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The views and conclusions contained in this document -
are those of the authors and should not be interpreted,
as necessarily representing the .official policies or

“n recommendations of the Interior Department's. Btdreau
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. FOREWORD

This report was prepared by Massachusetty Institute of Technology,
Lincoln laboratory, Lexington, Massachusetts 024173, under USBM
Contract Number HO346079, The contract was initiated undey’ the
Coal Mine Health and Safety' Progratn. It was administered under
the technical direction of, PMSRC with Mr. James C. Ault acting as
the Technical Project Officer. Mr, Michael W, College was the

.

contract administrator for the Bureau of Mines. -

Thjs report is a sumniary of the work recently completed as part ©f
this contract during the period 1 July 1974 to 1 August 1975., This
report was submitted by the authors on 15 Julys1975, *
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information, momtor student performance, and assure learning in industrial traimrg. An exper-

. on the LTS, (2) students found this an acceptable way to learn, and (3) reaction by.tré.rnifng per-

-

LINCOLN LABORATORY LTS-3S TRAINING SYSTEM:
APPLICATION TO TEACHING ESSENTIAL MINING SKILLS )

1. SUMMARY AND RECOMMENDATIONS

~

The Lincoln Terminal System is described as a device with the capability to deliver techmeal

imental umt, the LTS-35, was constructed and delivered to the Bureau of Mines with appropriate
lesson material for a test of feas‘ibilit)i and acceptability of this form of trawning 1n the mimng
environment. Operations were conducted at two mine maintenance schools. The overall results
were that (1) there was a substantial improveme;xt between tests before and after self-traimng

sonnel and supervésors was favorable toward the feasibility and advantages of using the LTS in
the mining environment. , Transfer of the LTS to industry depends on ava.11ab1hty of reliable umts
2nd adequate lesson material. . .

The requirements for authors of tra;&materials were established based on advice from'
mane traimng experts, formal analysis of lesson dev.lopment procedures,‘and experience from
efforts 1n lesson development at Lincoln Laboratory. It was concluded that experienced mine
traimng 1nstructors were best qualified to proceed effectively and economically to format instruc~
tional material for the LTS, 1£ supported by well- des1grkd facilities and services. Discussion
with miping experts conf1rmed the de81rab1hty of generating training materials and delivering ,
instruction at distributed locations to meet local training needs and 1n direct support of industrial
operations. : ‘ ‘ ' M

It 1s recommended that a phased program to transfer LTS technology to the mmmg industry
be implemented as follhows

[y
)

(a) Complete the design deveiopment and specification of a relidble and ¢

economical terminal suitable for commercial production {LTS-5).

(b) Develop and prografn an extended,\terminal (LTS-5X) that will give local
authors:

(1) Instruction on LTS lesson design methods and techniques.

(2) The capability to create a logic file and to run lessons
on the machine in a simulated mode. N o
3
. (3) The capability to accept and glis;play student performance

data recorded at LTS-5t

minals.« .

(g) Conduct tests of the LTS-5X 1 sson devélopment, support functions at one
or more training sites and use the results to perfect the design prior to

release.

(d) Complete eng‘ineéring developmeént of the microfiche production facility
with procurement specifigati

{




1. INTRODUCTION ' «. ' o :

Thas 1s the final report of a one~year effort under a contract with the U. S. Bureau of Mines
to determune the feasibility of apphcation of the Lincoln Terminal System (LTS} to t;a.mmg 1n the
mining industry. Thg major efforts under the contract were:

Constructi?n, documentation, and delwery of an LTS-35 model
instructional unit to the Bureau.

Development of prototypical lesson material on mine safety for /
the machine.

> Demonstrations al\various sjites and a formal field trial of the

concept in mine maihtenanck training schools.
/

N Site visits, discussions\yjth instructors and training supervisors,

’

and research on the peefiiyms of training facing the industry. 7

. /
This report 15 the finay/outcome of'these efforbts. 1t attempts an orderly exposition of new

findings and specific reco

industry.

III. THE LINCOLN TERMINAL, SYSTEM (LTS) AS Ak INSTRUCTIONAL UNIT
FOR TRAINING ‘ —

3 . .

e
him to solve problems he encounters 1n learning. the dependence of the tramee on the instruc~
tor can be reduced in this way, two benefits will occur. First, the number of students served -
by one instructor can be multiplied by two or three tithes. Second, the instrugtor's attention

that cannot be delivered by machine. The goal 1s to extend the number of students an’instructor

/ ’ can handle and to improve the overall quality of the results. . )
' Machine -supported learming to be effective must include dxsplay of detailed information, s, !
diagnosis of stude/nt learning dafficulties, and branching to proper remediation. More spec1£i-v LA
N cally, 1t must be able to convey technical information Such as drawings, photographs, diagrams,
data, text etc., in considerable detail. It must be able tq present problems to the student,
. accept answers, diagnose errors, and branch to remedial Xnaterial which is appropriate to the\ PO

kind of error made. A typical strategy for using a machine of this kind is to deal with a new
topic in a tightly related set of frames. (A "frame" is a single andio/visual display either

‘
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of information or of a problem of some.kind.} Usually, new mformation is presented in one frame
otiﬁabrmg of” severa} successive ones and on the following frame understanding of this information
15 tested. The test must be a fmrly difficult one in which guessing is unlikely to produce a cor~
rect answer by chance. If the answer is correct, learning is assumed to have occurred and the
trainee 18 directed to a new top1c If some failure is detected, he is moved to new remedial in-
fg;:;natmn appropriate to the specific kind of mistake. For example, the error may indicate that
the student needs to review old material that he was supposed to have already mastered. Or he
may need an expanded or alternative explanation of a new fopic w1th which he is having difficulty.
“When he 1s done with the remediation, a test is given again, and if successful, the student then
goes on to the next topic. If, however, failures are repeated, he is told to "Go find your 1nstruc-

,/for or obtain help frorn an outside source such as reference materials. The Appendix presents.

—-—

an example of this fom of training., The training technique of the LTS is extenswely ;,llustrated
there, and it is ‘suggested that the reader take time at least to scan through it.

