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Abstract

The main aspect in physics learning is the use of equation in problem solving.
Equation is a mathematical form of theoretical statements, principles, and laws in
physics, and describes a relationship between one concept to another by using a
specific symbol. In a context of knowledge dimension, equation is a procedural
knowledge. Students are required to master a lot of equations in order to solve
physics problems and assist them in developing their higher order thinking skills. In
reality, there are many physics teachers who are unable to produce higher order
thinking problems for students’ exercises. The reason is due to the lack of technical
guidance on how to create physics higher order thinking problems. This study
investigated a simple technical guidance to produce physics problems which suitable
for helping students in enhancing their higher order thinking skills. The guidance is
called metacognitive knowledge pattern. This study has successfully developed three
knowledge patterns which can be used to compose physics higher order thinking
problems namely triangular, rectangular, and hexagonal patterns.

Keywords: metacognitive knowledge, higher order thinking, metacognitive
knowledge pattern

Introduction

In accordance with the regulation of National Education Ministry No. 26 Year 2007,
the main task of a teacher is to prepare instructional materials which accommodate
higher order thinking skills. This indicates that the learning materials developed by
teachers are expected to enhance this skill. One important component of learning
material which received less attention by teachers is the development of higher order
thinking problems for students’ exercise. The exercise problems provided by
teachers were oriented mainly on the development of low level thinking skill. Results
of questionnaire on physics instruction given to 38 high schools teachers at Soppeng
District showed that 80.5% of teachers used problems available at students’ textbook,
19.5% of teachers composed problems by themselves utilizing students’ textbook as
a reference. It was also found that 100% of teachers used problems which suitable
only to develop comprehension and application skills of students. This indicates that
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teachers are having difficulties in composing problems to train students in
developing their higher order thinking skills (Abdullah, 2012).

Further investigation was conducted by interviewing 5 physics teachers. It was found
that their difficulty in producing higher order thinking problems is due to: (1) they
have never been trained to develop high order thinking problems, and (2) there is no
guidance on how to develop such problems.

Based on this observation, the research team conducted a thorough investigation on
problems sets available in physics textbook authored by Resnick & Halliday. This
book was chosen based on its international reputation and it has been translated into
many languages for physics teaching and learning.

Theoretical Framework

Metacognitive experts agreed that the main objective of learning is to develop higher
order of thinking skills. This ability can be developed by providing students with
problem solving exercises based on metacognitive knowledge (Abdullah, H &
Khaeruddin, 2012). Arends (2008), Anderson & Krathwohl (2001) pointed out that
metacognitive knowledge is the implementation of procedural knowledge in solving
problems either in real life or problems in a form of cognitive conflict.

Santrock (2007) stated that metacognitive knowledge is a strategic knowledge on
how and when a specific procedure is used to solve problems. Similarly, Arends
(2007) mentioned that metacognitive knowledge is students’ cognitive knowledge
and when to use conceptual and procedural knowledge to solve problems.
Torkamani (2010) pointed out that metacognitive knowledge is a knowledge used in
problem solving. Balcikanli (2011) interpreted metacognitive knowledge into three
types of knowledge namely declarative, procedural and conditional knowledge.

Some literatures  differentiated the term of  metacognitive and
metacognition. Metacognitive is related to knowledge dimension while
metacognition is coined into thinking process. Lin (2001) defined metacognition as
the ability to comprehend and monitor thinking styles and its implied activity.
Dawson (2008), Coskun (2010) and Shanon (2008) translated metacognition as
thinking about thinking. Veenman, Wolters dan Afflerbach (2006) and Wernke,
Wagener, Anschuetz, & Moschner (2011) stated that metacognition is high-order
cognition about cognition. Duque, Baird and Posner (2000) mentioned that
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metacognition is a process of thinking on its cognition skills, cognition strategies,
and cognition tasks.

