United Arab Emirates University

Scholarworks @ UAEU

Theses Electronic Theses and Dissertations

1-2014

Heat Misconceptions among 11th Grade students

Amnah Mohamed Abdullah Al Kaabi

Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all theses

Part of the Curriculum and Instruction Commons

Recommended Citation

Al Kaabi, Amnah Mohamed Abdullah, "Heat Misconceptions among 11th Grade students” (2014). Theses. 716.
https://scholarworks.uaeu.ac.ae/all_theses/716

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for

inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl. musa@uaeu.ac.ae.


https://scholarworks.uaeu.ac.ae?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F716&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/all_theses?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F716&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/etds?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F716&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/all_theses?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F716&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/786?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F716&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/all_theses/716?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F716&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:fadl.musa@uaeu.ac.ae

mEU College of 8% 5131l | dagpall Ciljlall deals
Education “# United Arab Emirates University

UNITED ARAB EMIRATES UNIVERSITY
COLLEGE OF EDUCATION

DEPARTMENT OF CURRICULUM AND INSTRUCTION

HEAT MISCONCEPTIONS AMONG 11" Grade STUDENTS

Amnah Mohamed Abdullah Al-Kaabi

This thesis 1s submitted in partial fultilment of the requirements for the degree of Master of
Education in Science Teaching

Under the supervision of Dr Al K. Al-Nagbi

January 2014



ORIGINALITY OF THE THESIS WORK

I, Amnah Al-Kaabi. the undersigned, a graduate student at the United Arab Emirates
University (UAEU) and the author of the thesis. entitled “Heat misconceptions among
the 11" grade students”. hereby solemnly declare that this thesis is an original rescarch
work done and prepared by me under the guidance of Dr Al K. Al-Nagbi. in the College
of Education at UAEU. This work has not been previously formed as the basis for the
award of any academic degree. diploma or similar title at this or any other university. The
materials borrowed from other sources and included in my thesis have been properly cited

and acknowledged.

Student Signature: \ %P{Y\T\ 0\‘\9 Date: 8 January 2014




LIBRARIES

\\\ \\\ \\ [ILNL

S
PECIAL COLLECTIONS



© 2014 by Amnah Al-Kaabi

All rights reserved



APPROVAL

This thesis has been approved by the Examining Committee:

1) T'he Advisor: Dr Ali Khaltan Al-Naghi
Title: Associate Professor
Department:  Curriculum and Instruction

College: l-ducation

Signature: ‘ el Date: 8 January 2014

2) Mcember: Dr Nagib Mahtoodh Baltakih
Title: Associate Professor
Department:  Curriculum and Instruction

College: Education

Signature: \'\ e gi)a.u 8 January 2014

3) Mcmber: Dr IHassan [ lamed Tairab
litle: Associate Professor

Department:  Curriculum and Instruction

College: Education 7
(/
Signature: / //’/7 / / Date: 8 January 2014
Gr T

77 _~




ACCEPTANCE
[ he thesis has been aceepted by:

Master Programme’s Coordinator: Dr Hala I:Thoweris

Signature: Hale 2/@%'4\—‘ Date:_23 June 2014

Dean. College of Education: Prof. Steven Bossert

Signature: 2; ; [ ] Date:_23 June 2014
o

vi



ABSTRACT

This study explores the misconception of the female students at 11" grade about the
heat concepts (e.g.. latency. conduction. equilibrium. boiling point. etc.). The study targets
to 1- classifying the misconception nature. and 1i- distinguishing the heat misconceptions
from the point of the lack of knowledge and lucky guess. A sample of 230 temale students
at 11" grade randomly selected from five secondary schools in the Emirate of Fujairah:
northern UAE. The Heat Misconception Test (HMT), « three-tier diagnostic instrument
comprising of ten questions is used as a data collection tool. The study raises the three
research questions 1- what the misconceptions are the 1™ grade students demonstrating
about the heat concepts?. ii- what would be the percentage of the 11"™ grade students who
demonstrate lack of knowledge about the heat conceptions. and 1ii- what would be the
percentage of the 11" grade students who demonstrate lucky guess about heat concept?.
The participants classitied into four categories according to their understanding about the
heat concepts i- misconceptions. 1i- lack of knowledge. 111- lucky guess, and iv- scientific

Knowledge.