It has been demonstrated many times that this method of training is highly effective. With
adequate lesson materials, students can progress rapidly on their own. Computer terminals,
along with printed or pho‘tographic supplementary materials, have proved effective in instructit')n
1n computer maintenance, principles of electronics, dentistry, etc. The Lincoln Terminal Sys-
tem (LTS) captures the same training capability in a stand-alone machine which is far more
versatile and less costly than one based on conventional computers. Each LTS unit — one per
student — has both the data processor and audio/visual information built in. Two of its capa-
bilities, to produge detailed visual images and to deliver a 20-second audio message with each
display, are not found in computer systems. Although not always essential to learnj./ng, the audio
feature enhances lesson delivery in a number of ways. Voice has the overall effect of lending a .

human quality to the machine. It can be used for emphasis, warnings, and to reinforce Jearnmg
. It also prfovides an alternative channel for communicating with the student who hag’ d1§ﬁ1culty with

read1ng. And finally, a student listening to audio with earphones is blocked off from noise dis-

_tractions 1n his environment. Other media such as sound/slides, motion pictures, and TV have

‘a sound-track capability. These are linear, however, and there is only one path through the

material. With the LTSon the other hand there are many paths, one for each student determined
by hus record of spec1f1c successes and failures. The audio as well as the visual presentation is
arranged to meet his particular need of the moment. This is called "random access" displays;
the presence of random-access audio is unique to the LTS. Students respond very favorably to
tm feature, and 1t is our conviction that the pres®nce of random-access audio substantially
exténds the range of students who will succeed in this form of training.

The LTS realizatmn of automated training has been demonstrated as effective in a large
study supported by the U.S. Air Force. These results are summarized in the next section. "Under
the contract, a field test of training mine mechanics has also been completed. These new results
are reported in the following section. The purpose in both studies was to determine (1} if mas-
tery of the material is achieved, (2) if learning proceeds with little dependence on outside help, '
and (3) if this form of training is acceptable to the stidents. ’

1V. FIELD TEST OF THE LTS CONCEPT IN THE U.S.’AIR FORCE \

An extensive studyi was conducted at the School for Applied Aerospace Sciences at Keesler
Air Force Base in Mississippi. Lessons were prepared for the LTS covering the sixth week
of the Basic Electronics Course, normally 30 hours of classroom and laboratory instruction.

s
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The siibject matter was series and parallel RCL circuits, and Qhe authors of ‘the lessons _were

rmlitary and civilian personnel at Keesler, The hardware system was one that waéxery similar
in operation to the present stand-alone model, althuu‘gh five terminals shagre a minicomputer
rather than each having its own processor. (Under the 'p{esent con}iac‘t one of the electromcs
lessons gas converted to the newer machine. The conversiqn process was  fot difficult, and the
resultant lesson was virtually 1dent1ca1 to the orlgmal ) The principal fmdmgs for the 1nitial

expenmeqt on 55 students were as follows: N ‘
Mastery of the material .was as complete for LTS students as for a

matched control group in the regular classroom. -”!’ / P

y here was a 37 pércent savings in lea:rning time when comparef '~ -
to thgitime (30 houx;‘s) allotted for classroom delivery. : .

Students spent an average of less than 2 percent of their time '
receiving help ffom their instructor. ~

’

The tramees‘,expressed a very pos1t1ve,set of attitudes toward thls
,form of training. , .

The students were selected from a group that'ze'n in the 80 to 96 percentile qgn a test of elec~
tronics aptitude and had 42 years of prior education on the average. Twelve of the lessons
presented electromc principles, mvolvmg problems of c1rcu1t analysis,” selection of a formula,
and algebra1c calculations. There wer€ two other lessons that showed the student how to hook
up bench equipment to test empirically t,he operation of the circuits, THhe lessons covered theory
rather than application, they differ, fori‘example, from the material in the Appendix which deals
w1th electrical practice and the Law and very little with principles of electric1ty. Under these '
c1rcumstances, the LTS proved to be an §££1c1ent effectwe, and highly acceptable meafig of
instructional delivery. : v
A continuing series of experiments provided additional results. Some students were trained
in.pa.n's, working through the material to et_her but tested separately, they moved as rapidly
and performed as well on the test on the average as singles. I:Iigh-aptitude students in the 96 to
100 percentile also ran on the LTS and benefited markedly both in terms of reduced training '
\Lt e and improved test scores. A reviey of findings based on about 200 trainees on the LTS ,
shows .that the slowest students seek help from an instructor and take longer on the lessons
than miéh be expected. Apparently as a direct consequence, the number of trainees who failed
the final t&, leading to a "wash back" in the course, was reduced by about 50 percent, This

result sugges%indeed training with the LTS tends to give the most help to students with the
. - - & -

. greatest need.

V. FIELD TEST OF\L’RS-3S IN MINE TRAINING SCHOOLS 3 roL

) R .
There was every reason tQ suppose that the\ LTS would be equally effective at traimng mine

mechanics as it was for electronic technicians. But the students, the objectives of the schools,

and other factors were sufficiently &foerent to warrant a demonstratipn of its potential, and so

a field trial was initiated under a ;onfract for the Bureau of Mines. Four lessons were prepared

by Lincoln Laboratory on mine safféty, serving a primary mission of the Bureau of Mines. The
&§Azard and the meaning of the.Mine Safety Act of 1969

as applied to problems of electyi\cal ground. The goal of training in this instance is to impért

~

subjects included the nature of electrical

. N
! . \
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the knowledge which mine mechanics must have to perform in a safe and\proper manner The\
‘ purpose of the study was. (1) to prove that learnmg of such matenal does occur using the LTS,,

2y to agsess studept acceptance, and (3) to gather opinion and comment from mstructors and ,-;‘
their supervisors on the potential of this neMchnology - ‘

The lessons developed for this test included: : ‘\\
~ - \\;\ﬂ A
. (a) Manasa Con&tonof Electrieity: an explanation of shock hazards™, e
and their effects on the human body. ‘ . \
) (b) Solid Grounds: connections to earth, system and frame grounds,
- resistance grounding. . N
(c) The Law and Grounding: review of Parts 75 and 77 of the Law e N
relative to grounding covering low-, medium-, and hiéh-voltage K \
circuits. v ‘ * X .
(d) Problems in Grounding electrical connection of a’piece of mine / \

3
equipment to,a source of power is made by the student, and viola-
tions gf the provisions of the Law are detected and corrected. (The
Appendix shows in detail part of a problem from this lesson.)

