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FOREWORD

-
~~ The Embedded Training and Gaming Team of the Army Research Insti tute

• • (ART ) performs research in the area of computer—based simulations and
gaming (both instructional and wargaming) methods with applicability to
military training. A work unit of this team is concerned with improving
training via instructional gaming techniques.

• Instructional games are commonly used in the educational community,
• yet littl, research concerned with the educational effectiveness of game—

based techniques has been conducted . This paper outlines a series of
computer—based lessons on electronics maintenance which were developed
for use in ARt ’s Game—Based Training Strategies Work Unit.  

-

ART research in this area is conducted under Army Project 2Q162722A764,
~•y 78 Work Program. The work reported here was accomplished by Mr. Robert
F. Yeager, Champaign , Illinois, Contract No. MDA9O3-78—M—AA25 and per-
sonnel of the ART Educational Technology and Training Simulation Technical
Area, now called the Educational Technology and Simulation Technical Area.

S

hnical Director
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COMPUTER-BASED ELECTRONICS MAINTENANCE TRAINING: DESCRIPTION OF LESSONS

BRIEF

Requirement:

To develop a series of computer—based lessons on electronics
maintenance suitable for use in training logic circuit concepts within
an experimental paradigm.

Procedures:

A series of computer—based lessons on electronics maintenance were
designed and developed on the University of Illinois PLATO Computer—
Based Education System. These lessons provide instruction and practice
in reading logic symbols, logic diagrams, and electronic troubleshooting.
Associated management lessons allow the experimenter/instructor to create
individualized group sequences, either between or within lessons. Full 

•

data storage and retrieval mechanisms are also available.

Utilization:

These lessons are being used as a transfer task in a series of
experiments on the training effectiveness of instructional games. The
described lessons would also be suitable to supplement a course in elec—
tronics maintenance training.

vii 
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DESCRIPTION OF INSTRUCTIONA L LESSONS

Description of Elements.

This section describes the instructional and management lessons
which were developed to train reading of logic circuit symbols, logic
diagrams, and troubleshooting. Each description includes the following
three elements:

General Description. The lesson is described and any special
features of the lesson are listed . All lessons follow standard program-
ming conventions which enable lessons to work with the PLATO system
supported management system, currently called “mrouter.” Specifically :

(1) each lesson sets a “lesson completed” flag to indicate whether
or not the students have come to the end of tha t lesson ;

(2) each lesson re turns a “score” generally computed as a percent
• of correct answers the student made [100 * (right/total)]; and,

(3) each lesson sets “restar t” flags which enable a student to
leave the lesson , and , upon returning to the lesson at a later time, to
restart at an appropriate section without having to start at the begin—
ning of the lesson.

Parameters. “Parameters” are those variables whicn an experimenter/
instructor can set in order to change the way the program operates.
Experimenters/instructors can set parameters for individuals, for groups,

• or for all students using a lesson.

Data. Sections on data describe all the data that is currently
collected. The dAta are currently saved in databases associated with
the signon record. The data can be retrieved for individual students or
it can be processed for groups. The following data are saved for each
lesson :

• (1) the name of the lesson;

• (2) the exercise used;

(3) date lesson was used;

(4) amount of t ime spen t in the lesson , accurate to seconds;

(5) whether or not the student completed the lesson;

(6) score , stated in terms of a percent (right/total);

(7) total number r ight ;

• (8) total trials.

1



INSTRU CTIONAL LESSON S

General Orientation Instructiona l Lesson (-lcintro—) .

General Description. This lesson consists of two parts: (1) a
general orientation to the experiment; and , (2) a biographic informa tion
survey.

The biographic information collected from the student includes:

(1) age, in years;

(2) time in service, in months;

(3) rank , sav d in a ten character alphanumeric string;

(4) time in grade, in months;

(5) G.T., saved In a ten character alphanumeric string;

(6) MOS, saved as a ten character alphanumeric string ;

(7) time in MOS, in mont hs;

(8) education level , by grade level.

The student is also asked whether or not he is familiar with (a)
computers , (b) elec tronics, or (c) auto—mechanic s . If he indicates that
he has had experience in any of those areas , he is fuvther asked whether
he has maintained or repaired equipment in the area .

Finally, the student is asked whether he is familiar with any of
sixteen common games. From the same list , the studen t is asked to mark

• the games he has played ; and , from the la tt er list , the studen t is told
to rank the games he has played from favorite to least liked game.

Finally , the student is shown a summary page listing all his
answers (Figure 1). The student may return from the summary page to any
par t of the lesson and change an answer.

Parameter s . None.

