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SUMMARY
TROUBLESHOOTING INSTRUCTION IN VOCATIONAL-TECHNICAL
EDUCATION VIa DYNAMIC SIMULATION

This study was designed to examine the feasibility of using
simulation as a means of teaching vocational-technical students to
detect and identify malfunctionms in selected electrical and mechanical
systems. The dynamic s_mulator which was employed features inter-—
changeable panels and logic that permits the simulation of electrical
and/oxr meehanical systems in automobilles, heating and air conditioning
systems, and various appliances. Numerous problems may bo easily
inserted in each: panel and the student may “"troubleshoot' each system
by pressing buttons at various locations on the panel. The simulator
provides immediate feedback for each checkwhich the student performs.

A basic question which this study posed centered around the
utility of simulation. That 1is, (1) CGan troubleshooting =kills
actually be taught via dynamic simulation? Additional questioﬁs asked
which have relevance to the teaching of troubleshooting skills include:
(2) How &o teachers perceive the effectiveness of troubleshooting via
dynamic simulation? (3) What relationships exist between student
characteristics (i.e. ability, motivation) and the learning of trouble-
shooting via dynamic simulation? (4) What attitudes do students have
toward dyﬁamically simdlated'troubleshooting instruction? |

Students involved in the study included 205 automotive mechanics
enrollees at four Pennsylvania area vocational-technical schools. After
premeasures were administered, students weua randomly assigned to treat-

~a2nt and non-treatment groups at each of the four locations. Those in
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the treatment group received individual, self-paced instruction or the
simulator. The non-treatment group did not receive any simulator instruction.

Students from both groups Were evaluated on their abllity to find
troubles placed in actual equipment. Performance criteria included trouble-
shooting efficiency, proficiency, redundancy, information checks made,
action checks made, and time. Treatment group students were tested as
soon as practicable after they had completed simulator instruction. Non-
treatment group students were randomly paired with students who had com-
pleted the instruction and were tested the same day. Experimental data
were analyzed using the multiple iinear regression approach. In this
manner the effects of certain variables could b2 partialed out so that
simulator effectiveness could be more accurately assessed.

With other independent wariables held constant, the treatment group
performed significantly better than the non-treatment group on four of
the six criterion measures. The simulator appeared to be an effective
means of teaching trouwbleshecoting, particularly with regard to problem
solving strategy development.

A number of student characteristics variables were significantly
related to performance. Affective, cognitive, and experilence type vari-
ables were predictive of troubleshooting efficlency while cognitive and
experience variables predicted success in information checks performance
and troubleshooting proficlency. Instructors were genaraily pleased with
the simulator as a teaching device. They particularly felt that it
motivated students, facilitated instruction, and enhanced the learning
process.

Students reacted to the instructional sequence in a positive manner.

Q  Their composite attitude toward simulator instruction was comparable to

attitude toward traditional classroom or shob instruction.
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One of the most difficult tasks which faces an instructor is that
of teaching a student how to solve problems. A primary reason for imstruc-
tional difficulty stems from the fact that prcblem solving requires an
individual to perform at a rather high and complex level. As indicated
by’Gagﬁ€(1965), when a person solves a problem he combines "principles
he has alre=zdy learaed into a great variety of‘novel higher order
principles.”

In order to teach problem solving in a ﬁeaningful manner, provision
is often'made withiﬁ»a course for the inclusion of practical problem
solving. experiences. . - For exsmple, mathematics instructors might.provide
students with problems to solve which make direct application of.the
principles taught in class. In science courses, students may.use lab-
oratory facilities to solve problems related to classroom instruction.

In fact, problem solving experiences can be meaningful to students
irregardless of the course one happens to be enrolled in. As indi—
cated by Bruner (1970):

Good problems it turns out on closer inspection, are

the chief vehicle for good curricula whether one is in an

ordinary classroom or alone in a cubicle with a teaching

machine.

It is within the area of vocational-technical education that applied
problem solving instruction is of utmost importance. A number of
occupations require that workers be proficient diagnostic prob}em solvers

or troubleshooters (U.S. Department of Labor, 1965). Students who aspire




to these occupations should, therefore, receive experiences which
assist them in the development of troubleshooting proficieacy.

Ironically, many vocational-technical teachers are not in a favor-
able position to teach diagnostic problem solving. Although numerous
instructional areas rely upon "outside" work tc provide students with
realistic experiences, customers may hesitate to bring in repailr work
which involves troubleshooting because they may want a particular
autoﬁobile or television set repaired in a minimum amount of time. In
view of the fact that a school shop or laboratory accepts projects
primarily for instructional purposes, it may be several days or even
weeks before a particular item is repaired.

An additional instructional problem facing teachers involves the
placement of troubles in otherwise operatiénal equipment. The difficulty %
here lies in the fact that "bugging" tasks usually require an excessive |
amount of instructor time. Also, the instructor may only be able to put
a few of the many possible troubles into equipment, elther because he
does not have sufficient gupply of faulty parts or because the particular
equipment does not lend itself to trouble insertion.

A number of investigations has indicated that simulators can pro-

vide troubleshooting instruction which is at least equal to that afforded

by actual equipment (Standlee, et al. 1956; Trafton, 1962). There are,

however, several shortcomings relative to these investigations. First,
many of the studies examined speclal purpose simulators which were
oriented toward the solving of specific problems in specific pleces of
equipment. The simulators, therefore, were not of a type which allow

use in several vocational-technical instructional areas. Second, the

11



subjects utilized in these studies were, for the most part, military
rather than civilian students. Consequently, research results may have
limited generalizability to vocational-technical high school enrollees,
particularly to those students who are culturally and academically dis-
advantaged.

A final point should be made regarding research ih public vocational-
technical education which focuses on simulation. Studies dealing with
this topic have been, for the most part, concerned with cognitive or
verbal skill development (Impellitteri and Finch, 1971). Ultimately,
however, vocational objectives are directed toward the application of
these skills (and others) in a realistic setting. Not only must the
student learn a principle but he should be able to transfer this prin-
ciple to situations similar to those he will encounter in the work
environment. The worth of simulation then lies in the extent to which
it can provide acceptable transfer to realistic (Wwork environment type)
tasks. Unfortunately, few of the studies conducted in public vocational-

technical education have even approached this standard.

Objectives
The primary objective of this project was to examine the feasibility
of teaching troubleshooting in vocational-technical education using the
dynamic simulation approach. Emphasis was placed on teaching disadvan-
taged youngsters at thez secondary level. More specifically the inves-
tigation sought answers to the following questions:

1. What is the general effectiveness of dynamic simulation
in teaching troubleshooting?

2. What relationshipe exist betweem student characteristics
and the learning of troubleshooting via dynamic simulation?

12



3. What attitudes do students have toward dynamically
simulated troubleshooting instruction?

4. How do teachers perceive the effectiveness cf troubie-
shooting instruction via dynamic simulation?

General Strategy

In order to maximize returns on the research investment, several
administrative arrangements had to be made. First it was decided that
the study be conducted as a cooperative effort between the Pennsylvanla
Department ci{ Educstior, The Pemnsylvania State University and several
ares vocational-t=canizal school districts. In this mapner, all cooperat-
ing units could proviie input to the research staff as the project pro-
gressed. Additionall;-, each unit would be responsible for that za2spect
of the project which it could handle most efficiently. Subsequently,
secondary area vocatiomnal-technical schools in four Penmsylvania scheol
districts were 1ldentified as having programs that were compatible with
the project's outcomes.

A second general concern was with ownership and maintenance of the
simulators. It was decided that each school :eceive a simulator based
upon a separate proposal andvthat receipt of the simulator would be
contingeat upon agreement to cooperate with the reszarch effort. As
part of this agreement, school personnel had the main responsibility of
providing students with troubleshooting learning expériénces. The
research staff identified appropriate learning experiences, specified
those students who would receive instruc'ciop!'agc'l,examined outcomes of
the experiences. This arrangement enhanced the p:oject's (internal)

validity by minimizing the number of confounding varilables.

d
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Prior tc the time that a simulator was installed in a particular
area vocatiocnal~technical school, the direcior and his staff together
with the investigator developed a plan for simulator incorporation into
the instructional environment. The general plan (which is specified in
a later secticn) allowed for maximum use with minimum instructor involve-—

ment and made provision for data to tw: sathered witn a minimum of effort.

14



II

PROCEDURE

Any research study is, by necessity, limited “n Scope. As the
reader will pote in the sections which follow, this particular investi-
gation is no different. Initially, the design of tae study is detailed.
This is followed by a general description of the simulator which was
employed as well as the content to which students were exposed. Follow-
ing a section devoted to measuring instruments, the sample and specific

research activities are described in detail.

Design of the Study

When research is in its planning stages, one is cften confronted
with the task of controlling certain variables which might confound
results° This is particularly true in a situation where several imstruc-
tors in several schools are teaching students in different grades who
have varving personal characteristics. 1In the a2bove situation, a more
traditional research design would only be able to account for few of the
dimensions which might be important.

In the present study, which was directed toward a multi-school,
multi-teacher, multi-grade sample, it was decided to employ the statis-
tical technique of multiple linear regression. By utilizing this
technique, effects of certain independent variables may be partialed out
so that the unigue contribution which a particular independent variable

makes to a dependent variable may be ascertained. Variables included

15



in the analysis may be continucus OT catigorical, thus taking into

account characteris;ics such as group membership (1.e., sophomore, juaiwr,
senlor) and school membership. Further information on the specific pro—
gram used in this study is contained in Hallberg (2969) while general
descriptions of the multiple linear regression technique are describec
by Bottenberg and Ward (1963) and Smith (1969).
The general model employed was

Y = a, + ajxy + ajxy + ..eseceapx, te
where

Y = dependent variable

X1, g, cosenss X = ipdependent variables

2,y @ls @7 sssees: 3n = partial regression coefficlents

e = grror term
The specific equations used ip this study were

Yy = ag + ajx; + axg + azxg t agx, + .eese.. ajgxig t e

i=1, 6
vwhere

¥y = troubleshooting proficlency

yo = troubleshooting efficiency

¥y3 = troqblushooting redundancy

.y; = trouﬁleshooting search time

ys = troubleshooting action checks

Yo = troubleshooting information checks
and

Xy = treatment

Xy = school

16
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xg = grade level

x4 = varbal ability

Xg = non-verbal ability

Ky = motivation toward learning
x7 = equipment knowledge

occupational knowledge

X8
xg9 = age in months
xq0 = troubleshooting experience in school
X311 = troubleshooting experieace outside of school
X2 = jobs held related to instructional area
x13 = hobbies related to instiuctional area
X34 = living area (emplcyment situation)
x15 = father's occupation
Sevaral other independent variatles were available only for the group

that received simulator instruction. These included

X1 = attitude toward instruction
x17 = time lapse between instruction and performance test §

X1g = time to complete instruction

The Simulator

In order to dynamically gimulate troubleshocting experiences, the E
System Malfunction Analysis Reinforcement Trainer (SMART) was utilized,
This particular unit, which has been developed by Educational Computer'
Corporation, features in;erchangeable panels and logig that pgrmitg the
simulation of electrical and/or mechanical systems in autbmobiles, heat— i

ing and air conditioning systems, and various appliances (see Figure 1).

b
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Numercus problems may be easily inserted in each panel and the
student "troubleshoots' each system by pressing buttons at various
lccations on the panel. The simulator provides immediate feedback for
each check which the student performs. This feedback can be in the form
of pictures or words (on slides) and color indications on the various
buttons. Provision for recording student elapsed time to find each
trouble as well as checks and repairs/replacements made is also incor-
porated into the simulator. In addition to its potential as a general
purpose simulator, the unit has shown utility in teaching troubleshoot-

ing to disadvantaged adults (Educational Computer Corporatiom, n.d.).

Instruction Content
Although the simulator provided students with feedback as they
attempted to "find" troubles, it was also felt necessary to assist them
in the development of appropriate troubieshooting strategies. Con-

sequently, each student was provided with a Troubleshooting Booklet which :

led him through varioﬁé representative troubles and provided him with a
gehéral procedure to follow as he attempted to find each trouble. The
material, which was developed by Educational Computer Corporation and
modified for use in this study by the research staff, was programed in a
linear format. It was written so that instruci:ion could be p:oV1ded on
én individual basis and would be self—baced. Examples of booklet content
are presénted in Appeundix B. By using the booklet each student was able
to féceive troublashooting instruction "on his own", however, instructors §
were able to provide assistance in order that each person would be kept

“"én the right track."

13



FIGURE 1

THE SYSTEM MALFUNCTION ANALYSIS REINFORCEMENT TRAINER (SMART)

ERIC
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13

A troubleshooting Answer Sheet was also developed for use in con-

junction with the Troubleshooting Booklet and simulator (see Appendix B).

Its purpose was to gather formative data relative to each student's
progress on the simulator. At three péints {n the booklet the student
was asked to find a different trouble which was placed in the simulator
system. Each trouble was representative of those which he practiced
with but was different from any of those in the instructional sequence.,
For each trouble he was asked to record time to solution, as well as the
number of tests and repairs/replacements made. This answer sheet was
fashioned after the recording forms used at The Northeast Pennsylvania
Technical Center. "

Prior to the time that the booklet was used by students, it was
reviewed by each of the instructors involved in the experiment. They
were asked to review the booklet a..l react to it in terms of content,
sequence, and flow (use in conjunction with the simulator). All
{nstructors felt that the material was satisfactory in this regard.
Several errors were noted and corrected. The booklet in final form then
consisted of a number of exercises related to trcubles in Enginé
Starting-1 and Engine Starting-2 panels wh;ch instructors felt were use-
ful and representatise of troubleshooting instruction that a2 youngster

might receilve.

Measuring Instruments
In order to gather relevant data from students involved in the
study, a number of measuring instruments were used. Several of these,

which were standardized measures, are described briefly. Others, that

20
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were developed specifically for this study, are explained in greater

detail. Copies of measures are presented in Appendix 4.

