would otherwise not be available to them."#*

2.2 general Shaxacteristics of HOU-GAL VIS

The Houston-Galveston Veusel Traffic Service (HOU-GAL VTS)
provides a 24-hour service to three majox poxts (Houston,
Galveston and Texas City), several sub-ports, and more than 70
miles of navigable channels. The VTS handles about 250 transits
per day** gome 20 pexcent of which are lhigl. 80 percent tows
(barges pushed by tug boats). Becauss of the narrowness of the
Houston Ship Channel (300 to 400 feet) and the shallowneass of
Galveston Bay, there is relatively little traffic other than
commercial., The commercial traffic volume is increasing; over
the first two years ¢f VT8 operation (Marxch 1975-«March 1977),
traffic load increased by 38 percent. Over 60 percent of the
Cargo tonnage in the system is dangerous -- petroleum, liquefied
natural gas (LNG), acetone, chemical fertilizers and sulfuric
acid ~-making Houston the nation's leading port in terms of
dangerous and volatile cargoes.**#** All of this traffic moves in
narrow, shallow, often winding channels lined with some 300 docks
and industrial facilities. Figure 2-1 shows the principal
characteristics of the HOU-GAL VT8 area, including ite division
into three sectors to facilitate information processing.

The HOU=GAL VTS is based on a voluntary Vessel MOvement
Reporting sxltom (VUMRS) , in which participating vessels report
their position to the Vessel Traffic Center (VIC) via VHF-FM
radio from designated reporting points, and the VIC radios back
advisories on traffic and related conditions. Burveillance is

;_39.@.1 of 8, 33CFR161,101
*%puget vIs Mapnual, ¢1.1.2
seeStatigtics provided by HOU-GAL VTS

asex0'Hara, E. "How to Guide ships Through a Dangerous Port: VIS
Does it in Houston.*® usaA, 3, 2, p.6=10, 1977
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aided by a precision radar site in Galveston (effective range 8
nautical miles) and four camera sites (2 cameras per site) for a
closed-circuit low-light-level television (LLLTV) l{-tom along
the northeastern portion of the Houston Ship Channel. To assist
the Coast Guard watchstanders at the VIC, a Data Acquisition and
Control System (VP8~DACS) acceptcs manually input information on
each vessel (location, speed, dastination, etc.), automatically
computes a track for each vessel by dead reckoning, and presents
track data and listings of summnary information on cathode ray
tube (CRT) displays.

2.3 Functions

A standing order of the HOU-GAL VTS lists their traffic
control functions, in "marching ordex®, as followst

Monitor

Anticipate

Inform

Caution

Direct (only when necssaary).

2.3.1 Menitoxring

Monitoring the traffic situvation involves creating and
maintaining as acocurate a picture of the current traffic
situation as available data permit. This picture is based on the
VMR8 position reports, supplemented by whatever gurveillance
(xradaxr, television) information is available.

The basic display of such information is the Dead
Reckoning Plot Sheet (DR), a CRT display produced by the VT8~
DACS. A DR display covers only one sector of the systemi thus to
survey the entire system one must either call up three successive
displays on one CRT or view three separate CRT's. 8ince the DR
display does not include idcntit{ tags, it is usually paired with
a Vessels Underway Sheet (VU), dieplayed on a second CRT, which
liste the names and basic data of vessels underway in the sector.
Several other listings of traffic information are available,
usually called up on the CRT used for the VU sheet. (See 8Section
2.6.2 for a more detailed description of available displays and
Appendix A for examples).

Prior to inauguration of the VI8-DACS, the traffic
icture was maintained on a large, wooden plotting board. Slits
n the board repressnted locations in the system, and each vessel

2-3
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in the system was represented by a manually prepared vesssl
status card placed in the apgtop:iato slit. The cards and
smaller versions of the board (one for esach sector) are still
maintained as a backup to the DACS.

Vessels entering the system report via the VMRS, or are
detected on radar or television displays and called by the VI8.
The watchstander manually prepares a vessel status card
containing such information asg

Name

ID (an identification numbex supplied by the
computer)

Type

Entry Position

Destinriion

Tow Makaup

Draft

Length Overall (LOA)

Beam

Speed of Advance (8O0A)

(Fiqure 2-2 mhows a typical vessel status card).

The information on the card is entered into the DACSB
computer via the keyboard, uning a Veasel Status BSheet (85) on
one of the CRT's. The B8 contains essentially the same
information as the cards plus information added by the computer
(such as vessel ID and convarsion of locations to guarter-mile
cell numbers). If the entry contains an entry cell, exit cell
and BOA, the computer immediately starts dead-reckoning the
veoloé'- position and updating appropriate displays every 15
seconds,

Following keyboard entry, the vessel atatus card is
time stamped and placed in the approrriate slit in the plotting
board, Periodically the cards are acdvanced on the plotting
board.

2.3.2  pnticipating

The watchstander anticipates future trafflc situations
by mentally extrapolating from the ourrent situation. This
involves prediction of passing and overtaking situations
primarily. Present position and BOA are used to dead-reckon
future positions, with modifications for expected changes. Bome

2-4
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changes are based on reported intentions; others depend on the
watchstander's experience--for example, l:nowing whaere vessels
will typically speed up or slow down. Where available, radar and
television imagery are used to verify expsctations and to detect
unexpected or unreported situations that require changes in
anticipated events.

Az an aid to dead-reckoning, the VIS-DACS will produce,
on request, a Traffic Summary Sheet (TR) for a given vessol.
This CRT display lists all expected encounters between the named
vessal and other vesssls in the system, giving for esach encounter
the vessel identification, time of encounter, location of
encounter (cell number), and direction of movement. This display
will list only vessele that have been entered into the computer
and is basad on linear extrapolation of the speed and location
curxrently in memory. The watchstander may correct speed and
leocation data in the VT8~DACS memory by keyboard entries as the
traffic situation develops.

2.3.3 Inferming

The watchstanders inform the vessels in the system of
relevant craffic situations by providing traffic advisories.
Every vessel is provided individual advisories through VHF~FM
radio transmissions. An advisory may contain any or all of the
following slements:

Anticipated traffic (meeting, overtaking or crossing)

Discrepancies in Aids to Navigation

Channel hazaxrds or obstructions

Weather warnings and information

Traftic controls

Any other information which may affect vessel
traffic safety or the port.

A traffic advisory is provided each vessel as it enters
the VT8 system, at every movement reporting point, and at any
other time when it is apparent that changing conditions warrant
it.

A typical traffic advisory follows: "DORLI this i
HOUBTON TRAFFIC; the display shows two inbound ships above Buoy
18, one ship getting underway from Bolivar anchorage bound for
Galveston, one tow coming out from Pelican Cut. Buoy 25 im off
station. Over."
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2.3.4 cautioning

When an unusual event occurs, every vessel that wvould
. be affected by it is given a special advisory in sufficient time

for the Master or Pilot to initiate appropriate action. Onusual
events include:

Channel closures orderxed by higher authority

Controlled traffic situations crdered by
higher authoxity

Dangerous conditions in the port
Major collisions, fires, groundings, etc.

Any other situation judged dangerous by the
VIC Watch Officer.

A caution advisory includes a brief desocxiption of the
situatiocn followed by timely updates. Channel conditions
(closed, blocked, hasardous, etc.) are included, and the vesssl
is requested to report its intentions.

. 2.3.5 Pirecting

Although the HOU=-GAL VTS, being a voluntary service,
does not have direct authority to control traffic, each Captain
of the Port (COTP) in the VIE area not only has such authorxity
for emergency situations but must coordinate such control with
the VTS8. Beyond relaying ordexs for vessel traftic econtrol
through the VI8, the COTP's have delegated thelr authority to the
Watch Supervisor on duty in eituations requiring immediate
direction and control of vessel traffic. This authority is used
spaxringly and must never include (or imply) direct ordars for
control of vessel speed Oor direction (such as "stop engines®,
"glow ahead", turn" or "back down.") A direction will generally
include a statement imposing the necessary restrictions, a
description of the circumstances requiring them, and the
requirement that the vessel report its intentions.

Typical directing advisories follow: “SEA BPEED this
is HOUSTON TRAFFIC. Due tO severe channel congestion between
Greens Bayou and Sims Payou proceed at reduced speed; do not
overtake the tug STARLIGHT. Report when passing 8ims Bayou."
YPURPLE KAY this is HOUSTON TRAFFIC. A fire has been reported in
the Texas City Canal. Captain of the Port Galveston has closed
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the canal channel pending further inveatigation. You are j

directed not to enter the Texas City Canal. Please report your
intentions."

2.3.6  AddAtional Munctions E

In addition to these basic traffic service functions, .
the HOU~GAL VI8 will relay messages between Coast Guard units and .

between vessels and on-shore company installations when it does
not interfere with the bhasic functions.

e e

|
To be able to perform the Vrs functions, watchstanders
also perform auch support functions as preparation and |

diesemination of racords, reports and messages, and training. ‘
2.4 Mapning snQ Sgheduling

1 , 2. 4.1 Genexal Manning

At the time of this study, the HOU=-GAL VTS had a com~
lement of 30 oparational personnel, 6 officers and 14 enlisted,

_ ivided among four Watch Sectione as shown in Table 2-1. Each
J% . section included one officer, at least three watchstanders
i

qualified on all sectors, and ssveral trainees,
\ 2.4.2 gelection )
J Full Lieutenants with seagoing experience as Operations ‘

Officer on a High Endurance Cutter or a Low Endurance Cutter, or L
as cCommanding Officer of a Patrol Boat, are needed as Watch 4
: Suparvisors. Anyone with average or above average proficiency

X and due for a shore assignment may be selected for a VT8 Watch-

| stander assignment. BSpecial conuidcrntioa is given to those who

(l volunteer for the aswignment. In general, VTS Watchatander

;o assignments have baen made from Radarman and Quaxtermaster
:; ratinga.

.
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TABLE 2-1,

i HOU-GAL VTS OPERATIONAL COMPLEMENT

! CDR Commanding Officer
i LCDR Executive Officer
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2.4.3 Training

Training is primarily on-the-job (OJT). Briefings and
orientation trips are arranged, but there is no formal schedule
of classes. The training is managed by a CPO, but there axe no
"instructors® in the usual sense. Every trainee must complete 36
training units, designed to be accomplished in eight weeks;
however, each trainee proceeds at his own pace, some finishing in
six weeks, occasionally someone failing to qualify at all.

Generally, it takes up to six months for a watchstander to become
fully proficient.

The basic elements of the training course are:

QD!EHQI and mfgfg;g K edge. Orientation rides on
various vessela; study of charts, slides, photos, TV
imagery, radar imagery; vessel identification; tow

makeups; types of cargo; maneuvering problems, and
rules of the road.

VIC Operation. Voice procedures, operation of all
equipment, record keeping, charts and publications.

§3g¥;%§gigng. Written exam by Senior Watch Officer or
Training CPO; oral exam by the Commanding Officer, and
practical exam by a Watch Officer.

2.4. 4 Work Schedule

There is a regular rotatiun of the four watch sections
through watches and days off. While field data were being
collected for this study the VTs changed from an eight-hour watch
to a twelve-hour watch. Both schedules involve the same ratio of
duty to off-duty time. The new schedule is four days on, four
days off, whereas the old schedule was twelve days on, four days
off. Thus more time on watch with less time off on duty days

have been accepted to obtain more freguent blocks of off-duty
dayse (see Table 2-2).

Typically, during a watch, the watchstanders rotate
through the three sector and the XC positions, changing position
every two hours at the W8's direction.

2-10
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TABLE 2"2 .

HOU~GAL VTS WATCH SCHEDULES

P Table Entries are Watch Sections (1-4) 2
' ! New Schedule M_T W_T F S5 3§
\ } 1
‘- Heek 1 1
: | 06-18 1 1 1 1 4 4 4 1
1 ; 18-06 2 2 2 2 3 3 3 3§
e Week 2 b
, 06-18 4 2 2 2 2 3 3 §
, 18-06 3 1 1 1 1 4 4
: 06-18 3 3 1 1 1 1L 4 ;:
i 1806 4 4 2 2 2 2 3 §
3 i _l
) ' Qld Schedule
] Week 1
1 . 00-08 1 1 1 1 2 2 2
B 08-16 3 03 3 3 1 1 1
3 : 16-24 4 4 4 4 3 3 13
| 00-08 2 4 4 4 4 3 3 i
o 08-16 1 2 2 2 2 4 4
5 16-24 3 1 1 1 1 2 2 L
K K.
2 00-08 3 03 1 1 1 1 2 1
X 08-16 4 4 3 3 3 3 1 ]
# 16-24 2 2 4 4 4 4 3 _
¥ . }
g
o I : ;
| & J
§ : i
| .
8 p




2.5 Qperating Positions |

The HOU-GAL VTS provides its services by assigning various ]
activities to the following operating (or duty) positions: Watch . ;
Supesrvisor (Ws), Sector Watchstander (8W), and External
' communicator (XC). A basic watch Section is comprised of one WS,

{ three 8W's and one XC. In addition, an electronics technician is
i { on call, and one or more trainees may be performing BW duties .
: under supervision of a gqualified 8W.

l
| 2.5.1  Hatch Supepvisor

The wWatch supexvisor is an officer who is responsible
for the total VIS operation Auring & watch, having the
responaibilities of Officer of the Deck (OUD) as defined in USCG :
Regulations (CG-300). The WS is the direct representative of the -
Commanding Officer, and for emergency situations has been g
delegated the traffic control autho:itx of the COTP. The W8
stays continually aware of all activities of the VI8 during his
watch. He assigns his personnel to the various operaeing
positicns, supervises their perforrance, and rotates position
\\ assignments ag circumstances require. Circumstancea beyond the

scope of control of SW's are referred to the WS; in turn, he
notifies the CO or other authorities of matters beyond him scope
of control. He is also responsible for intarnal unit safety,

physical security, and the training of his watch Bection
personnel.

i The WS has the authority to draft and release messages 3
‘ and is responsible for proper message composition, dissemination

ﬂ and filing. He must also maintain the following records: Dally

# Unit Log, Daily Equipment Status/sService Log, Aids to Navigation

. File, Daily Message Files, and Daily Vessel Tally.