Dat a. The data are stored permanently and associated with the
signon record; it has been assumed that the student would not sign on
with his real name so that there would be no way to associate the hio—
graphical data with a particular individual.

The data are stored in a forma t which will allow the experimenter
to reconstruct the summary page for each student. The data may also he



- ~~~~~~~~~~~~
‘ ‘

~~

processed automatically so that specific items can be correlated with
other data. -

Logic Diagram Ins t ruc t ional Lesson (—icinstruct— ).

General Descr~ption. This is a tutorial program to train a student
on the interpretation of logic circuit symbols and diagrams.

In the tutorial , the student is first taught the meaning of the AND
symbol; he steps through an input-output table which shows all four pos-
sible inputs and outputs (Figure 2). Then he is quizzed on his knowledge
of the AND symbol (Figure 3).

In this quiz, the student is shown two inputs to an AND gate and
asked to determine the output . He is given three problems ; the problems
are randomly genera ted , but a check is made to see that each student is
given each possible type of probleri (e.g., students will always see
l + l a n d O + O ;  they may s e e l + O o r O + l ) .

The student is recycled through the instruction if he gets two or
more wrong on the quiz; but he is allowed to continue to the next sec-
tion after two repeats.

After the section on AND, the student proceeds through sections on
OR , NAN D , and NOR. Af ter the sections on OR and NOR, there are br ief
reviews.

Next , the student is shown the meaning of the INVERT symbol.

Then he is given a test with twelve simplified diagrams with
mixed symbols (Figure 4); he must match the output values for each
diagram. Incorrect answers receive explanatory feedback (Figure 5).

Finally , the student is given a brief demonstration of NODES and
crossing lines.

Parameters . None .

Data. The score is based on the student ’s performance in the twelve
item test.

The lesson also saves studen t performance on each of the four quizzes
on AND, OR, NAND , and NOR; and on the twelve item test. For each of
these , each item the student sees is marked ; and each item the student
got correct is marked. Furthermore, for the test only , the sequence of
items is kept .

3
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Fault Isolation Instructional Lesson (—lcfault—) .

General Description. This is a tutorial lesson designed to teach
fault isolation procedures.

The lesson starts by showing the student a mock—up of a computer
circuit board (Figure 6); and it tells him that the objective is to
determine if there is a malfunction by comparing the lights on the board
to a circuit diagram.

• The lesson explains how the lights on the circuit board operate
(Figure 7); how to relate the lights on the circuit board to symbols on
a diagram (all provided on the screen, Figures 8 and 9); and how to
determine if there is a malfunction by comparing expected outputs from

• the diagram with lights on the circuit board (Figure 10).

Finally, the student is given a short quiz of twelve items to
• determine if he can identify malfunctions (Figure 11). All diagrams

used in the quiz are drawn on the screen; and they are in the simplest
form. Incorrect answers receive corrective feedback (Figure 12).

Parameters. None.

Data. The student’s score is based on performance in the twelve
item quiz.

Logic Diagrams Practice Lesson (—lcprac—) .

General Description. This lesson gives a student practice solving
circuit diagrams. The lesson starts with a page describing the task to
the student (in Appendix 1). The student is then given diagrams and
required to mark specified output values for each diagram (Figure 13).

The circuit diagrams used in the practice session were predetermined.
All diagrams have been entered into a PLATO database. For each diagram,
the student is shown the input values and asked to specify one or more
output values. At the bottom of the screen there are boxes with “0” and
“1” in them; the student may either touch the appropriate box, or can
type the number; then he is to touch the output he wishes to mark; the
number that is currently specified is written next to the output (Figure
14) .

A scratch pad technique is available which allows a student to mark
individual gates in the same way they mark the outputs; this allows a
student to work through a diagram without having to reme~nber the values
of all the gates.

There is also a TABLES box at the bottom of the screen. If the
student touches the TABLES box , and then touches an AND, OR, NAND , NOR ,

• or INVERT symbol, he will be shown the possible inputs and outputs for
that symbol.

_ _ _
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In the lower right hand corner of the screen, there is a DONE box.
When the student has completed marking the diagram, he touches the DONE
box to have it judged. Incorrectly marked outputs are crossed out, and
the student is told how many he had wrong (Figure 15).

Parameters. Using an exercise editor , the experimenter/instructor
can set any of the following criteria for both the prac tice session as a
whole , or for a list of diagrams within the practice session:

(1) amount of t ime allowed ; when this time period expires, the
student may finish working on the current diagram, but may not start a
new diagram;

(2) maximum amount of time allowed; when the time period expires,
the student will be “ripped out” of wha tever he is current ly doing, and
the lesson will be terminated ;

(3) number of diagrams required ; the lesson ends either when the
studen t comp letes the specif ied number of diagrams, or when he runs out I :
of diagrams;

(4) success criteria; the lesson will end when any of the following
criteria are met;

(a) total correct;

(b) consecutive correct after a specified number of problems;

(c) percent correc t af ter a specif ied number of problems;

(5) failure criteria: the lesson ends if any of’ these cr iteria
are met ; the cr iteria are the same as those above, except that wrong
answers are counted instead of correct answers.

None of the above criteria need to be set ; and any combination of
criteria can be used.

If the criteria are attached to a subset of diagrams, then matching Li
• a criteria can allow branching to another subset of diagrams. Thus the

experimenter/instructor can establish levels of difficulty , and specify
the algorithms for moving to a different subset of diagrams.

The experimenter/instructor can specify the diagrams in any order;
or the diagrams can be given in random order for each student.

For each diagram, the input values may be specified directly ,
allowed to remain at their default setting, or be reassigned randomly
for each student. If the input values are changed, all values for al l
gates and outputs are re—computed ; and the changes only affect the
listing of that particular diagram. Therefore, it is possible to use
the same diagram more than once, but with different input values.

5
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Kach diagram may also have it s  required outputs set; the list of
required outputs may be specified directly, lef t at their default setting,
or assigned ran~~mly for each student.

D*t*. Th. student ’s score Its based on th. total number of diagrams
which had alt outputs j udged correct. Therefore , it  * student gets three
outputs correct, but one wrong , the entire diagram is marked as wrong tar
the purpose of scoring. Total number ~f correct outputs is also stored
in a database.

Th. following data ;-%rp curren t Iv stored tot- each diagram:

Cl )  name of the diagram;

(2) time spent on the diagram;

(3) the correct values of the outputs:

(4) the required values of each output .is assigned by th. student.

Data are stored by signon reco *’ds and can be retrieved for individua l or
group ana lysis.

Logic Diagrams Test Lesson (-~Lt’t,’st-- ).

