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Designing of a Learning Strategy for Critical Thinking Skills Development
on Analytical Mathematical Modeling of Mechanical System
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Abstract

The objectives of this research were: (1) to design a learning strategy for critical thinking skills
development on analytical mathematical modeling of mechanical system; and (2) to compare the learning
achievement pre and post test through a learning strategy for critical thinking skills development on analytical
mathematical modeling of mechanical system. The subjects were 31 senior undergraduate mechanical
technology students at Faculty of Industrial Technology, Nakhon Si Thammarat Rajabhat University in semester
1/2014. The sampling size was selected by purposive sampling for teaching and learning in 5593716 CNC
Technology course. The research instrumentation was literature reviews synthesis within pre-post test. Data
were analyzed by mean, standard deviation, and t-test dependent. The results revealed that a learning strategy
for critical thinking skills development on analytical mathematical modeling of mechanical system was five
steps as follow as: 1) new case, 2) retrieved case, 3) solved case, 4) tested case, and 5) learned case. The post-
test mean score was higher than pre-test with the statistically significance difference at .05. Furthermore, this
research was also some suggestions of use learning strategy, that support students’ thinking and reasoning
respectively.
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1. Introduction

Today’s, the Faculty of Industrial Technology
(FIT) at Nakhon Si Thammarat University (NSTRU)
is dealing great efforts to transform from a local
university to a research university in area of
excellences, so the high demands for reforming
technology education to foster quality technologists
required by industrials are put forward. But
traditionally technology education in FIT, NSTRU is
detached from or lags behind the rapidly growing
industry demands, and the connection between
enterprises and universities is not close enough.

However, it has not been commonly evidenced
that critical thinking skills development increase
both learning and enjoyment during coursework in
FIT, NSTRU. Researchers have currently introduced
the Bachelor of Science (B.S.) in Mechanical
Technology program and the current students
studied 5593716 CNC Technology course in the
semester 1/2004. This paper attempts to bridge the
critical thinking skills development gap between
Mathematical Modeling and Mechanical
Technology graduates. It has been widely
acknowledged that all mechanical technologist must
be employed with CNC machines as career
professionals regardless of their specialization.

The initial curriculum was developed in such a
way that 60% of the courses taken by practical
pedagogy. Hence, mechanical students were not
identical to know ‘how to design’ and or ‘how to
control of mechanical systems’. The remaining 40%
are specialization courses related to advanced
mechanical technology such as, CNC machines,
PLC with pneumatic and hydraulics, and robotics.
There are least lectures for teaching the mechanical
technology by integrating analytical mathematical
modeling in this area. It affects of a wide range of
students that demonstrate the numerical skills,
knowledge application and integration of knowledge
taught in projects to create practical intelligent
products or systems.

Ogata [1] describes this modern trend is to
combine mathematical modeling, theoretical
analysis, and computer simulation. However, it is
generally viewed that changing technology students
to enhance the ways knowledge and skills are used
in real world practice. While this may be true for
provides some preliminary mathematical concepts
and methods that play essential practices for
analyzing of dynamic systems in Computer
Numerical Control (CNC) Machines.

In fact, mechanical technology students lack
necessary basic numerical skills as well as higher
order thinking skills; today’s workplaces often
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demand high competencies of both skill sets.
Currently, CNC machines are found almost
everywhere, from small job shops in rural
communities to fortune in large companies. The
technologist is hardly on demand as a facet of
manufacturing that is not in some way touched by
what these innovative machine tools can do.
Students’ have involved in the manufacturing
environment should be well aware of what is
possible with these sophisticated machine tools.
Among these forces is globalization of the
workplace, decision-making, modernized
production, new technologies, and multiple roles on
knowledge workers. Thus, mechanical technology
program is revamping their instructional strategy to
focus on problem solving as a key component of the
industrial educational leader in professional
curriculum.