2.5.2 Sector Watchstandex

Each 8W conducts the basic VI8 functions (monitorx, |
k| anticipate, inform, caution and direct) for all traffic in his g
J\ sector. He monitors appropriate VHF-FM channels and communicates .o
g\ with pilots and masters, receiving traffic information and

;| issuing traffic advisories, operating his radio control eguipment
- . as regquired. On receipt of traffic data he enters the

¥ ; information on Vessel Btatus Cards and transcribes it to the VT8~
] DACS memory via the terminal keyboard. He time-stamps, files or
hands off Vessel status Cards as required. He monitors traffic
on the VTS8-DACS CRT displays, calling up various displays via the
keyboard as needed. He continually cross-checks the displayed

e e e o =
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traffic situation against all other available information (such
as monitored radio communications, television, and radar
displays), setting and adjusting associated equipment as
required. He anticipates developing tratticnrroblnm- and advises
the masters and pilots in time for them to initiate corrective
action. If the situation requires it, he issues such directions
as not to enter certain areas, not to overtake certain traffic,
not to exceed a certain spead, and the like. When the situatjion
permits or requires it, he assists otheyr agencies (Coast Guard
units, industrial organizations, etc.) by relaying messages via
his communications equipment.

2.5.3 Extexnal Communicator

The XC functions basically to assist the Ws. He
generally handles routine incoming enquiries about traffic in the
system and other matters. At the direction of the W8, he may
assist a busy 8W by entering data into the VIS-DACS. In
practice, when traffic is light, the XC dQuty functions as a
relief assignment. With Ws approval, the XC may eat lunch,
study, or leave the room for personal matters. The XC's VTS8-DACS
terminal is often used for demonstrations for visitors, practice
by trainees, and familiarization with the traffic situation by
relieving watchstanders.

2.6 Equipment and Worksoace
2.6.1  VHI-F4 Radie and Communications

The HOU-GAL VT8 is equipped with VHF-FM communications
with a microwave relay and control system. Radio coverage is
provided by three high level transmitting/receiving sites--one
for each sector. 8ix radio frequencies (channels) have been
assigned to the VTS,

Each of the five operating positions at the VIC has a
communications console which includes controls for selection of
sites and channels for monitoring and transmitting, along with
volume and squelch controls as needed.

The channel assigned specifically for VI8 communi-
cations concerning vessel traffic mlnazomcnt is channel 12.
Using a monaural headset, each BW continuously monitors Channel
12 through the site assigned to hias sector and can transmit over
that channel by actuauing either a press-to-talk switch on the
console or a foot pedal.
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Channel 13 is reserved for bridge-to-bridge
communications. 8inc¢e inter-vessel communications are a rich
source of information about vessel traffic and intentions, the 8W
monitors Channel 13 via a speaker on his console. If a vessel
cannot be reached on Channel 12, the SW may contact it via
Channel 13 and ask it to call back on Channel 12 or Channel 6.
Channel 6§, for authorized operational and administrative
communications with commercial vessels, is generally limited to
non-VT8 communications, as is Channel 1§, the port operations

frequency. Channel 22A is used primarily for communication with
Coast Guard units.

The WS monitors Channel 16, the International Calling
and Distress frequency, to detect emergencies and provide
assistance as necessary. Transmission on Channel 16 is limited

%g situations when a vessel cannct be reached on Channels 12 or

Each communications console also contains whatever
telephone equipment is appropriate for the position. Figure 2-3
shows the communications console at the XC position.

2.6.2  Veswel Traffic Data Acguisition and gontrol Svaten

The VTS-DACS is a computer-based system. It accepts
information entered manually by watchstanders, computes vessel
movements by dead reckoning, stores data, and displays
information when regquested by keyboard action. The computer and
associated squipment are located in a separate equipment room and
are connected to each VIC position via a VIS-DACS terminal. Each
terminal includes two black and white CRT display units and a
c°mm:ndlxeyboard. The W8 is provided with two VTS8~DACS
terminals.

Seven general categories of display formats (sheets)
are avallahle for presentation on any CRT unit. These sheets
are;

88 -~ Vessal status Sheet for each vessel

DR = Dead Reckoning Plot Sheet for each sector
VU « Vessels Underway Sheet for each sector

IP - Vessels In~Port sheet for each port

TR - Traffic Summary Sheet for each vessel

DE - Vessel Departures Sheet for the VTS

DI - Command Dictionary.

Examples of these formats are given in Appendix M.
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gtatus g?ggg. This Adisplay summarizes all of |
the data ava le On a given vessel in the system. It is called :
up when data are initially entered, when new information must be
entered, or when the watchstandex wishes to refer to the
information.

gggg Bgﬁhgn;ng Eiot « A separate DR shest is . 3
available for each sector. Basically, the sector is daivided into ; i

i

| ; R
: one-quarter-mile cells, each cell represented by a one-character ;o 3
i column on the display. The DR sheet may be rre-ontcd in any of . :
1 four formats. Format A is always shown; it identifies ke

: refersnce points and check points, indicates for each cel

whether or not it is occupied by vessel traffic, including the
number of vessels in the cell and direction of movement, shows
sector boundaries, buoys, and other channel data, and has some b
space for special comments, Format A ¢+ B adds to rFormat A a iy
location identification for each cell. Format A + C adds to R
Format A the number of each cell. Yormat A + B ¢ C presents all
data. Each combination may be melected by a single key action.
The DR sheet is automatically updated every 15 seconds.

The watchstander generally keeps the DR sheet for his 3
: sector continually displayed on one CRT. This display is the
; basic pictorial plot of sectoxr traffic and is the 8W's primery

reference.
1 ! Vassels gSheet. This display lists every A
' i vessal in & sector, including name, ID, cell location, speed, S
' next check point and estimated time of arrival at the next 3

checkpoint for both inbound and outbound traffic. Unless other
displays are in use, the VU sheet is continuously displayed on
the 8W's second CRT. It is automatically updated.

¥glgglg 1n-port t. Beparate IP sheaets are ;
available for Houston, Galveston, and Texas City. Each sheet
listo ships docked within the port, giving identifying data and

other remarks.

Tratffic summry 59*3§. This display lists, for a
‘ selected vessel and area, all ©f the other traffic the vesssl
& will encounter within the area and when and whexe the encountere
y . will take place (as E:cdiotod by dead-reckoning extrapolation).
‘| It is intended as a basic reference for the 8W when itop&rinq a
- traffic advisory. It is static when displayed, showing the
status as of the time it was called up.
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Y niegiﬁgxgg « This display lists every
vessel that has le system during the current day (except
lhi:l docked in port). It is printed out off-line at the end of
each day as a psrmanent record.

Egeﬁgng Eég;tgn.;i. This display simply lists the
commands that may veh the VIS-DACS via the Command keyboard.

Figure 2-4 shows a VTB~DACE terminal at one 8W position
and a closup of a typical display on the CRT.

2.6.3  Telsvisjon

The HOU-GAL VT8 has four closed-circuit television
surveillance sites. At each site two cameras are mounted so that
each oan be rotated through a full horizontal circle. Zoom
optics permit a continuous range of adjustment of focal length.
Two sites are in Sector II, two in Bector III.

At the VIC, the W8, EWII and SWIII positions each have
& TV console containing four side-by-side twelve-inch monitors,
set on top of the communications console. EXach monitor is
limited to one site. Each console has controls available and
within reach of the seated watchstander to select either camera
at each site, to pan or zoom each camera, and to adjust the
brightness and contrast of sach monitor. A TV console can be
#een in the background of Figure 2-ia.

Typically the 8W will met the two cameras at each of
his two sites so that one looks up-channel, one down-channel, and
will then arbitrarily select which camera at each site to
monitor. When an event of interest occurs, he will use camera
selection, pan and zoom actions to focus on the area of interest.
Camera selection, pan and soom actions at any console affect the
corresponding display at the other consoles; that is, only one
pictur. can be displayed in the VIC at a given time for a given
site.

Two twenty-one~-inch repeater monitors are suspended
from the ceiling above the BWIII position. These are used for
briefinga, demonstrations for visitors, or group actions. The
two piotures to be shown on the repeaters are selected by the ws.
Figure 2-5 was photographed fxrom such a repeater 4isplay.
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a, Terminal

b. Closeup of Display

FIGURE 2~4. A VTS-DACS TERMINAL :
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A TELEVISION DISPLAY
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2.6.4 Radax !

The HOU-GAL VI8 has one high-resolution radar antenna :
and tranemitting site located in Galveston (Sector I). The radar o
information is displayed in plan position indicator (PPI) format [
on a 16~inch CRT in each of two consoles (W8 and SWI) at the VIC. !
Each conscle has off-center and range selection features as well S
as a cursor and brightness and contrast controls. Typigally the '
display is set at the 8-mile range, off-centered so that -
Galveston is at the lower right and Texas City and the lower
Houston Ship Channel can be monitored. Figure 2-6 shows a radar
PPY display.

2.6.8 Horkspace

The luiout of basic equipment in the HOU=-GAL VIC is
shown in Figure 2-7. ,
Every position has a VIS8~DACB terminal and a communications 1
console, set at right-angles to each other. TV consoles are 3
placed on top of the communications consoles at the W8, BWII and
BWIIXI positions. One radar console is set between the SWI and
BWIXI positions. The W8 has communications, TV and radar consoles i
and two VIS~-DACS terminals. S8WIII is positioned so that he can
see traffic passing the centexr through the windows; however,
drapes must cover the windows during the day to reduce glars on
the radar scopes. Figures 2-8 and 2-9 provide general views of
the VIC layout.

2.7 Bverts in A Boutine Transis

This -tndg is limited tO routine VTS operations. HNere we
will describe briefly the sequence of events as a vessel makes a
normal transit through the system. Thias same information is
diagrammed in detall in Appendix B in the form of Operational
Sequence Diagrams.

2.7.1 mu .l

Generally a vessel initiates a transit by calling in :
its intentions to the VIC viu Channel 12 a short time before K
entering the system. 7The 8W copies the relevant data onto a 3
Vesgsel Btatus Card and then calls up the 88 display on the VI8~ A
! DAC8 CRT. As information is keyed in to £ill the blanks on the
{ display, the computer provides some additional Adataj
! particularly, it assigns an ID number which the 8W copias onto
! the card. When the vessel actually enters the system, the pilot

2-20
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or master notifies the VIC. The SW copies the SOA and any new
data onto the card and scans his displays while listening, then
acknowledges and gives a traffic advisory. Following this
transmission, thea SW time stamps the card and entars the new
information into the VI5-DACS by keyboard. cCompletion of this
entry starts the VI8~DACS tracking the vessel, dead-reckoning on
the entered SOA and updating all data every 15 seconds.

Ssometimes a vessel may fail to make the initial report,
instead giving all information when entering. BSometimes, too,
the 8W may become aware Of an unreported veasel in the system by
overhearing hridge-to~bridge communications on Channel 13. 1In
such cases, he will attempt to call the vessel and enter it into
the VIS~-DACS memozxy.

2.7.2 Ixansit

The HOU-GAL VTS has eleven vessel reporting points -~-
two on the main channel and threa on side channels in Sector I,
three on the main channel and one on a side channel in Sector II,
and six in Sector II1 (see Figure 2-1). Wwhen the VTS-DACS has
tracked a vessel to a reporting point, it ceases tracking, and
the vessel's symbol on the DR display blinks., At about the same
time, generally, the vessel will call in at the reporting point.
The 8W issues an advisory and, by key action, releases the V18-
DAC8 to continue tracking to the next reporting point. When a
vessel fails to report as expected, its position is checked on TV
or radar (if in range) or the SW calls the vessel to resolve the
difficulty, updating the computer as necessary. The Vessel
Status Card is manually advanced along the small plotting board
to keep pace with the vesselts progress. In a routine transit
from the sea to Houston, a vessel would make at least an entry
report, eleven calls at reporting points, and an exit report.

Throughout the transit, all traffic is monitored by
whatever means (radio, radar, TV) are availabla. When
discrepancies are discovered between apparent position and
computed position (on the DR display), action is taken to resolve
the discrepancy, usually by manually entering corrections via the
VT8-DAC8 keyboard. Developing situations (such as passing,
overtaking or crossing encounters) are monitored, and the
affected vessels are yiven advisories in time for them to
initiate appropriate actions if required.
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\ 2.7.3 Exit 1
5 When a vessel xadios that it is leaving the system, the b
. 8W acknowledges and executes a VI8-DACS sntry that cancels out ]
i the 88 sheet, removes that vessel from all active sheets, and b
' adds it to the DE list. The 8W then time stamps the Vessel b
: Status Card and hands it to the W8, who copies the name and entry i
and exit points and times onto a Daily Vessel Tally log. ) :
: An exception to this exit routine i{s the case of an o
‘ inbound ship arriving at a dock. 1In this case, the 8W executes a P
. docking action which retains the 88 sheet, enters the ship onto l ;
: , the appropriate IP list, and removes it from all active sheets. .
; j He makes out a new Vessel Status Card and files it in an in-port D
E . file, then stamps and hands over the old card to the W8 for ! ¥
E f logging. [
] | |
; z ,
b |
E! N
%
¥

A T T e TR A TN
ez e e T e i X

JS- 3 L UL SUSPINL )

2-26 : i

PR BT IY D




s

e

i

En e E et e o e aiiE

3. COLLECTION OF DATA

3.1 goope

The data collected during VTS operations at the HOU-GAL VIC
included: frequency and duration of watchstander activitiesi
display delay times in computer operations; interviews and stress
questionnaires individually administered to watchatanders during
break perxiods; tape and photographic recordings and center
records obtained to cover the data-collecting periods.

