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Systems for Undergraduate Mechanical Technology Students
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Abstract

The purpose of this study was to investigate the effects of problem-solving skills strategy on automotive
technology systems for undergraduate mechanical technology students. Thirty-five undergraduate mechanical
technology students in 5592103 Machine Design | course offered in semester 1/2013 at the Mechanical
Technology Program of Faculty of Industrial Technology (FIT) at Nakhon Si Thammarat Rajabhat University
(NSTRU) were chosen to be the participants. Learners’ were simple randomly assigned to experiment group
(n = 18) and control group (n = 17). The pre-test and post-test of the theoretical mechatronic brake systems,
which was adapted to undergraduate mechanical technology students context was used along multiple with a
40-item multiple choice developed by the researcher. The reliability of the tests was .83. The difficulty levels
of the tests were .67. The problem-solving skills strategy short-answer items test of the mechatronic brake
systems consisted of 20 items covering four processes: construct problem space; identify fault symptoms;
diagnose fault(s); and solutions. Descriptive statistics were used Two-way analysis of variance (ANOVA) were
conducted to investigate. The interpreting significance of the results, the statistically significance was set at
.05. On the pre-test, there was no significantly difference between these two groups. On the post-test, there
were significant differences between the experimental group scored higher than the control. The finding found
that the scores have statistical significantly in each aspect: identify fault symptoms, diagnose fault(s), and

solutions have statistical significantly in the experimental group were discussed.
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1. Introduction

Currently, many technical processes and products
in the area of mechanical, electrical, electronics, and
control engineering have widely implemented an
increasing integration of mechanics with digital
electronics, computer and information processing. This
application is between the components (hardware) and
the information-driven functions (software), resulting in
integrated systems called Automotive Mechatronic
Systems (AMS) [1]. AMS have integrated mechanical
electronic systems emerge from a suitable combination
of mechanics, electronics and control/information
processing. Thereby, these fields influence each other
mutually.

With development, AMS involves finding an optimal
balance between the basic mechanical components,
sensor and actuator implementation, and automatic
information processing for the overall control. In
modem automobiles the increase of comfort, safety,
and reliability is the main goal together with the
improvement in driving performance, fuel consumption,
emissions, but also production processes [2].
Therefore, the high demands for developing manpower
in  mechanical technology to foster advanced
technicians required by industrial are put forward.

By examining the relationship between cognitive
demands and instructional approaches in the context of
technology education, Kim & Hannafin [3] identified
cognitive demands for problem-solving in technology
that enhance technology advances have afforded
researcher unique opportunities to foster learmners’
critical thinking and problem-solving skills. Jonassen [4]
described that problem dimensions included intermnal
factors that address problem solvers’ individual
characteristics (e.g., problem solvers’ prior experience,
domain knowledge, reasoning skills, and
epistemological beliefs) and external factors that reflect

how problems are formed and represented (e.g.,
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complexity, structuredness, dynamically) and situated
(e.g., cultural expectations).

For this reason, the Mechanical Technology
Program of Faculty of Industrial Technology (FIT) at
Nakhon Si Thammarat Rajabhat University (NSTRU)
have been promoted problem-solving skills for inquiry,
which affects for technology-rich multidisciplinary
studies such as AMS has proven especially provide.
While researcher interest in improving problem-solving
skills with mechatronic systems has been long-
challenging, progress has been emerged.

In this research, the essential knowledge on AMS
for undergraduate mechanical technology students are
real-world functions possible that able to learn about
embedded digital computers as shown in Figure 1. The
integrated process and control of AMS is mutual
optimization of process and control performance,
model-based control, adaptive and leaming control

strategies.

E: Embedded Control

]

S: Sensors

A: Actuators

Figure 1 The integrated process and control for

AMS [2]

Researcher has reviewed the evidence of effects
problem-solving teaching and leaming using AMS to
solve mental multiplication problems has not been
studied in Thai mechanical technology area. Whereas
researcher regard problem-solving skills in AMS as
critical for engage learners domain knowledge as
shown in Figure 2, this research have afforded
learning innovations to scaffold students’ problem

solving in AMS, absolutely.