The objectives of this research were: (1) to
design a learning strategy for critical thinking skills
development on analytical mathematical modeling
of mechanical system; and (2) to compare the
learning achievement pre and post test through a
learning strategy for critical thinking skills
development on analytical mathematical modeling
of mechanical system.

2. Theoretical Background

2.1 What is a critical thinking skills development
in this study?

Mechanical technology education aims to
promote quality of the problem-solving skills by
engaging theoretical, and develops real-world
problem-solving on social demands to improve
future technologist competencies [2]. One of the
most widely used well completion challenges to
promote well teaching and learning effectively in
mechanical engineering education is dynamic
system and modeling analysis Due to its highly
learning achievement and applications, its deal with
the mathematical modeling of well dynamic systems
and response analyses of such systems with a view
toward understanding the dynamic nature of each
system and improving the system’s performance in
Computer Numerical Control (CNC) Machines [1].

While interest in technology changes has been
affected to improve problem-solving skills, students
has been lack. Hannafin and Land [3] stated that
teachers hold traditional teaching methods, didactic
beliefs and use “conventional ways” without
sustainable development for student-centered
problem solving. For this reason, researchers were
analyzing many researches and journals related to
dynamic system and modeling analysis, teaching and
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learning, and technology-enhanced scaffolds for
designing problem-solving, implications for real-
world engineering education [4], [5].

As a result, Case-Based Reasoning is fit to
employ as the problem solving technique that uses
and adapts the solutions of analogous past problems
to solve new problems [6]. The competitive
advantage is gain an ample portion of these
background knowledge and skills. The ideas are
supposed to conduct teaching and learning in
5593716 CNC Technology course in semester
1/2014. With this reason, students often learn facts
and rote procedures to link the analytical reasoning
and application of knowledge. Problem solving has
become the conceptualized as rejoin content and
application in a modern learning environment for
basic skills as well as their application in various
contexts.

On the other hand, CBR is a heuristic-intensive
and highly dispersed and modern innovative
expertise integrated system which affects the
decrease efficiency for students learning the

Confirmed
Solution

General
Knowledge
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following: (1) CBR is problem-solving skills in
critical thinking to meet the specific competences of
individual pace; (2) CBR takes computer technology
as its foundation; and (3) CBR can perfectly meet
the requirements of lecturers and power
consumption of different students application. Since
the students must be prepared the critical thinking
skills for previously (e.g., numerical skills,
information technology skills, engineering design
skills, control engineering skills) that is based on the
utilization of CBR can enable much more promote
Mechanical Technology program and the current
students studied 5593716 CNC Technology course.

2.2 Analytical of Case-Based Reasoning

CBR stated as a heuristic human problem solving
behavior that has been adapted for computer use. It
is based on recall and reuse of specific “cases” and
offers techniques for acquiring, representing and
managing previous experiences. The CBR cycle
have four-step process of retrieve, reuse, revise, and
retain is detailed as shown in Figure. 1.

Suggested
Solution

Figure 1 The CBR cycle [7]

e Retrieve: The process of finding cases, and
their corresponding solutions, in the dataset
or knowledge base that are most relevant to
the given case.

e Reuse: The process of mapping the most
common solution from the knowledge base
for the given case. The reuse process also
allows for adaptation of the most common
solution, as needed, through the use of rules
or “if statements” incorporated into the
system.

e Revise: The process of testing the new
solution. If the new solution is successful,
the process moves directly to retain. If the
new solution does not work as expected or
needs additional fine-tuning, the solution is
further adapted to achieve the desired
result.
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e  Retain: The process of storing the new
case and its final solution in the knowledge base for
future use in the case-based reasoning process.

Furthermore, CBR is a model of cognition
strategy in which individuals construct schemas
based on their interpretations of particular situations
(cases or stories), store these in memory, and prior
knowledge to construct a new situation through a
process of analogical reasoning [8], [9]. An
individual possesses a store of cases that are
interpretations of students’ experiences. When cases
are stored, they are ‘indexed’ in the memory and the
indexes for a case enable a person to locate and
retrieve a relevant case or cases when confronted by
a new situation.