Student Information Sheat

The Student Information Sheet was designed to gather information
about student personal background and also to provide some information
about each individual's "disadvantagedness.™ Variables identified with
this instrument included school course area, teacher, age, sex, year in
school, amount of troubleshooting experience, full~time jobs, hobbiecs,
area where student lived, and several indices of disadvantagadness.
Transfer of responses to data cards was provided as an integral part of
information sheet development. The completed instrument was administered
to twenty-six automotive students enrolled at The Northeast Pennsylvania
Technical Center. Based upon reactions of these students, several items

were further refined.

Automotive Enginqwxnowledge Examination

The purpose of the Automotive Engine Knowledi:* Examination was to
obtain some index of student background with regard to the specific
equipment. Based upon the primary systems which comprise the automobile
engine, a table of specifications was developed. This table indicated {
the relative weighting of test items of the systems and combination of
systems in the automobile engine. Then, items were either selected from
existing automobils mechanics examinations or were developed by the
principal investigator. The preliminary Automobile Engine Knowledge
Examination (AEK) consisted of 51 multiple choice items. An inritial

administration of the AEK was conducted at the Northeast Pennsylvania

21
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Technical Center. Twenty-six automotive mechanics students who were
participating in a MDTA program at the Center comprised the group taking
the examination. Data gathered was then processed by computer. The
initial analysis resulted in a KR-29 reliability of .82. Results also
indicated that five items were discriminating negatively. These items
were discarded from the examination prior to the second administration.
The second administration with a revised forty-six item test was con-
ducted at the Altoona Vocational-Technical School. Students taking the
examination were sophomores, juniors, and seniors enrolled in the Altoona
automobile mechanics program. A total of sixty-four students were
involved in this administration. .Results of the second administration
indicated a KR~20 reliability of .73 and KR-21 reliability of .70. All
of the items discriminated positively. As an addiiional validity check,
a comparison was made between the mean scores of the sophomore, junior,
and senior students. Data for the group was subjected to single classi-
fication analysis of variance. Results indicated that the AEK discrim-
inated significantly (p<.0l) between students with varying amounts of

exposure to automotive instruction (senior x> junior x> sophomore X).

School Motivation Scale

In order to obtain some measure of student motiva;ion toward
school work, it was felt necessary to use an instrumené which would pro-
vide valid informaticn. The motivation measure chosen was that
developed by Russell (1969). It consisted of thirty items which a
student reacted to by placing an X in either the "ves'" or the '"no"

column. Results reported by Russell indicate that the scale had
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adequate reliability on several administrations and correlated with

several indices of achievement.

Student Reaction Form

The Student Reaction Form provided students takiﬁg simulator
instruction with a means of reacting freely to their instiructional
experience. It consisted of two questions which were botin open-endad.
The first specified "What did you like best about your instructioa on
the SMART trainer?" while the second question asked "What did you like

least about your instruction on the SMART trainer?"

Troubleshooting Performance Test

This test, which was the dependent variable, evaluated a person's
ability to troubleshoot (find troubles in) an automobile engine. For
detailed information on the general strategy followed when developing
this performance measure, the paper written by Finch and Impellitteri
(1970) should be revizwed. A portion of this paper which deals
specifically with the performance test used in this study is presented
in the next few paragraphs.

The troubleshooting performance measure was designed to meet
several unconventional requirements. First, it should evaluate a
student's ability to troubleshoot (find troubles in) an automobile engine.
Second, it should be appropriaté for use with the automotive students
of eight instructors in four Pennsylvania vocational-technical schools.

In view of the fact thatlfhe project was evaluating troubleshooting
simulator effectiveness, the concept of content validity first came to

mind. Initial discussions with the eight instructors revealed that the
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most appropriate index of effectiveness would be transfer to actual
equipment. All eight persons agreed on this point. The objective then

specified that

The student will find two troubles placed one at a time
in an otherwise operational automobile engine. The basic
troubleshooting tools provided by the examiner will include
a screwdriver, spark plug wrench, ignition wrenches, pliers,
and a test light. There will be no time limit in which to
find the troubles.

Since the instructors (who were also tradesmen) agreed that transfer to
actual equipment was appropriate, it can be assumed that the educational
validity was established to some degree. As an additional check of

educational validity, examination was made of the Standards for Automotive

Service Instruction in Secondary Schools. This publication, which has

been developed by the Automobile Manufacturers~-American Vocational
Association Industry Planning Council, specifies curriculum standards
for automotive programs. It was indicated in the publication as one
automotive curriculum objective "to develop an understandipg’df'iOgical,
step~by-step diagnostic procedures'" (Standards, 1965, p. 17). Based
upon the foregoing information, educational validity was deemed adequate.
Although occupational validity was used asia partial basis for

curriculum inclusion, it was felt that additional information should be

obtained about the objective. An examination of the Dictionary of

Occupational Titles (U.S. Department of Labor, 1965) revealed that a

number of jobs in the automobile service area require a worker to have
diagnostic capability, particularly with regard to automobile engines.

Based upon this information, the objective was felt to be occupationally

valid.
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There was naturally some concern about face valiidity (the extent
tc which the instrument looks like it would measure what it intends te
measure). Since the instrument was not administered by imstructors,
attention was directed toward the examinee. MHow would he react to the
test situation? Observation of 45 students under similar conditions in
a previous study (Finch, 1969b) indicated that students reacted posi-
tively to the testing environmeat. It was, therefore, contended that
face validity might be adequate for purpeses of the present study. A
field trial conducted after the present measure was developed also
resulted in positive student reactions. 1t was on the basis of the
foregoing that face validity was considered to be satisfactory.

Since the instrument was concerned with physical performance as
described by Harmon (1969) (perform an appropriate skilled action in a
problem solving situation) and measurement of verbal or attitudinal
behaviors were not included, these factors did mnot need to be taken into
account within the development scheme. It was then felt that determi-
nation should be made of whether the objective required task procedure
and/or task end product measurement. Since the objective specified a
rather dichotomous situation (either the trouble is found or it is not.
found) a decision was made to record the task procedure. In this
manner, meaningful information about a student's problem solving
strategy could be gathered. A product measurement, on the other hand,
would provide very little information with regard to instructional ... .
improvement.,

The work performance measure required each examinee to locate

two troubles which were representative of those an auto mechanic or an

N2
Ut



19

advanced automotive student might be required to fiand. One of the
troubles was in the engine fuel system while the other was in the elec-
trical system. Materials used in the examination administration con-
sisted of observer's instructions, student's instruction, and a record
of troubleshooting behavior. The behavior record was similar in design
to the type developed by Fattu and Medley (1952). Its purpose was to
record a student's sequence of actious as he attempted to find the
troubles. The instrument was designed so that an examiner could
accurately record observable behavi-x without even knowing 1if this
behavior was correct or incorrect. . separate sheet was used to record
student behavior for each trouble. !"erformance s:ub-scores were
established basec upon the analysis c?. data from a previous investigatiom
(Finch, 1969) and a review of resezar<i: in the area of problem solwing
performance measuremehc;

Since the literature review did not identify any specific standards
for cémbining troubleshooting performance sub-scores into a composite
performance score, and a number of possible scores could be derived, it
was felt best to examine troubleshcoting performance as defined by each
of the separate sub-scores. These sub-gscores or criteria consisted of
proficiency, efficiency, redundancy, search time, action checks made,
and information checks made. All criteria were developed from data
recorded on the behavior record.

Several guidelines were developed for the scoring the troubleshoot-
ing performance test. These were necessary in order the criteria could

be interpreted in a meaningful manner.

™o
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The more proficient troubleshooter was specifiied as one who tends
to find troubles with greater frequency than his less proficient counter-
part. Proficiency score was determined on the basis of the number of
troubles found. That is, a person finding both troubles would be more
proficient than one who found only one trouble or who found no troubles.

An efficient troubleshooter can be defined as on2 that makes checks
which optimize isolation and identification of problems. An optimum
number of twelve information checks was established fior each of the
troubles. This reflected the number of checks needed to identify each
of the troubles in an efficient manner. The formula used to determine

efficiency score was:

E = . InfN - .02 (NonIafN)

where

E = efficiency

InfN = number of infofmation checks made

NonInfN = number of non-information checks made

0 = optimum number of information checks (12)

.02 = constant

A less redundant troubleshooter was specified as one who rechecks
the same places to obtain the same information with less fredquency than
his more redundant counterpart. The formula used %o determine redun-

dant counterpart. The formula used to determine redundancy score was:

where

R = redundancy score

DY



Red N = number of redundancies accumulated

50 = constant

Search time was defined as the time in seconds that each person

spent attemptirz to reach solution (fimd troubles);. This tume was mot
Yrime to find a2 trouble' but time spemt on a trouble since a number cf
people did uot _.each soliution.

The Action check score consisted of the total number cof differemt

points in the srstem which were visited by an individual. Additiona_.ly,

the information check score was comprised of the total number of inior-

maticn points -~isited. An informatizn point may be defined as any
action point &% which information about the system condition is oascrvable.

Each completed behavior record was analyzed to determine the £.x
performance sub-scores for a particular trouble. Ten of the twelwe sub-
scores (five fuel problem sub-scores and five ignition problem sub-
scores excluding the two proficiency scores) were then converted to
standard scores with a mean of 50 and standard deviation of 10. Common
sub-scores for each of the two problems were then added together to pro-
duce combined sub-scores. This procedure is presented graphically in
Table 1. A combined proficiency sub-score was cbtained by allowing three
points for finding both troubles, two points for finding one trouble
and one point for finding no troubles.

Prior to its administration in the research project, an index of
interobserver reliability for the test was obtained in a field trial
situation. Nine high school auto mechanics students were asked to find
a trouble in an otherwise operational automobile engine. The trqubie

was identical to one of those used in the project. A correlation between
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TABLE 1

PROCEDURE USED TO OBTAIN COMBINED PEFFORMANCE SUB-L.CORES

Sub-scor=s Troubles Combinec Sizb-Scores
T. T
L 2
Efficieccy (E) El + E2 = T
Redundancy (R) Ry + R2 = R
S S, + 8 » 5
Search Time (S) 1 2 T
Action Checks (A) Ay + A, = Ay
Information Checks (I) I, + I, = Lo

actual times recorded by observer A and observer B was .997, while the

correlation for information checks was 1.0. Since the students' infort-
mation check scores were converted directly from recorded information,

it was felt that the correlations obtained were an accurate index of

_inter~observer consistency.

Instruction Attitude Inventory

In order that some insight might be gained into student attitude
toward simulator instruction, an Instruction Attitude Inventory (IAT)
was completed by each student after he had finished his instruction on
the simulatoy. Although not developed specifically for this study, the
IAI displays adequate validity and reliability (Finch, 196%9a) and has

demonstrated its usefulness in a number of research settings.



Ccaliforria Test of Mental Maturity

In order to identify personal characteristics of the students which
wouls raia~2 to academic disadvantagedness, an ability test battery was
se scrad “or use in the study. The most appropriate test battery with
regard to = mix between amount of pertinent information gathered and
adminis~racion time was the California Test of Mental Maturity (CTMM) .
The “TMM. 1963 edition, has what appears to be a good data base with
regarc =o secondary school youngsters (Clark and Tiegs, 1963). Level
four of the CTMM was chosen for administration to the students involved

in the study.

Short Oc.upational Xnowledge Test

It is wvirtually impossible to obtain comprehensive information
about a person's occupational knowledge in a short period of time. As
an alternative to this, it was decided to employ the Short Occupational
Knowledge Test (Auto Mechanics) which has been developed by Science
Research Associates (Campbell and Johnson, 1970). This test, which con-
sists of twenty multiple choice items, has an adequate reliability Ziadex
and has been shown to discrimirate between auto mechanics and non-auto

mechanics with a great deal of precision.

Instructor Reaction Form

in order that some idea of the instructors' feelings about the
simulator might be obtained, an Instructor Reaction Form was developed.
This instrument consisted of two questions which were both open-ended.
The first question specified "list three or four things that you like
best about the simulator" while the second asked each inmstructor to

"list three or four things that you like least about the simulatqr-"

TS
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~oth questions allowed the instructors to provide free (but subjective)
‘wactions about the simulator. The Instructor Reaction Form was used as

< basis for development of the Simulator Evaluation Questionnaire des-

czibed below.

simulator Evaluation Questionnaire

In order to assess simulator effectiveness from the teacher's
~zntage point, it was necessary to develop a data gathering device which
+7euld be as valid and as objective as possible. It was initially
decided to use a questionnaire which inccrporated the Likert format
‘Likert, 1932). Instructors were asked to react to statements about the
simulator which they had been using with their classes. Reactions were
nade by circling the appropriate response on a four point scale ranging
from strongly agree to strongly disagree. In this manner objectivity
could be maximized. Statements used in the questionnaire came from two
sources. First, the investigator developed a 1isting of statements based
upon conversations with teachers and school directors. Additional state-
ments were generated from a free response questionnaire (Instructor
éeaction Form) which the instructor group had completed earlier in the
school year. The sixty-one statements included in the Simulator Evalu-
ation Questionnaire (see Appendi¥ A) then reflected content validity
from an instructor point of view. That is, questionnaire content should
represent evaluation areas that iustructors feel are important. As
statements were being developed, some were noted as being "positive" and
some "nmegative'. By including both types of statements In the question-

nalre the posaibility of response set was minimized.
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Sample

Within the research framework it was felt important to identify a
sample which would be representative of students receiving troubleshoot-~
ing instruction in vocational-technical education. This concern was
discussed with several vocational school directors at the project's
inception and, based upon a general consensus of opinion, it was declded
to examine simulator effectiveness using a student group in the auto
mechanics area., An in-depth study of automotive troubleshooting
instruction via simulation appeared to be feasible since instruction
in this area is provided in many vocational-technical schools. Addition-
ally, automctive service involves troubleshooting of electrical and
electromechanical systems. In effect, the troubleshooting performed
by automotive service persomnnel is not unlike that performed by persons
in other maintenance areas. Systems in the many maintenance areas have
generally similar characteristics (electrical and electromechanical) .
They also require a troubleshooter to apply system knowledgé and
strategies in order to identify a malfunction.