The data analysis reveals that most of participants from the 11" grade students expressing
misconceptions about the heat as a physical phenomenon. whereas more than 50% of the
participants expressing misconceptions about heat equilibrium. The conception of latent
heat. boiling point. specitic heat capacity. and heat latent expressed by 62% of the
participants. 13% expressing heat misconceptions from the lack of knowledge. However,
3% of the students expressing heat misconceptions that related to lucky guess by all

questions in HMT. On the other hand, 21% of the students having a proper scientific

vii



knowledge about the heat physics. As the misconception about teaching a physical
phenomenon is a learning challenge. the study recommends improving the delivery of the
scientitic subject to be more practical than theoretical. Moreover. the test should consider
conceptions of the students regarding the natural phenomena. The implications of the study
are for the science teachers to encourage the students to engage intensively in the
classroom interaction. The implications as well for the science curriculum specialists to

introduce easy-to-understand scientitic knowledge and problem solutions.

Kevwords: physics teaching, heat misconception test. 1 1 grade students, Fujairah. UAE.
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GLOSSARY

The listed terms herein below are frequently used in this thesis. which retlect the specific

meaning within the thesis context. these are:

»  flear: A dynamic process of energy transmission (Chiou & Anderson. 2010). Also
heat refers to a transfer of thermal energy (the total kinetic energy for atoms and

molecules in a substance) due to a temperature difterence (Wiser & Amin, 2001).

o Temperature: Refers to the measure of the average kinetic energy in a substance

(Chiou & Anderson. 2010).

* Misconception: Incorrect ideas about physical principles and concepts that the
students bring to the science classroom. This term could be used interchangeably as

preconceptions or alternative conceptions (Damas. 1994).

= Concepr: is the notion underlying a class of things or events. as currently intended
by the community of scientists. A concept acquires its meaning through its network

of relationships with other concepts (Abell & Lederman. 2007).

»  Lack of knowledge: the situation of being uncertain regardless of correct or

incorrect response to the first and/or second tiers (Hasan et al., 1999).

* Lucky guess: the correct answers to both tiers with uncertainty (Arslan et al., 2012).

Vi



CHAPTER ONE

INTRODUCTION

Since the late 1970s. the education research has been shitted from an emphasis on the
behaviourism to be more focused on the cognitive perspective to study the knowledge
abilities of the students. Many cognitive psychologists and constructivists stated that the
people always create new knowledge to be understood according to what they have
already known and believe: however. some parts of these theories are often not consistent
with the scientific conceptions to be misconceptions (Chang et al.. 2007).

All the conceptual frameworks of the children have been developed trom their
own experiences to be changed as they mature. However. their intuitive understanding of
the physical surrounding world around them does not frequently agree with the scientitic
explanation. Therefore. it is important to take in account this physical world while
planning instruction to know how these misconceptions differ from the scientific
explanation. and why the students construct these ideas. Thus. the science teachers should
identity. if any. the misconceptions of their own students by several approaches such as
diagnostic assessments.

The development of complex concepts needs to be in a series of thoughtful steps
as any missing in these steps would generate a misconception, or the correct explanation
is becoming unachievable. Consequently. the high quality of education is required to have
an appropriate instruction at each grade level so as to develop some key science concepts

pertaining the student understanding. Some constructivists recommended to use the

student misconceptions as an explicit starting point for developing new learning style.



The research on the science education have long been focused on the
misconceptions of the students about the natural science: especially in physics (Kaltakei
& Eryilmaz. 2010: Guisasola & Montero. 2010; Kucukozer & Kocakulah. 2008; Chee,
1996: Demirci. 2005: Menekse. et al.. 2010: Alwan. 2011; Kirbulut & Beeth. 2010:
Zacharia. Olympiou & Papaevripidou. 2008). This study aims at assessing the heat
conception and misconception (e.g.. latency. conduction. equilibrium, boiling point. etc.)
of the female students at 11th grade in Fujairah primary schools. The study targets to
classifying the misconception nature. and distinguishing the heat misconceptions from the

point of the lack of knowledge and lucky guess.

