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Abstract

It is typically difficult or impractical to teach troubleshooting skills in a classroom or lab setting. A com-
puter-based training software package was designed and developed to teach students the problematic skill
of how to troubleshoot malfunctions in hydronic heating systems. A summative evaluation was needed to
ascertain whether the skills learned on the computer would transfer to the real world. The results of this
study show that the instructional model used in teaching learners how to troubleshoot hydronic heating
systems was effective (p < 0.001). Learners were able to transfer what they learned on the computer to
real systems. Students can effectively learn these troubleshooting skills through CD-ROM delivery with-
out instructor intervention. It is hypothesized that this unique instructional model can be used to teach
other troubleshooting skills. This paper describes the initial project and discusses the summative evalua-
tion results.
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Introduction

A computer-based training program was needed because traditional teaching methods were not effective
in giving learners essential troubleshooting skills. In the field, the workers could follow the schematic
diagrams and accurately install hydronic (hot water) heating systems. However, eventually something in
the system malfunctioned. Workers were not efficiently repairing malfunctioning systems. As students,
they were not taught how to systematically analyze a problem to determine how to fix the system and
consequently only replace or repair one component. The problem was that learners were being trained on
systems that were fully functional. Instructors were not taking out components, breaking them, and then
allowing the learners to go and find out what was not working. If they did it for one learner, the other
learners would need to do this independently. If this was done for one component, what about the other 20
components? What about the other 30 types of related systems? This was an excellent problem to solve
using instructional technology. The solution was an easy-to-use highly-interactive program that ensured
learners could apply the logic needed to troubleshoot both the mechanical and electrical components of
hydronic heating systems.

Before the computer-based training program was created an in-depth Internet search was done to see if a
software product existed that could teach the troubleshooting skills. Also, companies that were known to
create computer-based training materials in the piping field were contacted. The Residential Hot Water
Heating Association of British Columbia was also queried as to whether the product existed. All of these
sources indicated t
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proach (Tuovinen, 2000). A current search also failed to find a relevant instructional model.

The skills that needed to be taught are different from related outcomes such as problem-solving skills. The
learners, in the study and those who will use the computer-based training program, do not have to follow
a general problem-solving process such as defining the problem (they are told the problem), identifying
alternatives (all of the components are potential alternatives), generating possible solutions (they have to
consider each component), assessing the solutions (they consider each component based on the data gath-
ered and the “expert” guidance given), and drawing a conclusion (this is done). Consequently, the instruc-
tional models of this related field were not helpful.

The feedback provided in the software mimics having an expert beside the learner. However, the program
is not an expert system. So, the research related to expert systems was not relevant.

Since the instructional model is unique, proving its effectiveness will enable other instructional designers
to use the model for teaching other troubleshooting skills. This will greatly decrease the time they need
for the instructional design process and the user-interface and screen design. Also, it will reduce the risk
of someone creating an ineffective product.

It is hypothesized that the computer-based training program will significantly increase learning.

Program Description

The first option on the main menu is the introduction (as shown in Figure 1). The introduction contains
pre-requisite information on each hydronic heating system component. This includes what it does, how it
works, causes of malfunctions, why service calls are requested, how you can determine if there is a prob-
lem, and how you fix the problem. The main menu also provides access to five increasingly complex
(e.g., more components such as a secondary pump and mixing valve, radiant panels instead of baseboard
panels, and two heating zones instead of one) electrical and mechanical hydronic heating systems.

For each system there is a schematic diagram. Learners are told why a customer has called them (as illus-
trated in Figure 2). At this point, learners can click on any component in the schematic diagram to see a
high-quality photograph of the component and some text details regarding troubleshooting logic. At this
point (as shown in Figure 3), learners can choose to see any other component. Alternatively, they can state
that the component failed. In this case, the learner will get one of three possible answers. The first likely
answer is “Maybe” and it comes with detailed diagnostic feedback that includes information as to what
else they would need to know before making a conclusion that the component was defective — as if an ex-
pert was beside the learner. This supports a troubleshooting strategy that you should not yet make that
conclusion if you do not know some specific pieces of information (e.g., knowing if there is a call for
heat, is there heat coming out of the boiler, the pressure, etc.). Learners can now check other components
and explore another conclusion. Once learners have the required information, they can get the other two
possible answers: a yes or no. Regardless of whether they are right or wrong, they will receive detailed
feedback about why they are right or wrong (again as if an expert was guiding them). If they are wrong
they can continue by gathering more information to try solving the problem again.