The sample consisted of all sophomore, junior, and senior auto-
motive students enrolled at Bethlehem, Berks-West, and Centre County
Vocational Schools as well as all students in The Service Station
Mechanics program at Johnstown AVIS. Half of the remaining automotive
students at Johnstown were also included in the sample.

The initial available sample consisted of all those students
included aboves who were available for testing during the fall of 1970.
The number of students from whom personal data were gathered totaled 251.

A breakdown of students by school and grade level is presented in Table 2.
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TABLE 2

DISTRIBUTION OF STUDENTS PROVIDING PERSONAL
DATA BY SCHOOL AND GRADE LEVEL

Grade School Total
A B C D

10 29 14 41 27 111

11 18 14 24 31 87

12 19 7 16 11 53

Total 66 35 81 65 251

The net available sample was composed of those students who, in
addition to providing personal data, completed the Automobile'Engine
Knowledge Examination and the Troubleshooting Performance Test. Of
this group (n = 205), 105 made up the treatment group while the controi
group numbered one hundred. A distribution of students by school,
grade, and group is given in Table 3. The lower mumber cf students
reported in Table 3 can be attributed to several factors. First, 3ome
students were "lost' bzcause they quit or were dismissed from schkool.

Others were rot avalliable for performance testing when it was scheduled

+0 be administered. A few youngsters were eliminated because of
improper instructional procedures conducted at one school when the pro-

ject first began. Last, because of time considerations, instruction
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TARLE 3

DISTRIBUTION OF NET AVAILABLE SAMPLE BY
GROUP, SCHOOL, AND GRADE LEVEL

Grade School Total
A B C D
TR NT TR NT TR NT TR NT
10 11 8 7 6 21 17 14 12 96
11 9 7 5 5 8 9 13 14 70
12 7 -8 4 3 0 6 6 5 39
Total 27 23 16 14 29 32 33 31 205

i

TR = Treatment (received simulator iastruction)

NT

I

Non-Treatment (did not receive simulator instruction)

and testing was terminated in several schools after =2 sufficient number :
of students had completed these activities.

In order to present a more comprehensive profile of the students
which were included in the sample, data for several of the variables
were compiled. These variables consisted of Language and Non-Language
scores on the California Tesi of Mental Maturity (CTMM) as well as
scores from the Short Occupational Knowledge Test (SOKT) . Ihe data
are presentad in Tables &4 through 6. Mean scores for the CTMM and ZOKT
reflect a .general increase across gradesAwithmlower mean scores being

produced by students at the lower grade levels.
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TABLE 4

CTMM LANGUAGE MEAN SCORES BY SCHCOL
AND GRADE LEVEL

Grade School
A B C D
10 24.89 27.00 26,37 27.81
11 27.38 34.40 30.53 30.2¢
12 30.00 30.14 32.17 32,27
TABLE 5

CTMM NON-LANGUAGE MEAN SCORES
BY SCHOOL AND GRADE LEVEL

Grade School
A B C )
10 30.95 34,38 36.79 32.27
11 34,25  37.50 35.06  35.26
12 37.47 39,14 37.17 38.73

o
oL
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TABLE &

SHORT OCCUPATIONAL KNOWLEDGE TEST (AUTO MECHANICS)
MEAN SCORES BY SCHOOL AND GRADE LEVEL

Grade School
A B C D
10 5,00 6.46 6.13 6.46
11 9.62 8.10 8.65 9.22
12 12.80 11.29 10.83 10.18

CTMM language mean scoeres for 10th, 11th, and 12th graders were
found to be consistantly beslow tha norm. Mean scores cor 1l0th graders
ranged from the 24th to 34th percentile while mean scores for 1ith and
12¢th grade students ranged from the 27th to 50th percentile and 27th to
34th percentile respectively. Non-language mean scores were substan—
tially higher. Tenth grade students®' scores ranged from the 38th to
66th percentile. Eleventh and 12th grade scores ranged from the 46th
to 62nd percentile and 58th to 69th percentile respectively.

Since scores for the SOKT are nct intended tc be presented in
distribution form, some comparisons can be made with the category cut-
offs provided in the test manual. Tenth and 1lth grade mean sScores
fell into the fail category based upon a national sample of auto
mechanics (score of ten or less). However, one of the 12th grade means
f=11 in the pass category (12+) while another fell in the unclassifiable
category (11). The two oOther 12th grade group imeans approached place~

Q
[ERJK: ment in the unclassifiable category.

IText Provided by ERIC
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Additional descriptive data were available for the student sample.
This data was drawn from the Student Information Sheet and consisted of
categorial variables.

Twenty-one percent of those students involved in the study indicated
that they lived in a farm area while town and city dwellers numbered 54
and 25 percent respectively. Sixty percent of the students specified
that some persons in the area where they lived did not have jobs. 'Many
don't have jobs'" was checked by four percent of the group while 34 per-
cent indicated "everyone has jobs." No data was available for two
percent.

with regard to students' views of discriminatiom, eight percent
felt that they had been dizcriminated against at some time while sixty-
six percent did not f£esl this way. Twenty-six percent of the group did
not know whether or mot they had ever been discriminated agalnst.

Data on father's occupation was compiled as follows: Unskilled =
4%, Semi~Skilled = 33%, Skilled = 41%, Sales = 3%, Technical = 8%, and
Professional = 3%, No information = 5%. For the most part, the.father's
occupation reflected employment in a ékilled or semi-skilled area. Nine
percent of the student group indicated that their families had been or
welfare while 85 percent reacted in a negative Qanner to this questiom.

Welfare data was not avallable for six percent of the group.

Research Activitiles

The following paragraphs have been included in order that one
might become familiarized with specific research procedures. They detail

critical research activities in a somewhat chronological manner.
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Early in the school year  information was gathered about the
students constituting the sclected sample. Each student's personal back-
ground, ability, and motivation were assessed. Instruments used for
this purpeose included the Ca’ foru’s Test of Mental Maturity (short form),
the Short Occupational Knowledge Teo® in Automotive Mechanics, a School
Motivation Scale, and a Student Information Sheet. Concurrent with the
gathering of this information, autcmotive instructors received an
orientation to the simulator and became thoroughly familiarized wic:h
its capabilities. This orientation was conducted by the Educational
Computer Corporation staff. Additionally, simulators were installed in
each of the four cooperating schools and were checked out to assure
that they operated properly.

After these activities had been accomplished, instructional materials
were then delivered to the eight cooperating teachers. These materials
inclided an Autcmobile Engine Troubleshooting Bookiet 2—d a booklet
ancswer sheet. Instructors were then given sufficient time to review the
booklet in conjunction with the simulator. It was asked that instru-
ctors study the booklet the same way that their students would. In this
manner each instructor would be familiar with the instructional unit and
would be able to assist students with any problems encountered on the
booklet oxr the simulator.

After the instructors had become familiar with the troubleshooting
booklet and the panels which were to be used with the booklet, other
materials were provided to them. These materials included additional
coples of the Automobile Engine Troubleshooting Booklet as well as

copies of the Instruction Attitude Inventory, Student Reaction Form,
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and Troubleshooting Answer Sheet. All materials were provided in
sufficient numbers so that instructors could use them with designated
students. Concurrent with this, students were randomly selected by
school, class, and yaar in school to either the treatment or control
group. Additionally, treatment group assignment to instruction was
randomly made. Instructors were then asked to present all of their
automotiv; students, both treatment and comntrol, with an introduction
to the simulator. hey gave a cne class period discussion which covered
the general operation of the simulator, drawing from the information
in the simulator Operator's Manual. This was a general overview and
wae not inteided to include specific troubleshooting instruction. The
instructors showed how the simulator operated, where the basic switches
were, and what they did. At the same time, instructors told the
students that they might get a chance to use the unit sometime during
the school year.

in the middle of October, students in the treatment group started
receiving simulator instruction. Students received instruction one-by-
one according to the pre-arranged schedule. Each instructor in each
school gave the designated student a troubleshooting booklet to use and
told him not to write in the booklet. He was also asked to contact the
instructor if he had any problems using the booklet or the simulator.
After each studeat had completed his instruction on the Engine Starting~1
panel, ke asked the inmstructor to change the panel. At this time the
Engine Starting-2 panel, slides and logic were placed orn the simulator.
After the student had completed all instruction, his booklet and anzwer

sheet were collected and he was provided with an Imstruction Attitude



Inventory and a Student Reaction Form to complete, At this time,
another student from the treatment group was placed on the simulator.

Approximately three or four weeks after the first student began
{nstruction on the simulator, the principal investigator traveled to
each school to test students in terms of troubleshooting performance
on actual equipment. Students tested included those who had completed
instruction on the simulator as well as those randomly assigned to the
control group who were listed "~pposite' completed treatment students.
The purpose of this evaluaticu was to measure transfer from sivulator
to actual equipment. In order to accomplish this task, an engine
mounted on a trailer was utilized. This unit was constructed by
students at the Centre County Vocational-Technical Schon~l under the
direction of several instructors. Concurrent with performance
evaluation, students completed the Automobile Engine Knowledge LExamin-
ation. This examination was designed to obtain an up-to-date indication
of each student's knowledge with regard to the instructional area.

At regular intervals, the test engine was towed to each of the four
schools and student troubleshooting ability was assessed.

Periodically, after a sufficient number of measures had been
scored,. information was placed on data cards. At the conclusion of the
experiment, final information was key punched and data were processed
using the 360/67 computer., The multiple lineatr regression approach was
utilized to analyze experimental data.

During the later part of the school year, instructor reaction infor-
mation was gathered and students’ attitudes toward classroom and shop

instruction were assessed. These data were later compiled and examined

Q in a descriptive manner.
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IIL

FINDINGS

There were several quecstions posed by this research which focused
on the effectiveness of teaching troubleshooting via dynamic simulation.
These questions included: What 15 #he general effectiveness of dynamic
simulation? What relationships exist between student characteristics
and the learning of troubleshooting via dynamic simulation? What atti-
tudes do students have towzrd dynamically simulated troubleshocting
instruction, and how do teachers perceive the effectiveness of trcuble-
shooting via dynamic simulation? Findings relevant to these questions
are presented in the following paragraphs. Several of the findings have

beer developed from rather complex analyses while others are presented

in a desariptive manner.

The General Effectiveness of Dynamic Simulation
in Teaching Troubleshooting

In order to assess che effectiveness of dynamic simulation it was
necessary to determine what unique relationship the prime independent
variable, group membership (treatment vs. non~treatment) ., might have
with the six dependent variables (proficiency, efficiency, redundancy,
search time, action checks, and information checks). It should first
be noted that this independent variable was categorical with the group
receiving simulator instructicn coded 1 and the control or non-~treatment
group coded O. Additionally, proficiency was coded 1, 2, or 3 depending
on whether an individual found no troubles, ome ircuble, or both

troubles. The other five dependent variables were continuous and, prior

A3
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to the analysls, had been derived from raw sub-scores which were first
converted to standard scores and then combined.

Independent variable means and standard deviations for the treat-
ment group, non-treatment groug. ipd total sample are provided in
Table 7. These include scores on tests and scales which were described
in a previous section as well as blographical and school membership data.
Variables three through six were coded one for "ves" and two for 'mo".
Employment in home area (variable 7) was coded as follows: everyone has
jobs = 1, some don't have jobs = 2, many don't have jobs = 3. Variable
eight (father's occupation) consisted of five categories: unskilled = i,
seni~skilled = 2, skilled = 3, technical = 4, professional = 5. School
membership variables (18, 19, 20, 21) were coded one for "yes' and zero
for "no'".

Initially, a zero-order correlation matrix was generated for the
six performance (dependent variables and all independent variables,
This data is presented in Table 8. Intercorrelations ranged from .389
to —.241. A numiex of these relatiomships were significaat at or beyond
the .05 level. A comment should be made‘regarding three of the variables.
Instruction Attitude Inventory, time Japse, and time to complete instruc-
tion scores were ouly avallable for those persons completing simulatoi
instruction. Consequently, the correlations have not been included in
this particular matrix. They are, however, reported as part of the
student characteristics analysis which is presented in a later section.

Multiple linear regression analysis (MRA) was then conducted to
identify the unique contribution which each of the independent variables

made to the dependent variables. As indicated previously, prime concern

42
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TABLE 7

MEANS AND STANDARD DEVIATIONS FOR THE 21 INDEPENDENT
VARIABLES BY TREATMENT GROUP?, NON~TREATMENT GROUP,
AND TCTAL SAMPLE

Variables Treatment Non-Treatment Total
{n = 105) (n = 100) (n = 205)
X Sh X SD X SD
1. Age in months 195.02 12.21 196.39 11,37 195.59 11.78
2. Grade (10,11,12) 10.65 0.73 10.82 0.77 10.73 0.7¢
3. School Troubleshcoting
Experience 1.80 0.40 1.79 0.41 1.80 0.40
4, Outside of School Trou-
bleshooting Experieance 1.73 0.45 1.55 0.50 1.63 0.48
5. Jobs 1in Automotive Arza 1.65 0.48 1.71 0.88 "~ 1,68 0.70
6. Hobbies in Automotive Area l.38 0.49 1.36 0.48 1.37 0.48
7. Employment 1in Home Area 1.1 G.53 1.80 0.57 1.71 0.56
8. Father's Occupaticn 2.77 0.79 2.77 0.87 2.77 0.82
9., Instruction Attitude
Inventory 174.84 20,76 a a a a
10. Time Lapse — Instruc-
tion and Test (in days) 22.41 17.35 a a a a
11. Time to Complete
Instruction (in minutes) 326.03 110.75 a a a a
12. School Motivation Scale 18.21 3.91 18.25 3.83 18.22 3.83
13. OCccupation Knowledge Test 7.67 3.96 8.70 4,01 8.09 3.99
14. CTMM Language 29.01 8.34 28.64 8.26 28.74 8.30
15. CTMM Non-Language 35.71 7.02 34.99 7,27 35.30 7.06
16. Eungine Knowledge Test 23.04 6.10 22.87 6.00 23.00 6.12
17. Group 1.00 0.00 0.00 0.00 0.51 0.50
18. School A Membership 0.27 0.45 0.23 0.42 0.24 0.43
19. Schocl B Membership 0.29 0.46 0.31 0.46 0.31 0.46
20. Srhool C Membership 0.29 0.46 0.32 0.47 0.30 0.46
21, School D Membership 0.14 0.35 0.14 0.35 0.15 0.35

a
Data for variables 10, 11, and 12 were not available for the non-
treatment group.