Based on experts opinion it appears that there are two important aspects of
metacognitive knowledge, namely: (1) procedural knowledge, and (2) problem
solving. Hence, metacognitive knowledge can be said as the usage of procedural
knowledge dimension (including conceptual and factual) in solving problems
particularly those related to daily life problems.

There are many benefits gained by students through the implementation of
metacognitive knowledge. Kruger and Dunning (cited by Tok, Ozgan and Dos, 2010)
pointed out that metacognitive knowledge is an important aspect in learning and can
be used to predict academic achievement. Lin, Schwartz d and Hatano (2005) stated
that metacognitive knowledge is used to assist students to monitor and control the
effectiveness and accuracy of their understanding as well as their solving problem
skills. Christine (cited by Kim, Park, and Baek, 2009) explained that metacognitive
knowledge is important in enhancing the level of higher order thinking.

Generally, metacognitive knowledge is a nutritious substance for human brain.
Therefore, in order to reach the level of higher order thinking skills, students must be
trained through various problems based on metacognitive knowledge, one of them
by using higher order thinking exercises.

Physics is a unique subject taught in school and required the whole human potentials
available to learn it. One of the most prominent potential required in studying
physics is logical thinking. Student who knows physics has a certain level of logical
thinking and this is closely related to higher order thinking skills.

An indication that physics contained logical thinking is reflected from the IF-THEN
relationship. For instance, IF a car is braked, THEN it will stop. IF a stone is thrown
from a high place, THEN it will fall freely, and so on. IF-THEN relationship in
physics describes two conditions, initial and final condition. These two conditions
are connected by a procedural knowledge. An example for this is in the following
problem.

Problem 1

A car is moving at a speed of 60km/h. How far the car has moved in one second when the driver
looked at the side of the road where an accident occurred (Source, Resnick & Halliday,1989)
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The solution of this problem can be done by drawing a logical sketch as follows:

£ t=1s
t:O ! ) v=60km/h
: v=60km/h I
O el O =
initial condition final condition

S 7
Y

Between initial condition (t=0. dan v=60km/h) and final
condition (t=1s. dan v=60knv'h) there is a procedural
knowledge AS=vAt

- L
IF-THEN statement
IF the car is moving at a constant speed of 60km/h. THEN the
distance travelled after moving in 1 second is 16,67m

Figure 1. Logical sketch of problem 1

The use of logical sketch is not only making student to be easier in determining
principle, law, and equation, but also train students to use their logic and hence
improving their thinking skill systematically. It can be seen that the logical sketch
has a certain pattern of metacognition knowledge. This pattern is related to the
problem solving technique by using an equation. As an illustration for the above
problem, its knowledge pattern is pictured as follows,

e < A quantity to be determined

Given quantities

Figure 2. The metacognitive knowledge pattern (triangular type)
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The use of A in S and t indicates the change of position and time from initial to final
condition, while v without A indicates constant velocity. Triangular type is a basic
pattern describing one procedural knowledge. This pattern is commonly used by
teachers in designing problems for students’ exercises as it is very simple and
suitable to train basic knowledge operation but it will be very difficult to be
developed into higher order thinking problems.

The development of metacognitive knowledge pattern was studied by analyzing a
solution of escalator kinematic problem. A problem in a physics textbook written by
Resnick & Halliday was used for this purpose and it is explained in following
discussion.

Procedure and Discussion

Based on the procedure developed in this research, physics textbook written by
Resnick & Halliday was selected to be studied. The book was chosen simply because
of it is widely used as a main reference in teaching physics in Indonesian universities
and other countries. Besides that, problems provided in this book were arranged
systematically based on the level of difficulties.

The next step was studying problems about motion in one dimension at constant
velocity. It was found that there is one problem required higher order thinking skill.
This problem is related to escalator kinematics as follows.

A person is walking upwards in a rest escalator. She arrives on top of the escalator in 90s. If she
just standing and the escalator is moving she arrives on top in 60s. How long does she will take
to reach top while walking in a moving escalator? (Source: Resnick & Halliday, 1997)

International Physics Education students. The results showed that 90.77% of
students were unable to answer the question correctly. The rest 9.23 % of students
answered the question correctly but their answers were not equipped with logical
sketch similar to the following sketch provided by the team.