The software also simulates the real world by adding the potential for users to earn $200 profit. When a
learner states that a component caused the problem and they are wrong, they can only earn a maximum of
$100. Similarly, in the real world, a company would make less money if they replaced a functioning com-
ponent. After two wrong conclusions learners can only break even and they will lose money with more
incorrect component replacements.
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System #1 System #1
System #2 System #2
System #3 System #3
System #4 System #4

System #5

Click on any component for detalls
about it.

Figure 2 — Schematic of a hydronic heating system
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Mechanical Components - System #2, Problem #3 Potential profit = $200

Check other components
This caused the preblem

Figure 3 — Learner choices

Methodology

The participants, three separate groups of second-year “piping trades” students (N = 36), have not been
previously taught how to troubleshoot hydronic heating systems. There were 13 participants in the first
group, 11 participants in the second group, and 12 participants in the third group. All of the subjects were
males. Although, the content of the computer program was related to the field of study of each of the sub-
jects, the content was not required training. Two potential subjects were not included in the study as they
felt they were too far behind in their course and lab work to spend time participating in the study. The re-
searcher observed that some subjects seemed to “rush” through the computer program and did not com-
plete every activity.

The evaluation consisted of three steps for each of the three groups: 1) a hands-on pretest in the hydronics
lab (all subjects), 2) computer-based training delivered via CD-ROM (randomly assigned to approxi-
mately 50% of the subjects) without instructor intervention, and 3) a hands-on posttest in the hydronics
lab (all subjects). Each of the three steps was done on consecutive days in a given week. A two-tailed in-
dependent groups t-test was subsequently done to determine if there was a significant difference in pre-
test scores between those who were taught with the computer-based training software and those who did
not receive any training. A two-tailed independent groups t-test was also subsequently done to determine
if there was a significant difference in test scores between those who were taught with the computer-based
training software and those who did not receive any training.

The pretest and posttest required each participant to try to identify an actual problem in each of four real
but different hydronic heating systems. The actual problem was caused by a malfunctioning component.
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For example, malfunctioning components included a pump, zone valve, operating aquastat, and combina-
tion gas valve. Recordings were made on the accuracy of conclusions made. In other words, subjects had
one try to state which component was faulty in each of the four systems.

Results
The results of the statistical analysis are summarized in Tables 1 and 2.

Training No Training
Mean 0.32 0.33
Variance 0.079 0.029
Observations 18 18
df 17
t value 0.11
P(T<=t) one-tail 0.46
t Critical one-tail 1.74
P(T<=t) two-tail 0.91
t Critical two-tail 2.11

Table 1. Results of Pretest Scores of Training Versus
No Training Subjects

With a two-tailed independent groups t-test, there is no significant difference in pre-test scores between
those participants who were taught with the computer-based training software and those who did not re-
ceive any training.

Training No Training
Mean 05 0.16
Variance 0.26 0.13
Observations 36 36
df 35
t value 5.05
P(T<=t) one-tail 0.000007
t Critical one-tail 1.69
P(T<=t) two-tail 0.000014
t Critical two-tail 2.03

Table 2. Results of Post-test Scores of Training Versus
No Training Interventions

With a two-tailed independent groups t-test, there is a significant difference (M=0.5) in test scores be-
tween those subjects who were taught with the computer-based training software and those who did not
receive any training (M=0.16, p<0.001). Given the participants had to identify the correct malfunctioning
component and their question results were recorded as a “1” (correct) or “0” (incorrect), standard devia-
tion was not calculated as it would not be an appropriate measure of variance.

Discussion

The results of this study show that the instructional model used in teaching learners how to troubleshoot
hydronic heating systems was effective. Learners were able to transfer what they learned on the computer
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to real systems. Students can effectively learn these troubleshooting skills through CD-ROM delivery
without instructor intervention. This is critical as there are many hydronic heating systems installed
throughout Canada and workers were not trained in how to troubleshoot malfunctions. Workers can now
be effectively trained when and where they want.

A factor that may have impacted the results was that some subjects seemed to “rush” through the com-
puter program. This may be a consequence of some subjects feeling more concerned about their continu-
ing required coursework than participating in the study. If every subject thoroughly completed all of the
computer program activities, the test results may have been even more significant (Khoiny, 1995).

It is hypothesized that the same instructional model can be used to effectively teach other troubleshooting
skills.

Note that this study did not compare the software program to live teaching. This was not done because
training institutions do not explicitly teach this troubleshooting skill (due to the reasons described earlier
or because of a lack of equipment).
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