~~~~~~~~~~~~~~~~~~ This lesson (a identical to the lesson
described in th. previous section . except that:

t i) d i f fe ren t  di r ect ion s are given (see Append ix .~) ;

(~~ the TABI.KS i~pt li~n is not available (Figure lf~);

( l ~ the student Is not told whether or not he has made st-rots; he
is simply routed t i ’. the ne~u diagram tFtgure l 7 ’ ~.

Parameters. ‘the ~n-ameters t~ r the test are i dentical to the
parameters ~Iescrth.d to the prevIous lesson.

Dat*. The data saved t~’r this lesson are tdenttt’al to the data
saved for the previous lesson.

Fault  Tanlatton De~t Lesson ~-tcfaul tcst—).

t .ner*1__~~scrij~t ton . Th is i~*ck~’t cons tars ol thirty—two fault
Isniat ton problems spec i~*tLv designed t o t -  this test. In addit ion , *n’ of
the diagram. used In the Logic Diagram Practice ~eset on of the Test may
he u sed in this lesson ; therefn re~ almost one hundred diagrams are’ avail -
able; and all of them can he used many (me s by changing their values
and/or Inc .i t ton of a ma It unc t ton .
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All c ircui t diagrams are in hard copy so tha t they can be used wi th
this lesson.

In this lesson, the students are shown a circuit board with tights;
lights which are “on” indicate a value of “1” at that location; lights
which are “off’ are “0” value. At the top of the screen, the name of
the d iagram and an iden t if ying page number are written ; the student uses
the hard copy diagram describing the circuit. Then, using the ind icator
lights, the student must determine ii the circuit is operating correctly .
A student can mark the values of the gates on their copies of the circuit
diagrams .

The student indicates a malfunction by touching the indicator
light; the symbol above the indicator light is highlighted (Figure 18).
An answer may be changed by touching the light a second time , or by
selecting a different answer.

If there is no malfunction, the student touches a NO MALFUNCTION
box at the lower left corner of the screen (Figure 19).

When the student is sure he is correct , he touches a DONE box. Re
is told whe ther or not he is correct , and is given remedial feedback if

• wrong. The student must successfully solve a problem before continuing
to the next one (Figure 20).