1.1 Physics
Physics is derived from Ancient Greek to mean the knowledge of narure. In modern
science. physics is concerned with describing the physical nature and phenomenon of the
matter and its motion through space and time. along with related concepts such as energy,
force. density. mechanics. etc. The modern extensions of the physics including astronomy
and cosmology. atomic and nuclear science. solid-state. plasma. dynamics. etc. (The Free
Dictionary. 2013). Many students believe that "Physics is difticult”. Angell et al. (2004)
investigated the views of high school students and physics teachers about Physics per se.
the students reported that studying physics is a difticult topic because they had to contend
with different representations. such as experiments. formulas and calculations. graphs and
conceptual explanations at the same time and had to make transformations among them.
The concepts of physics are considered by many science educators as a difticult
concept since these concepts are abstract ideas, invisible. (such as atomic structure. nature

of the electromagnetic waves, etc.) to be more complicated to be understandable for the

(5]



students; especially at the primary education (Podolefsky. 2008). However. why the
students describing physics as a difficult subject. Redish (1994) explained such student
attitudes towards physics as physics is a discipline requires the learners to employ a
variety of methods of understanding to interpret the abstract concepts into reality such as
in words. numbers. graphs. equations. diagrams. maps. etc. therefore. the physics
interpretation requires the ability of using a variety of mathematical applications as
algebra. calculus. and geometry, as well as to start from the specitic to broaden to the
general and vice versa. Such patterns of dealing with various physics problems may

create a sort of misconceptions among the students about many concepts in physics.

1.2 Science Misconceptions

The notion of the concept itselt has been problematic for the research educators. The term
concept has been received much concern in science education studies. Therefore. concept
defined by many authors based upon the use of the term within the context. The concepr
could be defined as the summary of the essential characteristics of a group of ideas and a
kind of intellectual framework that manages both old and new information (Al-Jubaili.
2002). On the other hand, Lawson et al. (2000) defined a concept as the one own ideas
about how the world works, which could be classitied into at least three types: theoretical.
descriptive and intermediate concepts.

Furthermore. the misconception is a quite ubiquitous problem in the science
education worldwide. Nevertheless, the research attempts that concerned with finding
appropriate approaches to solving the conception/misconception related issues. Oglesby
(2009) discusses the problem of the science misconceptions among 9" grade students.

Yet. most of the students in faculty of education (came from ditterent science



background) studying science teaching have even expressed an obvious misconceptions
in heat and temperature (Alwan. 2011). whereas Kikas (2004) records that the science

teachers and trainees loud out misconceptions.

1.3 Origin of Misconceptions

Although there are many studies in misconceptions. few tackled the origins of the
misconceptions. Paik et al. (2007) shed light on the potential relationship between the
traditional styles of teaching science and causes of the student's misconceptions in the
physical phenomena. However. Kaltakci and Eryilmaz (2010) used document analysis
method to investigate sources of students” misconceptions; their study revealed that the
subject textbooks. teaching experiences. and language command of the science teachers
were found to be the primary of misconception in science education domain.

Moreover, Kikas (2004) points out to several factors involved in such
misconceptions as over generalizations on the basis of analogy. concepts belonging to
ontologically different categories, how knowledge is presented in school textbooks, and
teacher training. Kaltakci and Didis (2007) pointed out that the main sources of the
student misconceptions are categorized as the student personal experiences, textbooks.

teaching language used, and the cooperation of the science teachers.

1.4 Statement of the Research Problem
The review of the selected literature has revealed a gap the relevant studies on the science
misconceptions in the various branches of science among the students in the primary and
secondary schools. In chemistry, for example, the studies have been conducted for
investigating the student misconceptions about various physics-related topics such as

matter composition, atomic and molecular bonding, galvanic, electrolytic, climate change.
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and basic quantum chemistry (Awan et al.. 2011: Nahum et al.. 2004: Sanger &
Greenbowe. 1997: Stefani & Tsaparlis. 2009).

In biology. many studies have concerned with the diagnosis of the student
misconceptions some biological phenomena such as respiration, photosynthesis. genetic
structure. species classification. human circulatory system. diftfusion and osmosis (Odom
& Barrow. 1995; Sungur et al.. 2001: Takkaya. 2002). In physics domain, the studies
have concerned with the student misconceptions about optics (Kaltakci & Eryilmaz,
2010). electricity (Guisasola & Montero. 2010; Kucukozer & Kocakulah. 2008). and
torce (Chee. 1996: Demirci. 2005: Menekse et al.. 2010). force and Newton's Third Law
misconceptions have tackled in the UAE high schools (Hassan. 1993). However. the
misconceptions about heat and temperature have attracted many scholarly studies (Alwan.
2011: Kirbulut & Beeth, 2010: Zacharia et al., 2008).