12/15/57 BE 11:39 AM



Vol. 5, No. 2, July - Decamber 2014

Technical Education Journal King Mongkut’s University of Technology North Bangkok

Mechatronic
automobiles

[ I

Mechatronic Mechatronic

Mechatronic

Mechatronic Mechatronic

combustion drive suspensions brakes steering
engines trains
- electrical - automatic - semi-active - hydraulic anti- - parameter-
throttle hydrodynamic shock- lock braking izable power-
- mechatronic Lransmission absorbers {ABS) assisted
fuel injection - automatic - active hydr. - electronic sleering
- mechatronic mechanic suspension stability - electro-
valve trains shift transm. {ABC) program (ESP) mechanical
- variable geo- - continuously - active - electro- power-
metry turbo- variable trans- pneumatic hydraulic assisted
charger (VGT) mission (CVT) suspension brake (EHB) steering (EPS)

- emission - automatic

- evaporative (ATC)
emission - automatic
control speed and

distance control

- electrical
pumps & fans
—

- active anti-
control traction control roll bars
(dynamic drive
control (DDC)
or roll-control)

- active front
steering (AFS)

- electro-
mechanical
brake (EMB)

- electrical
parking brake

Figure 2 AMS mental multiplication problems [1]

While the AMS, which are able to solve

technological ~ problems  using interdisciplinary
knowledge consisting of mechatronics elements. To
solve these problems, traditional technologists used
knowledge provided only in one of these areas (for
example, a mechanical technologist uses some
mechanical technology methodologies to solve the
problems). Additionally, to improve learners’ solving
the AMS problems, effective accurately and quickly
strategies are being widely implicated. The problem-
solving skills (PSS) strategy [5] [6] is establishment as
follow as: 1) Construct problem space; 2) Identify fault
symptoms; 3) Diagnose fault(s); and 4) Solutions
implicated other possibilities and discuss experiments

as shown in Figure 3.

Construct Problem Space |4

v

Identify Fault Symptoms <

v

Diagnose Fault(s)

v

Solutions

Figure 3 The PSS model [5] [6]
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The purpose of this study was to investigate the
effects of problem-solving skills strategy on automotive
technology systems for undergraduate mechanical
technology students. The research question was: Did
the problem-solving skills strategy affect leamers’ use

on automotive technology systems?

2. Theoretical Background

2.1 Automotive Mechatronic Systems

Iserman [1] stated mechatronic products are
especially advanced in the field of automobiles.
Therefore, this area is considered to show some
concrete examples. Figure 2 presents the AMS
mental multiplication problems realized mechatronic
components and systems. In AMS has proven the
value of electronics, electrics and mechatronics of
today’s cars is about 20—25% of the total price, with a
tendency towards 30-35% in 2010. A higher-class
passenger car contains about 2.5 km of cables, 40
sensors, 100—150 electro-motors, 4 bus systems with
2500 signals and 4575 micro electronic control units

(ECUS) [7].
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2.2 Mechatronic Brake Systems

In this research, researcher has conducted the
ABS and ESP systems in this study. The research
design is specifically, during implementing the PSS
strategy, the students should be know in order to

increase the functionality further, to save space and

a hydro-module

piston pump I -
& motor

—

high
pressure
storage
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assembling costs and to increase the passive safety,
two types of mechatronic brake-by-wire systems were
developed, the electrohydraulic brake (EHB), since
2001 in series production (Mercedes SL and E-class),
and the electromechanical brake (EMB), for which

prototypes exist [1] [7], as shown in Figure 4.

Figure 4 lllustration of brake-by-wire-systems [1]:

(a) Electrohydraulic brake control (EHB), Bosch; (b) Electromechanical brake (EMB), Continental Teves.

The signal flow diagram as shown in Figure 5 PSS strategy on AMS of undergraduate
have been proposed, reflecting diverse problem- mechanical technology students [7].
solving skills in order to investigate the effects of
a brake
control g
{ABS,..)
-"-L'*f —‘
electro- |g'? hydraulic
hydraul, | | pump/
actuator l =] accumul,
5 F =1 | L—.g
P ".'; CI]EE::[I;:’] —— hydraulic l___g_——c, 7 hydraulic JU?: wheel il vehicle
2 F h 5 ; .
pedal cylind. - —y brake w
cul valves
b electrical Supporting
CTIET
pedal z biis central || wheel
electr. brake hrake -
conirol [T conirol :
- k
. ] S T T S
. - g power electr. - i
GYIVQT Zn :ﬁrl electron. mech. ﬁm wheel w | vehicle
amplif, [* brake

