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ABSTRACT

Intimately involved in any equipment system is the human factor. The people operating
the equipment at the remote installations for the Satellite Technology Demonstration (STD) were
different from paid employees or from private consumers. The STD site operators were paid only
token fees; thus, they are best described as having been motivated by the service benefits of
the system. Indeed, a survey of their interests and capabilities at the onset of the Project
showed 1ittle or no inclination for communications-type equipment. Although not necessarily

unsolvable, the problem of training people to operate communications equipment is complex and

unique. The STD, therefore, studied the stages and factors involved in training site operators.

Initially, the prior expariences and capabilities of the site operators were isolated to

provide a base of information against which the effects of the STD experience could be measured.

Sequentially evaluated thereafter were: (1) training; (2) initial results of the training pro-
gram; (3) site operator performance throughout the Demonstration; and (4) psychological dispo-

sitions toward the hardware configuration.

SITE OPERATOR PROFILE

The qualifications for remote site operators did not reflect the STD's broadcast and engi-
neering needs during the developmental stages of the Demonstration. Instead, site operator
qualifications were based on the Project's programming, field services, and research needs.

A survey, the “"Site Operator Profile,”" was used to identify those factors prior to the
STD experience which were 1ikely to influence quality of performance during tne Project.

Three factors were selected: interest, training, and capabilities in technology, particularly
communications equipment. The results from the survey items designed to measure these factors
are summarized in Table 1.,

Question 1 responses showed that approximately 50 to 60 percent of all respondents (prior

to thei~ STD experieﬁces) were interested in photography (59.6 percent), and/or machine repair

(55.8 percent), and/or audio systems (48.0 percent}, with a similar distribution of responses
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between Intensive Terminals (IT's) and Receive-Only Terminals (ROT's). "Mechanics" included
automotive repairs, household appliances, small machine repairs, and other machine-oriented
skills. Only a small percentage (11.5 percent) had special interest in shortwave radios; this
percentage was somewhat higher for IT than for ROT operators (19.0 percent vs. 6.4 percent).
The response to the shortwave-radio question indicated that most site operators--before joining
the STD--had no special interest in technologically-advanced communications equipment.

Responses to Question 2 indicated that 80.8 percent of the respondents had some training
in noncommunications related electronics and that 67.3 percent had some training in audio-
visual systems. Smaller percentages of the respondents indicated training in other categories,
including two-way communications (25 percent).

The results of Question 3 showed that a large percentage of the respondents perceived
themselves as capable of operating communications equipment: audio-visual projectors (57.7
percent "high capability" and 36.5 percent "moderate capability"); audio-visual recording equip-

ment (44.2 percent "high capability" and 40.38 percent "moderate capability"); and copiers

(46.15 percent high capability and 42.31 percent moderate capability). A smaller number indi-

cated capabilities in the photographic equipment category (only 6.7 percent "high capability"
and 36.7 percent "moderate capability"). A few respondents indicated "high capability" in
office machines, telegraph equipment, and two-way radio equipment. Further, the greatest per-
centages of "low" or "no capability" responses were in the telegraph and two-way radio equip-
ment categuries.

Based on these results, conclusions were drawn about the people surveyed concerning their
experiences p.ior to the STD project. Although a large percentage of persons indicated special
interest, training, and capability relative to familiar types of technological equipment--
particularly classroom audio-visual equipment--an equal percentage indicated no special inter-
est, training, and capability relative to the same or other types of technological equipment.
Further, a predominant percentage had no special interest, training, or capabilities in com-
munications equipment, as indicated in the responses to the shortwave and two-way radio

questions.
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TRAINING

In November, 1973, the STD's engineering staff developed a "Simulation and Prelaunch

Test Plan" for operations. In Japuary, 1974, the plan was successfully prototyped and was

further modified as the various inter- and intra-HET project changes occurred. A systems

specification document, The Broadcast and Engineering Training Manual for HET Network Site

Operators, was produced in June, 1974. From time to time, minimal revisions and updates deal-

ing with details of network operations were issued to site operators.
The following excerpt from the "Introduction" to The Manual (Broadcast and Engineering,

pages 1 and 2) summarizes the tasks performed by the site operators:

Tvis manual is written from the Broadcast and Engineering perspective.
1vs aim is to train the site operator in four areas: (1? description,
use, and care of the STD equipment; (2) protocol procedures, including
contingency actions in malfunction situations and reporting procedures
for equipment failures; (3) standard tests, checks and measurements to
be performed; and (4) broadcast schedules.