18
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was with the treatment variable as this differentiated between students
receiving anéd not receiving simulator instruction. Other independent
variables were also important to the extent that they made unique con~
tributions to each of the performance variables. Initially, a full
model analysis was undertaken to examine the unique information avail-
able from each of the 18 independent variables (vavriables 9, 10, and 11
were omitted from the analysis). This was conducted for each of the six
dependent variabl:s. Full model (and subsequent rastricted model)
analyses were found to have F-ratios signilficant beyond the .05 level.

A number of the variables in the full model did not appear to possess
encugh unique information to be statistically significant. Therefore,
in order to account for all variables and alsc identify those having the
most unique and predictively useful information, a restricted MRA model
was calculated. This was conducted using a step-down process. Omn the
basis of the least reduction in sums of squares regression, one indepen-
dent variable at a time was successively omitted until only those
variables with significant partial regression coefficients remained.

The level of significance established was .05.

Regression analysis between the independent variables and proficiency
fo- the restricted model is prov .ed in Table 9. Using all eighteen
independent varizbles in the full model yielded a multiple correlation
of .5119. The coefficient of determination in the full model adjusted
for degrees of freedom was equal .194¢. The adjusted coefficient of
determination is arrived at by squaring the multiple correlation and
then adjusting that figure for the expected shrinkage upon cross

vaijdation. When the restricted model was calculated and only variables
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TABLE ¢

REGRESSION ANALYSIS BETWEEN FOUR INDEPENDENT
VARIABLES AND THE DEPENDENT VARTABLE PROFICIERCY

(n = 205)
Partial
Regression Standard
Variables Coefficient Error Student "t"
5. Jobs in Automotive Area -.1872 .0874 2.14%
13. Occupation Knowledge Test .0267 ,0112 2.39%
16. Engine Knowledge Test .2234 .0071 4, 08%%
18. School A Membership _ .9121 .0936 2.39%
Intercept ' .9121 .2410

Standard Error of Estimate = .5665

Multiple Correlation (full model) = .5119

Adjusted: Coefficient of Determination' (full model) = .1949
Multiple Correlation (four indeﬁendent variébles) = 4741

Adjusted Coefficient of Determination (four independert variables) = .2093

* =P <,05

*k = P <,01
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with significant partial regression coefficients remained, the multiple
correlation was .4741 and the adjusted coefficient of determination was
equal to .2093. This adjusted figure indicated a slight gain in pre-
cision due to the elimination of less useful variables. Tn order te¢
interpret relationships between the four significant variables and the
criterion, each partial regrecsion coefficient was examined. 1In general,
one unit increase in any of the independent variables results in a
change in the dependent variable equal to the size of the partial
regression coefficient with the other independent variables held con-
stant. Therefore, a one unit increase in engine knowledge test score
corr¢sponds with a .2234 increase in proficiency sc;re. A one unit
decrease in jc s in automotive area (coded 1 = yes, 2 = no) is associ-
ated with a .1872 increase in proficiency score. Additiomnally, membor-
ship in school 4 reflected an average proficiency score which was
significantly higher than membership in other schocls.

Table 10 presents the regression analysis between independent
wariables and the dependent variable search time. The adjusted
coefficient of determination for the full model was .0701 while elim-
ination of fifteen variables yielded an adjusted coefficient of .0817.
Variables remaining in the model included age, jobs in automotive area,
and occupation knowledge and, while this relationship was low 1t was
significant. When interpreting this table it should be remembered that
search time was recorded in seconds. Thus, a higher occupation know-
ledge test score is associated with a lower search time. Again,
variable 17 (Grour) did not possess a significant partial regression

coefficient and was eliminated in the step-down process.

477
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TABLE 10

REGRESSION ANALYSIS BETWEEN THREE INDEPENDENT
VARIABLES AND THE DEPENDEN: VARIAELE SEARCH TIME

(a = 205)
Partial
Regression Standard
Variables Coefficlent Error Student "t"

1. Age <2147 0.973 2,21%
5. Jobs 1n Automotive Area 3.7681 1.567 2.41%*
13. Occupation Knowledge Test -1.010 - 0.288 3.51%*
Intercept 59.959 18.894

Standzrd Error of Estimate = 15.4831

Multiple Correlation (full model) = .3842

Adjusted Coefficient of Determination (full model) = .0701
Multiple Correlation (three independent variables) = .3086

Adjusted Coefficient of Determination (three independent variables) = .0817

* = P <.05

% = P < .01
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Regression analysis data for the dependent variable action checks
is provided in Table 11. The overall adjusted coefficient of determin-
atior. (all independent variables included) was .0011l while the restricted
coefficient (one variable) increased to .0259. The resultant correlation
between the remaining independent variable (Group) and the action checks
criterion was moderate (.1751). The t value was significant beyond the .05
level. Thus, on the average, treatment group Students scored 5.60 units
higher or the action checks variable than did non-treatment students
and this was true with the effects of all other independent variables
held constant.

Table 12 presents the regression analysis betwveen four independent
variables and the dependent variable information checks. The overall
adjusted coefficlent of determination was .1948 while the restricted
coefficient incraased slightly to .2103. Thus, elimination of less
useful variables through the stepdown process ilncreased predictive
efficiency. The multiple correlation was .4751 with four v. riables
remaining in the restricted model. Variabie 17 (Group) attained the
highest partial regression coefficient and the highest t value (5.02).

On the average, students in the treatment group scored 10.65 units
higher on the information checks variable thar did the non-treatment
group. Other variables included in the partial regression model were
giade, jobs in automotive area, and engine kanwledge. The grade
variable and engine knowledge variable were positively related to
number of informaticn checks made. Jobs in automotive area was
negatively related, however, since one was "yes" and two was '"no",

results should be interpreted accordingly. Fersons who heid jobs in

49
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TABLE 11

REGRESSION ANALYSIS BETWEEN THE INDEPENDENT
VARIABLE GROUP AND THE DEPENDENT VARTABLE
ACTION CHECKS

(n = 205)
Partial
Regression Standard
Varizble Coefficient Exrx- Student ''t"
17. Group 5.5986 2.2089 2.53%
Intercept 97.23 1.5809

Standard Error of Estimate = 15.8090

Multiple Correlation: (full model) = .2905

Adjusted Coefficieat of Uetermination (full model) = .0011
Zero Order Correlation (one independent variable) = .1751

Adjusted Coefficient of Determination {(one independent variable) = .0259

*
d

P < G5

% = P < ,01

Ji
-
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TABLE 12

REGRESSION ANALYSIS BETWEEN FOUR INDEPENDENT
VARIABLES AND THE DEPENDENT VARIABLE
INFORMATION CHECKS

(n = 205)
Partial
Regression Standard
Variables Coefficient Error Student "t"
2. Grade 3.4326 1.4743 2.33%
5. Jobs in Automotive Area -3.6585 1.5246 Z.40%
i6. Engine Knowledge Test 6114 0.1830 3.34%%
17. Group 10.6467 2.1215 5.02%%
Intercept 50,0214 15.7301

Standard Error of Estimate = 15.0322

Multiple Correlation (full model) = ,5118

Adjusted Coefficient of Determination (full model) = .1948
Multiple Correlation (fotr independent variablez) = .4751

Adjusted Coefficient of Determinatior (four independent variables) = .2103

* =P < .05

*% = P < ,0L

ok
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the automotive area scored on the average, 3.66 units higher on the
:nformation checks variable. Likewise, for each unit increase in engine
knowledge test score there was a corresponding .6114 increase in informa-
tion checks score. With regard to variable 2, a one unit increaze In
grade (10 to 11 or 11 to 12} reflected a corresponding 3.43 unit

increase in information checks score.

The regression analysis for independent variables and the redundancy
variable 1s provided in Table 13. Two varilables, occupa.ion knowledge
and group, maintained enough uniqteness to remain in the model. Elimin-
ation of the other varjables allowed the coefficient of determination to
increase only slightly from .0618 to .0389. The resultant multiple
correlation was moderate at .2198. This amalysis may be interpreted as
follows. On the average, the treatment group scoved 4.69 units higher
with regard to redundancy than did the non-treatment group. This meant
the treatment group was less redundant at troubleshooting than the non-
treatment group. With regard to occupation knowledge, a one unit
increase in this score would be accompamied by a .7359 increase in
redundancy score.

MR4 data for the dependent variable efficiency is given in Table 14.
Seven varilables were significant and remained in the model. These
included age, grade, outside school troubleshooting experience, jobs in
automotive area, engine knowledge, group, and school B membership. The
overall coefficient of determination was .2316 while, with the eleven
variab” 2s removed from the model, an increase tc¢ .250% was noted. This
reflected a multiple correlation for the restricted model of .525%.

Gro™- membe:ship again attained the highest t value (5.03) which was

52
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TABLE 13

REGRESSION ANALYSIS BETIWEEN Ti.Q INDEPENDENT
VARIABLES AND THE DEPENDENT VARIABLE REDUNDANCY

(un = 205)
Partial
Regression Standard
Variables Coefficient Error Scudent "'t"
13. Occupation Knowledge Test . 7359 .2751 2.68%%
170 GTOllp 4.6092 29193(‘ 2.14*

Intercept 91.4478 . 2.8524

Standard Error of Estimate = 15.5201

Multiple Correlation (full model) = . 3742

Adjusted Coefficient of Determination (full model) = .0618
Multiple Correlation (two indspendent variables) = .2198

Adjusted Coefficient of Determination (two independent variables) = .03E9

o3
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TABLE 14

REGRESSION ANALYSIS BETWEEN SEVEN INDEPENDENT
VARIABLES AND THE DEPENDENT VARIABLE EFFICIE.L.CY

(n = 205)
Partial
Regressi~n Standard
Variables Coeffici. - Error Student *“t"
1. Age ~,3088 0.1251 S.47%*
2. Grzde 6.0306 2.0088 3.00%%
4, Outside School Trouble-
shooting Experience -5.1534 2.2708 2,27%
5. Jobs ir Automotive Area ~3.9942 1.4904 2.67%%
16. Engine Knowledge Examination 0.5269 0.1817 2,90%%
17. Group 10.3764 2.0629 5.03%%
21. School B Membership 4.6458 2,2150 2,10%
Intercept 91.8773 19.6204

standard Error of Estimate = 14.3946

Multiple Correlation (full model) = .5437

Adjusted Coefficient of Determination (full model) .2316
Multiple ~~rrelation (seven independent - ariables) = .5259

Adjusted Coefficient of DNetermination (saven independent variables) = .2509

*x=P < ,05

*k = P < ,0L

T oge
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sigaificant beyond the .01 level. Therefore, on the average, =reatment
group students scored 10.38 efficlency score units above their non-treatment
counterparts, This was with the effect of all cther variables held con-
stant. Additionally, school B students averaged 4.5° efficiency score
urnits higher than did studen:.s in othar schools. Likewise, rhe indepen-
dent variable experience was related io this criterion variable.
Young.iers who had outside school troubleshooting experience or had held
jobs in the automotive area averaged higher efficiency scores than those
who did not have these experiences. An interesting observation can be
made relative to both age and grade varizbles, An dincrease in age
reflected a corresponding decrease in efficiency score. Grade, however,
was related in a positive manner. That is, every unit increase in grade
was accompanied by a corresponding 6.03 increase in efficiency S8core.

It may be that some clder students in each grade had stayaed back in
school ard wmight not be as brisht, whereas, a gereral increase in
efficiency from 10th to llth to 12th grade could still be observed.

Relationships Between Student Characteristics the
Learning of Tro ubleshooting via la_Dynamic Simulation

Conce.n about student characteristics as they might relate to
troublesh oting performance led to an examination of this particular
arez. Subsequently, data for those students who recelved simulator
instruction were ana’yzed separately from total sample data. As part of
this analysia, three variables were included wiiich had relevance to the
simulato>r group. They consisted of attitud. toward instruction, time

to complete instruction, ancd time lapse Detween end of instructicn and

5O
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testing. Completior time was speciiied in minutesz while time lapse was
recorded in days.

Table 15 provides zero order corre.ations for the dependent and
independent variables. As noted in the t.able, several relationships were
significant at or beyond the .05 ievel. Correlations ranged from .418 to
~.281. It should be noted that there ware no significant zero order
correlations between independent variabies 3nd the dependent variables
search time, action checks, and redundancy. Since relationships wex=
not significant for these three variables av.-] subsequent regression
analyses werc likewise non-significant, only analyses for proficiency,
information checks, and efficiency variables have been included. F-ratios
for both full and reztricted models with these three vvariables were
signif cant beyond the .05 level.

Table 16 reports the regression analys:is between two independant
variables and the dependent variable proficiency. These varlables,
cccupation knowledge and enginé knowledge, each had a unique and signif-
icant relationship with thke proficiency criterion. Elimination of
nineteen variables increased the adjusted coefficient of determination
from .1877 to .2222. The multiple correlation in the regtricted model
was .4879. Occupation and engine knowledge were then found to be most
useful in predicting troubleshooting proficiency for the treatment group.