Each trainee was given a test before instruction, worked on his own for about 45 minutes on one
or two lessons, was given another test, and filled out .,; brief questiennaire on the experi'ence:'
Traimng was conducted at two sites in Pennsylvania, the mine maintenance training school of _
the Jones and Laughlin Steel Company near the town’of California and the Admiral Peary Voca-
. tional and Techrucel School a Ebensburgh. Students from these two schools, as well as traine )
~ from the Barnes and Tucker Coal Company, participated in the tests. Two LTS-3S experiment(:§
deﬁvery units were used, the one delivered to the Bureau under the contract and a second one
assigned by Lincoln for the test. . The Bureau machine was transported by truck in an impact-
cushioned crate, and the Lincoln unit rodé uncrated in a passenger van. Transport in either ‘
. ’ mode seemed to have no adverse effect and the setup time for a machine was less than one
. half hour. . ' . o
Eight students were able to finish only Man as a Conductor m the time allotted, they were
younger, less experienced students enrolled at the Admiral Peary Vocational School. Each of
the experienced miners, from the Jones and Laughlin and the Barnes and Tucker maintenance

4

training classes, was able to complete one of the other lessons as well, five finished Problems
.in Grounding and nine Methods of Grounding. (The fourth lesson, Law and Grounding, was in-
tended as a review for lughiy experienced mechanics and electricians and thus was not used in .
this study.) The test beforehand covered all four lessons. The Admiral Peary students scored
43 percent on the average on this test and the experienced miners 58 percent. Tests were

scored for questions on material actually taken to measure progress due to learning on the ma-
chine. Table I shows scores before and after the lesgons for each group. Improye rent from
11 to 14 percent over the three groups indicates that substantial learmng did occur evenina
period of time of less than one hour, ! .

The acceptability qf thls form of training is reflected in a brief questlonQaue given at the
end of the learning session. The questions and the freqpency of i’esponses are shown in Fig. {
All students agreed on the first question that the difficulty of learning was " just rlght " despite
b the fact that the less experienced students were able. to finish only one lesson in about three-

. fourth’s of an hour and the more experienced two. This is indica/t\ive'of how successfully LTS '

.
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SCORES IN PERCENT BEFOREANDK“A@;ITS TRAINING
ANDY :

Léssons Taken Score Before \  \Score After Change

A}

"Man as a Conductor 50 63 +13

‘ . RN -

«.Man as a Conductor 72 . . 83 +11
Problems in Grounding :

g

‘Man as a Conductor © 55 . +14
Methods of Grounding
- Nt

\

. AN

1) How difficult was learning on '!he machin

too tough ’ 25 just right \ too easy
< ) - ' ) \ ‘
2) Would you rather learn this material from a book

yes 2 _maybe . 23 no

in the classroom?
4 . yes 9 __maybe
from a film?

—TI _yes —8__maybe

’

’
3) Was the voice of the/machine helpful? .

never 11__ sometimes 14 always \

4) Did you ever have trouble putting angwers in the keyboard?

11 __never 14__sometimes alwa;y
s N
Fig. 1, Questions with frequency of answ

A




\ . tRaining avdapts to individual learning needs, the respon;'e to the fir_st question seems to show
4 "7 7 that trainees recognizé and appreciate this feature. In the second question, no students prefer . /
. n learning from books, but some prefer classroom learmng or a film or TV presentatlon. There

- “is gu1te a spread of opinion. Perhaps to some students, the phrase “Would you rather learn"
\ means "Would you find it less demanding”, in that"C¥se, preference for sitting in-a class or 1n 2
¢ front of TV would be expected. The responses to the question on voice are typical — learning R
\ without the voice would be entirely possible but students usually say it is very helpful.. As to

\ the last question, students always find the LTS easy to use, but some expressed that they had -

' d1f£1culty due to minor equipment problems encountered wa.th the experimental apparatus and to

; a few flaws in the new lesson material. ~ -

Attitude surveys and comments from students who learn on computer training systems and

on the LTS have always been very favorafble. Here, there was less than an hour of tralnﬂ\g. but

in the Air Force study1 students responded favorably even after 8 to 30 hours on the system.

The longest duration for continuous training in this form seems to be a Navy study involving

many weeks of computer-asststed trammg, 8ix hours per day and five days per week, and it

showed no decline in either performance or enthusiasm. A favorable attitude is obtained even
" after the novelty of this kind of training has worn off, . ' -

To summarize, the leagning performance on LTS reported here, taken in conJunctlon with

other findings, suggests that this form of training will likely increase the speed of learning and

assure mastery of the material for rmne mechanics ard will be highly acceptable to this kind
_ of trainee. The 1mplication is that trainees can acquire tecguucal knowledge largely on their own

and depend much less on instructor support. Some advantages of the LTS that cap_l_tahze on this*

potential as a me‘ans_o'f,del.ivery are discussed in the next sectiol

»

LY

V1. APPLICATION OF LTs\j MINE TRAINING C

As part of the contrac/t, pefsonnel from the coal companies. the unions, MESA, and the
Bureau were contacted and surface and underground' mjning operations were visited.in order to

gain first-hand knowledge of the problems in mine training as they relate to the LTS. It was
pointed out that this 1s basically a machine for instruction in facts, procedures, principles, and
other skill knowledge. It does not, for. example, teachﬂjeye ~hand coordination and as a result is
not appropriate for tra1niné operat1on of controls on 1r ning equipment and similar applications.
All personnel, however, are responsible for learmng afety and must have knowledge about the
Mine Safety Act} safe methods, and procedures. Furt ermore, the demands for better under~
. standing placed on ma1ntenance, repair, and supervlsory personnel is increasing as the number,
variety, and complexity of mine machinery grows, ne : technology is involved and new knowledge .