Watchstander activities ware observed to determine how often
watchstanders perform their various tasks. Activity frequency
data were collacted over a three-day, mid-week period during a
moaerately dense traffic load. Fifteen hours of data were
obtained to include five hours of data from each of the three
sector positions. The data sampling included three watch crews
(eleven individuval watchstanders plus two traineas) and covered
morning, afternoon and evening time periods. (See Table 3-1).
Duration data, interviews and guestionnaires were accomplished on
the same days.

3.2 PRrogedures

3.2.1  graffic Data

Information on vessel traffic in the system during
periods of data collection was obtained from VIC recorde and from
photographs of relevant VTS-DACS dimsplays. At the end of each
day, a hard copy of the VI'S8-DACS Vaessel Departures (DE) Sheet
(see 2,6.2) was printed out, The WS maintained a Daily Vessel
Tally loc (see 2.7.3) which repeated much of the data in the DE
sheat and added the time that each vessel entered the system.
Copies of both of these records were obtained for each day on
which observations were made.

Vessal traffic information for specific time periods in
individual sectors wae obtained from the Vessels Underway Sheet
(Vi) » Every fifteen minutes an experimenter in the equipment
room c¢alled up the VU display on the VT8-DACS terminal thers,
iead selected information onto one channel of a voice tape, and
photographed both the VU and DR displays.
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Date
9/19/77

9/20/17

9/21/11

TABLE 3-1,

Time Sector Crew Individual

0830-0930
0945-1015
1025-1055
1120-1150
1220-1250
1425-1525
1545-1645
1700-1800

0825-0925
0945-1000
1000-1045
1100-1200
1845-1945
2000~2100
2105-2205

0830-0930
0945-1045
1100-1200

*P = trainee

PR LA oD ANl £ 7700 0

DATA-COLLECTING SCHEDULE
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Amount of Data

60
30
30
30
30
60
60

80
6 hrs.

60
18
45
60
60
60

6 hrs.

60
60
£0

3 hrs.
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3.2.2  yatchstapder Activity Data

An observer, seated beside the watchstander, manually
tallied the observed activities onto an Activity Log (S8ee Fig. 3-
1)« The observer initiated the data-collecting session with a
brief explanation of the procedure to the watchstander. When
ready to start recording data, the obsexver signaled an
sxperimenter in the equipment room to begin tape recording voice
communications over Channel 12. For a one-hour period, the
observer collected activity data at a single sector and
periodically verified timing accuracy against the digital clock
at the sector. At the end of the session, the obsesrver organized
the log sheets, conferred with the experimenter recording
communications and moved to another sector position to repeat the
data-collecting procedurae.

The Activity Log was mounted on a clipboard and held by
the obsexver while recording data. Across the top of the log
were listed six major watchatander activity categories, thirty-
four associated subactivities and a Remarks heading. The six
major watchstander activity categories were: (1) Communications,
(2) computer, (3) Carde, (4) TV, (5) Radar and (6) Miscellaneous.
{see Appendix C for explanation of categories.)

The log was divided into thirty lines, each
representing a thirty-second interval: so each log sheet covered
a fifteen-minute observation period. As observed, each activity
was tallied in the appropriate column. A timing device signalled
every thirty seconds, alerting the observer to begin recording in
a new time interval by moving down to the next line. Each
recorded tally represented an occurrence of an activity that had
been predefined bx the observer. (Definitions of beginning and
ending of activities are included in Appendix C.) WwWhen an
activity continued into the next thirty-second period, the tally
mark was continued onto the next line. The Remarke column

provided space to add information on tallied activities, such as
those designated "Other",

3-?-3 Ruration, Delsy and Redeqtion pata

The observer was fully cccupied tallying the various
watchatander activities and could not time them beyond extending
tally marks onto successive thirty-second lines. However, a
mecond observer used a stopwatch to time ssparately some of the
more critical activities of the watchstanders on duty. These
duration measursments were done in batches--- that is, a series
of measurements were taken on a single activity, followed by a
series on another activity, and so on.

33
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Because of comments on the dcloy bestween keying a
request for a display into the VTs-DACS and the appearance of the
display on the CRT, display delay data were recorded in the
equipment room. An experimenter seated at the console started a
stop-watch as he made the first keystroke of a display request
and stopped it when the complete anplay had appeared on the CRT.
This procedure was repsated £or one hundred measurements.
S8imilarly, one hundred delay measurements were taken for each of
the seven displays. For two displays, the measurements were
repeated starting the watch at the last (execute) keystroke of
the request entry in order to get separate estimates of keying
and computer response timea.

It was observed that keying too fast could cause the
computexr to reject an entry. To check rejection frequencies, two
display requests were keyed alternately one hundred times and a
record kept of rejections.

3.2.4 Insexvievs

Twelve individual interviews were oconducted by one
interviawer. Each interview generally followed the same
format and covered the same topics but was open-ended in
nature. The interviewer and interviewee were seated
comfortably either in the lounge area or the equipment room.
The interviewee was assured that he was not being evaluated-
=rather, that he was helping svaluate the system, and
anonymity was assured. The interview procesded as a
conversation, with the interviewsr cbserving the planned
format but freely following up leads and probing interesting
topics at his discretion. Intexview durations ranged from
30 €0 70 minutea.

3.2.5  stress Questionnaires

A questionnaire intended to elicit information on
subjective stress was administered to nine watchstanders. The
questionnaire contained 30 items (20 on body functions, 10 on
mood) that could be simply checked off by the subject. (A copy
of the questionnaire appears in Appendix G). During the course
of the interviews, generally at the end, a second experimnter
admipistered the questionnaire. 'He sxplained its ZU!pOl.
briefly, let the subject read the written instructions, answered
questions, and then observed as the subject checked off the
items. [Fach subject was given a packet of 16 additional copies
of the questionnaires and was asked to £ill them out four times
daily for the next four days and to mail them back to the
expacsimenter in an envelope that was provided. Nine subjects

3-5




completed the first questionnaire; six of them returned the
completed packets.

3.2.6  Yojge Comminications
- During each soriod of activity observation (3.2.2) a
i continuous recording of the watchatander's voice transactions on 4
: Channel 12 was made on one channel of a dual-channel magnetic 3
! taps. The experimenter in the squipment room operated the 4
;{ recorder and added voice annotations on the sswcond channel. P
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4. REEULTS

4.1 Traffic

Data collection at the HOU-GAL VTS took place on Beptember
19, 20, and 21, 1977. Total traffic counts for those three days
(taken from the Daily Vessel Tally) were 212, 249, and 267,
raspectively. VIC records give a daily traffic averags of about
250 vesselw; thus the three days sampled had below average,
average and nliqhtlx above average traffioc. The total tratfic
consisted Of 132 ships and 596 tows (18 and 82 percent
respectively) compared to an annual average 20 and 80 percent.
No significant incidents wexre reported on the observation days.
We conclude that on those days traffic load constituted a
reasonably rapresentative sample of "routine" operations.

From the data on ontrx and exit ints and times, the
traffic loading was piotted for esach day in each sector (Figures
4=1, 4=2 and 4~3), On these graphs the cbservation periods are
indicated by dashed vertical lines., (The first period in Bector
IXTI covars 105 minutes, consisting of 30 minutes Of obsexvation,
a 4%=minute break due to equipment problems,and 30 minutes of
obsaxvation; all others involved one hour of continuous
observation.)

An estimate of traffic load was made for each periocd fxom
the graphs by counting the number of vessel lines within the
obsexvation period. Because of variations in vessel speed, there
is very likely some error in these estimates. An independent
estimate of traffic load was made from the VU displays
ghotoqrnphod every 1% minutes during observations. From these

ata, an averags number of vessels was calculated for each period
toglonch sector. These traffic load estimates are summarised in
Table U=1.

A vessel entering or 1¢uv1nz the system requires more
watchstander attention than one in routine transit. Therefore,
for each sector an estimate war made of the number of entries and
exites ocourring during the observation periods. Changes in the
VU display between successive fifteen minute periods were counted
from scope photographs where available. Nissing data were
gartially c02£onlntnd for by taped voice annotations. Where no
ata were available, the mean number of changes per fnriod for
the observed periocds was assumed for the missing periods. These

setimated traffic change loads are also given in Table -1,
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8ince they ware calculated from the most complete and
accurate set of observed data, the average traffio figures for
each sector are probably the best estimates of traffic load
during obssrvation periods. For purposes of inter-sector
comparisons, we will consider that {..2 traffic loads for Sectors
I and III were about the same, with a conasiderably lighter load
in Sector II.

4.2 Freguencies of Sector Watchstander Activities
4.2.1  General Results

. The frequencies of ohserved vatchstander activities aze
summarized in Table U4-~2., Under "Frequencies," the total number
of observations reco:'ded on the Watchstander Activity Log over
five hours of observation is given for each activity* in each
sector. Under "Percents," the frequency of each activity is
expressed as a percantage of total sevtor activity. Combined
sector totals for aach activity are expressed as percentages of
ali observed potivities,

Communications with vessels (the principal product of
the VT8) accounted for § percent of cbserved activitieas. Moat of
the remaining 96% of autivities involved provessing the data
neaded for advisories (data entry and retrieval) or keeping track
of the data to datermine whether advisories were needed
{surveillance). These two support functions can not be oclearly
separated in the dataj nearly all activities contrihuted to both.
(The covert watchstander activities -- cumputaticn and decision
making ~-- could not be observed at all.)

Operating and cbserving the VIS-DACS8 computer involved
the greatoust amount of activity (76 percent), fairly avenly
divided between operating the keyboard and looking at the
displays. Monitoring and opecating surveillance aids (television
and rader) combined to produce 21 percent of the activity.
Handling and referring to Vessel Btatus Cards amounted to 13
percent of observad activities. The remaining 6 percent included
communicating with people other than those on vessels, looking up
information in refersnce material, and briefly leaving the
position (less than 1 percent).

“To simplify interpretation, some of the original activity
cutegories have been combined. Frequencies for all categories
for every hour of observation are given 4n Appendix D.
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: | TABLE 4-2. SUMMARY OF OBSERVED ACTIVITIES

) FREQUENCIES PERCENTS
: . I II III Total I II III Total ;
y ; : COMMUNICATIONS 630 9 i
K ¢ With Veasels 99 57 122 278 4 3 5 4 h
| { With other SW's 27 32 19 78 1 2 1 1 .8
! 1 With Other People 82 62 46 190 3 3 2 3 .
} i Adjusting Radic 22 31 3l 84 12 1 1 |
. 1 8
! | VTS-DACS COMPUTER 3768 56 l 4
i } Keying 589 302 845 1736 25 16 34 26 A
. | Reference to Display 722 656 €23 2001 31 34 26 30 -
‘ ¢ Refarence to Other 7 18 6 3l - 1 - -
i SW's Display

’ i CARDS 873 13 5

4 ! Marking 84 22 103 209 4 1 4 3 g
. ! Time Punching 39 7 57 103 2 - 2 2

) ! Reference to Cards 94 59 185 338 4 3 7 5

¥ ; Moving Cards 93 56 74 223 4 2 3 3

| | RADAR 494 "

b | Monitoring 412 22 434 17 1 6

k- Adjusting 60 60 3 1 ;

ﬁ i TELEVISION 942 14
. Vo Monitoring 310 167 477 16 7 7

4 ‘ Adjusiing 280 185 465 15 7 7

3

- OTHER 52 1 :
1 % Using Referencos 20 6 9 38 1 - 1 1
. Moving from Position 5 5 7 17 - - - -
! TOTAL 2355 1925 2479 6759 35 28 37

AVERAQE TRAFFIC LOAD 1.0.9 7.6 11,4 10.0 37 25 38

TOTAL TRAFIIC CHANGES 57 41 66 35 25 40
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From sector to sector the amount of observed activity
varied directly with the average number of vessels in the asystem
and the number of vessel changes. The average traffic loads and
total traffic changes from Table 4-1 have been added at the
bottom of Table 4~2, When expressed as percentages they show

remarkably good agreement with each other as well as with total
observed activity.

4422 comnunications

Communicating and associated activitias (radio
adjustments) accounted for 9 parcent of the observations, but
transactions with vessels in the system amounted to only 4
perxcent. Although communications with vessels varied with
traffic load, there were disproportionately fewer transactions in
Bector Il than in the othexr two mectors. This appears to be due
to the fact that there are fewer vessel reporting points in
Sector II; therefore there were fewer vessels in the system
during 8Bector II observations and each vessel raquired less
attention than in the other sectors. Some transits reguire
transactions only at check points; occasionally several
transactions may be necessary just to identify and locate a
vessel. Generally, however, during these observations there were
one or two transactions per vessel in the aystem per hour.

communicating with other 8W's was more frequent in
Sector 1II, very likely because this sector receives handoffs from
both adjacent mectors and thus requizes more inter-sector
coordination, Communications with the Watch Bupervisor totalled
about the sama for each sector and showed no relationship to
traffic load. Other conversations varied considerably but
occurred most often when traffic was light; these transactions
included conversations with the TSC observer.

4.2.3  VI8-DACE Computex

Activities associated with the computer dominated the
8W's job (56 percent of all observed activities). The relative
distribution of total computer activities across sectors exactly
reflected the distribution of average traffic load. However, the
number of times the 8W referred to the computer displays waas
greater in Sector I, more nearly equal in Bections IX and III.
The detailed data of Appendix D ghow about equal numbers of
references in each sector to Display 2 (which generally showed
the VU but occasionally was used for calling up other formats).
The variation in display references between sectors occourred with
Display 1 (which almost always showe? the DR format), with
relatively more references in Sector I than in the other two
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sectors. The detailed activity log records suggest that the
8ector I 8W often altornntelx looked at his radar and his DR
display. Not even the television in the other sectors provided
as ready a check on the DR acouracy as did the radar for Sector
I. Allowing for this extra checking with the radar, we get a
genarally even distribution of references to displays showing
that the computer displays were being monitored regularly
regardless of traffic load.