Regression analysis between two independent varlables and che
information checks vaiiable is given in Table 17. klimination of less
useful variables from the¢ model produced slight increase in predictive
efficiency. The adjusted cqefficient of determination increased from

.089 to .120 and the multiple correlation in the restricted model was

Ob
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TABLE 16

REGRESSION ANALYSIS BETWEEN TWO INDEPENDENT
VARIABLES AND THE DEPENDENT VARIABLE PROFICIENCY

(n = 99)
Partial
Regression Standard
Variables Coefficient Error Student "t"
12, Occupation Knowledge Test .0451 .0160 2.82%%
16. Eagine Knowledge Test .0334 .0104 3.22%%
Intercept - . 4692 .2297

Standard Error of Estimate = .5575

Multip? -~ rrelation (full model) = .3875

Adjusted Coefficient of Determination (full model) = 1877
Multiple Correlation (two indééendent variab?es) = .4879

Adjusted Coefficient of Determination (two independent variables) = ,2222

# = P < .05

*% =« P < 01
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TABLE 17

REGRESSION ANALYSIS BETIWEEN TWO INDEPENDENT
VARIABLES AND THE DEPENDENT VARIABLE INFORMATION CHECKS

(n = 99)
Partial
Regression Standard
Variables Coefficient Error Student "t"
5. Jobs in Automotive Areaz -6.6583 2.9771 2.,24%
16. Engine Knowledge Test 0.6839 0.2346 2.92%%
Intercept 100.3772 7.8602

Standard Error of Estimate = 14.0519

Multipie Correlation (full model) = .5155

Adjusted Coefficient of Determination (full Model) = .0892
Multiple Correl: tion (two independent variables) = .3714

Adjusted Coefficient of Determination (two independent variables) = .1200

* =P < .05

% = p < ,01

Ui
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.3714. Two variables, jobs in automotive area and engine knowledge test,
attained t values which were significant beyond the .05 and .0l levels
respectively., These variables were identified as being unique predictors
of "information checks" tropbleshooting performance.

Table 18 presents regression analysis between five independent vari-
ables and the dependent variable efficiency. The five variables which
reflected a unique relationship with efficiency included jobs in auto-
motive area, attitude toward imstruction, motivation toward schoolwork,
occupation knowledge, and non-language ability, Precision in prediction
was gained by eliminating less useful variables. The adjusted coeffi-~
cient of determination increased from .1609 to .2108 with a multiple
correlation of .5010. Thus, one experience, two affective and two
cognitive type variables were unigue predictors of troubleshooting
efficiency for the treatment group. |

Students' Attitudes Toward Dynamically
Simulated Troubleshooting Instruction

Attitude Measurement

The measurement of attitudes is, perhaps, one of the most difficult
tasks facing an educétional researcher. This situation is confounded by
the fact that we know so little about relationships between attituvde and
subsequent behavior.

Does a positive attitude toward instruction reflect groater achieve-
ment in that instruction? Assuming (for the present) that this is
generally true, it is then in order to examine how attitude varies as a
Junction of different 1nstructional environments. In this particular
investigation student attitude toward simulaﬁéd troubleshooting instruc-

tion was descriptively compared with student attitude toward different

fTa N A
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TABLE 18

REGRESSION ANALYSIS BETWEEN FIVE INDEPENDENT
VARIABLES AND THE DEPENDENT VARIABLE EFFICIENCY

(n = 99)
Partial
Regression Standard
Varizbles Coefficient Error Student ''t"
5. Jobs in Automotive Area -6.6832 2.8258 2.,36%
9., Ipstruction Attitude
Inventory 0.1428 0.0670 2.13*%
12, 8chool Motivation Scale -0.9965 0.3586 2.78%%
13, Occupation Knowledge Test 0.8022 0.3469 2.31%*
15. CTMM Non-Language 0.5134 0.1943 2.64%
Intercept 83.8314 14.3744

Standard Error of Estimate = 13.1219

Multiple Correlation (full model) = .5688

Adjusted Coefficient of Determination (full model) = .1609
Multiple Correlation (five.independent variables) = .5010

Adjusted Coefficient of Determination (five independemt variables) = .2108

*= P < ,05

*% = P < 01

61
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jnstruction in different ingtructional environments. These environments
consisted of classroom or theory instruction which was taught more on a
group basis and shop instruccion which was given on a somewhat individual
basis. The measure of student attitude was The Imstruction Attitude

Inventory.

Students' Attitudes

For comparative purposes, several groups of students wexe identified
as being similar in terms of relative age and instructional major. The
students were asked to fill out the Instruction Attitude Inventory (IAI)
after they had completed their various instructional sequences. The
three automotive groups consisted ol:

A. 113 automotive students reacting to classroom instruction

received from six imstructors (30 to 60 minutes
instruction).

B. 93 automotive students reacting to shog instruction

received from four instructors (2-1/2 to 3 hours
inscruction).

C. 119 automotive students react to troubleshooting

instruction received individu ..y on the simulator

(average of approximately fi- hours instruction).
A fourth group was comprised of 245 s udents from twenty vocational
areas reacting to shop instruction received from appro:imately fifteen
instructors (2-1/2 to 3 hours instruction). This group was included to
provide an additional attitude "base line".

Mean scores for the four groups are presented in Figure 2. As the
scores indicate, automotive students' attitudes toward simulator
instruction were at least as favorable as other students attitudes

toward traditional classroom and shop instruction. There was no

appreciable difference between the mean scores for the groups. Likewise,

62
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L FIGURE 2

STUDENT ATTITUDE TOWARD SIMULATOR INSTRUCTION AS COMPARED
WITH STUDENT ATTITUDE TOWARD DIFFERENT INSTRUCTION
TN DIFFERENT INSTRUCTIONAL ENVIRONMENTS

180 I
|~ %
[ ]
130 Classroom?® ! ShopP Simulator® ShOpd
Instruction iInstruction Instruction Tastruction
126 | 1% = 170.59 | | % = 170.76 X = 172,91 X = 177.17
20 |
3 |
60
30
‘ i
0 !
i L

2113 automotive students reacting to classroom'instruction.received from
six inetructors (30-60 minutes of imstruction).

bg3 sutomotive students reacting to shop imstruction received from four
instructors (2-1/2 - 3 hours of imstruction).

€119 zutomotive students reacting to simulator instruction received
(average of approximiétely five hours instruction).

d245 students from twenty vocational areas reacting to shop fnstruction
received from approximately 15 instructors (2-1/2 - 3 hours of
instruction).
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very little difference existed between students' attitudes toward
simulator instruction and other students' attitudes toward shop instruc-
tion in 3 number of vocational course areas. The results appear to be
stable in that groups were not different to any great exteant in ierms of
variability. Standard deviations for the groups are a3 follows:

Automotive Classroom Instruction - 20.79

Automotive Shop Imstruction -~ 20.1C

Simulator Instruction - 21.33

Multi~Area Shop Instruction - 25.37

An additional comment should be made relative to the instrument
that was used. The IAI has a possible range of 47 to 235. That is,
students who were completely negative about the instruction would
receive a score of 47 while students having completely positive
attitudes toward the instruction would receive a score of 235. Even

though students had the option to react in a very negative manner they

chose, as groups, to react positively to simulator, classroom and shop

instruction.

?gachers‘ Perceptions ofﬁTroubleshootingAInstruction
Via Dynamic Simulation

A total of eight instructous provided their reactions to the
Simulator Evaluation Questionnaire in this study. All were currently
teaching automobile mechanics and had been given their students trouble-
shooting instruction on the simulator. Even though group size can be
considered small, the results should have some generalizability. As
part of the study, the instructors were required to use the simulator in
a similar manner at all locationas. This meant that imstructors reacted

to common experiences. Additionally, the instructor group evaluated the
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szme instructiqnal hardware and software in the same teaching environ-
ment. Therefore, results were not unnecessarily confounded by reactions
to different instructional approachez or content.

How then did instructcors perceive simulator efrfectiveness in a
vocatiocnal school setting? Composite instructor responses are provided
in Appendix A. It should be noted that, with suck a small group, the
responses indicate trends and will pe reported accordingly.

Motivation (items 36 and 55). The instructor group unanimously
felt that the simulator was a positive motivator for their students.

All instructors either agreed or strongly agreed the simulator created
interest among their students and that it gave students more confidence
in performing troubleshooting activities.

Realism (items 10, 25, 42 and 53). The instructor group seemed
generally pleased with the realism which the simulator conveyed, Six
of eight persons felt that basic troubleshooting skills could be taught
with the simulator as well as or better than with actual equipment. The
other two instructors felt that actual equipment was better for teach-
ing basic troubleshooting skills. All instructors agreed that simulator
panels portray the various systems in a realistic manner and that the
simulator program is very close to reality. Seven of the eight imnstructors
felt that a student can learn systematic diagnosis of problems with the
simulator.

Facilitation of Imstruction (items 26, 27, 41, 51, 52, 57, 59, 60

and 61). Items relating to facilitation of instruction were generally
concerned with ease of simulator operation ard the use of instructional

time as compared with that afforded by more conventional instruction.

Bo
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Instructers unanimousl§ agreed that it is easy to switch the simulator's
various instructional panels and that problems can be repeated simply
and without much time involved. Additionally, all persons felt that, with
the simulater, more problems can be decuonstrated im a shorter period of
time. The eight instructors disagreed with the statement- that it is easier
to use actual equipment for troubleshooting instruction ragher than use
the simulator. The instructor group was split half and haif (four dis-
agreed and four agreed) on the statement that only a limited number of
problems can be placed into the simulator. A sirilar break was noted
with item 57 which specified "learning time is cut in half when using
the si wlator.," Four persons disagreed with the statement while three
agreed and one strongly agreed. Regarding instructer contact time in a
more specific manner, the group agreed upanimously that, by using the
simulator, a teacher is allowed time to carry on other activitles.
Likewise, seven persons felt that students need little supervision when
they are on the simulator. An eighth person disagreed with this state~-
ment. Finally, 2ix of the eight inmstructors agreed that it takes a
great deal of time to teach each student with the simulator but less
than by other means.

Transfer (items 2, 45, and 49). Simulator effectiveness can also
be ascertained in terms of the extent to which it provides transfer to
other instruction or to ultimate program objectives. The instructors
were in unanimous agreement (six strongly agreed and two agreed) that
"the simulator provides my students with a good way to learn trouble-
shooting skills.”" A majority of the group felt that the simulator helps

students to diagnose customers' complaints (five agreed oxr strongly

o
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agreed while one disagreed and one strongly disagreed). A majority of

the group (five) agreed that a few of the simulator problems were hard

to transfer to actual equipment. Three persons disagreed with this state-~
ment.

Maintainability (items 1, 6, 20, 24, 43, and 48) ., This particular

area focused on the teacher's perceptions of simulator reliability and
company service. A majority of the instructors disagreed with the state~
ment that company service on the simulator was poor. However, with
regard to the actual unit, five of the eight instructors agreed that the
simvlator requires a great deal of maintenance. Three instructors felt
that simulator break-down did not occur very frequently while five
persons wzre in disagreement with this statement. The same pattern of
responses occured with the statement "jt is relatively easy to maintaiu
the simulator.” It is interesting to note, however, that six of the
eight instructors felt component parts of the simulator are somewhat
reliable. In terms of continued efforts in this area, six instructors
agreed or strongly agreed that they should receive more information on
how to maintain the simulator.

Enhancement of the Learning Process (items 16, 18, 22, 38, 4e, 47,

50, 54, and 56). A concern of this area was with the ways in which the
simulator enhancee or detracts from student learning. All instructors
felt that the simulator allows a student to work at his own pace. Seven
of the eight agreed that the student thinks for himself when he is work-
ing with the simulator (four of the seven sfrongly agreed). Likewise,
seven persons felt the simulator gives students a pattern to follow when
solving a particular problem. Six imstructors disagreed with the

ERIC
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statement "It is difficult to tell how much a student has learned from
his simulator instruction.” With regard to strategies for learning sev-
eral statements have particular relevance. Seven of th= eight instructors
agreed that students should work on the simulator by themselves. More-
over, all eight unanimously agreed that, after a student has completed
simulator instruction, his troubleshooting performance should be

evaluated and that the handbook used with the simulator was easy to
follow. A final point should receive consideration when irstructing
youngsters with varying abilities; six of the eight instructors agreed
that students who did not understand the simulator instruction tended

to skip over it.

Availability and Mobility (items 34, 4C and 58). This area dealt

with the logistics of simulator use in an instructiconal setting.
Instructors were split halif and half rsgarding the statement "It is
relatively easy for several instructors te coordinate the time that they
will use the simulator with their respective classes.!" Four agreed or
strongly agreed while four others disagreed or strongly dicagreed.
Another split was found relative to mobility. Four teachers felt that
the simulator was not very mobile while four others dfsagreed with this
statement. Last, five persons agreed that the unit was easy to move
while three others disagreed on this point.

Instruction (items 12, 13, 17, 19, 21, 23, 30, 32, and 44). This

particular area dealt with the simulator as it reiates to the instruc-
tional environment. The instructors were in unanimous agreement that
the simulator is a useful instructioral device (four agreed and four

strongly agreed). They all disagreed with the statement '‘the simulator

romdneddions = Tt ey
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does not fit well into my vocational program.' A more specific item
(aumber 23) stated that "the simulator provides students with a good
transition from classroom (theory) instruction to troubleshooting actual
equipment.” All persons responding tc this item either agreed or
strongly agreed with it. Seven of the eight instructors disagreed with
the statement "simulstor instruction 1s not any better than troubleshoot-
ing instruction I have been providing in the past' while five of seven
responding to "The simulator dehumanized vocational education' disagreed
with 1t. Seven of the eight instructors felt that they could make good
i{nstructional use of the simulator anytime that it is available. Two
additiona;Jstatements dealt with individualized instruction. All
instructors felt that the simulator is good for individualized instruc-
tion while six of the eight disagreed with the statement "The simulator
is more meaningful as a classrcom aid than as a unit for individualized
instruct’ )

.2 (items 3, 4, 5, 7, 8, 9, 11, 14, 15, 28, 29, 31, 32,

33, 35, and 37). A last area was directed primarily toward future 7
utilization of the simulator. In general, the instructors felt that

students should work on the simulator individually, in an area which is

relatively quin:t and where they caanot be bothered by other students.
They seemed to feel that the unit might be located both in the class-
room and the shop area. With regard to instructional time it was
generally agreed that th:- optimum would be with students scheduled on
the simulator for periods ranging from one to two hours. Instructors
generally felt that the research project did not interfere with day to

day teaching activities and that students were not bothered greatly by
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the simulator evalua:ion. A final group of items focused on software
(i.e., written materials used to compliment simulator instruction). The
instructors generally agreed that the simulator should be used in con-
junctica with written materials such as booklets and instruction sheets
and that these materials should be utilizad when basic and advanced
troubleshooting imstruction is being given. Seven of the eight instruc-
tors fel: that they should be provided with time to develop instructional

materials that can be used with the simﬁlator.
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Iv

CONCLUSTONS AND IMPLICATIONS

Based upon the findings which have been presented, there are a
number of conclusions that may be drawn and several implications for
vocational educators. The discussion which follows attempts to
synthesize results of the research project in a logical manuner. It
should be remembered, however, that conments have been based upon this
particular project with its own limitations. Generalizations developed

from this study should be made while keeping the foregoing in mind.