3 is required to cope with it. The general 1mpressxon wzmvnmmmmmg sk1ll
knowledge of miners, mechanics, electr1c1ans, and superv1sors is in umversal demand, and )
if it could be met the safety and pf‘oduct1v1ty of coal operat1ons wQuld benefit greatly

The time ~honored method of on-the-job training, the apprentice gu_lded by a journeyman, is
no longer feasible because journeymen are not well equipped to instrﬁot, .and costly dperat‘ions ;'i_’
cannot be halted while time is taken to indoctrinate a new person. To a consideralgle extent,
industrial training responsibility has shifted to central operations such as VoTech, commercial,
and military technical schools. Although the large school is ‘efficient, this kmd of ’trammg is

l\ , often incomplete and graduates are by no means fully prepared to perform a Job._ The job re-’
quirements at different sites vary tremendously with respect to equipments, procedures, and

+ .
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the work environment, and a central school cannot tailor each student's program mffg;ently ‘n
preparation for his specific job circumstances. Another factor is that a broad rfange of topics
is covered in long courses of training, and there is much forgetting between the time of original
learning and application in the field. Often in industry training is conducted close by the indus-
trial operations. In mining it is done ‘at the maintenance shop, the portal,. the mine office, etc. ’
The LTS has the flexibility and versatility to adapt to an operation close to the mining s1te7where
it is possible to structure training as an extension q&‘ regular mining operat1ons There 1t/ can be
tailored to specific equipments, local procedures, and immediate needs, and what 1s learned
can be applied to the job before it is forgotten.”" "¢+
There are other forms of technical aids to individual instruction that are effect1ve but none
have the versatility of the Lincoln terminals. The efficiency of individualized instruction, 1.e.,
. managing each student's learning separately, was revealed by training research 1n the 1960s.
It was found thzit the digital computer was the most effective means to manage the learmng proc-
ess on an individual basis. It proved an expensive and often cumbersome way to train,; how-~
ever, and as a result has been used only on a limited scale. Computer charges are high and the
detailed visual displays required for technical subject matter cannot be stored and retrigved
economically by electronic means. Access to large mas:s memories is likely to remain costly,
with communication charges to users at distributed locat1ons perhaps even increasing with
1ncreasing demand. In the area of processmg though, a truly significant new electronics devel-
opment has occurred. It is the'rmcroprocessor which perm1ts each user to have his own com-
putmg power instead of being coupled to a large machine and sharing it with others. Micro-
processors are becom1ng cheaper and more powerful every day. As a consequence, in many
cases it is more econoniical to have a complete data proce$sing capability in each terminal
than to pay communication costs to a central machine. In this case the ,terminal need be tied
. to nothing but an ordinary sourge of electric power. Presently ava1lable rmcroprocessors have
‘ - the capab111ty to manage le4rning but, like computers,, do not have the memory to support deta.11ed
visual displays. These may be handled "off-1in&," as theyJ':iave 1n several experimental computerr
based systems, in the form of text, slides, and other cenventional media. The handling of les-
son materials separately is unwieldy however,. and so the LTS incorpotates not only its own
microprocessor to manage and monitor student learning/.\ but also it own microfilm store of
thousands of visual images. It combines the advantages of computer processing with mass in- l
formation store on film in 4 singre‘,-inreﬂ:ed unit. Becaiuse it operates in stand-alone fashion{
it is practical to administer ‘instruction at distributed and 1solated sites, such as those in the ”
- mining industry. e |
. The present experimental model of the LTS appears to have a more than adequate capac1ty‘J
for mine training on-gite or in a school setting., If this new technology is to be made widely
J available, it will be pecessary to develop a commercial source of equipment and facilitate the

i development of instructional materials. These matters are considered 1n the following section}a.

"VILoTHE LTS-5 PRODUCTION PROTOTYPE | « o )

\‘% l;‘ A production prototype (LTS-5) design\is shown in Fig. 2. At the left is an 8-1/2 x 11

black-and-white projection, a photographic image of a very high quality that may appear in

L oxglzontal as well as vert1cal orientation. With each picture, there is up to 20 seconds of
audio ava1lab1e by headphones or loudspeaker. There is capability to accept commands and to
interpret answers to questions that are entered on the keyboard shown at the gight. Numbers

L,
E
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« Fig.2, LTS-5 proposed design. y N

. -
entéred on the keyboard appear on a small display above the keys. Student responses are inter;

preted by the machine, and appropriate branching to a new audio./visual frame occurs. These M

capabilities represent a system that should be adequate to serve over a very wide rang'e of skill

knowledge traxmng. For reasons of ecbnomy and for improved reliability and maintainabifity, a . —
N i 4 . . .
fumber of non~critical features were not included in the design. e e

Some features of media may be used to enhance motivation, thus, color, dnimation, and the

" Iike are used, mn attempt to sustain itgerest. They may be 1mportant in conventional clas‘sroom

instruction where the psce s set by the slower learner, bt:?j;hey are much less significant in a ’
systzem like the LTS where the student is continuously cha;llu@ed and the pace is always "just / o
right." Self-pacing and the fact that the student is held atcountable for learning at regular }
intervals largely elimjnates the need for external, .arufi‘cial devices to attract and maintla.in

attention. There are a variety of aids to understanding that might be added to a teaching ma- * ' .
chine, such as motion picturg or computer-dri\ven displays, recognition of words as inputs, ¢ L ' /
simulations and games, These add to the cost of the units, complicate maintenance, add to

the cost of lesson dev¥lopment, and make the terminal more cé)mphcated for the student to use. .; . /

As motivational aids, they are not required and they are seldom essential for technical training. 7 // ,

Therefore, it does not s.eem cost effective to i.néorporate_ them as standard features for a pro- , - ,
duction LTS terminal. Other multi-media and computer devices can be used in conjunction with / /
the L'I:‘S, if they are in fact required. Two _featu(g,s_.ﬂ?pear to be desirable options for later con~"
sideration, .full-color visual projections and a capability for the student to express his selection g

of objects on th? visual disptay merely by pointin'g t? them. Each appears feasible but engineering

development is required. - . » *

'
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all., This represents at least 100 Hours of mstruction, and reloading with new material is a

siinple operation:  When a frame on a different card is selected, the carousel rotates to a new

" card, uand/1L is loaded into a gate. The capd is moved in the .gate to one of the 12 audio/visual

1mage pairg and the gate 18 closed., Frame-to-frame time is frem two to five seéonds. There .

are two projection lenses, one for the vispal and one for audio.