Based on the science teaching experience of the author of this thesis. the practical
presentation during the explanation of the natural heat phenomena could erase the heat
misconception: for instance, an experiment of boiling water conducted at the room
temperature under a vacuum bottle to prove the relationship between the boiling degree
and the pressure. as well as explaining the latent heat concept through changing the
material status from solid (ice cube) to liquid state (water) through increasing
temperature. These experiments have proved the importance of the practical lessons in
promoting the conception of the students about the heat.

The above mentioned studies have generally shown that the students have
misconceptions about the concepts of heat and temperature, which might be in a contlict
with the correct scientific explanation that is agreed upon by the physics community. It

has been observed that many 11th grade students in some high schools Fujairah Emirate

[



have given incorrect explanation about heat as a natural phenomenon. This misconception
is the topical theme of this study.

I'he study hypothesise that the core causes of heat misconception are attributed to
the traditional science teaching style. which largely lacking the critical thinking and based
entirely on the memory without reasoning. Therefore. this study proposes that the
traditional science teaching style. along with the course-related textbooks are playing
eftectively in the promotion of the misconceprion about the natural science: in particular,

in physics.

1.5 Study Objectives
This study attempts to determine the student misconceptions about various concepts
related to the heat physics such as i-thermal equilibrium concept. latent heat concept.
boiling point concept. specific heat capacity concept. therimal expansion concept. and heat
transfer concept. The investigation aims at finding the difference between the science
students who have misconceptions comparing with those having a lack of knowledge and
Jucky guess. The target participants are the 11" grade female students in Fujairah schools.
A three-tier diagnostic instrument comprising 10 questions used to explore the
heat misconceptions. The core objectives of the study are to conduct the following issues:

" grade female students in

1. Classify the nature of misconception held by 11
Fujairah schools. the UAE.

2. Distinguish students’ misconceptions from their lack of knowledge. and lucky

guess about heat concepts among 1 1th grade female students.



1.6 Research Questions

The proposed objectives of this study could be executed through answering the following
research questions:
1. What the misconceptions do the | o grade female students demonstrate about the

heat concept?

9

What is percentage of the 11" grade female students who demonstrate lack of
knowledge about heat concepts?
3. What is percentage of the 11" grade female students who demonstrate lucky guess

about heat concept?

1.7 Significance of this Study
There i1s a need to identity the misconceptions among the students in all subjects: in
particular. the field of natural sciences. Despite many scholarly studies have been
conducted in misconceptions in scientific subject worldwide (e.g.. Kutluay (2005) and
Temizan (2003) in Turkish schools: Chee (1996) in Singapore; Demirci (2005) in the
USA: Paik. Cho & Go (2007) in South Korea). little research studies have been done in
the Arab schooling environments; particularly in the UAE schools. Therefore, the
generated results from the bulk studies conducted in the non-Arab schooling
environments. largely in western setting. might be not applicable in non-western culture
like the UAE's as the cultural factors play major roles in shaping the students learning
(Kaltakci & Eryilmaz. 2010).

This research study is one of the rare studies focused on the conception from
educational and teaching point of view. The importance of this thesis might be due to

following reasons: i- the results might enhance further research in the misconceptions in



the UALE from educational viewpoint. ii- Second. it is anticipated that the findings
generated from this study would allow the science teachers to assist the students in
overcoming their heat misconceptions. iii- Third. the results and conclusions provide
thoughttul information to help the science teachers in taking the students misconceptions
into account in their teaching. hereby improving science instruction in Al-Fujairah Zone,
iv- Forth. the generated results would provide the UAE science textbook curriculum
developers with experimental information about heat misconception in among the high
school students: this could however improve the quality of the UAE science curriculum.
and Fifth. the Ministry of Education could use these results tor a positive change in the

UAE educational system and curriculum.

1.8 Limitations and Delimitations
The study encountered with several limitations to complete the investigation in
convenient research conditions. Among these limitations. were:
1. The investigation of the study was conducted only among the Fujairah schools
whose data and results are not necessary retlect the state of the misconception in

other Emirates.