Conclusions

The general effectiveness of dynamic simulacicn as a means of teach-
ing troubleshooting was examinc:d using a treatment group and a non-
treatment group. Multiple regression analysis revealed that, when other
variables were held constant, the treatment group performed significantly
better than the non-treatment group with regard to four of the six
sriterion measures. The treatment group made - - 1 checks and more
information checks. Additionally, this group was less redundant and
more efficient than the non-treatment group. It should be noted that
the four criteria which differentiated between treatment a2ad non-
tréatment were task procedure mezsures rather than task end product
measures (Finch and Impellitteri, 1971). That is, they could be
assdrlated with the troubleshooting search process racther than with the
result of this process. It is, therefore, contended that the simulator

is most useful in terms of teaching meaningful troubleshocoting
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strategies. In the present study, this instruction was provided in con-
junction with appropriate software (programed materials). The extent

to which troubleshooting strategy development can take place without
supparting materials was beyond the scope of the investigatioam, however,
it may well be that teacher-student interaction on an individual basis
could be equally as effective as programed material use. Future research
efforts might be directed in this area.

A comment should be made regarding the troubleshooting periormance
measures which were selected for use in this study. Proficiency was
specified categorically (1, Z, or 3) and, consequently, was limited in
terms of variabilizy. This condition, coupled with problem difficulty,
may have contributid to the lac’. of différence between groups. Search
time was included as a criterion because of the traditional contention
that time is a meaningful measure of performance. This variable was
not a measure of time to r;ach golution but time spent searching for
problem solution. The search time variable then initially appeared to
be questionable and remained questionable since it did not differentiate
between groups.

In order to examine the relationships between student charactei--
istics and the learaning of troubleshooting via dynamic simulation,
regression analysis was conducted for those youngsters who had received
simulator instruction. Findings indicated that significant relationships
existed between certain independent variables and three of the six per-
formance measures. These criteria included proficiency, information
checks, and efficiency. Occupation and engine knowledge were unique

predictors of troubleshooting proficiency. whereas, holding a job or
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jobs in the automotive area and engine knowledge were predictive of
troubleshooting information gathering performance. A number of
variables were unique predictors of troubleshooting efficiency. These
included job held in automotive area, attitude toward the dinstruction
received, motivation toward schoolwork, occupation knowledge, and non- -
language ability. It 1s interesting to note that no ome variable was
consistantly predictive of performance across the three criterion measures.
Engine knowledge and occupation knowledge varilables were predictors ifor
two of the three performance criteria with beth being significantly
related to proficilency. In addition, the traditfonally strong predictor
of performance (verbal ability) wsas not significantly related to> any of
the troubleshooting performance criterii. It appears that, when students
are being selected te be involng with simulator instruction, consider-
ation shoﬁld be given to pricr job experience, motivation toward school-
work, occupation knowledge and non-language abllity if the instructilonal
outcome 1s specified as increased troubleshooting efficiency. If pro-
ficlency performance is to be maximized, students should be selected on
the basis of occupation knowledge and specific equipment (in this case
engine) knowledge. Last, with rggard to selecting those students who
will perform best at information gathering, student job experience and
specific equipment knowledge should be examined.

Based upon the results regarding instructor reactions to the
simulator, several conclusions can be developed. First, the teacher
group appeared to feel that the simulator was an effective instructional
device for teaching troubleshooting. They additionally felt that the

simulator motivated students fn a positive manner and enhanced the
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learning process. Instruchors generally agreed that the unit was use-~
ful in facilitating troubleshooting instruction and that it displayed
operational systems in a realistic manner. The instruccor group was not
as favorably inclined toward simulator mobility and maintainability,
howaver, they were genera. not unfavorably inclined. Comments
relative tc future utilization of the simulator were detailed in an
earlier sectionm.

With regard to student attitude toward siiulator instruction,
several points can be made. Although 2 descriptive comparison of
attitudes was made, there is an obvious absence of major attitudinal
differences between the group exposed to simulator instruction and
_other groups exposed to different instruction. It is difficuit to
generalize ffom this type of data, however, for the present, it appears
that studsnts' attitudes toward individualized simulator instruction are
not radically different from their attitudes toward other instruction

in other environments.

Implicatiors
* .v2ral implications can be identified which have relevance to

prograu improvement in vocational-tecinical education. First, the
rqsults should provide meaningful information to vocational educator:s
at the state le.el. Since the simulator has shown utility in providing
troubleshooting instructiocn, even to the extent of transfer to actuall
equipment, state planners should give serious consideration to the use
of this type simulator in areas where the development of complex skills
is critical. Of course, cost is an important factor. However, a small

computer or plece of machinery would be comparable in cost and migh. not
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have a general purpose capability. As the project was being completed,
the various schools were quick to move the simulators into other
inetructional areas and provide troubleshooting instruction on different
systems.

Second, in order to maximize simulator use, directors and teachers
would do well to specify instructional objectives and state how the
simulator might aid in attaining these objectives. The unit could then
be utilized in accordance with instructional priorities. Scheduliag a
simulator might be similar to scheduling an audio-visual aid. The
result wculd be maximum utilization and a reduced cost per student.

A third implication focuses on student chiaracteristics. It
appears that, by providing self-paced simulator ingtruction, the
effects of variables typically associated with low achievement (1.e.
verbal ability) were minimized. Instructors should attempt to use
the simulator in ar individuaiized self-paced manner as much as
practicable. In frhis wew, certai. {._feren._- . .. st. ienis gight be
held to z minimum. This, of course, does not mean that 211 individual
differences are minimized. Thc imstructor should be awaswe of student
chzracteristics which relate to the performance described i.e. pro-
fic tency, efficiency) and match these characteristics witt specified
inst:ructional outcomes.

Last, thim particular study focused on individualis=i troubleshoot-
ing instructioi. via simulation. It should zn a0 way pre-lude the use of
this unit in both small group and large grouvp instructi ., Although

instructors generally felt that the simulator was very -agseful for
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individual ipnstruction, the exact extent of simulator usefulness is not
vyet known. Instructors should take the initiative to develop materials
and try out new teaching approaches usiag simulzatiors. In this manner,

many aspects of the learning process may be enchanced.
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APPENDIX A

MEASURING INSTRUMENTS
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10.

11.
12,

13,

14,

15,
16.
17.

18.

19.

O

STUDENT INFORMATION SHEET

=g
[72]
(7 193]

F10
=

Name: 2. Date:
11 12 13
Mailing Address:
14 15
City: State: Zip:
16 17 3.3
Area Vocational Technical School:
19
Course Area (Major):
20
Teacher's Name:
21 22
Birth Date: Day Month Year
23 24 25
Sex (circle one): Male Female
26
Year in school (circle one): 10 11 12 Adult
27 28
Have you ever had any troubleshooting experience in school?
(circle one) Yes No
29
Have you ever had any troubleshooting experience outside of
school? (circle one) Yes No
30
List the part~time and full-time jobs you have held:
31 32 33
3h
List your hobbies:
35
36 37 38
How would you classify the area where you live?
(circle one) Farm Town City
39
How would you classify the area where you live? (circle one)
everyone has jcbs some don't have Jjobs many don't have jobs
40
Have you ever been discriminated against? (circle one)
Yes No
-
What is (or was) your father's occupation?
42
How would you classify your father's occupation? (circle one) .
43 [y %5
Unskilled Semi-skilled Skilled
Technical Professional
46

47 48 49



AU IOnTLE ENGINE PNOWLENGE

Mame School

Date Instructor's Name

Directions: TFor each of the following questions, select the correct
answer from the four possible answers listed. Circle the letter of
your choice in each question.

1. A condenser is charged by the collapsing field of the circuit known
as

A. secondary.
B. dignition.
C. generator,
D, rrimary.

2, The secondary current begins to flow in the ignition coil when the

A. condenser discharges.
B. primary current flows.
C. points open.

D. points close.

3. The compressed mixture between the spark plug electrodes causes a =
high degree of ‘

A, tension.,.

B. resistance.

C. conductance.

D. combustibility.

4, An ignition coil increases battery voltage by principles of

A. constant-potential.
B. mnon—conduction. i
C. polarizatiom. 3
D. electromagnetism.

5. The ignition condenser discharges into the ]

A. secondary circuit. i
B. primary circuit.
C. ground circuit.
D, radio circuit. 5




10.

11,

12,

AEK-2

The greatest amount of electrical pressure is requirad to

A, crank engine starter.

B. jump gap between rotor and distributor cap.
C. saturate coil primary winding.

D. jump spark gap in engine under load.

The centrifugal advance controls ignition timing in relation to

A, load.
B. speed o
C. fuel,

D, mileage.

The main function of the ignition condenser is to produce

A. slow magnetic collapse.

B. quick magnetic collapse.
C. high voltage on points.

D, a spark on the plugs.

Ignition point bounce at high speed is likely to be causel. by

A. excessive spark advance.

B. shorted condenser,

C. excessive point spring pressure.
D. 1low point spring pressure.

A cracked distributor cap will caﬁse

A, burned contacts.

B. the rotor to break,
C. primary resistance.
D. cross firing.

The magnetic field is produced in a starter by the use of

A, artificial magnets,
B. electromagnets.

C. bar magnets.

D. nichrome resistors.

When a circuilt is to.be-tested,’the ammeter is connected in
A. parallel.
B. series-~parallel.

C. =series.
D, shunt-series. .
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13,

}—l
o
°

16.

17.

18,

19.

AER~3

When a circuit is to be tested, tkFe vcltmeter is connected in

A, parallel,

B, series.

C. shunt-series.

D. parallei~series.

To force the same amount of current through two wires of the samxe
diameter when one is longer than the other, .the longer oxe requires

A. more voltage,
B, 1less voltage.
C. more amperage.
D, less uwinperage.

If the resistar. ce increases and the voltage remains the same, the
zmperage will : :

A, drop.

B, rise,

C. remain the same,
D. fluctuate,

Current flow through circuits may be greatly decreased >y

A. too many connections.
B. sharp turns in wires.
C. heavy insulation.

D. - terminal resistance,

The hydrometer is used to

A. measure battery capacity.
B, check specific gravity.
C. measure battery water.

D, measure the acid.

A more accurate hydrometer test is made when the

A. cell temperature is considered.
B. hydrometer is held horizontally.
C., solution is high. .

D,  bulb is completely released.

The purpose of a venturi in a carburetor is to increase air

A, wvolume,

B. velocity.
C. resistance.
D, dimpedance.
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20.

21.

22,

23,

24,

25,

26,

AEK—-4

The purpose of the pump system in a carburetor is to

A,
B.
Co
D.

prevent lean mixture on acceleration.
serve as an emergency pPump.

enrich the mixture for pulling.

pump gas to the float bowl.

The function of the idle metering screw is to

A,
B,
C.
D.

vary the amount o. . .1 from the bowl to the low speed
control the suctior tc 2 economizev,.
wary the amount of _.ile mixturme entering the mzanifold.
adjust the throttle Zor =moot® idling.

jet.

When the engine is operatir. s* normzl temperature the automatic

choke

AO
BO
C.
DQ

spring is expanded.
valve is closed.
shaft is locked.
valve is wide open.

The fuel pump .is operated by the

AQ
BD
C.
D,

Which

A,
B,

C. -

D.

crankshaft.
camshaft gear.
camshaft,
distributor gear.

of the following is a part of the cranking system?

battery
generator.
alternator.
regulator.

The starting motor takes electrical energy and converts it o

AO
B,
C.
D.

Which

A.-
Bo
Cn
D-

work pounds. -
horsepower.
mechanical energy.
linear motion.

of the following is mot contained in a starting motor?

armature.

pole pieces.
drive mechanism,.
alternator.



AEK-5

27. Which of the following would cause a starting system to be faulty?

A. open circuit breaker.

B. open ignition switch circuit,

C. shorted alternator circuit.

D. shorted battery ground terminal.

28. What causes a magnetic field to be formed?

A, circuit resistance.

B. excessive circuit voltage.
C, opposition to current flow.
D, current flow through a wire.

29, How many revolutions of the rofor tip are necessary in orde: that
each spark plug will fire iu the engine firing order?

A. one revolutica.

B, two revolutiouns.
C. four revolutions.,
D, ejgnt revolutions.

30 ’ Whgre does the ignition circuit release its high-voltage charge?

A, coil,

B. rotor,

C., condenser
D. spark plug.

31. For the engine to run faster, when must the spark fire?

A, earlier.

B, 1later.

C, intermittently.
D. about the same,

32, Which of the following is not part of an electrical ecircuit?

A, conductor, .
B, dinitiator,
C., load device.
D, power source.

33. what surrounds the secondary winding of the coil?

A, coil core.
B, primary. winding.
Q C.  distributor cap.
]ERJK? D. high tension leads.
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35.

36.

37.

38.

39,

40,

AEK~6

What is the primary purpose cf the vacuum advance mechanism?

A. increase powere.

B, increase current.

C. increase plug life.
D. increase gas mileage,

Which o= the following is not a part of the ignition system?

A. coil.

B, Dbattery.

C. generator,
D, distributor.

What does the spark ignite in the combustion cnhamber?

A, gasoline.

B. compression.

C. spark plug.

D. gas-air mixture.

Between which two strokes does the high voltage spark ignite the
mixture in the combustion chamber?