The visual image is projected

to;the screen. The audio image 1n the form of a width modulated spiral sound track is projected

to an optical scanner and audio sensor, a kind of optical phonograph. The'functions_ of the ma~
chine are shown schematically in Fig. 3. The student views the screen and listens t6 the audio.
The onset of the audio is delayed by a few seconds while a small burst of chgx,tal data (showmn as

a dotted line on the spiral) is fed to the processor.

When the student reacts to the frame by

pressing keys, the digital data are used by the processor to interpret the inputs and to select

the next card/frame locgtion. The student enters numbers to answer questions if called for,

and they appear right above the keyboard on a display like those in pocket calculators, then he

presses GO~ON and the processor interprets the inputs and goes on to the next appropriate frame.

He also has options to CLEAR the display, REPEAT the audio, call for HELP or an INDEX, go

BACK, and so on. Both interpretation of

wers to questions and the other options are con-~

trolled by the data at the start of the audio spiral, the "frame logic" specified by the author for

each frame 1n the lesson. Some mputs mg¥ not be legitifate on a frame, and a red light is

turned on to indicate to the student to try agani Otherwise, a new card is selected if needed and

a new frame and the cycle is repeated.

FICHE
SELECTOR
.}
LINCOLN
TERMINAL
SYSTEM DIGITAL

»

.DATA

2. KEYBOARD
/ 1_- .

o MICROPROCESSOR ,

v -
Fig. 3. Schematic drawing of the LTS Instrugtional Delivery Unit.
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A separate contract between Lincola Laboratory aLd the /Buz:eau of Mines .cox}ers engineering
development of the LTS-5 prototype, and procurem?nt cifrcations are expected to be available
in late 1976. .. . ‘

\

VIIL THE LTS LESSON. DEVELC\PMENT PBOCESS

’

The eifectiveness of LTS instructién depends wta‘ll\y on the quality of lesson material.

Because thQ whole learning process s managed by the lesson, the materials are more difficult

. to prepare than conventional text or d scriptive matter. In the classroom, the text Carries only '
" part of the instructional load. Whatev

techrucal mformstion may be lacking 15 added by the
instructor, and he carries the responsibylity to hold each student accountable for learning. On
the LTS, the lesson itself must be compleétely 1nformat1ve and monitor student progress if in-
dividual learning is to be sustained Realiung the full potcntial of the LTS depends on’ finding
efficifent ways to produce such material Yoo

, There is first of all the need to find authors. The maJOr quahfications for authonng are to be
a subject matter expert, to have relevant job experience, and to have practiced the instruction of
indaviduals or small grou The preparation o materis.ls for the field test 1n mine safety traming ‘
revealed the 1nefficiency %smg authors who are neither expert nor experienced in minmng to pre-,
pare lessons. More than half the cost of developing the l'essons was incurred in educating the
authors about mining in general, electrical hazard, grounding circuitry, and the Mine Safety Act.
Even 80, when the material was reviewed for approval by the Bureau personnel, some misunder-
standings 1n content had to be corrected and certain details were pomted out as unrealistic and
possibly misleading The resultant lessons were entirely satisfactory, hut 1f the authors had had
expert knowledge and experience from the start, the process would have been more efficient.

Design of lessons also benefits greatly from the kind of good Judgment that is based on ex-
perience 1n teaching. On a quiz frame in a lesson, there are usually many more kinds of errors
than 1t 1s feasible to deal with, the author must be able to anticipate the likely and significant
kinds and remediate just those. The obvious conclusion 15 that the best candidate for authoring
is the training instructor, typica.lly he is an expert in his subJect he has practical experience,
and he has proven capabihty to cope with individual learning problems. Perhaps it is not too

. great a simphfication to say that the function the LTS performs 1s to capture the expertise of the

instructor as well as technical information in a machine and to deliver it later to students at

LR

convenient times and locations. -

Most efforts to use instructors to prepare materials for automated tra.ining systems have
faltered badly because they have assumed that authors must learn computer fechnology, princi-
ples of indivadualized 1nstruction, or some other fairly complex art. In the Air Force study (re-
ported 1n Sec. IV), a number of factors conspired to force simplification of authoring procedures.
LTS was concelved from the start as having very limited data processing capability, although
with the advent of microprocessors since that time this constraint no longex" holds. There was
a limited amount of time to prepare the system and to train the authors. Finally, the authors were
located in I\/Iississippi and the system designers in Massachusetts, a separation of {400 miles. As,

a consequence, the procedure& for using the processor capabhility of the LTS, the aspect of the

LTS these authors were unfamiliar with, were greatly simplified. " The instructor-authors were
offered five standard methods of fielding student inputs on a frame. They constructed a looseleaf
notebook with a page specifying the elements of each frame in alesson. The visual and audio ware
specified, and the author chose one of the five standard methods for handling student responses.
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\ He filled out a table for each frame of what has come to be called the "frame loglc," showing the
kinds of erroneousj‘eSponse that could be expected and identifying a frame to go to for each lund \ 1.
of error. The lesson notebooks were sent to Lincoln Laboratory for ed1t1ng and conversion to
'LTS. The lessons developed proved to be effective as the results of the study show. It was a
major discovery thalt experienced 1nstructors require little addational traiming to produce effective
'mater1als, glven simpllfled procedures and adequate author support. ' N
Ty Although meoln personnel made no substantive changes in the Air Force lessons, it was ‘l
"troublesome to edit the lessons and to remove minor flaws and logical errors. One source of
diff1culty was that it was not always easy to determine the author's intent, there are some errors
that can only bé removed by the author himself. Moreover, errors of this k1nd were often not
apparent until the lesson was converted to film cards and could be run on LTS. To do a complete
job of editing, if is necessary to observe how frames relate to each other 1n operations as ex~
perlenced by a student. The attual process of converting lesson material to film 1s not expensive, ;
9 “and the’ rnim‘m'um turn-around time is only one or two days. Unfortunately, the real delays in i
s getting a revised card are longer and during busy periods intolerable. The details of a particular
lesson design es‘sent1al to editing are easily forgotten.. In response to the d1ff1culty in finding ' l
! errors, a breadboard checkout facility was 1mplemented that permitted simulated runmng of a
lesson before it is committed to film. , . t