9

The sample of the temale students was drawn from only cycle two schools. This

sample is afraid to reflect other schools in in Emirate of Fujairah.

3. The study results generated from female participants. where the results might be
differed if it has been conducted among the both genders.

4. The instrument that incorporated in the data collection was developed originally in

Western Culture. the metrics are written in English. The thesis author translated its

contents into Arabic to fit the local cultural norms.



5. This study focused on the concept of heat only. which is one of the units of
subject matter that is taught in 11th grade in the scientific track in the UAE public
schools. Accordingly. the results of study and conclusions cannot be generalized
to other physics concepts.

On the other hand. the delimitations of the investigation were:

1- The sample included 235 student participants from 11" grade. in addition to 337
female students from ten girls' schools in the Emirate of Fujairah.

2- The study was limited to the heat and temperature concepts which assessed on 11"
grade student in public school in the UAE.

3- The study was conducted in public schools in Emirate of Fujairah in the third
semester of the year 2011-2012. This Study was applied in one week in that

semester.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter reviews the related published scholarly research studies that conducted on
the misconception from learning aspects. Special emphasis is placed on the heat physical
phenomena. Heat is very common used term: but how to measure or observe the effect of
heat was found quite difterent in the classroom. The literature reveals that none has been
written on the misconceptions from educational and learning aspects in the Emirate of
Fujairah. Therefore. this thesis greatly relies on the relevant published works on the

topical theme of the heat misconceptions.

2.2 The Student Misconceptions
Many researchers in various tields as education. psychology, and linguistics have long
been using different approaches and research tools (e.g.. interviews. open-ended
questionnaires, multiple choice questions. two-tier questions, and three-tier questions) in
detecting the student misconceptions about the scientific phenomena. Both unstructured
and structured interview approaches have been adopted for conducting further
investigations and research on the misconceptions in science education (Osborn &
Gilbert. 1979: Stepans & Dyche. 1987 Gilbert et al., 1982: Treagust, 1988). Chee. (1996)
and Menekse et al. (2010) have used the interview to study the force misconception.

The open ended questions such as “what is a covalent bond?” and “why the
molecules have different shapes?” have been employed in studying misconceptions of the

students about the chemical bonds and structure (Treagus. 1988). Kucukozer and



Kocakulah. (2008) have incorporated the open-ended questions to examining the views of
the students towards the electricity concepts. However. the long-time that consumed in
answering the interview and open-ended questionnaire was found to be the major problem
in obtaining a considerable amount of information from the students for evaluating their
misconceptions.

I[owever. the multiple choice questions (MSQs) were suggested to overcome this
limitation. The MSQs consisting of three. four. or five sections. One of these sections
represents the students’ misconceptions. Some of the MSQ tests were developed in the
physics as Force Concept Inventory (FCI) by Hestenes et al. (1992). and as the
Conceptual Survey of Electricity and Magnetism (CSEM) developed by Maloney et al.
(2001). Guisasola and Montero (2010) investigated the ditficulties. which tfaced 56
Granada university students in the analysis of the operation of simple direct current
circuits and others. A major problem. however. with the MSQ approach is that it does not
allow the students to demonstrate knowledge beyond the options that provided. In
addition. the students may misinterpret the questions. as well as it requires a great deal of
time to construct effective multiple choice questions. especially ones that test higher
levels of learning.

Two-tier tests were developed to detect student misconceptions and to avoid the
limitations of MSQ tests. These types were used to the detect student misconceptions in
biology. chemistry. and physics (e.g.. Franklin. 1992: Jang. 2003: Odom & Barrow. 1995;
Peterson. Treagust & Garnet, 1989; Tan et al.. 2002: Voska & Heikkinen. 2000). As
noted by several researchers (e.g., Hasan. Bagayoko, & Kelley. 1999), the two-tier. as

well as the MSQ tests were found to be with drawbacks in detecting the students’
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confidence in their responses. In other words. two-tier questions cannot distinguish
between misconceptions. lack of knowledge. or lucky guess.