A. power and exhaust.

B. compression and power,

C. intake and compression.
D. compression and exhaust.

What supplies the initial power for cranking and. ignition?

A, coil.

B, battery.
C. condenser.
D, generator.

- How many lobes are on  the breaker ‘cam.of a four cylinder engine?

A, two.
B. four.
C. six.
D. eight,

What is the name of the pressure that moves the current in an
electrical circuit?

A, voltage.

B. amperage.

C. resistance.
D. electricity.
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4 What meterial makes up the core of an ignition coil?

A, irom.

B, steel.,

C. copper.
D, aluminum.

42, What is the opposition to current flow cailed?

A, voltage-
B. amperage.
C. wattage.
D, - resistance.

43, Which of the following are always contained in a magnetic field?

A, rTesistors.

B, conductors,

C, coils of wire.
D, - lines of force. .

44, Which of the following is not a part of the circuit breaking
mechanism in the distributor?

A, rotor,

B,  condenser,

C. - breaker cam. :
D. _ contact pcints. E

45, Which of the following stops current for & fraction of a gecond? -

A.  coil.

B. - resistor..
C, - condenser. 3
D, - alternator, 'i

46, What controls basic timing of the spark to the engine cylinder?

A, coil, . ;
B, rotor. '

C. timing ligh t.
D, distributor shaft. 4

87




SCHOOL MOTIVATION SCALE

Name School
Date _ Instructor's Name
DIRECTIONS: Indicate how you feel about the statements below by marking an

X in the appropriate column.

10.

11,

12,

13.

14,

YES

Students should set their goals only as high as they
can easily reachesccecrssevscoseccseseassescarceccsscosscnorsns [ 1]

Does it bother you if another student makes better grades
than you dO%.ccecesscsesseassscooasssescessassasssssssenscacoce [ 1]

Would you rather be a leader in a small school than to be
just another student in a large SChOO1?.coeoconasncensesesasns L 1]

Does failure discourage you from trying as hard the next

time?oaoo.oo.noaoaoooeneoaooe-o.a-.nc-oo-.:oo...o.o--o.oaoo-. [ ]

You should select your friends from among those whose
goals are generally as high as your OWn...cocioveccccccscccce [ ]

Would you like to take a school subject in which no tests
were to be given?oeono-eocracuoo--o.eaooooo.-o.-aoaooooooo-oo [ ]

Do you often compare your work with the work of others?ssee0cs [ ]
Are you usually on time with written assignments?.scooccecoes L ]
Do you believe; "Win or lose, who cares? .. cecoecncecesascanas L ]

Do you try to make better grades than other students in
your classes?.ooonooucoooo.ooc..oooooao.uo.a.-o-ooboulao.-uc. [ ]

Rewards should be given regardless of effort or
achievement,s.ccocesvcescecocacoesescecsecoeisesooevecsescoaderedcssvens [ ]

Would you, or do you, enjoy being one of the class

]_eaders?a;‘a.oond-ooooncooooyo..oaooovooo-c.oa_-ouuo--oc-o.u.. [ ]
The person who makes the highest grade on a test is to

receive an award. Would you stay home from a social event
or an athletic contest to study?.ccccscesosssccnscssosscsccncs [ 1

Do you stick to an assignment until it is completed even
though it is dull and boring to you?..cceoseescceovecoracncne [ 1
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15.
16,
17,
18,
19,
20.
21.
22,
23,
24,

25,

30,

O

ERIC

Aruitoxt provided by Eic:

If you lost several times consecutively, would you
qU_it trying?ooceoooaoconnaoou-oocoaaneooso...oooo--ao-o-ue

Would you prefer to enroll in a course in which no grades
are tobe given?ooooooonecuocnoeoaDoovoecnoooaoialo-..o.eo

Would you ever enter a contest with other students
koowing you had a very slight chance of winning?.sceceecooo

Do you think that school letters should be given for high
grades as well as for football and basketball?ccoceecososca

If you had to choose between tzking part in a contest or
being one of the judges, would you choose to be a judge?..

Do you think that you enjoy trying to do well in your
school subjects more than other boys and girls in your

classes?oGOQOOIOOOOOococoa'aocuooccooowoooooeoa-o-o'ouenoao

Would you pr:fer to sit in the back of a classroom?ococecen

Rewards earned are worth more than those which come
Without efforto‘noooo0000000000009006OGOOOOOOOGOOIoo.oo‘ﬂ’.

The more people who seek the same goal the harder yocu

.
try for 1tooooobooooooooouaoooeoeuonoooooooeoooueooo-looo.

What parents expect of their children is more importamnt
than What the Child wants for himselfoooooooo.o.o-ooo.onsoe

Your friend stopped running when it became evident that
he was losing the race. Would you have stopped running

in this situation?ooooonooooooo0000000ooooooo-oqooooooi-oco

Do you tell your parents about your successesS?eccococsccanas

Do you tell your parents about your failures?.cessccccocascs

‘When someone is being praised do you wish you were?occoooo

When somecone else is praised does it cause you to give
less effort?oooooaoooooooooooooaoooeoooeoooconoo-onooo-oo

Is there someone you enjoy beating in a contest or in
school gradeS?ooooooooooooooooo 70000000000000000'000.0.000

89

[

1

St s AR TS e 1



STUDENT REACTION FORM

Name

Scaool -

1. What did you like best about your instruction on the SMART
trainer? Write two or three things which you liked best
about this imstruction.

2. What did you like least about your instruction cn the SMART
trainer? Write two or three things which you liked least
about this instruction.

o
-



NAME DATE

STUDENT INSTRUCTICNS FOR THE TRGUBLESHOOTING
PERFORMANCE EVALUATION

This evaluatior 1is designed to find out how well you can
troubleshoot an automobile engine. You will try to find two troubles
which have been placed in an engine ome at a time. It will be your job
to find each trouble using the procedure and checks which were learned
in your automotive instruction. No charts or books may be used to help
you, however, you may use the tools provided by the instructor. After
the exam has started, you may not talk unless the instructor asks You a
question. The indication for each trouble is "the car will not start.'

In order to get the highest possible score in this evaluation,
you should observe the following suggestions:

1. Use the procedure and séquence that was taught in your
automotive instruction.

2. Find each trouble as quickly as possible; you will be timed.

3. Try to make only those checks that will help you to find
the trouble.

4, Try to make each check in its proper sequeance.

5. Touch only those parts of the engine which you feel will
help you to find the trouble.

When you think that you have found each trouble, write the
trouble in the space provided below:

The first trouble is

The second trouble is

NOTE: PLEASE DO NOT DISCUSS THIS EVALUATION WITH OTHER
STUDENTS. TO DO SO MAY LOWER YOUR SCORE. THANK YOU.

After you are sure that you understand these ingtructions,

tell the instructor that you are ready and he will start.
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RECORD OF TROUBLESHOOTING

Test No.

Student

Date

CoIL L.T.

BEHAVINR
CONDENSER
DIS
HOUST POINTS
CON. CAP TO COIL P
COIl 11.T.
CAP_TO PLUG
CAP
ReSISTOR,
PLUG LEAD
PLUG O
crRANKk ENG:  IGN, Sy QM
SOLENOID
TERMINAL L.G.
BATTERY HOT
GROUND

ERIC

Aruitoxt provided by Eic:
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The Pennsylvania State Univarsity o Department of Vecational Education e Instruction Attitude Inventory (IAl)
AST NAME FIRST INITIAL DATE - - = = - -
OURSE INSTRUCTOR
oo Ea RS BN S o e e -—m,;r;m T e f. mow o 30 = o S - ™o i D s &
= - ™ iz e - < - ™ - wn 5ol ~ o = — hd - o L - Rl -—_ € o~ = o2 e ~ a8 et
DIRECTiGNS: Below are several statements about the period of instruction which vou have just completed. Read each statement carefully
and indicate how much you agree or disagree with it according iv the fol lowing scale:
SD = STRONGLY DISAGREE D = DISAGREE N = NEUTRAL A = AGREE SA = STRONGLY AGREE
USE A & 2 PENCIL FOR MARKING., DO NOT USE BALL POINT PEN OR RED PENCIL. ERASE ALL UNINTENDE? MARKS.
SD D N A SA SD NP N A SA
t would like more instruction presented in this way.... - 25. This is a poor way for me to learn skills...............
. ) SD D N ASA ) . . SD D N A Sa
i learned more because equipment wos available for me : 26. This method of instruction does not seem to be any better
B0 USE 4ottt ieeenneneaneensansnanonnsoassoanssensss . than other methods of instruction......ccoveveeenenens
SpD N A SA ] . ] ] . SD D N A SA
This instruction was very boring ......oovevivenenn. ' 27. :ngmelrnterested in trying to f”_‘? ou‘t mo‘r?zfl?c.u‘;t. .ﬂ?t?.'s.u'b}'e.c‘t
SDD N A SA SD D N A SA
The material presented was of much value tome ...... . ' 28. It was hard for me to follow the order of this instruction
SDD N A SA SO D N A SA
The instruction was t00 specific .«vvereviner v B 29. Whiie taking this instruction | felt isolated and alone....
SDD N A SA SO D N A SA
| was glad just to get through the material ............ 30. | felt uncertain as to my performance in the instruction ..
SDD N A SA ) . SDD N A SA
The material prescnted wiil help me to solve problems 31. There was enough time to learn the material that was
Presented ..ottt it
. . - . ) SD D N A SA . L i ) SD D N A SA
", While taking this instruction | almost felt as if someone R 32. 1 don’t like this instruction any better than other kinds
©owastalkingwithme. ..o ieiii et iiineiian.e. 1 HAVE had «vvveveononrnrneienraesoasasnsocnianoanss
{ can apply very little of the material which | learned SD D N ASA SDD N A sa
=" 10 @ Practical SIUALION . ..« .exerrereonarnarsrnnss : Gy 33. The material presented was difficult to understand ......
SD D N A SA SDD N A SA
! The material made me feel atease.............ouounee e ‘ P 34. This was a very good way to learn the material......... [ :
‘ In view of the time allowed for learning, 1 felt that too Sg? o ',\' ’.\ SA 35. 1 fel hil Ki his i ) sb D N A S_A
. much material was presented ... ...iiiiiiiieiaiines £ B gt 135 1 felt very uneasy while taking this instruction ......... v P
13
i L . . SD D N SA . o . SD D N A SA
i. 1 could pass an examination over the material which ;P aon ﬁ o 36. The material presented seemed to fit in well with my - 5 :
¥ owWas Presented - .. oie ittt a e ! B previous knowledge of the subject.................... Loh
%l . vith usi . h .hS_DpI)IAS'A SDD N A SA
{. 1 was more involved with using equipment than with 4 1o = % 1, |{37. This method of instruction was a poor use of my time ... : :
: understanding the material ..........ccceaeeirene.en [P A
SD D N ASA i . o . SD D N A SA
| became easily disccuraged with this type of instruction 11 1 i & @ 38. While taking this instruction | felt challenged to domy & & ~ i
oy od o DESt WOTK + v et e eemeeeeeeesneasasoamusaansorecanenns o
) . . . SDD N A SA sD
lhenéoy this type of instruction because | get touse my 11 it {1 § fi {139, 1disliked the way that | was instructed ................ i
ANAS e e vt scveeaeeessoonessoososoomorosasansoransons LA i i i
: SDD N A SA sD
. 1 was not sure how much | learned while taking this Sonouoh : . . i
e e P ﬂ d 4 “ 40. The instruction gave me facts and not just talk.........
. ! ith thi SDD N A SA
‘. There are too many distractions with this method of 7 7 i [i I 1|a1. 1 guessed at most of the answers to problems...........
. INSTIUCHION ovvvvuvivnouaen v oeanenuuereoananvreenes [ B U
. . . SDD N A SA : .
£. The material which | learned will help me when | take +~ . ‘I i 42. Answers were given to the questions that | had about o
} more iNStruction in this area «.oeeeeee et iaeinineeenns IR I thE MALEITAl . . e v e e enenecaenrseneeeeneeensnsaenannns ‘
13 . SDD N A SA D
t. This instructional method did not seem to be any more 11 @t @ o % . o . . . T
. _valuable than regular classreom instruction - c...v..... i i B [ E []43. 1seemed to tearn very slowly with this type of instruction i
SDD N A sD D N A SA
i, 1 feit that | wanted to do my best work while taking ¢ @t 3 : : : N Lo
{ [ i IR
T ANES INSITUCHON + e v ceneevneasarenasenceraaceaennss B 44. This type of instruction makes me want to viork harder... }
L. Thi thod of i ti kes leaming too 5 T 0 SO D N A SA
3 nonononoo : . FHE P A
oenamial T L arming too i [ [} ] |l45. 1 did not understand the material that was presented ... | [ i i ¢
i
i SD D N A SA . . . . . SD D N A SA
{. The instrustion has increased my ability to think ..... wonoR T )46 | felt as if | had my own teacher while taking this P I
H iboodoa INSEIUCH OM e v e e vt e et eene tavmensensoanacanoasosaneesns [
’ e . . . SDD N A SA SO D N ASA
B :Jsgadd difficulty reading the written material that was [“ I Il {]47. 1 feit that no one really cared whether | worked or not ... I & i i
sD O M A SA D e s omomomonoooo G oaom s om oo
f.. | felt frustrated by the instructional situation......... g AS3i53258789 Boi123as5867 83
L d i oo P S N v S P/ N S O S | oo
’ \‘1 Vocational Education, University Park, Pa. All Rights Reserved.
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INSTRUCTOR REACTION FORM

Name

School

1. As an instructor, what do you like best about the simulator?
List three or four things that you like best about the simulator.

2. As an instructor, what do you like least about the simulator?
List three or four things that you like least about the simulator.
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SIMULATOR EVALUATION QUESTIONNAIRE

Name 5chool

DIRECTIONS: Below are several statements about the simulator (SMART)
which you have been using with your classes. Read each statement care-
fully and indicate the extent to which you agree or disagree with it
according to the following scale:

SD - Strongly Disagree — I strongly disagree with the statement.