Tclcctlital
energy (42 V)
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Figure 5 Signal flow diagram for different mechatronic brake systems of passenger cars [1]:
(a) Electrohydraulic brake (EHB) with hydraulic brake;

(b) Electromechanical brake (EMB) without mechanical backup
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2.3 Conceptual Framework
In order to use mechatronics to solve mental
multiplication problems of AMS, the PSS strategy
begins by reviewing existing conceptions. While
learners’ solve the mechanical brake systems
problems [6], performers as shown in Figure 3:
- use many observations in a sequence of
simple decisions;
- use general search procedures that are not
dependent on actual system or fault;
- search to find components; and
- search thorough systems to identify
appropriate sub-system, state or component.
2.3.1 Construct Problem Space
The Construct problem space is the first step
in solving problems [8] [9]. The problem space of
AMS as the mechanical brake systems problems is
the mental model of the task environment that
learners’ constructs. That model should represent the
solution of the system, the normal various fault states.
For example, the AMS are represented as wiring
diagrams, exploded views of sensors locating, and
signal flow diagram of diagnostic actuators.
2.3.2 Identify Fault Symptoms
Learners’ use strategic knowledge (signal flow
diagram) about which procedures and conditions,
which based on service manual procedures to
perform in order to identify discrepancies.
Recognizing symptoms of faulty components is also
aided by learners’ experience. The likelihood of
symptoms becoming apparent is a function of
previous experience and background knowledge.
2.3.3 Diagnose Fault(s)
After construct problem space, learners’
begins the diagnosis process by examining the fault
system and comparing the system states to similar

problems has solved. If a previous problem is

_14-1303(001-222).indd 6
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recalled, the problem space is reduced immediately to
include a description of the old problem.

Learners’ experienced categorize problems
based on prior experiences. Throughout the process
of “hypothesis generating and testing” cycles [8] are
generated to provide possible explanations for the
causes of the system fault. Leamers’ can be
performed iterative processes.

2.3.4 Solutions

The process of solution is evaluation as similar
to hypotheses generation, although it has not been
researched nearly as extensively. Leamers’ perform to
generate one or more solutions for solving the CRDS
based on the results of tests. The simplest solution is
to fix or replace a part or module. In this research, that
is the preferred solution because it requires the least
time. As with diagnosis, leamers skilled rely first on
their experiences. Lecturers treated leamers know the
most plausible solution from the set of solutions
generated and determine which best meets all the
constraints (e.g., effectiveness, efficiency, system-
specifics, and economic specification) as the code of
conduct [9] [10].

Thus, leamers are recursive throughout the four
processes with adjustment or maodificaton as
contextual change. The solution process is an essential

attributes in effective problem-solving skills strategy.

3. Methodology

3.1 Design

A pre-test and post-test experimental design
was employed in this study.

3.2 Participants

Thirty-five undergraduate mechanical technology
students who using a PSS strategy application in
5592103 Machine Design | course offered in
semester 1/2013 at the Mechanical Technology

Program of Faculty of Industrial Technology (FIT) at
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Nakhon Si Thammarat Rajabhat University (NSTRU)
were chosen to be the participants. Learners’ were
simple randomly assigned to experiment group (n =
18) and control group (n = 17). In order to make the
research more consistent, the experimental and
control groups were instructed by the researcher.
3.3 Instruments

3.3.1 Problem-Solving Skills Material

The PSS included by (a)
Electrohydraulic brake control (EHB), Bosch; (b)

material

Electromechanical brake (EMB), Continental Teves [1].
The material represented the goal state of the EHB
and the EMB systems, the normal states of the system
and system components; various fault states, the
system structure, and the control system. The EHB
and EMB service manual was chosen as the textbook
not only in consideration of the PSS strategy are novel
and lively. It was not necessary for the leamers to have
any prior experience and prior knowledge of any
specific domain before they could understand the
experiment.

3.3.2 Problem-Solving Strategy Application
Tests

The pre-test and post-test of the theoretical
mechatronic brake systems, which was adapted to
undergraduate mechanical technology students
context was used along multiple with a 40-item
multiple choice developed by the researcher. The
reliability of the tests was .83. The difficulty levels of
the tests were .67. Both instruments were
implemented before and after the treatment.
Completing the pre-test and post-test took 60 min.