Keying activities showed considerably more variation
between ssctors, in line with, but disproportionate to, the
variation in traffic load. wWithin Sectors I and II, a detailed
analyais of Xeying activity failed to reveal any systematic
variation of keying with traffic load, probably bscause some
keying amsociated with routine monitoring of traffic was kept up
during periods when vessels required no servicing. The general
level of keying activity, however, was lower in 8Sector II than in
S8ector I, probably because thers are fewer check points in Sector
I1. When traffic was light, keying activity in Sector III was
independent of traffic load and at about the same level as in
S8esctor I. However, there were five 15-minute periods of
observation vwhen traffic load exceeded 15 vessels in Sector III.
During these periods keying activity was considerably higher.

The greatest increase in keying activity was in keyboard group B,
the function keys. Apparently, when traffic load exceeds 15
vessels in this sector, vessel aymbhols become crowded together
and much extra keying is required to establish their identities.

8.2.4 Cards

Thirteen percent of observed activities involved the
Vessel Status Cards, The distribution of these activities
roughly reflected the distribution of traffic load, Marking
cards and time stamping them were almost exclusively associated
with originating and ending transits in the system (as opposed to
entering or exiting to or from adjacent sectors). The
disproportionately higher frequencies of these actions in Bectors
I and III very likely reflect the Adistribution of originating and
destination rointl. Moving cards is associated with tracking -
updating positions of vessels by advancing the cards on the small
tracking boards - and with handoffs betwaan sectors, These
activities follow traffic loads in general; the xelatively high
freguency in Sactor I can be traced to a greater number of
handoffs during observations. Refersnces to the cards for
informaion followed traffic load; the disproportionately high
frequency in Sactor III ocourred because, during one observation
period, the BW was explaining the cards to a trainee.

4-15
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4.2.5  gurveillance Aide

Monitoring surveillance aids (radur in Bsector I,
. television in Sectors II and IXX) distributed tai:lx evenl
! betwaen Sectors I and II (17 percent of all ocbserved activities
_ in each sector) despite the differences in traffic load. 1In
) 8ector III, reference to television accounted for 7 percent of
activities, because television cavers only about a third of the '
sector. We have already noted that refersnce to computer Display
2 (generally the VU listing) appears to be related to
surveillance. Reaferences to surveillance aids and this display :
combined account for 30 and 29 percent of activities in Sectors I |
and I ronpcotivolx, but only 18 percent of activities in Sector .
I1XI. Thus the 8W in Sector III is not compensating for lack of '
surveillance aids by more monitoring of the computer displays.
Did he call the vessels more often in order to maintain
| surveillance? Dividing communications with vessels by average R
traffic load we get about 10.8 tranvactions per vessel in Sector 4
III, comparxed to 9 and 7.5 in Sectors I and II respectively.
This omall difference is in the right direction, but i=s
inadequate to compensate for lack of surveillance aida. It
appears, then, that when radax or television was available, the
BW maintained a pattern of cross-checking between computer
displays and surveillance aid, regardless of traffic load. Where
aids wers not available, no significant compensatory surveillance .
activity was observed.

I G

i Manual activity associated with the use of the radar .

, comprised only 3 percent of the Sector I activities. Two-thirds

; | of this activity involved operating the cursor; most of the rest

; : was changing scale, with off-centering and adjusting of

- . brightness and contrast very rare. On the other hand,
manipulation of television controls was chserved as frequently as

i : looking at the scopes. This does not mean that a single control

4 action was made each time the tealevision was referred to.

1 Rather, many passive observations were made, while at other times

a single observation would be accompanied by considerable panning

and zooming to sero in an area of interest. As with radar,

i brightness and contrast adjustments of the television were

relatively rare.

4.2.6  other Activities

About one percent of observed activities involved
: looking thinga up in reference files, such as card files and
. : ' ng;gig; for vessel data. Occasionally a watchstander
2 : wou eave s position briefly: this occurred, on the average,
| about once an hour and accounted for less than one percent of
g | observed activities.
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4.3 potivities of Qther Personnel
4.3.1  uatoh Supervisor

Using a modified activity log, an observer recorded the
activities on one WS over six fifteen-minute periods. Over a
third (37 percent) of the W5's activities involved communicating
with people, mostly talking to the Bector Watchstanders (13
percent of all activities) or to other Tooplo in the Center (16
percent). There was some use of the telephone (5 percent) and
radio (3 percent).

Using the computer accounted for 29 percent of the
observed activities. The W8 had four displays, three of which
usually showed the DR sheats for the threa sectors, the fourth
showing VU for the busiest sector, or any other display the W8
wished to call ug. Monitoring these displays accounted for 21
percent of the observed activities; keying to call up different
displays accounted for 8 percent.

Administrative actions constituted 16 percent of the
observations. These included arranging and checking Vensel
gtatus Cards (6 percent), referring to logs (5 percent), and
making log entries (3 percent).

Monitoring surveillance aids accounted for 14 percent
of activities, one percent on radar, the rest on television.
Moving away from his position accounted for 4 percent.

In summary, during the periods of observation, the w8
wvas primarily engaged in monitoring operations, using the
computer displays somewhat more often than the surveillance aids.
Along with watching cperations, he conversed with thes 8W's and
with others in the room and occasionally handled phone or radio
communications, Adminiutrative duties 4id not appear to
interfere with his supervisory function.

4.3.2  Ixternal Commupigator

During the periods of routine operations covered by
this report, the XC war in a ltnndbg rather than working status.
Essantially the XC duty provided a break from the more demanding
BW duties, permitting the watchstander to eat lunch and aven to
leave the operations room. A T8C exparimenter conducted
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interviews (mae Section 4.35) with watchstanders when they wers on
XC duty. Therefore no attempt was made to log XC activities. i ;

4.4 Duzations, Delavs and Reisctions - i

%.9.1  puzstions of Sector Natohatander Activities . | -

Figure 4=4 shows tha results of timing typical .
wvatchstander activities. Bach X constitutes one observation. ! .
All activities can be seen to vary considerably in duration. To k
aid discussion, we have tabulated in Table 4=-3 the shortest; the
modiag, the mean and the longest duration observed for each
activity.

The Watchstander Acetvitx 10g sheets werw lined at 30~
second intervals. ©Oduring obrervation of activity frequencies,

when an observed activity continued over additional intervals the
tally mark was extended accordingly. Tallies ocucupying one, two,
three, and four 30-second intervals ware counted from the 10g

sheets as an independent eatimate of activity durations, These . .
counts (expressed as percentages) are summarized in Table 4-4 | B
together with the corresponding distributions fxom the time . ¥
measurements,

A general characteristic of all observations is the :
occurrence primarily of short-duration activities, with a few of k.
much longer Auration. This skewing of distzibutions yields means ;'
that are atypically high in value; the median values (half of the )
observations fall above the median, half below) ave more
representative,

The mean length of a radio mescage was 21.3 seconds,
with a median value of 13 seconds. The gross distribution of
timed durations agreed very well with the aistribution of
tallies.

Computer related activities yielded a mean duration of

22.9 seconds, a median of 16 seconds. The timed durations showed .
a smallexr proportion of activities lasting under 30 seconds than S
did the tallies, mainly because the cbserver tallied an activity : B
each time the 8W changed keyboard area or looked passively at a '
display, while the timing was done over the total activity l j
associated with a computer entry. Passive viewing of computer I .
displays was not timed. ;
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1 TABLE 4-4, DISTRIBUTION OF ACTIVITY DURATIONS
. Ruration Times in Seconds Rercentage of Qbservations
b Radio Mesgage to Veasel Timed Iallied
.( .
| . 0-30 7% 71
3 30-60 21 21
i ' 60-90 3 6
oy : over 90 1l 2
| i Using Computar
b ’ 0-3¢ 76 87
i ! 30-60 19 12
f i 60-90 * 5 1
] t over 90 0 0
. i
1 , Usipg Television
. 0-30 84 80
‘ 30-60 13 17
60-90 2 2
over 90 1 1l
‘ Using Radar
4 0-30 90 73
1 30-60 9 24
E 60-90 1 3
. over 90 o] 0
3 Using Veggel Status Cards
' 0-30 86 84
| 30-60 10 15
- 60-90 0 1
.‘-’ i over 90 4 0
i 1
5
‘| ' :
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Telavinion related activities (mean 17.7 seconds,
median 13 meconds) took longer than radar related activities
(mean 12.4 seconds, median 6 seconds), because many times the use

of television involved panning and gooming of cameras as well as
observation of the scopes.

The use of Vessel Status Carxds occupied a mean time of
20.2 seconda, a median of 14 seconds.

8.0.2 Relave in Computax Response

Keyed requests for displayed data from the VIS-DACS
computey were followed by a varyiny time delay before the
complete display was on the scope. Delays varied with the type
of display requested and even more with the additional amount of
information processing that the computer happensd to be engaged
in at the time of the request. One hunired samples of these
delays were timed for each of the seven basic sheets and for
additional requests such as format change on the DR sheat and
additional pages of multi-paged data. A stopwatch was started at
the firat keystroke of a request and stopped when the final
chasacter of the requested display appeared. Complete
distributions of these measurenenits are given in Appendix E, and
the highlights of the measures ars summarized in Table 4-5,
together with data on the numker of keystrokes required for each
entry and the frequency of usuge of each display sheet.

SBince the DR plot is usually kept up on one scops and
not changed, its delays are not critical. Huwever, the 88 mvrat
be called up in place of the VU every time a new vessel entexs
the system, and the VU must then be recalled after the deta
entry. Apparently very little use is made of the other Adisplays,
perhaps bevause of the delays involved (see Section 5).

Since keying time is included in the moasurements of
Table 4~5, the measures were repeated for three displays,
starting the watch when the last key was pressed and thus
measuring only the computer-induced delay. These results are
shown in Table 4-6. Using the modal times as most
representative, we find modal differencer averaging 1.8 seconds
for pressing 4 keys, or a keying rate ol 133 strokes per minute.
Thie rate was achieved because the experimenter was repetitlvely
pressing the same four keys. Watchstanders would bs unlikely to
key much faster; so we can concludna that the total callup delays
of Table U4-5 are conssrvative estimates.
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4.4.3  Egeguengy of Computer Rejections

From time-tn-time, the VI8-DACS computer will reject a
keysd request even though there is no keying error. 8Some of
these rejections occour when an alphanumeric key is pressed too
soon after a funstion key; at other times, fluctuation of the
computer paower supply may introduce a false signal that is
rejected. To determine how frequently thie annoying and delaying
type of event may ocour, several disgplay change requests were
each keyed one hundred times and a record made of tho numbex of
rejections. These uata appear in the right-hand column of Table
4=-5, Although a 2 pernent rejention rate might be tolerated, the
7 percent rate would be distracting, particularly (\f followed by
a long dimplay delay time.

%5 Ingexvievs

The greatest awareness of how a system operates resides in
thome who oparate it. The individual interviews were conducted
to tap this source of vital information. The detailed resuvlts of
the interviews are givan in Appendix F. The highlights 0f theae
results are summariszed below:

a. Watchstanders gunerally liked the WM'8 duty and wouldn't
mind having another tour. However, a few who had had several
years of duty ware bored and disliked it.

b. All interviswees bélieved in the value of VIS services.
There was general agruyonent that most masters and pilott like the
VT8, but that a few are strongly opposed to it.

[~ Improvements most oFften mentioned as needed were: more
television sitesm, more radar sites, and more computer displays.

d. Criteria for selection of porsonnel should include good
heariny, good heulth, parnonal qualitiee, language ekills, and
experience in communications, radar, and ship handling.

e. The training program needs improvement; a full-time
instructor could give more time to teaching and trainee
evaluation.

£ There was a general approval of the new twelve-hour
watch tchedule, but some a prehension as to the possible effects
of fatigue.

g. Commente On arrangement of workspace showed
cansiderable concern for a layout that would promote a group
operation, particularly the ability ¢t~ check traffic in adjacent

e e e e
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sectors and to assist one another when the workload is unevenly
distribhuted.

h. The primary aids to traffic surveillance (radio, radar,
television, and the 88, DR and VU displays) were given high
ratings for importance and frequewcy of usage. However, the TR
sheet, supposedly an aid to giviny traffic advisories, received
low ratings.

i. orinion was split on the computer, although those who
disliked it were awvare of ite potential advantages., The
principal disadvantage noted was its slowness, including the
amount of keying required and the delays and rejections following
keyed Aisplay requests. Several interviewses remarked on
inaccuracies in tracking, but with awareness that it can only be
as accurate as the data the operator gives it.

Je On the average, watchstanders felt they can comfortably
handle up to 20 vessels at one time, alihough individual opinions
varied widely.

k. There is an awareness that “bad traffic" (inaccurate
advisories) could canse serious incidente or accidents and some
concern that masters and pllots may hecome too reliant on the VT8
and relax their own vigilance., 1Incidonts are rare, but, as one
watchstander put it, "The potential is always there."

4.6 ptress guestiopnaires

As a part of the process of developing a questionnaire for
the study of job-related stress, stress questionnaires were
administered to some of the interviewees. Appendix G gives a
detailed description of the questionnaire, its administration,
and results.

Briefly, on all items (romatic and mood) there was a
consistent increase in degree of stress during the progress of a
watch. The most sensitive items were aching or burning eyes and
tirednesn. These results correlate well with those of an FAA
study of air ¢raffic controllers, from which the present
guestionnaire was adapted,

When examined on a day-to-day basis, the questionnaire
results showed an increase in strou.s for three successive days
with a leveling off on the fourth day, possibly reflecting
adjustment to the new twelve-hour watch schedule. Day-to-day
variation was much less than the increase in stress during the
watch period within each day.
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5. DISCUSBION AND RECOMMENDATIONS

5.1 communications

Communicating with vessels, the primary mission of the VT8,
accounted for 4 percent of observed activities. The number of
transactions with vessels varied both with traffic load and with
the numbexr of transits originating oxr ending in the sactor; they
averaged about two per vessel per hour.