Using the past experience might also be
constructed when coming to understand the new
situation, causing a case to be ‘re-indexed’ [10].
Then, CBR is suitable to conduct in the study that
considered a ‘natural’ form of students’ reasoning,
their prior knowledge to make sense of new
situations [11].

2.2 Case-based reasoning instructional strategy
(CBRIS)

When used the CBRIS as an instructional
strategy, CBR is thought to teach students’
understand mathematical modeling and analysis of
mechanical systems for a particular situation (the
case), identify the range of issues involved in
memory in the specific case, make decisions, and
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suggest solutions, and formulate principles for
handling future situations. This approach can
enhance students to link theory and practice by
offering a means to contextualizing learning in a
way that connects content knowledge.

As novices, the benefit of CBR resides in its
potential for developing a learning system that learns
as new cases are solved. Learning occurs as a natural
by-product of the process [6]. It is important to
propose that CBR guide to solve problems
effectively. For the application of mechanical
engineering, each time a new solution is generated
and a problem is solved, the experience is stored
through the retain process to be used later on in
solving similar problems. On the other hand, when
the proposed solution to the problem fails, the
reason for failure is identified and retained in order
to avoid the same failure in the future [12].

The CBRIS design was often taught as a set of
procedures accompanied by simple examples and
experiment in laboratories. CBRIS has more recently
emerged as a conceptualized to bridge this gap
between theory and practice in instructional design
education [13]. The CBIS model was employed by
Ertmer and Russell [13], argued that CBIS approach
as shown in Figure 1 are well-suited to conduct
teaching instructional design that can be represented
in the experimental model as follow as [14] [15] [16]
[17]:

Focus on process rather than

A

Incorporate situational knowledge

A

Require analytical

and reflective skills

A

Combine content knowledge and critical thinking

A4

Encourage habits of thought and ‘thinking like practitioners

bl

\ 4

Develop students’ communication and interpersonal skills

Figure 1 The theoretical framework
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The CBR learning strategy can be linked
the integration of realistic case studies into 5503901
Industrial Technology Research course in-depth
insight to set problems and experience through
mathematical modeling and analysis of mechanical
system.

3. Research Methodology

3.1 Design

This research was one group pre-test and post-
test design.

3.2 Subjects

The subjects were 31 senior undergraduate
mechanical technology students at Faculty of
Industrial Technology, Nakhon Si Thammarat
Rajabhat University in semester 1/2014. The
sampling size was selected by purposive sampling
for teaching and learning in 5593716 CNC
Technology course.

3.3 Research Instrumentation

The research instrumentation were literature
reviews synthesis within pre-test and post-test. The 5
experts evaluated to select the suit item tests with
IOC = 0.6. The IOC results as whole as 0.78 and
then tested try-out with non-sampling size 30
students to find reliability was at 0.84.

7 8 altun 1 wnTAy — TuNAN 2558

3.4 Data Collection

The four weeks were employed in data
collection. Researchers taught students to enhance
critical thinking skills via electronic journal data
base. The 12 articles related CNC control on Non-
holonomic mechanical systems (NHMS) was
discussed individually. Researcher assigned students
to represented 1) new case, 2) retrieved case, 3)
solved case, 4) tested case, and 5) learned case to
validate the learning strategy for critical thinking
skills development on analytical mathematical
modeling of mechanical system [17].

Students have been selected the similar case and
measured critical thinking skills as follow as:
problem-solving, decision making, analyzing,
reasoning, and evaluating. Researchers taught the
applicability of CBR as the adaptation knowledge to
study the control of mobile manipulators presents a
significant increase in the single mobile manipulator
case.

This will impose students that: [17]

1) A set of kinematic and dynamic constraints
was on the position and velocity of coordinated
CNC control on NHMS as shown in Figure 2.