The problem-solving skills strategy short-answer
items test of the mechatronic brake systems consisted
of 20 items covering four processes, 5 of which
addressing the construct problem space, 5 of which
addressing the identifying fault symptoms, 5 of which

addressing the diagnose fault(s), and 5 of which
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addressing the solutions developed by the automotive
experts from well-known automotive company and
vocational and technical education instructors. The
reliability of the tests was .88. The difficulty levels of the
tests were .59, and a five point rubric score is divided:
outstanding, good, pass, fair, and fail.

The higher the score is, the greater the
agreement to the statement is. In these 20 questions,
four PSS strategy applications — 1) Construct problem
space; 2) lIdentify fault symptoms; 3) Diagnose
fault(s); and 4) Solutions — are covered. Example for
Questions 1 and 2 are about the construct problem
space strategy (Q 1: Please represent the feasibility
failure state of the EHB and EMB in passenger cars
underlying the signal flow diagram, Q 2: Please derive
the normal states of the EHB and EMB with system
components; if the pneumatic actuator fails and The
hydraulic cylinder acts on two independent hydraulic
circuits).

3.3.3 Problem-Solving Strategy Instruction

There were five key points made in the PSS
strategy  instruction  procedures: (1) choose
mechatronic brake systems for the experiment; (2)
find the main problems and the supporting problems
of the EHB and EMB with system components; (3)
exclude irrelevant the PSS strategy of the EHB and
EMB with system components; (4) map out the PSS
strategy of the EHB and EMB among the problems,
and (5) connect the best solutions with presentation
and reporting. It teaches learners to focus on the EHB
and EMB with system components, integrate that
concept with the PSS strategy concepts and details,
and extend outward from their cognitive demands.

3.4 Procedure
The experiment lasted for five days, and every
day period was three hours. Before the

experimental process was carried out, the

participants were given a pre-test that participated
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collectively in the pre-test during the before
instruction could be collected. The researcher
chose participants from the 3 rd years as the
experimental group (n = 18), and students from the
other class as the control group (n = 17).

For the experimental group, the researcher
adopted PSS strategy instruction (e.g., training
material in PSS strategy, automotive problem
analysis work sheet, service manual for teaching of
mechatronic brake systems). Learners’ studied the
different stages for brake systems of passenger
cars or lightweight trucks. In the case of the
conventional hydraulic brake, the mechanical
linkage between the pedal and the hydraulic main
cylinder is paralleled by the power supporting
pneumatic actuator (booster). If the pneumatic
actuator fails, the mechanical linkage transfers the
(larger) pedal force from the driver. The hydraulic
cylinder acts on two independent hydraulic circuits
in parallel. That means the brake system is fault
tolerant with regard to a failure of one of the two
hydraulic circuits.

Failures in the electronics of brake control
systems as ABS bring the hydraulic actuators (e.g.,
magnetic valves) into a fail-safe status such that
the hydraulic brake gets the pressure from the
hydraulic main cylinder directly. The ABS functions
are realized by switching valves, which have three
positions for lowering, holding or increasing the
fluid pressure and thus allow only a discrete
actuation of the brake torque, with strong oscillation

The signal flow diagram as shown in Figure 4
have been proposed, reflecting diverse problem-
solving skills in order to investigate the effects of
PSS strategy on AMS of undergraduate
mechanical technology students. As for the control
group, the instructor used traditional instruction

(e.g., text book and learning material) in class.
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The researcher introduced the idea of the PSS
strategy after the pre-test finished to the
participants in the experimental group. Also, as part
of the PSS strategy teaching, the participants
practiced their first the EHB and EMB with system
components with four processes after the first
practice of PSS strategy was complete, the
researcher administered post-test in the five day.

While the experimental group adopted the PSS
strategy, the control group used the conventional
learning as teaching materials. In addition, when
the experimental group did the PSS strategy
practices, the control group taught reviews on the
problems.

3.4 Data Analysis

Descriptive statistics were used Two-way
analysis of variance (ANOVA) were conducted to
investigate. The interpreting significance of the

results, the statistically significance was set at .05.