L

“-T'o.check out a lesson on this facility, first a lesson logic file is created. The logic is 1n- |

/ ) serted_ for each frame, inthe same manner as entries are made 1n inventory control and other .,

automgted business systems. The user begins the simulated run by opening the lesson notebook

to the first frame, looking at the visual, and reading ‘the audio. ~ He responds through a keyboard .
like the one on, LTS as if he were a student talcmg the lesson. The response is processed ac-
cording to the' frame logic for that frame. Hovever, instead of selecting a new card and fra}ne-
on film, the page number of the next frame in the notebook is displayed. The user turns to that
page and the process is repeated. In this manner he can proceed through the entire lesson much
as if he were at a real LTS delivery unit. This facility was first placed in operation 1n editing
the mxne safety lessons. lt has proven effective not only to remove technical flaws by an editor
but also to permit a.uthors ,themselves to evaluate their lessons as students experience them,

~

Authors at Lincoln have been able to make major improvements 1n their material with thas facility
and have come to depend on it as a tool of good lesson design. \
The present checkout faclhty at Lincoln is a breadboard version, adequate when used by
techmcally sophisticated personnel. Our experience suggests that with some development effort
it would be possible to engmeer and document a practical facility for local checkout of lessons
that would not require techn:lcal sophistication to fun and not impose a very substantial added
burden on the author/instructor as a user.  Given access to this. facility authors would retain
firm control of the lesson desxgh and have the capabxlxty to evaluate their lessons in operation
either by themselves.or by tramees and to revise them accordingly. On-site capability of this
- kind will add substantially to the efficiency of lesson development. .
Initial investigation indicates thpt it would be feasible to extend the LTS-5 to provide the
additional capability to create a logic file for a lesson in the machine, to run it in simulated .
mode, and to display notebook page numbers in place of frame selection on the machine. The
LTS-5 has an optional capability to récord student performance data, and the extended version
of this machine, the LTS-5X, would also have the capability to sort, combine, and display these
results in order to evaluate lesson development.l Except for a small unit to interface~the checkout

«
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facility to the LTS-5, the necessary equipment is' available as commercial hardware components
and wouid no more than_dogi:le the cost of a terminal. A single LTS-5X could serve a number

of authors, and it would f'gem attractive to have at least one at even small training schools to
enhance traimng effech\:,éness. It would serve to generaje new material, to speed up the revision
and_update‘of\ Jemsting xixatenal to help msuke that lgsson content 1s matched to local conditions,
procedures, and equipment. ’

¢ T

Once a lesson has been developed 1n notebook form, checked out and revised, it is ready for
the materaials to be,(inished in preparation for conversion to film cards. The frame logic file
prepa.r_é\d for final lesson checkout is the same one used in the production film cards. The audio
18 generated by the author himself, first in yrittén form and then on conventional audio tape. |, /
Most authors are at first reluctant to record their own voices\, but the results are in fact usuélly

wvery satisfactory. A variety of voices over different lessons lends interest, and the %uthox/‘,‘“
unlike a professional talker, always knows exactly where to apply the proper emphasis. Audio
can be recorded on any good commercial machine, and a fiape is sent along with the notebook

for transcription to film. Unlike generation of logic and apdio, the drafting and finishing of
\artwork 18 a relatively time-c?nsuming and éxpensive paiit of lesson development. It is not un-
fommon for 50 Percent of thg effort in developing a lesson XO go into the visuals. Because the

LTS 1s based on the film me‘pium, it is especially economical to use photographs and to copy
6e;xisting materials., _Otherwise, the cost and .methods of preparation of original copy 'are much |
the same as for printed matt'.fnals.h Lincoln used commercial artists to produce finished materials
for some of the mine safety lessons with considerable success.

The final proéess of reproducing finished materials on film is straightforward, and relatively
nexpensive. In the experimental system at Lincoln Laboratory, cards are produced-at an oper~
ational cost of about $50 per master and $0.25 per copy. All lesson specific information is
contained on the cafrds, thi‘s provides a single, highly econo;hical medium for the production,
copying, ms_sem;xation, storage, and revision of training material. The components of the film

" card production system are commercial units with the exception of the machine to produce audio

spirals. For this technology to be transferred to industry, there is a need to devaloi) a producti'on;

engineered umt to convert audio and logic to film spirals, to make other hardware ir}lprovementg,
7 - . .
and to document the. system in detail both with respect to hardware spécification’ and operational
H i . >
procedyres. This would permut,commercial services to adopt the tec‘hnologr and'to support

-
e Vo
-, d

finishing, conversion, and distribution ‘?f training materials. o T
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_the student makes legal connections'between motors, power sources, and ground. Little under-

i

APPENDIX
A Student Learning Experience in the Lesson
' Problems in Grounding '

v &

Thé following frames are taken from the lesson, Problems in Grounding. In this lesson,

standjng ‘of electrical principles is required, but the student is held strictly to account for
groundmg equipment legally. We will follow a student as he makes various érrors going
through a part of this lesson. . . .

First, the student is given a problem to be solved. He is shown a 140V AC motor mounted
on a water pump 1n an underground mine, a power distribution tenter containing several types
of power supplies, and a grounding field. . In the audio he is told, "Make all the necessary legal
connections between motor, power supply, and ground." After connectmg the.motor to a center-
tapped 110V AC supply, he presses the GO-ON key on the keyboard shown below. This takes
him to the frame at the top of the next page.

. RED LIGHT\
®
- SELECT 2 fa ]l | SLEAN :
-1 moex |- alste]| 4 wee
FORTH 7{8]s Ry
.
BACK -lo]e % 60-ON .
.
- 4 /\
1
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‘tells him to press the HELP key. %He présses HELP and goes to the frame at the top of the

ERIC

POWER DISTRIBUTION CENTER

QO 440 voLrs ac s
v | O 3emMase . :
- (ONeuTRAL '

== 7 |10 VOLTS AC } 110 VOLTS AC

., RESISTOR

—— -

HYDROMOTOR
110 VOLTS AC

1F the system dees net heve to be grounded, v /
Gt press GO-ON, hd

. i e . e -
. WATER POMP Otherwise, A1t} in the blenks in N

The system ground s connected from terminel, T / '
) te torminel .