Accordingly. many researchers suggested adding a third tier to the two-tier
question to help them making this distinction. Hasan et al. (1999) recommended that the
use of a certainty index, along with the two-tier test questions could help in making this
distinction. They indicated as well that the low certainty indicates a lucky guessing,
which in turn implies lack of knowledge. whereas the high confidence in wrong answers
indicates misconception of the concept under the investigation. The contidence scale,
which accompanies a three-tier. multiple choice test questions will provide researchers
and teachers with information about the nature of misconceptions. In addition. it may help
them to distinguish between lack ot knowledge. lucky guess. and misconceptions of the
female students. Furthermore. considering the contidence levels of the students that may
enable researchers to investigate the relationship between students’ contidence and their
understanding of the scientific concepts. This research aims at collecting the students’
confidence levels and examines the relationship between students’ contidence and their
understanding of the heat concept.

In order to investigate the fifty-eight high school students in the biology course for
their understanding about scientifically and acceptable content knowledge, in addition to
the student's confidence in these knowledge. Odom and Barrows (2007) used a two-tier
diffusion and osmosis diagnostic test (DODT) to assess their understanding of the
diffusion and osmosis concepts, in addition to certainty of response (CRI) scale. The
results revealed that the DODT test identified correct and incorrect answers and reasons,
while certain and uncertain values were identified by CRI values. On one hand. high-

certainty with incorrect answers in DODT test indicated misconceptions about diffusion
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and osmosis concepts. on the other hand. Moreover. the low certainty with incorrect and
correct answers in the DODT test indicated lack of knowledge (guess). whereas the high
certainty with correct answers indicated the desired knowledge of concepts. The study
found that many students showing significant misconceptions in the most of the concepts
under the investigation.

Pesman and Eryilmaz (2010) proposed a novel diagnostic instrument to assess the
misconceptions of the students about simple electric circuits through developing a three-
tier test. The interviews-. construct-. and administer open ended questions were conducted
prior to developing and administering the Simple Electric Circuits Diagnostic Test
(SECDT). The study was conducted from 124 9" grades in Turkish capital. Ankara. The
results showed that the test scores could be a valid and reliable measure of students'
misconception on simple electric circuits. With the presence of misconceptions. they
found that as well about 36% lack of knowledge.

However. Kaltakei and Didis (2007) identitied misconceptions. lack of knowledge
and error with a three-tier gravity concept test. The data obtained trom forty-one pre-

" students at Middle East

service physics teachers teaching grades 4™ and grade 5'
Technical University. The results showed that the three-tier test that employed in the
identification of lack of knowledge. error. and misconceptions separately become crucial
in teacher education process. Also it is important to choose the required instructional
designs.

Kutluay (2005) developed a three-tier Geometric Optic Misconception Test
(TTGOMT) for assessing the conceptions of the 11" grade students in geometrical optics.

The procedure of the test carried out through three stages. numely 1- interviews, ii- open-

ended test. and iii- three-tier misconception test and included three groups of students in
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those stages. An interview was made with the 15 students from 11" grade and their age
varied from 16 to 19 years. The interview based on the misconceptions. which found in
the literature. Then. an open-ended test based on the interview results and misconceptions
found in the literature. The three-tier misconception test was created by analysing the
open-ended test results. Finally. Three-tier Test was presented to 141 students who were
taught geometric optic. The results of the study showed that the students expressing
misconceptions. which may resist changes and obstruct the learning process. Moreover,
the interviews revealed that even the students were above average. the students showing
little or no understanding of the conceptual understanding ot a physical phenomenon. So.
the study argue that it is necessary to use three-tier test to identity the factors behind the
misconceptions of the students.

Arslan. Cigdemoglu. and Moseley (2012) applied a three-tier diagnostic test (e.g..
answer. reason. and certainty response indices) to assessing the 256 pre-service teachers
In an American university to assess their misconceptions about the global warming.
greenhouse effect and gases. ozone layer depletion. and acid rain. The study revealed that
most of the teachers displayed a limited conceptual understanding of these concepts.
However. most previous studies preferred to use three- tier method to investigate this
issue. Those studies. which utilized three tier tests. are similar to the current study
because it connects three-tier test (e.g.. answers. reasons, students confidence) to study
the misconceptions students'.

However. this research differs in the context of the study since it investigates | o
grade (16-17 years) misconceptions about heat related concepts in Emirate of Al Fujairah

schools. To do so. the researcher collected students’ confidence levels and examined

relationship between students’ confidence and their understanding of the heat concept.
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Also the heat misconception test (HMT) in current study used not only to identify
students’ misconceptions about heat but also to classity these misconceptions from lack of

knowledge and lucky guess.