D - Disagree -~ I disagree with the statement, but not strongly sc.

A - Agree - I agree with the statement, but not strongly so.

SA - Strongly Agree - I strongly agrze with the statement.

U P
- O U —
b0 M M =]
o o0& 2 o
Oddod o o0
52k 5 Bk

CIRCLE YOUR RESPONSE wAA < w <

1. The simulazor requires a great deal of maintenance 3 5
2., The simulator provides my studerts with a good way

to learn troubleshooting skiliscoceceasocavseccconce 2 6
3. The simulator should be used in conjunction with

instructional materxials such as booklets and

instruction Sheets:-ooueoonnnnoeooqoo-s-'uooeucnaoo l 3 4
4. The simulator should be located in the classroom- .- 1 4 3
5. The eimulator should be used instead of classroom

troubleshooting instructioncccecsccscosososcsssocssn 3 2 2
6. Simulator break-downs did not occur very frequently 1 4 3
7. The simulator should be located in the school shop

area.b...h.ﬂﬂ.l...06.0.Dbﬂhﬂ00006000000000.06000000 3 1 4
8. Instructors should bz provided with time to develop

instructional materials that can be used with the

Simulatorn.onecocaoeaooneonu-oc-oc.-oonolooo-oo..o. 1 3 4

o
.

Students should work on the simulator in groups.... 2 3 1



12,

13.

14.

15.

16.

17.

18.

19.

20,

21,

22,

23,

24,

Basic troubleshooting skills can be taught better
on 2ctual equipment than con the simulatorcc.ccesss

Evaluation of the simulator interferred with day
to day teaching activitiesS..ccscccscecoscssncccnss

The simulator is a useful instructional device....

I can make good instructional use of the simulator
anytime that it is available,.cccoceccncseocnasses

Students should be schedulsz: m the simulator for
periods of time ranging froz 15 to 30 minutes.....

Students should ke schedulzd on the simrlator for
periods of time ~anging frm_. 1 to 2 howrS.eesecess

Students should work on tha :imulator by themselve=n

My personal experiences im y==zparing to teach with
the simulato: have helped me to learn more about
troubleshooting-oo—.oaoooooooooonnooooonoooo..u.o-

After a student has completed simulator instru-
ction, his troubleshooting performance should be
evaluated.lnooﬂﬂ‘ﬂﬂﬂnon.ﬂﬂBBGGGG.B..Bc.ﬂ.nﬁﬁon.nﬂﬁ.

The simulator does rot fit well into my voca-
tional Prograéameacococoocoooocsto0000000®0e0800Cc00080005000

Instructors should receive more information on
how to maintain the simulatoOrcocscocscosooscscsoocoso

Simuiator instruction is not any be%ter than
tzoubleshooting instruction I have been provid-
ing in the pastﬁcﬂ.00090.0.0..90.0000000.B..DB’G..

It is difficult to tell how much a student has
learned from his simulator instructionNccccoseseces

The simulator provides students with a good trans-
ition from class room {(theory) instruction to
troubleshooting actual equipmento 0000060000 CO0OSS S0ED

It is relatively easy to maintain the simulator...
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25.

26.

27.

28,

29,

309

31,

32,

33.

34.

W
<A

37.

38.

39.

The simulator panels portray the varilous systems
in a realistic manner.c.cccevcescessssescasscccsecs

It 1is easier to use actual equipment for trouble-
shooting instruction rather than to use the
simulator.b..ﬂﬂﬂb.IO......OO.........DD...I.......

It is easy to switch the various panels on the
simulator.@c.’......0..900005.5 ‘..'900!’:!&..0000..0.

When a student is working with the simulator he
should be in a location where other students can
not bother himoooaooooocooooolooocooo..ooo.ooooooo

The area where a student works with the simulator
should be relatively quilet.cccesscceecacencsssecns

The simulator dehumanized vocational imstruction..

Students should be scheduled or the simulator for
periods of time ranging from one to 14 minutes....

Written materials shouid be used in conjunction
with the simulator when tasic troubleshooting
instruction is being glven.c..eccsccceccecorececce

Written materials should be used in conjunction
with the simulator when advanced troubleshooting
instruction 1s belng glvenccoccecesoecsccecsnecesss
It is relatively easy for several instructors to
coordinate the time that they will use the simu-
lator with thelr respective €lasSeScecsesascsscass

Students should be scheduled on the simulator for
periods of time ranging from 30 to 60 minutes....-

The simulator created interest among my students..

Students did not care for the evaluation of
smulators......o...0.l..0.0...9.000.059.000..0...

The simulator gives students a pattern to follow
when solving a particular problemeccc.cecveacecsces

The simulator 18 more meaningful as a classroom
aid than as a unit for individualized instruction.

9%

Strongly
..Disagree

..Disagree

SEQ-3

.J.Agree
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40.

41.

42,

43.
44,

45.

46,

47,

48.

49,

50.

51.

The simulator is not very mobilec.cisecoscesicasnos

With the simulator, problems can be repeated
simply and without mmch time involved.....eocescne

with the simulator, a student can learn system-—
=itle diagmosis of probl:‘ems..,og.a.uo.-.-.w.....-..

Company service on the simulator Was pPOOY.c..scascs
“"he simulator is good for individual instruction..

A few of the simulzte: problems are hard toc trans-
Zer to actual equipmenif...eccco0c0000e000a600ss008c

The simulazor allows a student to work at his own

pace....o..oo.oo.'005.....on.ooou..n.O.e..w.o....!

The student thinks for himself when he 1s working
With the Si.mulatorGOB0.555.0500...‘0.00..ﬂ....O.o

Component parts of the simulator are somewhat

reliableooouootooo.uo.oloc.on.o.ncn..n..c'oo..l..

The simulator helps students to diagnose customers'
complaints.ooooonooao.o.onooooooo.OQooaOQA.oooon.

It is easy for the student to follow the Handbook
which 1s used with the simulatorcccceccsccessccsses

It takes a great deal of time to teach each
student with the trainer, but less than by other

MEANS 1 00000 e 08080608 00Aa0068000008880sC3880080ss0089

By using the simulator =z teacher is allowed time
to carry on other activitiesSc.ccceccosesosssconss

The simulator program is very close to reality...

Students who did not understand the simulator
instruction tended to skip over 1lt.ccccessscscoss

The simulator gave students more confidence in
performing troubleshooting activities........c.eo

The simulator helps a student to think for himself
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57. Learcing time is cut in half when using the T |
Simulator...l........‘..ﬁ.l......ﬂl!-Q...."..... 4 3 1
58. The simulator is easy tO MOVE,ecerecoevsesrecacsn 1 2 5
59. With the simulstor, more problems c:za be demon-
strated in a shorter period of time..sccecrecaans 6 2
60. Only a limited number of problems can be placed
into the SimMulatoOr...seeececccncsessessesosccscase 4 &4
61. Students need little supervision whe= they are on
the simulator.n..Q....QOOQO'O.QQQQ..a..'..'...l‘l 1 6 1
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APPENDIX B

EXAMPLES GF INSTRUCTIONAL CONTENT
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AUTOMO3ILE

ENGINE TROUBLESHOOTING

an introduction
to the

System Malfunction Analysis Reinfcrcement Trainer

(SMART)

Prepared by Educs:ional Computer Corporation.
Modified for use in Pa. Dept. of Education
Project No. 10064 by The Pennsylvania State
University Department of Vecational Education,



1.0

AUTOMOBILE ENGINE TROUBLESHOOTING

Introduction

The material in this booklet will help you learn how to troubleshoot

or find troubles in the automobile engine. The booklet has a number of
exercises which you will complete. Each of the exercises will provide
you with troubleshooting experience by using the System Malfunction
Analysis Reinforcement Trainer (SMART).

This is not an ordinary booklet; it is a self-instruction booklet.

You will be given information about the automobile engine and then

you will answer questicns about this information. You will also be
asked to perform certain checks using the SMART trainer. Be sure to
read each page carefully and follow directions. Also, DO NOT WRITE IN
THIS BOOKLET.

If you have any questions about the booklet or operation of the SMART
trainer, call the instructor and he will help you out.

The first thing to do is place your name, school, and instructor's
name on the top of the Troubleshooting Answer Sheet. This sheet will
be used later on in the instruction to see how well you can trouble-
shoot the automobile engine. The sheet can also be used as a
"bookmark" to kecp track of where you are in the booklet. Remember,
write on the answer sheet and not in the booklet.

After you have provided the necessary information, go on to the next
page.
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15. Check the gas gauge. (To do this, press the "Visual" button at the
lower left and, at the same time, the "Fuel Level" test button next
to it.)

FUEL SYSTEM
TESTS

+

PUMP GAS PEDAL
OR LINKAGE

VISUAL
INSPECT PART)

PUSH THESE TWO

FUEL LEVEL RUBBER HOSE TEST
TEST OR REPLACE TEST OR REPLACE POINT

T T
MM:{:%\

16. Is there gasoline in the gas tank?
Yes D No L__‘ ProbablyD

We really can't tell, but the gas gauge does register Yempty."

Can't tell yetD

17.

18. Next, we should check the
Ignition systemD

The gas gauge registered "empty," so we should next check the fuel
system. We might be out of gas. If the gauge had registered gas
in the tank, you would then check the ignition system next.

Fuel system D

19.

20. Tura off the ignition.
(To do this,

21.

Pump the gas pedal
press the "Pump Gas

linkage and look in the carburetor.
Pedal or Linkage" button at the lower left of the

SMART panel and, at the s

ame time, press the "Look In Carburetor"

button at the lower right of the fuel system section.)

FUEL SYSTEM

TESTS
l * PUSH HERE

PUMP GAS PEDAL
OR LINKAGE

FUEL LEVEL
TEST OR REPLACE

+

PUSH HERE SEmSmmmmcssossdly.

LOOK~IN
CARBURETON

VISUAL
(NSPECT PART)

+
=
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54.
55.
56.

57.

58.

59.

60.

61.

The distributor cap is

Good| | Bad[:]

Notice that the cap looks pretty good.

Iet's check the rotor,looking for any defects.

To do this, press the '"Visual" button at the right of the panel and,
at the same time, the "Rotor'" button.

CIRCIHT TESTER
(FOR ELECTRICITY
TO IGNITION
TEST PO!NTS)

PUSH THESE TWO

+

SPARK
(HOLD WIRE i/4° FROM
GROUND -- USE WITH

ANY CYLINDER}

!
1

el
ROTON ] '] L IEE
VISUAL TEST \
OR REPLACE
N

\
\
1
]
~
@ VISMAL

[INSPECT PARTI ||

The rotor is

Good[:] Bro#en[:] Badly burned[:}

If you checked closely, you should have seen that the rotor spring was
broken,

The rotor is bad. Replace it. (To de this, push the 'Replace and
Repair" button and, at the same time, the "Rotor" button.)

N

COoIL
- ENGINE
Ace TENPERATURE
ROTON - I
VISUAL TEST
OR REPLACE
REPLACE COMPLAINT

OR
REPAIR

If a rotor is badly damaged, spark will not get tc the spark plugs.

True[:] False[:]

This is true. A mechanic must remember to check the rotor.
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91.

92.

93.

9.

95.

96.

97.

98.

99.
100.

101.

=
o
iy

9.14

There is/are primary circuits going to the ignition
coil. .

one[ ] Two[ | Three| |

There are two.
First: One through the ballast resistor.
Second: One through the starter solenoid.

With a circuit tester, check if battery current is getting to the coil
inlet terminal again. (See Step #52 if needed.)

There battery current going into the coil.

Is[:] Is not[:]

Yes, there is battery current to the coil. The circuit tester did
light.

From this we know that the primary circuit between the
is good.

Ignition switch and coil[:] Solenoid and coil{ i
Both circuits up to the coil] |

We only know that the circuit between the ignition switch and coil is
good. The reason is that,with the igniticn in the "on" position, the
battery current is delivered to the coil through the resistor.

let's find out how to check the other primary circuit (the resistor
by-pass circuit) leading up to the coil.

Crank the engine. Then check for battery current at the primary coil
inlet terminal with a circuit tester. (See Step #52 if needed.)

There battery current to the coil.

Is[:] Is not[:]

Yes, there is battery current,because the circuit tester 4id light.

This tells us that the resistor by-pass circuit 'is okay.
Yes[:] Noi l

Yes, it does, because electricity is getting to the coil in the crank
position.

The two primary circuits up to the coil are checked the same way except
for the position of the ignition switch.

Yes[] No[:]



Now let's see how good you are at finding another trouble by yourself.

You will place a trouble in the SMART trainer and then find it without
any help.

Tirst reset the elapsed time clock to zero by f£iipping its hLandle.
Then reset both the test and repair counters to zero by flipping their

toggle switches. Now check to be sure that the clock and counters are
all on zero.

When you are ready to begin, put malfunction #11 into the trainer.
Then f£ind the trouble. When you have found the trouble, record the

elapsed time, number of tests, and number of repairs on your separate
answer sheet.

After you have recorded your time, tests and repairs, .ask the instructor
to change to the Engine Starting Problems - 2 panel. Then go on to
the next SMART exercise. R
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Aruitoxt provided by Eic:

D S S
1 2 3
0 2
i 5
TROUBLESHOOTING ANSWER SHEET 6 7 8
9 10
1l. Name: Date:
11 12 13
2. Area Vocational Technical School:
14 15
3. Teachers Name:
16 17 18
19
(¥rom page 4.15.1)
4, Malfunction number 63 was solved in minutes
20 21 22
and seconds using tests and
23 2u
repairs/replaces.
25 26
(From page 9.21.1) 27 28 29
£. Mcifunction nunber ii was solved in minutes
30 3l 32
and enn] S€CONds using tests and
—T;%wwg 33 34
| ._irepairs/replaces.
25 36
(From page 12.11.1) a7 3B 39
6, Malfunction number 9 was solved in minutes
4o 41 42
and seconds using tests and
43 by
‘ repairs/replaces.
45 46
Today's date is .
47 us 49
50 51 52
51 54 55
56 57 58
59 60 61
62 63 64
65 66 67
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