Section Il provides an explanation of the unique communications systems
being implemented in the Demonstration, including particular communica-
tion capabilities of the participating remote sites. It proceeds from
a general account of the communications network to more detailed des-
cription of those areas with which the site operator will be most con-
cerned.

Section 111 contains prescribed standards to be maintained throughout
the Project. Included are the guides outlining ROT and IT operational
procedures, station call letters, standards to be adhered to in using
the voice transmit function of the VHF Transmitter-Receiver system,
failure reporting procedures, and conlingency actions.

Section IV describes data to be gathered and includes an explanation of
the standardized computer forms that will be used for recording informa-
tion. The accuracy that is needed for these data related tasks cannot
be overemphasized.
Section V discusses the broadcast schedule guide that will be mailed
periodically and outlines preprogram and postprogram events.
A three-step plan originally was developed for training site operators:
1. Project engineering would train and test regional-level field service personnel.
2. Regional personnel then would train and test state-level field service personnel.

3. State personnei, in turn, would train and test the local site operators.
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In practice, the plan was modified by omitting Step 1. In its place, Project engineering

staff directly trained and tested the state coordinators. One week was allowed for trainees to

read The Manual, followed by a two-day session at the regional offices in Denver. The-first

day was an eight-hour intensive training session, including necessary equipment demonstrations.
The second day consisted of a four-hour question and explanation period, followed by a written
examination. In 1974, the state coordinators demonstrated operational competency during a
series of preoperational checkouts.

Nine state coordinators, one from each of the seven states and two from Nevada, underwent
the complete technical training program and passed the written examination. Of the 50 multiple-
choice questions in Part I, no one answered more than eight wrong; and of the 20 true/false
questions in Part II, no one answered more than four wrong. Maximum 1imits had been set at
10 wrong for Part I and five wrong for Part Il. An item analysis indicated that incorrect
answers were evenly distributed among the various questions with no one item having more than
five incorrect answers. Upon completion of the training program and test and after observation
of preoperational performance, the state coordinators were evaluated as capable of training
eople at the local level.

The final step differed from the original plans: The STD decided to use state coordinators
rather than local personnel (site coordinators) to train the site operators. Financial con-
streints, limited time, and the late hiring of site personnel were factors which influenced
the STD's decision.

A 20-minute presentation by the engineering staff, including a six-minute demonstration
film, was transmitted via the satellite network during a three-day preservice training and
orientation period, which covered all aspects of the Project. The regional presentations were
transmitted to site operators and their respective state coordinators who were clustered at
eight locations within the region. A constraint on this presentation was that, few, if any,
of these peopie had The Manual prior to the preservice session, which was held at the end of
August, 1974.

The written examination, designed to test for initial evidence of competency, was given,

in some instances, immediately following the preservice sessions. In other cases, it was
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administered at a later date. There were also cases in which the instrument was used as a
learning reinforcement device.

Although the site operator training program was late in its implementation, the STD's
engineering staff was informed that the local site operators were sufficiently competent to

jnitiate operations. A sampling of 37 examinations given to site operators was returned for

an jtem analysis. This analysis indicated that the site operators had no more than seven in-

correct responses in Part I and no more than four incorrect responses in Part II, with an
even distribution of incorrect responses among the various questions.

The STD concluded that the time allocated--and subsequently expended--for site operator
training was both necessary and worthwhile. This training not only helped to insure accuracy,

thoroughness, and strict network discipline, but it also helped to maximize site operator per-

mance.