Parameters. Parameters are similar to those described for Logic
Diag r ams Practice Lesson. However, for this lesson , it is not necessary
to indicate “required outputs.” Instead , the experimenter/instructor
may specify the type of malfunction for each diagram; the options are:

(1) default setting; each diagram is preset with a specified
malfunction gate; approximately twenty percent of all  diagrams are
specified as having no malfunction;

( 2) no malfunction :

(3) malfunction at a specified gate number; the experimenter
• selects the gate;

(4) a definite malfunction , but at a random gate;

(5) a malfunction according to the probabilities preset for the
list of diagrams. For example, the experimenter may specify that every
four out of five diagrams presented should have a malfunction.

~~~~~ Data are similar to that described for the Logic Diagrams
Practice Lesson except that a list of gates th. student marked as having
malfunctions is kept instead of the val ues the student assigned to each
gate.

7
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MANAC EMENT LESSONS

The following management programs were designed to facilitate the
use of the lessons and the ed iting of the data bases associated with
the lessons.

Index of Lessons (- Icindex--). Lessons needed by the experimenter/
instructor can be accessed from this lesson. The index could be used as
an “inst ructor router ,” if desired.

Exercise Editor (—icexerl—). This editor allows the creation and
editing of exercises for (a) practice sessions; (b) tests on circuit
diagrams; and Cc) tests on finding malfunctions in circuits.

For each exercise, the instructor can set criteria (Figure 21); and
enter “lists” of diagrams, each with its own unique set of criteria
(Figure 22). An exercise may contain up to twenty—six lists; each list
may contain up to twenty—six diagrams (Figure 23).

Each diagram may be edited so that inputs, required outputs, and
malfunctions can be changed (Figure 24).

Circuit Diagrams Editor (—lcedit—J. In order to reliably and
compactly describe the circuit diagrams, an editor was developed. The
diagram is described in “lines” of data (Figure 25); a typical diagram
takes about one hundred “lines” to describe.

For gates, each line of da ta contains information about :

(1) gate numbers; all gates are numbered by their location on the
screen;

(2) gate numbers of input gates; thus, the value of a gate can be
determined by computing it from the values of its input gates;

(3) the screen location of the symbol.

For all other display items, the “line” contains the type of
display (box, line, or vec tor) , and the screen locations .

The editor can display the symbols with their gate numbers, and
the gate numbers of the inputs to each gate (Figure 26); this allows
verification of each diagram.

The editor also edits the data base which associates touch locations
on the screen with gate numbers (Figures 27 and 28).

All data on the diagrams are stored In a permanent data base; this
editor allows permanent changes in the description and val ues of a
circuit diagram.

8
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APPENDIX 1: DIRECTIONS FOR THE CIRCUIT DIAGRAMS PRACTICE SESSION

• Logic Diagrams Practice Session

• In this lesson you will practice marking logic diagrams.

You must mark each output which is marked by a question mark.

You can mark an output by touching a “0” or “1” box at the bottom of
the page, and then touching the output you wish to mark.

When you have marked all the required outputs touch the DOME box.

You may also mark any of the other gates on the page in order to trace a
circuit. You will only by judged, however, on whether or not the
required outputs are marked correctly.

There will also be a box called “TABLES” at the bottom of the screen.
If you touch that box, and then touch a gate , you viii be shown the truth
table for that gate.

You can also press the HELP key at any time for additional options. - 1

9 
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APP~~~IX 2: DIRECTIONS FOR THE CIRCUIT DiAGRAMS TEST

Logic Diagrams Test -

This is a test to ace how veil you can read logic circuits . It works
similarly to the practice session except that you cannot ask to see the
TABLES. Also, you viii not be told whether you are correct or incorrect.

You mist mark mach output which is marked by “?“.

You can mark an output by touching a “0” or “1” box at the bottom of the
page , and then touching the output you wish to mark.

When you have marked all the required outputs touch the DONE box.

You may also mark any of the other gates on the page in order to t race a
circuit. You will only be judged, however, on whether or not the
required outputs are marked correctly.

You can also press the HELP key at any time for additional options.

10
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APPENDIX 3. Th. PLATO Computer—Based Instructional System

PLATO1 is an interactive, dedicated computer—based instructional
system developed at the Computer—Based Education Research Laboratory
(CERL) at the University of Illinois at Urbana—Champaign. PLATO systems
have been installed at several US and overseas locations. Each PLATO
system consists of up to about 1000 terminals which are connected via
telephone coimnunication lines to a large central computer. The materials
described in this report were developed on the CERL PLATO system and are
available to all CERL users. Users on other PLATO systems may, upon
request , gain access to the courseware. A PLATO terminal orovides the
interface between the user and the central computer. A terminal’s major
components are a keyset which transmits users requests or inouta from

• the terminal and a visual display panel for presenting lesson material.
Touch panel input capabilities are also available.

Additional information about the PLATO system can be obtained from
Smith , S. and Sherwood , B. A , “Educational uses of the PLATO Computer
System ” Science, 1976, 192, 344—352. •

• 
~Conimercial designations are used only for precision of description. Their
use does not constitute indorsement by the Department of the Army or the
U.S. Army Research Institute.
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