2.3 Heat and Temperature Misconceptions

Heat and temperature are under thermodynamic field. which are consisted of many
concepts. The thermal scientists define heat as a dynamic process of energy transmission
(Chiou & Anderson. 2010). The heat refers also to a transfer of thermal energy (the total
Kinetic energy for atoms and molecules in a substance) due to a temperature difference
(Wiser & Amin, 2001). Also heat refers to the flow low of internal energy from one object
to another (Redish. 1994).

Many researchers in the science education are truly interested in studying the
misconceptions of the students about the heat and temperature due to the facts that the
both topic are very important in science concepts in physics and chemistry education at
the introductory level. Accordingly. the initial knowledge about these topics is necessary
to understand other related natural science such as biology, geology. environmental
science. and geography. For example. the heat and temperature concepts are necessary to
understand earth layers distribution as well as to understand plant respiration process
which is refers to edit the thermal energy stored in food using oxygen: it is also related to
everyday tangible ideas and is covered across several educational materials through
different educational levels (Al Rashed. 2002).

Alwan (2011) investigated the misconception of the students about the heat and
temperature; the data were generated by using a Heat and Temperature Concepts

Questionnaire (HTCQ), which distributed among 53 students from different major in

—
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Tripoli Libya Faculty of Education. The questionnaire consisted of MCQs about heat.
temperature. heat transter. and temperature change concepts. The results showed that
most of students could not distinguish between heat and temperature concepts and more
than 50% of students have misconceptions about temperature and 46% of students’ have
misconceptions about heat transfer and temperature change. In addition. they have
misconceptions about heat capacity and specific heat capacity concepts. So. they could
not predict the final temperature when two samples of materials at different temperatures
are mixed. The researcher found that thermal equilibrium is the most prevailing
misconceptions among many students.

Kartal. Oztiirk. and Yalvag (2011) used multiple-choice test to examine the
misconceptions of science teachers about heat and temperature. The sample of the study
included 60 students in 2nd grade of the science education department of Ahi Evran
University in Turkey. The study showed that %38 of students chose the incorrect
answers. Those students did not distinguish between heat and temperature and thought
that those concepts might be used interchangeably. Also, Kartal, Oztiirk. and Yalvag
(2011) sowed that %355 of students have misconception about how heat is transmitted in
material environment.

However. Harrison. Grayson and Treagust (1999) and Gonen and Kocaya (2010)
studied heat and temperature students' misconceptions whereas Tanahoung, Chitaree and
Soankwan (2010) studied misconceptions about temperature, heat. latent heat. specific
heat capacity. thermal equilibrium and heat conduction concepts using and open-ended
question test. The results of their study indicated that students had difticulty
differentiating between concepts such as heat and temperature and that their

misconceptions are strong and resistant to change. In addition, Lubben. Netshisaulu and
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Campbell (1999) explored African students’ misconceptions of heating. The findings
showed that almost a third of the sample had heat misconceptions.

Kirbulut and Beeth (2010) examined the consistency of students’ misconceptions
about evaporation. condensation. and boiling across representational. conceptual
framework. and contextual consistency aspects. Data of this study collected by
interviewing twelve students enrolled in a Midwestern high school in the USA. The
interview included six questions and lasted for 55 minute. The study found that students
had a high degree of consistency and inconsistency in their naive ideas. Although students
were taught about evaporation. condensation. and boiling concepts from elementary
school. they still had misconception of these concepts.

Paik. Cho. and Go (2007) used interview to examined 154 students. involved
different age from 4 to 11 conception of heat and temperature which closely related to
daily life .The students. 4 and 5 years old. were from the same kindergarten while student
6 to 11 years old were from the same elementary school which is located in a suburban
area of South Korea. The instrument of the study was seven questions constructed by
three researchers for interview. These questions consisted of two questions on
temperature. two on thermal insulation. and three on heat equilibrium. These questions
were selected for research usage after a preliminary screening involving 16 students; two
from each age group in the range of 4 to 11 years-old.