SITE OPERATOR PERFORMANCE

For the operational phase, the STD developed a site status reporting system to record,
analyze, and account for all remote site equipment information as it was received by the STD's
Broadcast and Engineering Component. The nature of that system made it possible to deduce
the adequacy of site operator performance.

Information for the site status reports came from the following:

1. The Network Cvuordination Center's special direct-dial telephone, which was used to
provide the most recent data about existing conditions at an installation and tc
effect equipment repairs as rapidly as possible.

Computer-coded informafion, compiled on OMR {Optical Mark Read) cards, which were
used to provide periodic data for cymulative studies and for comparisons between
sites, as well as for individug! site diagnosis when problems occurred.

Repair reports, which were compiled by the STD's Maintenance and Repair Team Super-
visor.

Weekly reports by the STD's field services personnel.

Site status reports by the STD's research personnel.
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It was hypothesized initially that the first three sources would be sufficient for all
reporting needs. Subsequently, however, the last two sources provided information which had
not been routed through specified channels.

The first month of operations (September, 1974) was spent bringing up site operator re-
porting and equipment performance to predefined standards; to the point at which site operators
could perform all required tasks correctly. Problems included improper use of equipment and
incorrect reports. These deficiencies made it difficult to assign specific percentages to
adequate and inadequate site operator performance. Instead, estimates (drawn from field

reports and other sources) were used. OMR reports, for example, suggested that from the onset

of operations, approximately 50 percent of the site operators sufficiently understood and

effectively performed all the engineering tasks. Further, the OMR cards clearly indicated the
daily "all go" status of all equipment and signals for the month, including no failures of any
kind.

The OMR reports, coupled with data from other sources, indicated that: (1) 25 percent of
the site operators, for the first month of operations, did not totally understand Broadcast and
Engineering procedures; and (2) 25 percent had reporting difficulties. (Hardware-caused
malfunctions during September, 1974, involved less than one percent of all remote sites.)

To improve site-operator performance, Broadcast and Engineering personnel adopted a series
of remedial strategies, including written memos, operational briefings, and phone conversations.
Thereafter--from October 7, 1974 to February 29, 1975--~site operator performance improved in
all aspects of operations, including equipment usage, NCC reporting procedures, and OMR reports.
From October 7 to October 26, 1974, operator error accounted for less than one percent of
broadcast downtime, with a subsequent decrease in operator errors. Causes for operator error
after Uctober 26, 1974, were traced to operator absence and operation of equipment by substi-
tute personnel.

The problems incurred during the first month of operations resulted in the following:

1. Broadcast and Engineering (B & E) repair support was hampered, and there were

delays in repair services.
The technical information needed for operation and cumulative evaluations was both

questionable and unreliable.
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The onset of accepting B & E technical data for evaluation had to be postponed until

October 7, 1974.
NCC coordination of the terrestrial systems in the satellite network was extremely
difficult and somewhat inefficient.
With improved operator performance {post-September, 1974), the situation was reversed:
B & E repair support services were improved; the technical data was accurate, reljable, and
valuable for diagnostic and analytic purposes; and NCC coordination of the terrestrial systems

in the satellite network became a simple and efficient task.

SITE OPERATOR PREFERENCE AND OPINION POLL

Equipment Use, Operational Procedures, and Hardware Data Requirements

The Broadcasr and Engineering Training Manual for HET Site Operators contains detailed

information about remote-site operator usage, operational procedures, and equipment checks and
measurements. That information is summarized below.

The remote terminal configuration was developed with the nontechnical background of the
user in mind. Specifications for operational procedures and evaluation requirements were
written as simply as possible. B & E personnel attempted to balance conjectured site-uperator
capabilities and total HET network requirements. Multitime zones, limited and specific
time vee of the network by each of the six HET experimenters, and information needed for daily
satellite control and configuration were some of the factors that influenced final requirements
for the remote terminal operator. In turn, the site operator, by both opinion and performance,
was able to confirm or deny the validity of those requirements.