A more detailed analysis of ccommunications is planned for a
later date, when typed transcripts of the taped Channel 12
communications become available,

8.2 The VIS-DACS computer
5.2:1 Risplay Sheets

It is standard operating procedure to kesp the DR
display up conatantly on one display unit, using the second unit
for other displays as regquired but qonorallx keeping the VU sheaet
up when nothing else is needed. Freguency data cloarlx reflacted
this usage, along with fairly frequent use of the 88 display,
which must be used whenever a new vessel's data base is entered.
The other displays showed relatively little use.

5.2.2 Relay Factors

The data on dieplay delay times clearly support the
complaints about slow computer response in the interviews, with
delays of up to 15 seconds recorded during our sampling. Heveral
displayo also gave rejection rates of 7 percent. Coupling delays
and rejections with the number of keystrokes required to call up
a display, we can understand why a display is generally called up
only when SOP demands it. If we picturse a watchstander preparing
a traffic advisory for a waiting master or pilot, we can feel his
reluctance to make an ontr{ of 10 keystrokes (taking posaibly 5
seconds) to request an assisting display that will displace his
VU listing and almost certainly require a wait of 7 seconds
(possibly 15 seconds) after the keying before the information is
displayed. Furthermore, the predicted zuuinql and overtakings
on the TR sheet are progressively more inaccurate ag time to the
event increases. Watchstanders are aware of places where vessels
are likely to change speed, and they can make mora accurate
Judgments than the computer's linear extrapolation by dead-
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reckoning. The 10-keystroke requiremant for the TR display
involves keying in the ID number. An alternative method is to
place the cursor on the vessel on the DR display; however, one
interviswes commented that it is easier to key ID than to key the : |
cursor. ' k.

Reying is also required to enter data, to edit
displays, to call up identification of vessels on the DR display, '
and to advance a vessel past a check point (GO or MOVE
functions) . There are relatively few function keys; a great many
commanda ro}uiro two Kkeystrokes on the alphanumeric keyboard to 2
. identify a function. 8ince we tallied an action each time keying 3
i changed from one axrea to another on the keyboard, the figure of 3

e e

o

26 peroant of all observed activities for keying may be inflated;
however, there is no doubt that keying is a principal activity.

5.2.3  poutine Usage 1

The genexal picture of routine usage of the computer {
derived from our data shows the B8W regularly monitoring the two
computer displays (30 percent of all observed activities) with DR
| : always up, VU up except when 858 is required. The other formats
B ‘ are seldom used. Dinpln! monitoring is a means of surveillance,
. ‘ since it does not vary with vessel traffic load. When radar or

W television is available as a check, the SW makes more reference
to the computer displays, alternately looking back and forth
' between surveillance aild and computer display.

Keying appears to be required for surveillance, for it

A also varies independently of traffic load at lovw load levels.

S When traffic beacomes heavier (15-20 vessels in a sector) keying k-
B | shows & marked increase in frequency, probably reflecting XD 3
b checks to sort out vessels close together. :

5.2.4  possible Improvements

% Although there were numercus conversational remarks

i about watchstandars working for the computer rather than vice

3 versa, the recorded comments of the twelve interviewees reflect
' an underlying :o-gcct for what the computer could do for them if
improved. The pr ncifal area for improvement seems to be to
increase memory capacity to reduce display delay times. Capacity .
A might be increased also by dropping seldom~-used displays. i
Redundancy of activities was commented on; some of this (Daily

Vessel Tally) could be eliminated by reprogramming the DE listing
to show time of entry.

AT, e e . ‘




A major weakness of the VT5-DACS is the inability to
combine tratfic poaition and identification data on the same
display, thus requiring a DR sheet for position and a second
display, VU, for identification and foxcing the watchstander to
perform continual integration of the two. Resolution limits of
the VTS-DACS diuplnzn preclude adding ID tags to the DR display.
However, if expanded DR displays could be programmed showing sub-
sectors, ID tags could be used, and more precise position data
could be displayed. Each cell in a display represents one-
quarter nautical mile of channel. A vessel procesding through a
cell has its position updated every 15 seconds., At 6 knots BOA,
a vessel's position is updated 10 times within one cell, yet its
symbol is moved on the DR display only when it changes cells. If
the DR could be expanded on command to cover a five-mile area,
for example, four sub-cells per cell could be displayed, with a
much more precise representation of the relative iouieionl of
vessels (& resolutiov of 380 feet). Any vessal with a speed
under 15 knots wouid still Le updated once per sub-cell. Such a
capability would be invaluable in resolving problems where vessel
density is high. This capability would be analogous to the zoom
capability of television.

Another desirable clgubillty within the limits of the
VT8-DACS basic design ie to off-center a DR display (at sector
scale) to give the watchstander a look at approaching traffic in
an adjacent sector (analogous to panning in televiaion).

Although the TR sheet is seldom used, it has the
potential for being the basic reference for traffic advisories.
To realize this potential it would have to be made more
accessible and more accurate. Accessibility could be improved by
giving it a function key and an improved cursgor control. To
improve accuracy, a better tracking algorithm would be required--
one that would anticipate speed changes at certain cells (such as
at sharp channel bends, transition from channel to bay, and at
destination).

Keying requirements can be reduced by using more
function keys (with BREAK or COMMAND automatically included in
the functions where they are required). A joystick or a
trackball can simplify cursor operation.

In the meantime, the addition of one comfucer dimsplay
scope at each position would increase the flexibility of cross-
sector monitoring, permit the use of the 88 or TR display without
loss of DR and VU, and generally reduce keying requirements.
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L ’ Reduction of rejected commands would require |
: improvement of the power supply and increased tolerance to rapid s
i keying (perhaps through more buffer memory). 4

8 These proposed improvements are ideas that have been !
. : suggested in the conversations, the cbssrvations and the data
‘ g collected in this study. They are offered as suggestions for
! further study rather than recommendations for implementation.

5.3 Yeasel Status cards *

«
Aad e B S LNTE B i s Lk e

The manual advancing of Vessal Status Cards along a plotting :
board as the basic means for monitoring and updating the traffic {
situation was adopted as & temporary measure before the VI8-DACS B
was installed and made operational. At the time of this study, :
the computer had been operational for two months. The manual
system was being used (with individual sector boards) in parallel
with the computer and was preferred to the computer by a third of
the intexviewees.

L T I & TN T s T WIS T e o o

¢ Working with the caxds accounted for 13 percent of observed ;
Al activities. If we assume that the watchotanders will always want ’ i
h to jot down incoming information before keying it into the

3 system, we could expect the marking activities (3 percent) to !

; continue in a system without card tracking. The remaining 10 \
i percent of activities, cvonlx divided betwesn advancing or o
handing off carxds and referring to cards, could sonceivably be i
] eliminated by a reliable and accurate computer system. This

? efficiericy is not likely to be realized until improvements such

| as those discussed in Section 5.2.4 are effected, for, even

ﬁ; though watchstanders max increase their skill in using the vTE- :
DACS, the inherent tracking errors and dinglay delays in the

computer will force the use of cards as a backup system,

i 5.4 Bupveillance Aids
y

The radar and television were conuistonhlx Irai-od; their
usage accounted for 21 percent of observed activities.

) Interviewees highly recommended acquisition of more of such

; equipment. Probably the greatest need at present is for more
- television sites on the western portion of the Houston Ship

B Channel (Sector II1I). By providing direct sensing and display of ;
what is actually in the channel, the surveillance aids reduce the

system's blind reliance on cooperative :cigzting. thus increasing

system effectiveness and potential for maintainiang safe
operations.

imiede e
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5.5 Qperational Fagtors

5.5.1 gtrens

The administration of the stress questionnaire reveajed
A progressive increase in stress indications during the course of
& watch period. The principal complaint was aching or burning
eyes. Two interviewees noted eye problems, blamed on the
d -Zlnyl. one said his eyes get “fuxsy" after a long period of
monitoring displays. The other said his eyes get "gritty*, his
eye muscles ache, and it hurts to be exposed Lo daylight.
Primarily to accommodate the low light level of the radar PPI,
the ogorntionl room is kept at a dim light level day and night.
The light level in the visual field is not even; television and
computer displays provide bright areas, and illuminated keys on
the radio and computer consoles provide numerous bright “hot
|£otl" (see PFigure 3-1). 8Such glare is known to cause cacreased
visibility and visual discomfort.* Subtle effacts of character
changes on computer displays and the motion of the sweep on the
radar PPI may aggravate these effects.

Although the stress svaluation took place during the
firet days of the 12-hour watch schedule, the comments of the
interviewees reflected their experience during 8~hour watches.
The visual stress data show the effect to be progressive through
the watch period; so the additional watch time may be aggravating
an alroady undesirable situation., The day-to-day changes in all
indices of stress indicate that the watchstanders may have bean
adapting to stresses induced by the longer watch periode; follow-
up administrations of the questionnaire are highly desirable to
determine whether strese levels have dropped as adaptation has
continued.

5.5.2 Individual ve. Groyp Qperations

Several interviewees commented on the fact that the
introduction of the computer has changed the nature of the VTS
operation significantly. Previously, watchstanders were grouped
around the status board, where each could sec the status of the
entire system, could interact sasily with the other
watchstanders, and could help one another when one's workload
became heavy. Now the watchstanders are seated back-to one
another, have ready access mainly to data for their sector only,

*Human Engineexing Gujde to Equd n (Revimed Edition)
Washington, D.C., U.8. Govorﬁagﬁemggfngfiégattico, 1972. ’
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are much less aware of the traffic situation system-wide, spend
much time responding to computer requirements, and are less
prepared or able to assist one another. Observations (admittedly
limited to routine operations) were consistent with this picture.
Only one percent of observed activity involved communications
between SW's and less than one-percent in mobility betwaen
positions.

The data of this study can not indicate whether the
segregation of watchstanders is dasirable or undesirable from the
standpoint of operational effectiveness. However, it wae
deplored by several interviewses, who suggested rearrangement of
consoles to promote more group-~like operation, and is thus
considered worthy of mention.

5.5.3 Possible Improvemepts

Factors affacting stress and morale might be relieved
through changes in the workspace. Reorientation and shielding of
the radar PPI's could reduce the glare of reflections on their
faces and permit raising the general level of ambient lighting in
the room to the level of the television and computexr scopee.
Transiucent paint on back-illuminated control buttons could dim
them to less objectionable hot-spots without affacting the
information they convey. 8ector positions could be rearranged to
give each SW a better view of the displays at adjacent positione
and to permit more interaction among watchstanders.

It should be noted here that the interviews elicitced
many recommendations for personnel selection and training. They
are worthy of review and consideration (see Sectioun 4.5 and
Appendix F).

5.6 Modeling Considerations

5.6.1 Time Distribution

It is tempting to combine the data on freguency of
activities with representative measures of activity duration to
obtain a first approximation of a model of the way a sector
watchatander divides his working time. B8ince the duration data
were not taken on the same people at the same time, such a
combination carries the assumption that the timed operations were
esseniially the same as the tallied activities, and the rxesults
must be interpreted with caution.
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Accepting this caveat, we have multiplied the
frequencies of Tabls 4~2 by the median durations of Table 4-3
where comparable activities are recorded. A correction had to be
estimated for the computer kaying, since complete keving
transactions were tired, while a tally was recorded evexry time
the operatoy moved funom nne zone of the keyboard to another. We
assumed that the 1351 tallies of duration greater than 30 seconds
represented activities most like those that were timed and should
thus represent 24 percent of such activities (Table 4-4§). This
correction yielded a reduced kuying fraqguency of 846 entries.
since computer display mnnitoring was not timed, wa arbitrarily
adopted the median time for radar viewing as an eecimate
(television monitoring had a larxger value beacause of the { ime
used in rooming and panning). The times 80 obtained were
converted to percents of 15 hours (total time of fraguency
observations) and added, the residual 3 percent being attributed
to untimed miscellaneocus activities. The resulte of thzuo
estimates are tabulated in Talle 5-1, )

An analyals of communicutions tapes (completed just
before yoing to press) yielded the revised estimates cf freg.ancy
and duration data for redio measaged, Also, the frequenvies of
Table 5.1 differ from cbserved frequencies of "Table 4-2 because cf
the correction for type of keying activity and a reduction of
computer monitoring frequency to ellow tor the fact tha* each
Reying activity involved one-to-two concurrent glances at the
computer displays, Finally, the original miscellanecus activities
have been augmented by the addition of all untimed sctivities
(communications with other than vesaels, vadio adjustments, and
reference to other SW's displays)., While¢ the assumptions that
were made do not permit us te rely on the exact time valuas of
Table 5-1, we can accept the groas time distrihbutions as repre-
sentative of operations at HOU-GAL VTS during the times of obser-
vation. These rcsults show vhat monitoring displays occupied 40
percent of the SW's time: keying into the computer took 16 percent!
using the Vessel Status Cards took up neacly a quarter of hia time:
and about 18 percent of the time was devoted to communicating with
vessels in the system (delivering the system product).

5.6,2 Activity as a Functign of Workload

From the collected data, two estimaces of workload were
derived for each 15 minutes of observation of watchstander
activities, Traffig Load is the average number of vessels in the
sector during the 15-minute period. ZIraffic Chanqes were also
calculated for each period Ly combining the numbey of vessels
entering and leaving the sector during the period, The second
measure was selected because more watchstander uctivity is
required to enter a vessel into the system or to remove it than
to track it. ITraffic changes ulso included pasnsages to or rrom
adjacent =zctors, which do not require o8 much activity as system
entries and exits.) These two wevkload measures were correlated
to see if they are different. ‘The currelation coefficients were
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R TABLE 5-1., SECTOR WATCHSTANDER ACTIVITY AND TIME 4

.. " ) DISTRIBUTIONS, HOU-GAL VTS 4§
N ; E

-{q- f Duration Percentage 3
R '- Activity Number  (sSecs.,)  Freguency  Time
ke : ‘ 4

Radio Megsage to Vessel 448 22 9 18 ‘i
Monitoring Computaer 1080 6 22 12 ‘
4 ' Keying Computer 546 16 11 16
!
k. Using Cards 873 14 18 23

”.ﬂ! Using Radar 494 6 10 5 ’

.2 : Using Television 942 13 20 23 l ;
! .
k| Miscellaneous 435 4 9 3 | 4
1 TOTAL 4816
: Note: Assumptions and corrections leading to these !

figures are explained in the text, 4
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-0.15, 0.21, and 0.22 for Sectors I, Il and IIl respectively.
None of these values is statistically significant.»