4. Results

Research question have showed on problem-
solving skills strategy affect learmners’ use on
automotive technology systems by using both
experimental and control groups’ on the pre-test
and post-test mechatronic brake systems items
test. To obtain that there was no significant
difference before the experiment, the researcher
used the independent sample t-test to analyze the

results of the pre-test.
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Table 1 The independent t-test of pre-test and post-test of the two groups

n Mean SD t P
Pre-test Experimental group 18 22.68 3.66 -1.93 42
Control group 17 23.17 3.58
Post-test Experimental group 18 31.85 2.37 -2.58 .01*
Control group 17 28.66 2.82
*p<.05

On the pre-test, there was no significant
difference between these two groups (t = -1.93, p =
42, as shown in Table 1). On the post-test, there were
significant differences between the two groups (f = -
2.58, p = .01); the experimental group (Mean = 31.85)
scored higher than the control group (Mean = 28.66).

As a result, Table 2 found that the independent
t-test of the post-test of the experimental group and
the control group. The results showed that the
scores as follow as: identify fault symptoms,
diagnose fault(s), and solutions have statistical

significantly in the experimental group.

Table 2 The independent t-test of the Problem-Solving Strategy Application Tests of the two groups

n Mean SD t P

Construct problem space Experimental group 18 2.86 .79 -2.34 .62
Control group 17 3.14 63

Identify fault symptoms Experimental group 18 3.53 .59 -1.58 .03*
Control group 17 2.98 .82

Diagnose fault(s) Experimental group 18 3.46 .54 -2.01 .00*
Control group 17 3.05 73

Solutions Experimental group 18 3.12 .68 -1.35 .00*
Control group 17 2.75 .95

*p<.05

As a result, Table 2 found that the independent
t-test of the post-test of the experimental group and
the control group. The results showed that the
scores as follow as: identify fault symptoms,
diagnose fault(s), and solutions have increased
significantly in the experimental group. Learners
tended to apply various reading strategies once
in the mechatronic brake

they were trained

systems on PSS strategy instruction.

_14-1303(001-222).indd 9

5. Discussions

Mechatronic brake system items test was
completed by learners’ before and after the PSS
strategy instruction. Comparison of the data
indicated that the learners’ more effectively utilized
such as identify fault symptoms, diagnose fault(s),
and solutions after they received instruction in the
PSS

strategy instruction strategy. The PSS

strategy plays problem dimensions included

internal factors that address problem solvers’

individual characteristics.

12/15/57 BE 11:39 AM



10

Vol. 5, No. 2, July - Decamber 2014

The finding found that cognitive demands in
illustrating to enhance, and transforms problem-
solving skills into a conceptual framework that
enables the learners to integrate experiential, domain,
and device knowledge based on mechatronic brake
systems. To enables leamers, diagnose fault(s)
throughout the process of “hypothesis generating and
testing” for experimental group they take, the PSS
strategy relate to a conceptual model of the
mechatronic brake system, and query experienced
about what they would do [5] [8] [9] [10].

Moreover, the diagnose fault(s) on their learners’
were prior experience, domain knowledge, reasoning
skills, and epistemological beliefs about the cause
once a discrepant symptom is found. Those beliefs
are based on experience that the most common
reason for taking a particular action during construct
problem space was essentially tested. Kim and
Hannafin [3] stated that

problem identification

embodies learners’ activities, such as making
observations of natural phenomena by reading and
utilizing  visualizations in  technology-enhanced

classrooms. During this state, learners find or
generate problems and externalize them by recording
ideas or communications or communicating with
others and retrieve information conveniently.

For this reason, the signal flow graph diagram as
a simulation (diagrams, exploded views of sensors
locating, and signal flow diagram of diagnostic
actuators) for different mechatronic brake systems of
passenger cars was employed. However, leamners’
should view mental multiplication problems with the
computer-based concept mapping, which would be
enhanced learners capability to solve re-arrange
knowledge usually employed the higher flexibility of
the PSS strategy on AMS [11] [12]. Learners’ is
conceptualized as “the hydraulic cylinder acts” on two

independent hydraulic circuits in parallel. Hence, the
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PSS strategy is gained identify fault symptoms as a
fault tolerant with regard to a failure of one of the two
hydraulic circuits. The diagnose fault(s) considered
failures in the electronics of brake control systems as
ABS bring the hydraulic actuators (e.g., magnetic
valves) into a fail-safe status such that the hydraulic
brake gets the pressure from the hydraulic main
cylinder directly.