. Pres GO-ON,

To chack the Law, N
- pros HELP, !

® |
) ¢
R i . SELECT 12 ath . L .
T ' INDEX 41856 HELP T
" FORTH 1| e R T D : l
BACK -lo]e 60-ON . ' i
r : |
\ , o |
His job is to connect the system gxlound. He can do one of several things. It the system does
" not have to be grounded, he $ust presses GO-ON. If a system ground is required, he indicates
where the connection is made. Eight terminals are labeled and a connection 1s made by pressmg ‘ >

the proper pair of numbers on the keyboard. . X
- Ignoring the instructions, he enters 1 and 2 —~ just to see what will happen. The ohly thing
that does happen is that the red light on the keyboard turns on, indicating a nonsensical answer,
Finding the right answer by guessing is impractical even if he follows the directions. There are
only two chances in fifty-seven that the correct answer will be chosen .by chance. '
) "Obviously, to answer this problem the student must know what to do. In particular he must
know the federal regulations. To help him with this, a hote in the bottom corner of the display

o

next page. . , N N
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HELP
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AUD!O

GO-ON

SELECT

INDEX

FORTH
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o]t

Y

The audio says, "Find the section of the

,

law that deals with your problem. . Read it'thoroughly and press GO-ON.", After finding the

-

~

Here.he is shown two pages taken from the Law.

*

.

ds it, then presses the GO-ON key.

i
a
This takes him back to the same frames as before because after

student is always returned to the plage

, he re

section

the HELP key, the

Jusing

in the lesson from which he came.
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RESISTOR

POWER DISTRIBUTION CENTER

QO 440 vouts ac
O  3eHASE

_ QO NeuTRAL

10 VOLTS AC | 110 VOLTS AC

1f the system dost net have 1o be greunded,

just press GO-ON,
L —C Orherwise, fill in the blanks in;
. WATER PUMP !
i 4 - The system greund is connecteq frem terminel
‘ te rerminel _____
’ Mreu GO-ON. -
‘ . To check the Lew,
press HELP,
¢ .
-
. . h]
IS
' ¥ ®
~ . CLEAR
A . SELECT 123 NUMBER
NOEX a|s1s HELP 4
. .

- REPEAT

FORTH 4 a 9 AUDIO

BACK -lo]e GO-ON

<
. .
. '!
- .

Again he is told, "If a system ground is required, you should connect the system ground.
If not, just press’GO-ON." Not understanding what & system ground is, he ei;teps 3and2 -

connecting the equipment ffame ground.

Of course this connection is needed before power can be turhed. on, but he has not followed

the instruct'ions on the*frame. This error takes him to a definition of system and equipment

grounding, 1 ! )
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DEFINITIONS . l *

The word 'Grounding' is commonly used in
electric power system work 10 cover bo%'System
Grounding' and 'Equipment Grounding.! .
System Ground: A System Ground is o
connection.to earth from one of the current
carrying conductors of a power source.

Equipment Ground: An Equipment Ground
is a connection to,earth from ofe or more of

the noncurrent-carrying metal parts such as
metal conduits, metal armor of cobles,
outlet boxes, cabinets, switch boxes, motor
fromes, ond metal enclosures of motor
controliers.

SOLID GROUNDS\ARE USED {N BOTH SYSTEM AND
EQUIPMENT ‘GROUNDING

CLEAR

SELECT 1123 NUMBER
INDEX 45| HELP

REPEAT
FORTH 718109 SUB10
BACK ~|ofe 60-ON

"You seem to be confysed about the difference between system grounds and equipment frame

grounds. System grounding is the grounding of a power source. Read these definitions, then
press GO-ON to try it again.,” He reads the definitions, realizes his mistake, and presses

GO-ON which returns him to the problem,
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POWER DISTRIBUTION CENTER

> QO 440 vours ac
O  3PHase
. RESISTOR — ONeUTRAL
i —— - -— = [0 vours ac]io vouts ac = 4

AN
N 1f the system dees net heve te be grounded,
st peess GO-ON, b
Otherwise, fill in the blenks In . '
WATER PUMP
The system ground s connected frem terminal
, te terminal
Yo Prews GO-ON " )
Te check the Lew, ¢
pross HELP, . v
: ® ,
i !
Y ;
{
|
’ \
N
”, . ! CLEAR
* SELECT 1 2] 3| NUMBER .
. INDEX 4 S| 6 HELP ,
P
FORTM 7]a]se REPEaT
BACK f-|o]e 60-ON ; :

)
»

Again, back to the'same frame: "If a system ground is lrequired, you should connéc't the
system ground. . If not, just press GO-ON." Whenever the student wants to hear the audio?”
message for a second time, he presses REPEAT. He is uncertain so he presses the REPEAT
ke~y dnd listens to the instructions again. Now he understands the instructions and preésgﬁ
GO-ON, indicating that no system ground is required. .

This takes him to a frame showing the section of the Law dealing with grounding of 110V AC a.

systems.
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methodof grounding that will be approved is the con-
nection of all metallic frames, casings andother en-
closures of such equipment to & separate gr

conductor which establishes a continuous connectl‘bn
toa nounded center tap of the tmgormor.