All of the measures were intercorrxelated to detexmiune
whether there was a consistont enough pattern of relationships to
warrant oconstruction of a multiple regression model. The
conclusion was negative. Very few significant correlations were
obtained with either workload measure, and these sho'xd no
consistent pattern from sector to sector. Table 5-2 summarises
the results with the principal variables.

our inability to derive a regression model of VI8
watchstander activities is largely explained by the lack of
variance in traffic measures over the periode of cbservation.
The approach could still yield a useful model given sampling over
a wider variety of traffic conditions.

some qualitative conclusions can be drawn from the
variability of activities with traffic. Overall activity was
greater in sectors having higher traffic loads. Activities
relative to traffic monitoring were relatively independent of the
amount of traffic. Communications with vessels varied with the
txaffic. At low levels of txaffic (below 1% vassels in a
sector), keying activity was independent of traffic, probably
dominated by the keying required for monitoring. When the sector
load was 15~-20 vessels, a considerible increase in keying was
obsexrved, probably related to sorting out identities of vessels
close to one anothexr. Working with vessel Status cards varied
with traffic.

5.7 Recommendatjons

Analyeis of the data collected on watchatander activities
and the responses recorded in interviews has revealed several
areas that appear to be amenable to improvements. The
feasibilicy and desirability of implementing these changes can

*A correlation coefficient is an index of the dagree to which two
sets of measurass vary together; 1.00 indicates a perfect
relationship; O indicates no relationship, and a negative value
means that one measure increases as the other decreasus,
statistical sigqaificance is based on an estimate of the
likelihoad that the value obtained was due to chance alone rather
than to a true relationship. 1It ies customary to accept as
significant only values that would have less than one chance in
twenty (p less than .05) of occurring by random variation.
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not be determined from this study. We do recommend that
consideration be given to these changus and that their
feasibility be given study.

b.

Ce

d.

f.

h.

i.

j.

Add additional television sites to
Sector IIIX. (Fiq. 2"" “0205,
8.5, S.4)*

Add a radar site to Sector II.
(N.g. 2-1, 4.2.5, ‘0.50. 5.“’

Provide additional computer display
scopes at Sector Watchstander poeitions.
(850, 5.2.4)

Reprogram the VTS5-DACS diarlay formats
to eliminate unnecessary displays, to
add entry time to the Vessel Departures
Sheet, and to allow expansion and off-
centering of the Dead Reckoning Sheet.
(“‘“-2' 5.2- “)

Increase the computer memory capacity
to permit reduction in display delay
times. (4.4.2, 84.54, 5.2.2, 5.2.4)

Add more function keys to the keyboard
to reduce the number of keystrokes re-
guired for raquests and commands.
(4.4.2, 4.51, 5.2.2, 5.2.4)

Provide a trackball or joystieck fox cursor
control on the VIS~DACS displayn. (5.2.4)

Extend the tracking algorithm to include
predictions of changes in vessel speed.
(4.54, 5.2.2, 5.2.4)

Obtain a more stable power gupply for the
VTS=-DACS, (“o 4, 3, 5.2-20 5-2-“)

Reorient and shield the radar PPI's to
reduce glare. (5.5.1)

Increass room illumination to the level
7: ge%cvilion and computer displays.
I')

*Numbers in parentheses refer to relevant sections of this
g report.
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1.

ne.

O

P

Mask down the brightness of self-illumi-
nated panel buttons. (5.5.1)

Conduct follow-oOn stress evaluations as
an aid to evaluation of the twelve-hour
watch schedule. (5- Se 1)

study the relative merits of grouped versus
segragated sector positions. (5.5.2)

Provide at least one position for a full-time
training instructor. (2.4.3, 4.5e)

Establish a set of coriteria for selection
of personnel for VT8 duty. (2.4.2, 4.5d)

5-13/5-14
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Figure A-1, S8 = Vessal Status Diasplay .

The Vessel Status Display contains all the required information
concerning each vessel within the system, Lines 1, 3, 4, 5, 6, 7,
8, 9, 10, 11, and 15 are antered by the operator, The computer as-
signs an Identification Number, and using the entered data, dead-
reckons future positiona and automatically enters the next check
point and estimated times of arrival at the destination anu at the -
next check point,
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- The Dead Reckoning Plot graphically displays the location of i
;- 4ll vessels underway within the selected sector bounds, Forwat (A) i
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Figure A-4, DR . Dead Reckoning Plot, Format (A + C) :

3 Format (A + C) includes Format (A) plus all cell numbers. :
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Figure A~.7, IP . Vassels In-Port Display ;
‘ |

The Vesacls in-Port Display lists those vessals tearminated

in the port of Houston, Texas City, or Galveston. These vessels
are dropped from the Dead Reckoning and the Vessels Underway i
Displays, i
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Figure 4~-8, IR - Traffic Summary Display

The Traffic Summary Display lists all vessels within a spec-
ified sector (or sectors) that a specified vessel will encounter,
including time and cell location of each encounter, A total of
240 listings at 20 per page is possible,
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Figure A-9, DE . Vessel Departures Display !
. The Vessel Departures Display lists those vessels terminated
' by exiting the entire system. These vessels are dropped from the -
: Dead Reckoning, the Vessels Underway, and the Vessel Status Displays, |
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| The Command Dictionary Display liets all available computer f
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APPENDIX B
OPERATIONAL SEQUENCE DIAGRAMS
HOU-GAL VTS

ROUTINE TRANSIT
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SYSTEM REPORT
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OPERATIONAL SEQUENCE DIAGRAM LEGEND

Information receivad by an operator of a system component

Opeorator action

'
AY

Transmission of Information or action

Operator decision

Autometic action
Automatie receipt of Information

Automatle tronsmission of Information/date

Manval storage, filing of lnl‘omctlon-

Automatic data iterage

A communications loop batween two operators, talk without alds-

A communications loop betwaen two 6p¢ruton, radio or interphone

Avurally or Vocally
Tactually

© Viswally
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“Or gate"; follow ona path only
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APPENDIX C
ITEMS ON THE WATCHSTANDER

11 ACTIVITY LOG
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c CATIO

= Any communication betwsen the Watchstander and a vessel
via radio. A tally was recorded on the log sach time the
Watchstander talked to the vessel. 8hould the Watchstander stop
talking and perform another activity, such as marking a vessel
status card, and then begin talking to the same or a different
vessel, a naw tally was recorded.

SWE - Communication between the Watchstander and one of the
othgr two Sector Watchstanders, designated by sector numbers 1, 2
or 3.

C = Communication between the Watchstander and the External
Communicatoxr. Tallles were not recorxded consistently in this
column because the observer was often unable to identify the
External Communicator due tO his high mobility. Tallies in this
category were combined with the results of the “other" category
listed below.

h = Communication between the Watchstander and any other
individual (including the External Communicator).

WO - Communication between the wWatchstander and the Watch
officer.

UK - Communication between the Watchstander and an
unidentifiable individual. This category was deleted from the
data analysis because no such activity was observed to occur.

ngﬁﬁgi = Any operation of radio controls performed by the
Watchstander (such as channel selection or volume adjustment).

COMPUTER

ugg;gog 88 - The wWatchstander looked at the CRT display(s)
of another Watchstander, designated by Sector numbers 1, 2 or 3,
The third column entitled "sS¢" was not used in data collection.




Digplag 1!2 - The Watchstander monitored the left (1) or

right (2) T display at his position. A tally was recorded each
time the Watchstander viewed the display. A single tally was

- made whenever a keyboard entry was made, since this activity

. required observing the display. Wwhen the Watchstander

{ interrupted his monitoring or keying activities to perform

! ‘ another observable activity and then resumed monitoring or

keying, a new tally was recorded on the log.

: The display sheet which was viewed on the CRT was indicated
: by an encircled numbsxr beside the tally to identify one of the
seven available display sheets:

1. 88 - Vessel Status plot sheet for each vessel
’ 2. DR - Dead Reckoning plot sheet for each sector
i 3. VU -~ Vessels Underway sheet for each sector
; 4. IP - Vessels-in-Port sheet for each port
; _ 5. TR -~ Tratffic summary sheet for each vessel
i : 6. DE - Vessel Departures sheet for the VT8
T DI - Command Dictionary
; uoﬁygg;g A ~ A key sntry of one or more consecutive .
keystrokes perlformed by the Watchetander in the alphanumeric

saction (key group A) of the Command Keyboard., A tally

represanted one key action which began with the start of a key

entry and endad when the Watchstander made a key antry at another *
section of the keyboard or stopped keying.

: EQ*QQQIQL% = A key entry of one or more consecutive
_ keystxokes g;r ormed by the Watchstander in key grcup B of the
T command Keyboard, composed of 12 function keys used to implement

: command operationa. Tally procedures were the same as for
i tkeyboard A."

= xeﬁgg.;g C - A key entry of one or more consecutive

b i keystrokes performed by the Watchstander in key group C of the
Ccommand Keyboard composed of 12 function keys used for cursor
operations.

¥ Keyboard D - The Watchstander made a single keystroke to

| . select one O0f the two CRT units to which keyboard entries were to
; | be addressed.

c-4




SARRS

MK - The Watchstander marked a written sntry on the Vessel
Status Card. A tally was recordsd each time the Watchstander was
involved in writing on a card.

TP - The Watchstander time-punched a Vessel Status Card
ejithexr upon vessel entry into or sxit from the VIS, A tally was
recoxded for each time-punch activity.

= Watchstander reforred to (or checked) one or more
vessel status cards. In referring to a card, the Watchstander
may have physically handled the card or simply viewed it.

= The Watchstander filed one or more Vessel Status Cards
or updated card positions on the plotting hoard at his position.

ﬂ% = The Watchstander handed one or more Vessel status Cards
to anothex person or received one or more carxds from another
person.

v

Mn - The Watchstander looked at the axray of four TV
displays at his position.

%m - The Watchstander made a camera selaction at his TV
adjustment panel,

En - The Watchstander made one or more consecutive panning
adjustments.

Zm - The Watchstander made one Or more consecutive zooming
adjustments,

= The Watchstander made other TV adjustments (such as
brightness or contrast).
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] RADAR

Mp - Sector I Watchstander monitored the radar display at ]
- his position. A tally was recorded each time the Watchstander k
! viewed the dinplax. With each radar adjustment activity, one

L tally was reoorded since monitoring was requiraed. ‘

Add - Bector I Watchstander made radar adjustments other
than centering, scaling and cursor adjustments listed below. As
with all adjustment activities, a tal I was recorded when the
Watchstander began adjusting. The activity was considered
completed when the Watchstander changed from an adjustment

: activity to another activity, regaxdless of the number of
; specific adjustments made during this time.

i CN - Sector I Watchstander centered or off-centered the

sweep on his radar display. Tally specifications were the same
; as for "Adj® category listed above.

8C -gsector I Watchstander changed the scale on his radar
display. Tally specifications were the same as for “"Adj*
category listed above.

CR - Sector I Watchatander coperated the cursor on his radar .
display.

uisc ]

A RF - The Watchstander consulted a reference (such as a book
‘1 or a set of index caxds).

«The Watchstander left his position. A single tally mark
was made for any set of activities occuring between the time he

# left his position and the time when he was sdated again at his
position.
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APPENDIX E
OBSERVED COMPUTER DELAY TIMES
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APPENDIX F
INTERVIEWS AT HOU-GAL VTS
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Individual interviews were conducted with watchstanders

during the same days that activity observations were made,

generally when the interviewee was on XC duty. The interviewer

and interviewes were seated com!ortabli in an snvironment |
relatively quiet and free of interruptions (the lounge or the ’
equipment room). The interview was conducted as a conversation.

The intexrvisewer was guided by a format in order to cover all 1
topics, but the exact wording of questions and order of topics 3
were varied to allow spontaneity in the interviewee's responses. |

The interviewer explained the aims of the project and the
interview briefly, stressing the fact that the system, not the
interviewee was being evaluated. Then the interviewer asked, and
encouraged discussion of, a series of questions. The nature of ‘
each question (not necessarily the exact wording used with each
subject) will be given below, followed by a summary of the ’
responses. i
r

F. 1, F.2 hg!g ga.; How .
lgag xg% nggg gz_? Ttn enlisted watc standorl i ?
two wat cers worc nterviewed. Their answers to these )
two questions are tabulated in Table F-1., It can be seen that ;
both total experience in the Coast Guard and VI's experience

i varied considerably. The two old-timers were relatively new to

vrs work, while the majority had had only two-to-three years in

the Coast Guard before assignment to the VI8,

F.3 ? Nine interviewees said

they liked VTS uty. two dI'I*ked . and one was neutral. Three

simply considered it a good job, three felt it was challenging,

one found it rewarding, and one found it exciting. On the other

hand, one interviewee disliked the work because he found it ‘
boring. Those who liked VIS duty least had been there the i
longest, but some with over a ysar at the Center still found :
challenges and rewards in the work. ;

TR o T
T R T - AT -

e :
Tt i~ FS

rs. g:;gg;1¥g ? ?7 All twelve ; )
interviewees gave pos tié% §2§p§§%¢a--t at is, they found value ! j
in the work. Five responses cited the provision of services that :
would otherwise be unavailable. PFour stressed safety and

accldent reduction. Two claimed that the VI3 has demonstrated to
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TABLE F-1.

Years in Years

0-1 4.0 1.1

0-2 14.0 0.3 ]
! { 1 5.5 2.4
i ! 2 24.0 0.3 "
i : 3 6.0 4.0
| 4 4.3 1.5
i : 5 3.2 1.1
X 6 6.0 3.0 i
{ 7 3.2 0.8 o
-‘ 8 3.3 1.2
9 6.0 3.2
10 4.0 1.5 ]
!
A i ' Low 3.2 0.3
] g Median 4.9 1.4 i
| ! High 24.0 4.0
)
?? . ﬂ
!
i .
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AL Vi 1

the Coast Guard and the community that it can 4o what it is
intended to do. Four gave qualified responaes (e.g., "Effective-
-considering that it isn't mandatory.* "Very effective--if the
public will participate.") Other comments stressod the special
needs of Houston (narrow channel, need for advahnce vessel to ride
*ghotgun®, and even reduction of Channel 13 chatter because they
are known to be taping transactions).