—— e -
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Figure 2 A set of kinematic and dynamic constraints on the position and velocity of
coordinated CNC control on NHMS
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2) The well NHMS datasets represent a
tremendous amount of knowledge to idealize the
relationships between kinematic modeling and
dynamic modeling by eliminating the relative
motion [18], [19], [20], [21].

The implication has determined the trajectories
of points of the system. The equations of motion of
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the system associated as the generalized coordinates,
and then applied a CBR in each of step:

1. Index assignment: students is searching
the case as the generalized coordinates %,, ¥,, £ and ¢

as shown in Figure 3,

Figure 3 Non-holonomic mechanical systems [18]

Xy cosp £ % elnp =0,

dyelmg — % oep — BF = JEFF - =0
2. Retrieve: Solving the problem by taking #

and ¢ as independent velocities, students can be

obtained the equation

¥ =t ¢ dug, ¥ = “Z¢coap
3. Reuse: Derived the kinetic energy of the

system, provided that the masses of the point M, and
M, can be written in the equation

F ==+ 28+ GE4 28

e e

4. Revise: Finding the result of eliminating the
dependent velocities in the expression for T~ using
the constraints equations and formulate the
equations of motion in Chaplygin form Fufagev &
Neimark [11]

& ar’ er® e .
woer o Tt

- .
o 5 3F ~ & ae

4" = %" g%.4%,

4% = &, = Helo= 1w §* = §, = —fboup= v
Students obtain the following equations of
motion:

E=0, Eal=0

These equations can be integrated in succession
giving

P=Ci=k, W= C =%y

1= ittt g= %I“ln{%:t + 50 +C;

5. Retain: In the special case when &, =0, the
point of M, can be at rest of radius &, while the
point of M; will move uniformly over the circle.
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If the point M, is at rest, the point M, will move uniformly along the fixed straight line. The boundary condition

is: E.Ozlaénzla LPD:L';'i}D:l

6. Output: Students solve the equation on the laws of motion of the points

Y= — ﬂ femlndE +12] - coelmit + 1]} + 6, (& + 1) cesllnie + 17]

M; (s =1, &, =0) and M, (s =2, &5, = 1) Thus, the solution is:

ik

xg="— Geinllnft + 10] - casliele + 131} + 62 e + 1) cosllude + 17]

The pre-test was measured in the first day and the
post-test was measured in the final day, amount 30
marks respectively.

3.5 Data Collection

Data were analyzed by mean, standard deviation,
and t-test dependent.

4. Results

4.1 To design a learning strategy for critical
thinking  skills  development on analytical
mathematical modeling of mechanical system

Students were synthesized the 12 article journal
related from electronic database for example:
sciencedirect and IEEE transaction. Researchers
were measured by formative test through between
kinematic modeling and dynamic modeling by
eliminating the relative motion as shown in Table 1.

Table 1 Synthesis of CNC control with NHMS

Themes Mean SD. Ranking
1. New case 4.36 0.89 high
2. Retrieved case 4.19 1.73 high
3. solved case 4.03 1.91 high
4. tested case 3.94 2.15 high
5. learned case 3.84 243 high

The results showed that the mean score all
aspects were at high level. As a result, this research
was also some suggestions of use learning strategy,
that support students’ thinking and reasoning
respectively. Researchers were accepted this result
to conduct one group pre-test and post-test namely
Case-Based  Reasoning  Instructional  Design
(CBRIS) as shown in Figure 1.

4.2 To compare the learning achievement pre-
test and post-test through a learning strategy for
critical thinking skills development on analytical
mathematical modeling of mechanical system

Table 2 The t-test dependent of learning
Achievement

Score Mean SD. t df Sig

Pre-test 16.16 931 | -12.58 30 | .000%*

Post-test 24.87 5.69

*P <.05

In Table 2, the post-test mean score was higher
than pre-test with the statistically significance
difference at .05.