- o q //
. ~ - v —
- /‘\
. ol ~N
» v [
» ’ ‘
.
. ’ \
>
h]
‘ . -
/ !
Iy .
§ .
§75.701-2 a; Approved method of grounding metallic < Low end Medium Veltege
PP e d N
frames, and other €3 recelving 110 = 220 Velts AC, Single Phase
/" power from single-phase 110-220-volt Eireuit, . . ’ 5
In instances where single-phase 110-320-volt cir- . Grounding Riqulrements:
cultswre, used to feed electrical equipment, the only —conter-topped veitage

—connect canter=tep directly te greund
—cenneci frames, etc , te conter=tep circuit

-5 .
\ s .-
[} . s
/ .
- <’ - \
e B >
e +
IS Yo -
I
‘% ”
L ~4 - .
® ‘
. SELECT 10213 i T
! g
INOEX 4 5 6 HELP
‘ FORTH e R AT
" BACK - o L4 GO-ON
£
. In the audio he is told, "No, the Law requires a system ground. Here is the section from

the Code that pertains to system grounding for th:,s type of system. Read the section and if you
still don't understand, get someone to explain it before going on.” He looks at the legal require-

ments and presses GO-ON, e J )
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POWER DISTRIBUTION CENTER

0
0,

¢
OneutraL '

440 VOLTS AC .«
3 PHASE

{ /
A
“f
¢ o - — — e —— s
— - - » -
—— -
' HYOROMOTOR .
b 110 VOLTS AC -
{ e _ﬂ },__—-—@ The 3y1tem ground is connected from terminet =
¢ .
. . \WATER PUNP to terminel .,
4 Enter 7 and enether nomber end press GO-ON.
* To chock the Lew, .t .
pross HELP, o
¢ " I}
)
‘ - |
|
I |
® . .
CLEAR . |
SELECT 1 o 3 NUMBER - ) ‘
INDEX 4 5 6 HELP ‘\
- - o |
© REPEAT |
FORTH 7 8 9 AUDIO . |
- , ‘
BACK ~lo| e GO-ON /—\ PN |
4, |
N |

Back to the problem again, but this time he is given a hint. "To connect the system ground,

4 . + [

you have to connect the center-tap, terminal number seven, to ground. Connect number seven
to ground by entering seven and another number to fill in the blanks on the visual display.t

However, not knowing what a center-tap‘ is, he again just presses GO-ON — indicating that
no system ‘ground is required. In this case, he is repeating his earlier error and the machine
is set to sense that he is in serious trouble. So it takes him to a frame telling hir&-to get some
help.
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"I cannot help you any furthel. Find sorfieone who can help you with your problem, then
go on with the lesson.” The student now .gets an explanation of center-taps from his instructor,

then presses GO-ON, which takes him back to the same problem for another trv.
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POWER DISTRIBUTION CENTER

O aav'voLts ac
O 3PHaAsE

(ONEuTRAL
110 VOLTS AC |110 VOLTS AC

HYBROMOTOR
10 VOLTS AC

= — ;.,’-@ " The system ground heonnuud from terminel____

te terminal_____

WATER PUMP
. Enter 7 end anether number end press GO-ON

* Yo chack the Low,
press HELP

- “h ) . CLEAR
) . SE{LECT ol 1 2 3 NUMBER -
.n+oex alsle HELP
s : .
. . < e REPEAT
FPRTH T]8]s AUDIO ) o
. .
' HBACK -fo . GO-ON '
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. "To connect the system ground, you have to connecf the center-tap, terminal number i

seve;x, to ground. Connect number seven to ground by entering seven and another number to
fill in the blanks on'the visual display.”
- He enters 7 and 1 in the keyboard — res1stance grounding the system.
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This system ground inillegel. ’
| — J’”@ This system must be directly 'ovd'od.
. WATER PUMP Prem GO-ON, - .
’ To check the Low, .
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° FORTH 1|8} RES&IAJ .
» i
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-
"No, thissystem ground is illegal. The center-tap must'be connected directly to earth."”
Pressing GO-ON takes him to the next frame to read the Law again. . '
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3 §75.701.2 Approved method of grounding metalfic Low ond Medkum Volroge
' frames. and other encl es receivi 110 = 220 Vel AC, Single Mese . .
power {rom single-phase 110-220-volt clrcuu
1n instances where sincle-chase 110.23u-vox cir- Grounging Requirements .
cults are used to feed electrical cquipment, the only ~conter-tepped voltege source ~
methodof grounding that will be approved 1s the con-, - “connect centerstep diractly 1o ground
nection of all metallic frames, casings andother ea- ~comact framer, atc , 19 canter-rep clrcuit
closures of such equipment to a separate ground:u N

i which blishés a
N 10 a grounded center tap of the transformer. .
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+
INDEX | 415]e | weer
FORTH 7]e]s FR000 :
° T eacx o] 60-ON )
"Here is the section of the Law that requires the center-i’.ap to be directly grounded. Read °
this section, then press GO-ON and try it again.! He looks at the notes on the right-hand border,
reads the Law, then presses GO~ON.
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QO 4a40voLrs ac
3 PHASE
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110 VOLTS AC 110 VOLTS AC

T CENTER TAP “T
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HYDROMOTOR
(51 vo vaurs ac ¢
T D--”@ ”Thhr':;o:l'mh connected from terminel _____
. WATER PUMP _
. Enter 7 ond another number end press GO-ON.
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SELECT 112} NUMBER ]
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+
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BACK -~ lotfe 9 GO-ON*
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"To connect the system ground, connect the center-tap, terminal number seven, to ground.” -
- o
Finally he remembers all the requirements. He connects the center-tap, terminal 7, directly

to ground, terminal 2.
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His answer takes him to this frame showing his completed_.éonnection and presenting the

R next part of the problem. '
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. Thls example shows how this lesson diagnoses and corrects student errors as they occur

Of course, few students will make as many mistakes as were shown above. As soon as the
student completes the problem corfectly he goes to the next part of the problem.
There a,re several significant features in this lesson design. Most importantly, guessing
' 1s eliminated. Correct answers alone gallow progress through the lesson. This means thaf the
better students spend less time learning the material than poorer sfudents, but all students have
shown the same level of skill when they are done with the lesson. The diagnosis of types of
'I\, errors mé.kes this possible - permitting help with individual problems. Repetitive errors send
the student to get help from his instructor. Finally, the HELP key lets the student find the in- .
formation he needs, ana trains him to get that information rather than relying on intuition or
guesswork. This lesson is designed to help the student proceed through the material at his own
pace, to remedy errors as they occur, and to develop good habits toward safety in mining as a
whole - obtaimng information when needed, checking the legahty “of work in progress, and '
making knowledgeable judgements rather than hasty guesses.
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