Lsn;gig th ration? Only one
intorviewce ha no 1 na- or improvement. Five wanted more TV
sites; three wanted more radar sites. Four would like to see the
computer respond faster; three would like mora computer displays
and more information on the displays, and one said, "Get rid of
the computer.' One interviewee would like to see civilians (like
the FAA) rather than the Coast Guard operating the service--
reflecting a concern that VI8 could become more of a police
opsration than a service. Another interviewse would like to see
an improved arrangement of equipment.

r.6 u th1n§ E;;gﬁ 953 ?
Nine of the nter%%iunon elt t .tin%. general attitude o pllots

and masters is positive. Reveral pointed out that a few are very
negative, Likewise, ten intervievees charnotort:od pilots and
masters as cooperative; two noted that a few are uncooperative,
and one felt that a few are indifferent.

F.7 D r attitude about the VI8 ghange 4 result of
_;.;n_ngv 'iﬁr Intcrv ewees came to E%g vr8 with no expectation
an to what the duty would be like. One other found the duty to
be about as expected; three initially thought the duty was worse
than expected. Of these seven, five liked the duty better after
training; the two who hadn't known what to expect didn't like it
any better after training.

D previous §¥E§£$!ng
du ? Tuo ntorviewocl replied, "No," onc "vory !it o." Bcvon

clted the value of previous communications experience, five
montionod shipboard experience (handling, rules of the road,
terminology, what it's like to be on a ship), and four referred
t0 experience with radar. One intervievee specifically stated

that experience in speed typing doal not help, since the computer
rejects fast inputs,

F.9 ggggg §g§g§g.§ Four
interviewees felt that tﬁnslocatfon <) n ultrigl was tho hardest

thing to learn. Three others mentioned general channel
knowledge., Three cited understanding accents, and two others
noted special terminology. Two interviewees had difficulty in

F-4




learning to talk to civilians on the radio. One cited
coordination of multiple activities.

gﬁmgggé;g E qh%‘in%%%%?%%%c%gliiifn ﬁ%&%fﬁntﬁﬁégerggliefon to

Y
the computer was easy. Four had difficulty in learning to
visualize the channel and traffic from the display formats. Two
people noted that slowness of computer response made it harxd to
operate. Two cited the effort required to enter vessels into the
system.

r.11 ligw would you inorove yatchstander SEalning? rour
interviewees calle ¥§¥ & more organixed training program, with

more testing and evaluation of trainee progress. Three cited a
need for more training personnel, particularly an instructor with
time for teaching and evaluation. Five would like to see more
vessel rides on the channel; one suggested following up rides
with a reinforcing experience, such as slides and questions. Two
interviewees called for continued training on the use of the
board as a backup in case of computer failure. One person
proposed more instruction on making clear, concise advisories.

F.11a giglg gselect Egiglg guix?
The following criteria wo%%gnuggoota or l&ffO%Egh of Coast

Guard personnel for VIrs duty. The number in parentheses
1ngicl:o¢ the number of interviawees proposing that
criterion.

Good hcarin! (5)

Good general health (5)

Personal zullitiil (motivation, intelligence,
willingnesa to learn) (i)

Language skille (3)

Relsvant experience (communications, port traffic,
ship handling, radar, knowledge of Houaton area,
service record) (3)

Motor coordination (2)

Visit to VI8 before accepting assignment (1)

were genersily on theis Hirve day or che mou TiRour watoh

schedule when interviewed. Their responses, therafore, were
estinates as to how they would like the new schedule. Of eleven
responses, ten were favorahle. The negative response reflected
concern over fatigue effects. Two others anticipated some
fatigue but felt that the extra free time made it acceptable.
Five responses favored the better distribution of free time. One
also indicated that there would be more continuity on the




channel. It was also noted that fewer watches would result in
less Ariving and conservation of fuel. One intervievee felt that
another watch section is needed.

@' iing? roiy YRu eiired ﬁpﬁ%ﬂ%ﬁ%"dﬁ.ﬁ%‘

on free time; six pointed out that some (an acceptable
amount) of free time was used for requalifjication rides and
in helping trainees. Two noted that the new schedule may
result in more "off" time duty, but that it is worth it.

F.13 You !mﬂ§g¥9‘ ? Of the ten
responses to this question, seven had no ogisbt on to a sesocond
VT8 tour, three would not want anvther. However, several

interviewees, who were leaving the Coast Guard after this tour,
were speculating on how they would feel if they were staying in.

F. 14 ideas for ;mp;g*1n§ !ggxlﬁggg ? Two
intervievees .ﬁ“ﬂo‘fi.... Four wanted the watchstanders to be

closer togather, to permit any watchstander to monitor all
sectors and to facilitate handoffs between mectors. Four
proposed arranging positions side-by-side in a line; one
suggested a circlie, One noted that the line arrangement would
keep it a team affoxt. There were two proposals to remount the
keyboards and CRT's into a more compact console, and two for
having three CRT's at each position. One intervievee suggested
rotating the Sector Il radar cunazole 90 degrees to eliminate
window reflections on the faceplate.

F.15 and F.16 (Items combined into F.148)

F. 17 you improving ggaggiir gogmetn?
Eight interviewaes %E* no of%f Two proposed adding a o |

CRT. Two suggested showing the whole channel on a single
display. Three cited a need for faster response-~mors ready
access to data, Other individual suggestions were:

"Dock® and "Vessels in Port" should roll to page 1 from
the last page,

Dewtination should bs addod to the "Vessels Underway" sheet.

Don't stop the vessel target at checkpoints.
Drop the "Traffic Summary."
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F.18 Rate all g;gg ;nig;;gngi usage. Interviewees
were asked to rate sac éi‘ewo ve work aids on a five-point scale [

both for importance and frequency of usage. Table F-2 summarizes '
these ratings. They show clear agreement on the importance and

fraquency of usage of the computer keyboard and the display

sheets (858, DR, VU) necessary for data entry and system

monitoring. 8Similarly, the radax, the individual television -
displays, and the radio were highly rated. Comments by A
interviewees emphasized their importance. On i ¥More 1
improvement than the computer.® "I use it continuousiy." "I'm

blind without it.® "Best thing that ever happened." On

television: "You he is there.® On gnﬂnngl 131 "It gives
you the ;;nin." opinion differed more on the repeater television, '
averaging of medium importance and seldom used. !

There was general agreement that the DE and DI sheets are [ -
unimportant and seldom used. Opinion spread more evenly on the 8
importance of the TR sheet, ranging from high to very low, but
with two-thirds of the ratings in the low and very low
categories. There was more agreement, however, that usage of
this display is low (eleven ratings of low or very low). The IP
was rated of high importance but medium usage.

comments on the display sheets are illuminating: On gﬂ:
"ETA's are inaccurate." On DRs "Used more than any other.® On
!¥: "Cards take the place of VU." On IP: "Redundant to the box
of cards." "Used mainly by supervisors." On TR: "Virtually
uselews." "Used mainly by supervisors." (One of the two
supervisors interviewed rated it as used hardly ever, the cther
as used some). “Doesn't allow for changes in speed.™
“Predictions unreliable." On DE: "Redundant to the talley
shaet.® On DI: "Used only for training.®

The Vessel Status Caxrds were generally rated important and
very often uswed. Comments on included: fEasy to get the
information." "Easy for handoff, Good for getting statistics.”
"Fix the computer, and you can do away with the cards."

19 ifepgsge advaptages
and ! 42 *9309 n oﬁh! on ;o gg:%ueil.l&%bur

s

interviewens ed it, five dftllkcd it, and three were neutral.
comments of those who liked it included: “Love it." "Like it a
lot,® WGreat." "Good." Comments of those who disliked it
included: "“worthless." "Money was not spent wisely." A typical
neutral comment wam: "It's OK but needs changes." Table F-3 3
summarizes the advantages and disadvantages noted anl shows the :
attitudes of those who noted them. 1t is interesting to observe
that more advantages of the computer were noted by those who
disliked it than by those who liked it. The principal complaint

F-7
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TABLE F-2,

Ad

Computer Keyboard
Vasael Status Sheet (83)
Dead Reckoning Shueet (DR)
Vessals Undervay Shaet (VU)
Vassels In«Port Sheat (1P)
Traffic Sumsary Sheet (TR)
Veatel Departures Sheet (DE)
Command Dictionary (DI)
Radar
Talevision =~ Individual
L] ~ Repeatar
*Radgo ~ Ch, )2

= Ch, 1Y
A Cards

* 11 responses
% 10 responaes

Importance

RATINGS OF AIDS

Usage

Ver

12
n 1
1 1
2 1 1
2 6 A
2 1 3 L
1 3 ? 1
2 1 9
11 1
1 1
1 ] 2 S
1
1u
3 2 3
F-8

Very

y Very
High Wigh Med low Low !Often Often Bons dom Ever

12
9
1

1
10

1
10

Sel=~ Hardly

2 1
1
2 | 1
3 A 3
1 L)
1 2 6
1 u
1
1




. TABLE F-3, ADVANTAGES AND DISADVANTAGES OF COMPUTER AND BOARD

Fine with computer as backup 1

] ; |
g Computer '
)
[ . Advantages L DN Disadvantages L DN
: : Automatic Updating 231 Slovw (keying, delayw, rejectas) b S T | ' X
Aceursey 1 21 No better than board 1
Computas spaad 1 lsolstes watchatander from others 11
Keaps marching order straight 1) Makes wmistakess when upeed changea 1
Good for summary statistics b Hard to ger destination and draft 1 .
Would be good it improvod H 'Y
I
1 f ‘ Board ‘
i g
1 Advantapes LDN Disadvantages L DN :
; ' [
Acourate 1 Nead to advanca cards 2 3 i
Fast 1 21 Doasn't adjust speed 1 i
No breakdowma 1 Not accurate H ‘
! ' Parmics teamw operation 2 ) Operation too relaxed 1 i
8 pon't have to do things twice 1 i
oan tall ships from tows i 4
K|

= Like

i AR

L
D = Dislike
N = Neutral




about the computer is the delay incurred by the amount of keying
required, the daelay in the display appearance after keying, and
the rejection of entries. Two of the five who disliked the
computer added that they would like it if it could be improved.

F.20 How would you 8 to ;ggu;n What
its advantages g%i'd vantages? Only rQShfnterv QW‘.!

axe

wanted to return to use of the board. Fivn did not like the
idea, and four were neutral. Those electing to go back said they
would "love' or "enjoy" it. One who did not want to go back
said: "It would be like a demotion." The advantages and
disadvantages noted are summarized in the lower half of Table F-
3. The principal advantages of the board (noted even by some who
would not want to go back to it) are the speed of information
retrieval and its compatibility with group operation. The main
disadvantage seems to be the requirement to advance the cards.

L)

F.21 Rate th ggg;}t;gi of the computer. Intervievwees were
asked to rate the computer for a%Eﬁracy, spesd, ease of use, and

display leygibility, using a five-point scale. The ratings are
summarized in Table F-4. There was good agresment that the
computer responds too slowly and that the displays are legible.
Accuracy was generally rated highly, but one rated it very low
because of tracking inaccuracies when vessels change speed. Four
intexvicwees commented to the effect that the computer is only as
accurate as the data the operator gives it. Although legibility
was nc problem, two interviewees felt eye fatigue (probably due
to poor contrast on the display). Another noted that one can't
watch the display constantly and suggeated adding an audible tone
when vesgsels reach checkpoints. There is a spread of ratings on
ease of use. The high ratings aseem to imply that there is
nothing difficult to learn or understand in usage; the low
ratings seem to roflect the amount of keying and delays incurred-
-that is, the amount of effort involved in using the computer.

F.22 ﬂgfo ngfngd any “"short guts® in t the
ggmgg%g;? F ve!%ﬁterv evwees responded, “No", Specific

techniques mentioned included:

Use 88 insts=ad of VU for changes.

To get identity, use VU page. It is easier
to key in ID than to operate the cursor
on the DR disgplay.

Use "Break Release" instead of "New ldine."

Use "Move" instead of "Go."

Don't run light boats (tugs without tows).




TARLE F-4. RATINGS OF COMPUTER QUALITY

Very Med- Very
Quality High High Jum.  Low  Low
*Accuracy 6 3 1l 1
Speed 2 6 4
Ease 3 2 2 4 1
Legibility 5 6 1

*11 responses

TABLE F-5. ESTIMATES OF NUMBER OF VESSELS THAT CAN BE
HANDLED COMFORTABLY AT ONE TIME

Nunmber of Vessels Number of Estimates

10-14
15-19
20-24
25-29
30-34
Over 35

MOOORN
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F.23 How many vesse YQu fggtg;&.%&l nggglo e
time? Anssi?s to tﬁic quecgfgn varied considerably. %ﬁegﬂIghcae

estimate was 40 in Sector IIi the lowest, 10 in Secrors I and III
(this by a W8 estimating what watchstanders could handle). Table
F=-5 summarizes the estimates. An average figure seems to be

around 20 vessels. ‘

P e Lo e

F.24 In what gould a VIS be an impediment Lo safe i

trsgf;c flow? Three interviewees -eggeated that vessel masters [
and pilots may becoms too dependent on the VIS and fail to take o
normal precautions. Three interviewees noted that the VI8 can,
! and sometimes does, give "bhad traffic" advisories. Beveral
’ comments were made to the effect that if the system became ]
mandatory, inexperienced people, in the wrong position and under e
pressure, would be giving commands, getting too involved in
situations that should be left to others to resolve.