A separate "Site Operator Opinion Pol11" was developed to examine the psychological dis-
position of the user at various times throughout the Demonstration. CQuestions 1 and 2 in
Table 2 were used to determine a site operator's attitudes toward using the equipment, follow-
ing operational procedures, and gathering data.

The poll indicated that 100 percent of the respondents found the equipment easy to use, 95

percent felt that operations and procedures were interesting and easy; and 90 percent indicated
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that procedures and daty requirements {specified 1n The Broadcast and Engineerinyg Manual for

HET Operators) were easy. The mear for all (ategories an a scale from 1 (“strongly disagree”)

to 5 {"stronqly agree”), was 3.4,

Clearly then, the 5TD site operaters were inclined toward, and accepting of the equioment,

prucedur es, and engineering data-gather iny requirements. The 3,23 percent of ROT operators who

found eguigment checks difficult were working at unmiquely-configured 1nstallations. The equip-

ment ttem, a Hewlett-Packard receiver, was not easily accessible, 1t was, for example, placed

n a separate room or ¢n a mountain peak  Therefore, the equipment checks were quite incon-

venlent

Decasional adjustments at some sites were necessary to accommodate the orbital changes

nf the ATS-6. Farabola elevation adjustments served to tilt the dish up or down, relative to

\ the sateilite position, These adjustments were rade menually or, 1f the parabola was motorized,
electrically. Manual adjustments involved goirg outdoors and ~otating the qripping bars at
the rear of the parabuly until the highest siynal strength reading was obtained from the site
aperator's portadble signal strength meter. .hen parabolas were motorized, a single toagle
switch, locited indoors, was aanipulated to raximize the signal strenath reading of the Hewlett-
sackary reoelver,
farabola iz10uth adjustrents moved the dish fros left to right, relative to the satellite
positiun A ustrents were done nanually, outdoors., and required a degree ot physitcal strength,
The <ite operator lonsened the nuts 10 three win areas on the base of the parabela support
steuture Ltwo plices on the front yoke and one at the redr), then swuny the parabola left or .
rignt while abservina the por table sianal strength weter an order to obtain on optinur yeading.
A length of pipe was helpful an providing teverage for swinging the parabola Initially, 1t .
was estimated that the azimuth adjustments would be done infrequently
2 £rpirical data (collected from Septenber, 1974 to April, 1975) was used to determine how

site operators responded to making parabule adjustiients. The data from these surveys (shown

in Table s and Table 4) 1ndicated the following,
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A predominant number of site operators, either equipped or not equipped with electric

motors, found that elevation adjustments were easy to make.

The number of site operators who found that the adjustments were easy to make was
greater among operators equipped with motors than operators not equipped with motors.
A greater number of both daytime and nighttime adjustments were made by site opera-
tors equipped with motors than by those not equipped with motors.

The number of nighttime elevation adjustmeats by operators equipped or not equipped

with motors, was greater than the number of daytime adjustments.

Parabola adjustments for STD nighttime programs were more critical than daytime adjust-
ments. For example, nighttime signals at many STD remote sites could not be received without
elevation ad?ustments. Thus, the STD concluded that site operators could increase signal qual-

‘ity if they were equipped with electronic mechanisms, which were convenient and east to operate.

The November, 1975 survey was revised slightly in April, 1975 to provide information
about less frequent azimuth adjustments. The revised questionnaire determined how many times
(since the beginning of the Project) an azimuth adjustment had been done at a particular instal-
lation.

April survey results indicated that: 34.0 percent of the site operators made zero adjust-
ments from September to April; 11.3 percent made one adjustment; 15.1 percent made two adjust-

%ments; and 7.6 percent made three adjustments. In addition, 55.8 percent of the operators
thought azimuth adjustments were easy to make (“agree" or "strongly agree"); 20.9 percent had
no opinion; and 23.2 percent thought adjustments were difficult to make ("disagree" or “strongly
disagree").