5. Discussion

Conducting experimental studies in this study is
improving the instructional strategy for industrial
technology education because they allow studying
‘thinking like practitioners’ in potential new learning
innovations. Their ability was to solve problems and
to establish whether CBRIS enhances
it. This study both included an analytical reasoning
approach and a previous experience. The fact there
was a substantial treatment effect CBRIS, although,
CBRIS is a new dimensions of learning-instructional
strategy, it is a present one: enhances students’
ability to solve engineering problems.

The finding was consequently CBRIS design was
often taught as a set of procedures accompanied by
simple examples and experiment in laboratories.
CBRIS has more recently emerged as a
conceptualized to bridge this gap between theory
and practice in instructional design education [6],

(71, [11].
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Reuse

Retrieve

Retrieved Case

New Problem

Solved Case

O9 8 aduf 1 unTAy — SHNAY 2558

Revise

Tested Case

l Retain

Learned Case

Confirmed Solution

Figure 1 The CBRIS Model

Moreover, using the past experience might also
be constructed when coming to understand the new
situation, causing a case to be ‘re-indexed’ [9].
Then, CBR is suitable to conduct in the study that
considered a ‘natural’ form of students’ reasoning,
their prior knowledge to make sense of new
situations [10], [13], [22], [23].

Sudsomboon [17] have shown that, an
application of a CBR to teach analysis of non-
holonomic mechanical (NHM) systems. In this
study, the key challenge of teaching a class of
dynamic systems arises from the fact which
considers the problem. Both 5592103 Machine
Design I and 5594111 Machine Elements courses at
Mechanical Technology Program, Nakhon Si
Thammarat Rajabhat University applies CBR into
the motion of a plane NHM, consisting of two point
masses, which move in such a way [23].

CBR describes as a constructivist teaching
consists of systematic process: retrieve, reuse, revise
and retain is investigated. This instructional strategy
made enhance of their students’ thinking by the
inclusions of NHM idea benefits students, who are
able to solve the equations of the constraints of such
a system, are derived.

The content should be added the block diagram
representation and introduction to control system.

Finally, the real world situation did better on the
employ of the strengths of CBRIS model. Other
methodology of problem solving, such as authentic
assessment of the solution and computer simulation
and its feasibility, did use to conduct for completely
results context; therefore, the means were better in
the whole aspects [4], [5], [13].

The role of the students was to

e  Students define and analyze the problem
chosen for learning as new problem through index
assignment;

e  Students retrieved case with generate ideas
incorporate situation knowledge. Then, Knowledge
system model representation is identifying the
rotational mechanical systems with configuration
form;

e  Students require analytical and reflective
skills to derive the mathematical modeling and
analysis of rotational mechanical systems and solved
case as a reuse step and research their learning
objectives. Students were gather information for
solving problem from textbook, article journal in
related field, group discussion;

e  Students report  back, synthesize
explanations and apply newly acquired information
to the problem for tested case as a revise step to
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derive state equation, transfer function and analysis
of system response; and

e  Students’ combine content knowledge and
strategic thinking as thinking practitioners’ as a
retain step. The reiterative CBRIS also encouraged
students and facilitators to evaluate the process and
outcome of the CBRIS experience through students’
communication and interpersonal skills. The
solutions from expert will be showed and researcher
is discussed and recommended.

On completion of CBRIS process, a post-test of
students’ approaches to learning was conducted
using as same as the rotational mechanical system
with deep and surface approach scales.

5. Conclusion

The outcomes of this study suggest that a case-
based reasoning instructional strategy that supports
the senior level of undergraduate mechanical
technology students of Mechanical Technology
Program, Faculty of Industrial Technology at
Nakhon Si Thammarat Rajabhat University was
conducted prior to the commencement of
mathematical modeling of mechanical systems. For
accomplishment in the research, a pre-test and post-
test of their approaches to learning have been
employed.

The appropriate implication was enhanced
students’ learning outcomes to encourage students to
adopt an appropriate approach or to discourage them
from adopting an inappropriate approach to learning.
Furthermore, the CBIS model developed an
understanding of the learning innovation of
instructional strategy practice and was able to
provide use of that knowledge to solve their
students’ performance.
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