In order to extract the construct covered in the
research, the learners must do summarizing so that
they can concentrate on the diagnosis fault(s),
learners skilled rely first on their experiences. The
experimental group treated learners know the most
plausible solution from the set of solutions generated
and determine which best meets all the constraints
(e.g., effectiveness, efficiency, system-specifics, and
economic specification) as the effectively problem-
solving skills [13]. Thus, learners are recursive
throughout the PSS strategy with adjustment or
maodification as contextual change [11].

Both doing diagnose fault(s) and solutions as the
brief description of the result helps the learners
perform how one part of the article is connected to
the mechatronic brake parts. It helps the learners
clarify the critical thinking and ideas within the PSS
strategy. For example, it helps the learners to
discover the main idea and related supporting
evidence [14]. In addition, application of the PSS
strategy can help learners to identify major and minor
constructs problem space, and to connect the related
AMS parts or mechatronic elements after finding
them.

On the other hand, the PSS strategy presents a
cognitive domain representation of the leamer’s
cognitive structure, and therefore, can reveal the myth
in the leamners mind. The PSS strategy helps
learners through the use of construct problem space

and solutions strategies to condense and summarize
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experience  knowledge and restructure  prior
experience. In this way, students can gain more
accurate understanding of the fundaments of
automotive mechatronic systems [7]. As the analyzed
data showed, the leamers still have to employ reading
strategies like identify fault symptoms, diagnose
fault(s), and solutions when they proceed with the
PSS strategy. They are solving to increase the
flexibility of their thinking so that they can draw the
concept map systematically and structurally [15] [16].
To summarize, the PSS strategy is a useful AMS
which has positive effects on learners’ their

application of instructional strategy [17]. The
researcher found that they think that the identify fault
symptoms, diagnose fault(s), and solutions can be
considered important sources for future research [18]
[19]. Use of the PSS strategy on AMS for
undergraduate  mechanical technology students
enhances learners’ more confidence in reflecting
diverse problem-solving skills for undergraduate

mechanical technology students’ ability [20] [21].

6. Conclusion

This study investigated to investigate the effects of
problem-solving  skills strategy on automotive
technology systems for undergraduate mechanical
technology students. It was undertaken using a PSS
strategy application 5592103 Machine Design |
course offered in semester 1/2013 at the Mechanical
Technology Program  of Industrial
Technology (FIT) at Nakhon Si Thammarat Rajabhat

University (NSTRU) in Thailand. The results indicated

Faculty of

that experimental students who worked on PSS
strategy on AMS and got higher scores in the post-
test when compared to control students.

The current study found that various instructional
strategies such as problem-solving skills strategy might

enhance students’ cognitive demands to their

_14-1303(001-222).indd 11
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technology-enhanced leaming environment and their
achievement scores affects their learming positively.
Cognitive demands might sometimes hinder the
development of successful leaming outcomes due to
inactive and dominant students or for some other
reason [21].

As there might be some other variables leading to
the failure of cognitive demands learners in PSS
strategy on AMS, further research are required with
other sample groups and controlling other variables
such as instructor's guidance, students’ individual
characteristics and learning styles, or student
collaboration and their use of discourse in vocational
and technical education and or relate field. This
research implemented that the participants were
mechanical

undergraduate technology

typical
students, and that the lecturer and course design was
representative supplement of 5592103 Machine
Design | course. To generalize the findings of the
present study would be difficult since the learner
characteristics, course content, applied instructional
strategy and instructional design might not be fully
representative of other lecturers and other technology-

enhanced learmning environments.

7. Acknowledgement

This research is supported by “Benjavijai
Research Project B.E. 2556” Institute of Research
and Development, Nakhon Si Thammarat Rajabhat

University under Contract No. NSTRU 042/2014.

8. References

[1] Iserman, R. (2008). Mechatronic systems —
Innovative products with embedded control.
Control Engineering Practice, 16, 14-29.

[2] Schoner, H. P. (2004). Automotive

Mechatronics. Control Engineering Practice, 12,

1343-1351.

12/15/57 BE 11:39 AM

11



12

Vol. 5, No. 2, July - Decamber 2014

[38] Kim, M. C., and Hannafin, M. J. (2010).
Scaffolding 6th graders’ problem solving in
Technology-enhanced science classrooms: A
quality case study. Instructional Science, doi:
10.007/s11251-010-9127-4.