Solution to escalator kinematics problem

It is clear that there are three different motion systems in this problem. The logical
sketch and its knowledge pattern can be drawn as follows:
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First motion

S=v.90

Second motion

Third motion

S=wW+uv)t ’

Figure 3.c. Logical sketch and knowledge pattern for the third case

Substituting the first equation into the second equation, it gives:

U‘E_B
v 2

Then, the second equation is substitute into the third equation, it gives:
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v+ve 60

v

- .. (3
From equation (2) and (3) we will have t = 36s. So, the time she need to reach the top of
escalator is 36 s.

Based on the analysis results of escalator kinematics problem, triangular type was
found in every case. If all triangular patterns is combined and S is used as correlation
quantity (the height of escalator is the same for each case), it result in a new pattern
as depicted in Fig. 4.

Procedural knowledge 1 Procedural knowledge 2

|

Concept/Quantity as problem
statements

Hidden concept/Quantity
(not clearly mention)

Concept/Quantity to be
determined

Procedural knowledge 3

Figure 4. Hexagonal pattern
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FeT -3 Hidden
g ~ concept/Quantity

— Concept/Quantity as problem
statement

/ : :
/ Concept/Quantity to be
Procedural knowledge 1 Procedural knowledge 2 determined

Figure 5. Rectangular pattern

Based on three design of knowledge pattern mentioned above, each pattern can be
defined as follows: (1) triangular pattern is a basic pattern which contain only one
procedural knowledge, (2) rectangular pattern is a pattern which contain two types of
procedural knowledge, and (3) hexagonal pattern is a pattern which contain three
types of procedural knowledge. For rectangular and hexagonal pattern, their
procedural knowledge can be similar or different types.

The next problem is how to design problems for higher order thinking exercises by
using the aforementioned knowledge pattern. As an example, rectangular pattern
with two different procedurals knowledge will be developed. For instance, a problem
which connected two different equations, its procedure is as follows.

1. Established procedural knowledge, for example:

F =ma Av
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2. Create knowledge pattern, such as

s Hidden
concept/Quantity

Concept/Quantity to
be determined

Concept/Quantity as problem
statement

Procedural knowledge 1 Procedural knowledge 2

Figure 6. Techniques to design problem based on rectangular pattern

3. Determine the quantity or concept to be the statement, hidden or asked. For
instance, the problem statement are F, m, and At, while a is hidden quantity, and Av
IS a quantity to be determined.

4. Draw a logical sketch, such as in Fig. 7

Mass of a car =1000kg

P=1000N4—& F=20N €= 2 )
AT,

Question: Determine the initial velocity of the car

Figure 7. Logical sketch to design problem for student exercise

5. Develop problem, for the above case, the problem can be stated as follows.

A car is moving with constant velocity on a straight road. The driver is suddenly slammed on
brakes with a force of 1000N when he sees an accident blocking the road. He noted that it take
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20s to stop the car in front of the accident site. Determine the velocity of the car at the time the
driver slammed on brakes.

In the process of problems development the use of box like the above examples is not
important and teachers can create their own style. They can develop problem modes
which appropriate or suitable with their students’ environment such as hole on the
road, a cat or a herd of cattle crossing the roads. Similarly, teachers can use examples
other than a car and it is not necessary the problem that related to the road.

Conclusion

There are three basic patterns of metacognitive knowledge in physics that can be
used as guidelines in the development of metacognitive questions namely triangular,
rectangular, and hexagonal patterns. Each pattern has its own characteristics in
measuring the ability of the thinking process. The more complex knowledge
patterns used in designing problems the more higher order thinking skills that can
be measured.

Recommendation

There are various knowledge and aspects which can be investigated through
problems available in physics textbook of Resnick & Halliday as well as other
textbooks. We encourage physics teachers to study physics problems which
accommodate more complex procedural knowledge.
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