The azimuth adjustments were difficult to make. Indeed, under certain conditions, site
operators could not swing the heavy parabola. For this reason, the STD suspected that those
people with neutral opinions or those with positive responses were primarily peop]é who were
not performing adjustments or who were making the adjustments infrequently.

Consequently, because of the high quality of signal received throughout the Project,

two interrelated conclusions have been drawn:
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At a predominant number of STD sites, it was unnecessary to make more than one or
two azimuth adjustments throughout the Demonstration.

A small number of installations (which were close to the edge of the footprints)
5 needed to make more frequent adjustments (about once a month) for optimm signal
o reception, but did not because these adjustments were difficult.

VHF Transmitter/Receiver System

8y operation of a single, inclusive indoor unit--the VHF Communications Console--the
site operitor received voice messages and transmitted voice and data information. The Console
was operated by simple on/off switches and push-button controls, with indicator 1ights pro-

viding additional assistance.
The Console was designed to serve as an inclusive and simple-to-operate device for per-

forming reception and transmission functions. Table 5 and Table 6 pre;ent'dau about "how
easy" and "how interesting” the Console was to use.

That the VHF Communications Console was trem;ndously successful from an ease-of-operation
standpoint was clear from the results of both surveys, which show 100 percent "easy-to-operate”
opinfon ("agree” or "strongly agree"). Further, coupled with the result that a predominate
percentage found it interesting to use (95.2 percent in the November, 1974, survey, and 95.7
percent in the April, 1975, survey),easy operation should be considered as contributing to

“user acceptance.”

SUMMARY

This paper described the site operator training program that was developed by the STD's

Broadcast and Engineering (B & £) Component. Presented below are some highlights of t[\it pro-

gram and some recommendations for future projects.

At the beginning of the Demonstration, B & E compiled a site operator profile. The pro-
file showed that, prior to joining the STD, the operators had no special interest, training, or
capability in satellite communications equipment. They were, however, familiar with modern

technology, and they had varying degrees of interest, training, and capability in other com-

« munications equipment (for example, photography, audio-visual systems, and mechanics).

-14-
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B & E then developed materials and strategies that were effective in training the opera-

tors described above. The Site Operator Manual, for instance, was easy to read and nontechni-
cally oriented; it was written so that any site operator, regardless of past interest, train-
ing, or capability could perform the necessary engineering and research tasks.
The training program was successful. STD site operators performed effectively throughout
the Demonstration.
Part of the success is, perhaps, traceable to how the site operators felt about using
the equipment, following specified procedures, and collecting technical data. Overall, there
was cloge to 100% agreement that: (1) B & E equipment was easy to use; (2) B & E operational
procedures were interesting and easy to follow; and (3) B & E data-gathering requirements were
easy to fulfill.
A more detailed analysis of site operator preferences showed that:
1. Manual parabola elevation adjustments were easy to make.
2. Electric parabola elevation adjustments were easier to make.
3. The number of parabola elevation adjustments increased when the adjustments were
easier to make.
Parabola azimuth adjustments were difficult.

The VHF communications console was easy, interesting, and enjoyable to operate.

Based on the above findings, B & E recommends that future planners:

1. Hire site operators not fewer than two months prior to operations to train them
and to evaluate how effective[y they will perform.
Train substitute personnel to fill in for the usual site operators during personal
absences.
Equip all parabolas with electric elevation adjustment devices; if funds are
limited, equip only "critical sites"with electric devices.
Design a new and easier azimuth adjustment device.
Allocate money, time, and manpower to training site operators not only in operating
the equipment, but also in making simple maintenance checks and repairs, such as

changing fuses and fixing connectors.
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In sum, the training program designed by B & £ was worth the time, money, and manpower

that was spent in the development and implementation. The HET experiments demonstrated that

competent site operators help to increase the effectiveness of a satellite distribution

Sys tem.

This report was produced with funding from the National Institute
of Education. The views expressed do not necessarily reflect those
of the National Institute of Education or the U.S. Department of
Health, Education, and Welfare.