4 F.25 In your ow ence, has th S go buted

{ acgjdents §% f::igiigig rive interv eﬁ?%sgﬁintiono one iﬁ%ident !
B where a mixup in two destination names that sounded alike led to
i a near-collision. Three other near-accidents were cited once :
! each., Four incidents were cited where the Vrs was of particular i
benefit, The possibility was noted that an operator occupied . !
with the computer may miss a mistake made by a trainee. All
agreed that incidents caused or aggravated by the VTS are very
rare,

F-12
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APPENDIX G
STRESS QUESTIONNAIRE

G-1
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Introduction

In staffing a vessal traffic sexvice center care must be
taken not to overly stress any individual watchstander.
Excessive stress leads to poor morale, degenerative health, and
accidents.! However, except for comments and observacions, no
indications of any stress present at vessel traffic centers has
been recorded. The Federal Aviation Agency® has successtully
established the presence of stress in air traffic controllars, a
position similar to watchstanders, using a paper-and-pencil
questionnalre.

To establish the presence of any measurahble stress at vessel
traftfic centers, a modification of the FAA survey was
administrated to nine watchstanders at the Houston-Galveston
Center. All nine wers given an initiul survey and a packet of 16
to be completed accoxrding to the following schedule and mailed
back. For each of four days, watchatanders were to complete one
questionnaire just prior to a shift, one about halfway through,
one immediately upon ending the shift, and one at least three
hours later at home. 8ix watchstanders completed and returnad
all 16.

Method

The questionnaire (see Table G-1) consists of 30 items
assessing the degree of stress susceptable somatic and mood
states from none through moderate to severe rather than mearly
their presence or absence as in the FAA survey. This

modification was necessary to accommodate the smaller number of
watchestanders,

Each participating watchstander was informed as to the
purpose of this study. Uzon agreement to participate, each
received written instructions (sea Table G-2). Anx questions
were answered, then the watchstander began completing the
questionnaire. The experimenter observed the watchstander's
method of anewering to assure that it complied with the
instructions. The questionnaire required about 2 minutes to
complete.

PR P




Complute only

TABLE G-1.

1.D.¢

TIME OF DAY

TRAFT'IC LOAD:

WEATHER!

PRE

——

these Mirst two | ines,

DATE:

|

STRESS QUESTICNNAIRE

SHIF)':

POST

——
t——

HOME

Each line below represonta a acale of symptoms you might experience ranging
For each item below please mark an (X) anywhere along
the line corresponding to the degree of symptom you are now experiencing.

(You may go bevond the enda of the line if you wish,)

from none to severe,

1.

2,

3,

4,

5.

6'

7.

10.

lll

Headache:
Constipation::
Sweating:
Twitching
muscles:
Dizziness:
Poor appetitet
Chest paina:
Loose bowels:
Loas of tempar:
Diffleculty

in breathing:

Aching or
burning eyes:

L ]
Nona Moderata Severe
L . |
None Moderate Savere
L J
None Moderate Severe
[ }

- None Moderate Severa
(. J
None Moderate Sfevera
L J
None Moderate Savere
L J
None Modarate Severe
L J
None Moderate Severe

L }
None Modarata Severe
[ J
None Modarate Savere

{ |
None Modarate Severe

et skl B B e P At o S A £ % A e § AL T L 1S b B bt 13
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i ' 12, adigestion or |

; . heart hurn: None “"Moderata Severe i
' 13, Difficulty in (- B
| staying awake. None Modaerate Savere
f : 14, Stiffness or - ;
: . . body tensenoas: None Moderate Severe
; : 15. Bothered by dis- _ L g | 3
3 tracting noise: Nona Moderate Saverao . !
! : . 16. Nausea or sick : ] E
f to your stomachi None Moderate - Severe R
] 17. Asthma: L J |
: Nona Moderate Severs -
4 . . 18, Insomnia: L ]
' l None Moderate Savere
1} ]
1 . 19, Nightnaves: L [
k ' NHone Moderata Severa i
i} ’ ;
1 ;
v , . Each line below raeprecsents a scale of moods you might feel ranging from none .
l‘_ _ to aevere. Fur each item below please mark an (X) anywhere slong the line
' corresponding to the dogree of mood you feel at the praesont moment, (You may
go beyond the ends of the line {f you wish.) .
. 1. ' Worry: L } -
! : None Mnderate Savere
_ 2.  Uncomfortable I : '
1 None Moderate Severa 1
B, | .
4 3. Tense: L o '
. None Moderate Severe 3
b 4, On edpa: L J d
! None Modevate Severe
, .
Sll 5  lrritable: L ) |
| . None Moderate Severe
l 6, Fidgety: L o |
'-‘ Nono Maderaty Savere
‘! 7. Doproused: | 1 i
”i None Moderate Savere !

g-4
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8. Upset s
9.  Anxtous:
10., Tired:

11. Drowsy

S SO VS

None

e |

Modorate Suvere

L.
Nona

]
Moderate Severe

- 1

[ -~
Nonn

L

Moderate Savere

None

Moderate Savere

G-5




TABLE G-2, STRESS QUESTIONNAIRE INSTRUCTIONS

U.8., Department of Transportation
Transportation Systems Center
Kendall Square
Cambridge, MA 02142

: t This survey is designed to assess the physical and :
| : paychological effects you experience in connection with -
) your work as a U,S, Coast Guard Vessel Traffic Services
' watchstander. Under no circumstances will your answeyrs
become a part of your personnel file or in any way affect
your status in veasel traffic services work. You will be
aspigned an identification number so that all responses
from each individual can be kept togethexr, These data k
will be stored at the Transportation Systems Center until ]
summarized, At that point there will be no further need
to idaentify an individual's data and all forms will be
destroyed, . :
Your task is to rate the degrae of physical ox psy- i
chological effects you are experiencing at the time you .
- £ill=out the rating farm. You are to complete the rating
form four times each working day: Just before beginning
a shift, during a break or lull about half way through a
shift, at the end of the shift, and at home at least three |
hours after a shift, You are to do this for one week. ' !

Your specific task on each form is to rate the degree
of physical or psychological effects you are presently ex- ‘
perisencing for each item from none through severe by !
marking an X anywhere along the line as illustrated in the '
examples below., Suppose at the time you are completing _
the ﬁorm you do not have a headachae, then mark the item 1
&s showni

1. Headache: " ]
None Moderxate Bevere

Supposa you do have a headache at the time you are completing ]

the form, then depending upon its degree you might mark the
item as shown:i

1. Headache: 1 ' o ] i
None Moderate ™ Severe

Your cooperation is greatly appreciated. Thank you,

G-6
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Results

The results are presented graphically in Figures G-1 through
‘G=7 for the somatic items and Figures G-8 through G-15 for the
mood items. Each figure presents the maximum, median, and
minimum values for each instance during a day which the
questionnaire was completed. The numbers on the vertical axis
indicate the distance (in centimeters) along the scale from None
( 0 to 0.85 em.) through Moderate (3.50 to 5.25 om.) to severs
(6.0 to 9.5 om) at which subjects could mark each item. The most
important result is that every item exhibits a worsening trend
throuwghout the day. (Only those items for which the Post shift
median exceeded the limit for None, 0.085, are shown.)

Table G-3 presents these results orderxed by the magnitude of
the Post shift median for those items cxoocdinz None. Baven of
the 19 somatic items and 8 out of the 11 mood items indicate
appreciable atress. The most sensitive items are aching ox
burning eyes and tiredness.

The FAA xesults are also presented in rank ordexr. Although
not perxfect, the two rankings agres fairly well (ssonrmnn rank
oxder correlation = 0.79, ¢ (df - 17) = 8,76, P<.0008) lending
support to the validity of the survey.

Finally, rigures G-16 and G-17 show trends of the most
sensitive somatic and mood items over the four days. Both
axhibit increases across the work week; howsver, the magnitude of
these increasing trands is much less than that aoross periode
within a day.

gummazy

- This questionnaire is sensitive to both a somatic and a
mood stress pattern at an active vessel traffic sexvice
center.

- Ihil stress pattern worsens during the shift for all
teme.

- Aching or burning eyes and tiredness are the most
sensitive of the somatic and mood items.

- The pattern of somatic stress indicators is quite
similar to that found by the FAA.

a-7




i TABLE G-3. STRESS QUFSTIONNAIRE RESULTS

W Somatic Index :

{
% i No. item USCG (Post Madian) EAA
i ; 1. Aching or Burning Eyms 2,39 1
* : 2, Stiffneas 1.27 4
, : 3, Difficulty in Stuying Awake 1.12 5
1 | 1. Loss of Temper 1.06 7
\ h 5. Poor Appetite 1.03 10
i 6. Twitching Muscles 0.98 9
' | 7. Headache 0,95 3
. 8. Sweating 2
i 9, Bothered by Noisa 6
. 10, Dizziness 15
' 11, Loose Bowels 16
12, Constipation 11
13. Cheat Pains 13 .
14, Difficulty in Breathing 12
15. Indigestion 8
{ 16, Insomnia 18
i 17. Asthma 17 .
i 18. Nightmares 18
19, Nausea 14
|
Mood Index
: Ne. ltem UscG (Post Median)
' 1, Tired 3.09
2 2. Tense 1.64
(1 3. Fidgety 1.57
| 4. On Edge 1.55
. 5. Irritable 1.46
% i 6. Anxious 1.35 ,
a‘ 7. Drowsy 1.12 .
1 8. Uncomfortable 0.90 !
¥ 9. Worry
p 10, Upset l
B 11. Depresased !
Al
1 |
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A a-8 |
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FIGURE G-1,

-
T mAxIMUM
ITEM: ACHING OR
- BURNING EYES
- & SUBJECTS AT
H.Q,
4 DAYS EACH
-
e e
P
=]
—
. \ MEDIAN
-
L ] J L
AL - - ol MINIMUM
INITIAL PRE DURING POST HOME

SOMATIC ITEM: ACHING OR BURNING EYES
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MODERATE

ITEM: STIPFNESS
6 SUBJECTS AT H.G.
- 4 DAYS EACH
F
-FMAXIMUM
6
T
"
T
- :
T
3 T

2k

i

MEDIAN

1 // '

i I |

. 1 N - oL MINTMUM T

INITIAL PRE DURING POST HOME f

FIGURE G-2, SOMATIC ITEM: STIFFNESS i
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|
|

—_— - MAXIMUM
9
Y o ITEM: DIFFICULTY
STAYING AWAKE
6 SUBJECTS AT
H.q,
4 DAYS
1 F T'
ok
5 - -
e T
E ‘ i
k] o
2l MEDIAN
T
1k
! J. / L
wbaM INIMUM
0 - -
INITIAL PRE DURING POST HOME
FIGQURE G-3, SOMATIC ITEM: DIFFICULTY IN STAYING AWAKE
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ITEM: LOSS OF TEMPER |
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|
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|
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T. MAXIMUM

ITEM: POOR

AT

» :"i -
o 5|
i
1 ™
3 gdr
'.'-|

1,: 3-

‘l

B /r \
. t ' g . ' <4 _L whe MINTMUM

MEDIAN

APPETITE

6 SUBJECTS

H.G.

4 DAYS EACH

..
INITIAL PRE DURING FOST HOME

K FIGURE G-5. SOMATIC ITEM: POOR APPETITE
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{ L
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1] g !
|
8 =
ITEM: TWITCHING MUSCLES
6 SUBJECTS AT H.G.
4 DAYS .
] - ’
[ 6
v {
—
‘5=
T

” - MARTHU P

. § ‘ = ‘.

‘ 8 , :
\ I 3 1
' - .
' i

3 ; g i »
k- [ MEDTAN
) i E - "] o
b I . E
4 : |
3 0 . N L L MINIMUM | .
: '5,3 INITIAL PRE DURING POST HOME . 1
“ FIGURE G-6., SOMATIC ITEM: TWITCHING MUSCLES [‘
y 0 .
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i ITEM: HEADACHE
} g 6 SUBJECTS AT H.Q,
{ 4 DAYS EACH
: 8 }-—
: 1~
|
, T™
: 6= |
5 s
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. | |
b
3 -
i
4 | *
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' 1 |
", { g 0 - _L _L -L R
, . INITIAL PRE DURING POST HOME
‘, FIGURE G-7. SOMATIC ITEM: HEADACHE
‘ I
i G-15 /




| 3
; 3
:
]
i g
| .
- T T 3-
ok ITEM: TIRED
- 6 SUBJECTS AT H.G.
4 TIMES PER DAY
: ; T MAXTMUM g
' sh— K.
i
4
\ 1)
N 7 - d
§
i AR
b
; ' ]
B — K
, :
L] o)
A 4
. -
|
4~ | 1
i K
- o
i
| ]
I i
1 "
| |
vI
H ol ;
MEDTAN 3
. p
! {
I 1= 3
k. e {
¥
'i! !
¥ g -’ bt 1N IMUM ;

| 2 3 4
DAYS

FIGURE G-8. MOOD ITEM: TIRED ]

T R e e e s e e oo




. i

MODERATE

T 7

BA
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ITEM: TENSE
6 SUBJECTS AT H.d,
4 DAYS EACH

1

INITIAL

i
o
PRE DURING POST HOME

FIGURE G-9. MOOD ITEM: TENSE
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ITEM: FIDGETY
6 SUBJECTS AT H.G.
] o 4 DAYS EACH

SEVERE

i

;. =MAX TMUM

. -y

: Un
) 1 ] o \

i - I

. B !
| ‘ i |
| } g ‘,—

\‘ /

: : 1§ )

| -

1 t - MEDIUM .
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" : 0 S, INIMU
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6 SUBJECTS AT H.G.

ON EDGE
4 DAYS EACH

ITEM:

8

1 o
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T MAXIMUM

MEDTAN

MINIMUM
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T
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- The trend across days worsens for the two leading
indicators.

x - Improve the questionnaire by eliminating insensitive L
items and adding others; i.e., backache and depression.

] - Commence using the gquestionnaire to make comparisons:
Between 8 and 12 hour shifts at Houston-Galveston

Between pre and oparational periods at New Orleans
Between veanel traffic wervice centers.
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