[4

[}

Jonassen, D. H. (2007). Learing to solve
complex, scientific problems. Mahwah, NJ:
Lawrence Erlbaum Associates.

[5] Schaafstal, A., and Schraagen, J. M. (2000).

—_

Training of troubleshooting: A structured, task
analytical approach. In Schraagen, J. M,
Chipman, S. F., and Shalin, V. L. (eds), Cognitive
Task Analysis, Lawrence Erlbaum Associates,
Mahwah, NJ, 57-70.

[6

—

Isermann, R. (2001). Diagnosis methods for
electronically controlled vehicles. In: Vehicle
system dynamics; International Journal of Vehicle
Mechanics and Mobility, 36(2-3), September
2001, Swets & Zeitlinger.

[7

—

Janchek, K. (2011). Mechatronic Systems Design:
Methods, Models, Concepts. Springer.

[8] Azarian, A., Siadat, A., and Martin, P. (2011). A

—_

new strategy for automotive off-board diagnosis
based on a meta-heuristic engine. Engineering
Applications of Artificial Intelligence, 24, 733-747.

[9] Johnson, S. D., and Satchwell, R. E. (1993).

—

The effect of functional flow diagrams on
apprentice aircraft mechanics’ technical system
understanding. Performance Improvement
Quality, 6(4), 73-74.

[10] Gitomer, D. H. (1988). Individual differences
in troubleshooting. Human Performance, 1(2),
111-131.

[11] Bradley, D. (2010). Mechatronics—More questions
than answers. Mechatronics, 15(9), 827-841.

[12] Sudsomboon, W. (2011). Effects of a computer-
based concept mapping: The learning

innovation in industrial education. Technical

_14-1303(001-222).indd 12

[13]

[14]

(18]

[16]

(7]

(18]

[19]

(20]

Technical Education Journal King Mongkut’s University of Technology North Bangkok

Education Journal King Mongkut’s University of
Technology North Bangkok, 2(2), 11-19.
Andersen, H. (2002). Experiences from a
pedagogical shift in engineering education.
Joumal of Engineering Education, 6(2), 139-144.
Savery, J. R. (2006). Overview of problem-
based learning: Definitions and distinctions.
The Interdisciplinary of Journal of Problem-
based Learning, 1(1), 9-20.

Sudsomboon, W. (2010). A competency-based
curriculum development development model in
automotive  technology  subject.  Technical
Education Journal King Mongkut's University of
Technology North Bangkok, 1(2), 11-19.
Sudsomboon, W., and Hemwat, B. (2012).
The Development of Automotive Mechatronic
Systems Training Strategy for Enhancing
Problem  Solving Skills  within  Current
Situation. Journal of Srinakarinwirot (Science &
Technology), 4(8), 51-69.

Mason, G., Williams, G., and Cramer, S.
(2009). Employability skills initiatives in higher
education: What effects do they have on
graduate labour market outcomes? Education
Economics, 17, 1-30.

Molleman, E., and Van den Beukel, A. (2007).
Worker flexibility and its perceived contribution
to performance: the moderating role of task
characteristics. Human Factors and
Ergonomics in Manufacturing, 17(2), 117-135.
Moskal, P., Taylor, E., and Keon, W. (2008).
Summary assessment in higher education and
the management of student-learning data.
Academy of Learning & Education, 7, 269-278.
Office of the Education Council. (2009). A
Study of Manpower Attributes in Vocational
and Technological Education Guidance Upon

Thai Social Demands: A Case Study of

12/15/57 BE 11:39 AM



[21]

_14-1303(001-222).indd 13

018a1SOBIMSASAEANSOMNENNNSSY ws:vouInaws:uAsirto

Industry Sector. Retrieved December 15,
2011, from http://www.onec.go.th/onec_
administrator/uploads/Book/1000-file.pdf
Sudsomboon, W., and Anmanatrakul, A.
(2011). Innovative of an Instructional Design
for Thai Industrial Education Through Case-
Based Reasoning. King Mongkut's of
Technology North Bangkok, Journal of
KMUTNB, 20(1), 17-27.

UA 5 auUA 2 nsnMAU - SUDIAU 2557

13

12/15/57 BE 11:39 AM