The individual interviews were conducted in quiet space at the kindergarten and
school with necessary physical materials in the open time. Researchers analysed their data
by calculating the frequency and percentage per age of student answers to each question.
The results indicated that most students did not have clear concepts of thermal

equilibrium, and younger students linked the temperature concept with size or a
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summation of numbers. On the other hand. older students tried to use scientific concepts
but still they have incorrect answers. Researchers justitied the outcomes of their study
that the origin of the mistakes among older students lies in misconceptions tormed
through learning in science classes.

In conclusion. the investigation on the heat misconceptions of the students have
employed various test approaches and tools such as questionnaire. multiple choice items.
interview, and open-ended questions. Most of the previous studies have investigated heat
misconceptions such as that related to heat. temperature. heat capacity. specific heat.
latent heat. thermal equilibrium. and heat conduction concepts. The current study tries to
explore students’ misconceptions that relate to thermal equilibrium. latent heat. boiling

point. specitic heat capacity. thermal expansion. and heat transter concepts.

18



CHAPTER THREE

METHODOLOGY

This study focuses on the investigation about the heat misconceptions as a learning issue.
The investigation carried out to determine the frequency of the hear misconceptions
among 11th grade female students in Emirate of Fujairah This chapter discusses the
research methodology. which adopted to be used in completing the questionnaire
structure. data collection. data analysis and interpretation. The investigation screens the

heat concepts in the UAE physics curriculum.

3.1 Heat Concepts in the UAE Physics Curriculum

Following of two-yvear kindergarten education. the public educational system in the UAE
compromises of two cycles i- Cycle-one is primary education, which consists of nine
vears (G-1 to G-9). and ii- Cycle-two is the secondary education. which consists three
vears (G-10 to G-12). The cycle-two students are studying a general curriculum in the
first year. whereas are assigned to choose in 1™ and 12" grades their interesting track
either science or arts. The cycle-one students are studying various subjects in science and
humanities. Physics is being taught as a discrete compulsory subject throughout the cycle-
two science curriculum in addition to other compulsory related-science subjects such as
mathematics. chemistry. biology. and geology. Statistical summaries show that in the
2011-2012 academic year. the cycle-one students studied science in four classes per
week. On the other hand. the cycle-two science programme having a total of six classes:
two classes are allocated for physics in grated 10™. In 11"™ and 12" grades. four classes

per week are being devoted to physics (UAE Ministry of Education. 2013).
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Ileat-related concepts are introduced gradually throughout different grades of
science curriculum in UAE governmental schools. Introductory and simple heat concepts
first appear in grade one science textbook. The science textbook introduces temperature
concept in a unit titled weather and fowr seasons. While. science textbook of 2" grade
includes two units about heat concepts, one of them is about sky and weather which
consists of weather. temperature. and water cycle. In water cycle part students study
evaporation. water vapour. and condensation concepts. Moreover. students in 2" grade
also explore matter related concepts such as heating and cooling concepts. However
science textbook of 3" grade covers evaporation and condensation concepts when the unit
entitled cycles in earth and space. Science textbook for 3" grade also covers evaporation.
thermal energy and heat. conduction. and radiation concepts in other two units. which are
exploring marrers and discovery energy and force.

Concepts related to the heat effectiveness in matter properties and the states of
matter are introduced in a matter and light unit in 4™ grade science textbook. In st grade
science textbook. however; abstract heat concepts are introduced. For example. in this
grade science textbook. the definitions of heat and temperature are provided. Heat is
defined as energy related to the movement of the matter particles and the temperature is

detined as a measure of the average kinetic energy of particles in a substance. In addition,

Slh

grade science textbook covers other heat-related concepts such as weather concepts
and methods of heat transfer such as thermal conduction. convection. and radiation. These

concepts are provided a unit entitled matter und heat.

Sixth and 7™ grades science textbooks discuss similar previously mentioned heat

concepts but in more depth and details. Moreover, the concept of specific heat capacity is
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indirectly introduced through discussing non-isothermal heating of the land surface in
weather part in the operations that change the earth surface. Also this unit covers
humidity. evaporation. and condensation concepts that are in science textbook in 6™
grade. Science textbook in 7" grade elaborates on the temperature and change of state
concepts and how particles gain and loss energy when matter changes its states.
Furthermore. grade 7™ students also study the boiling and freezing points and how the
temperature is changing during the change of state of matter. Moreover. students in 7"
grade also learn about melting. evaporation, boiling. condensation. and sublimation
concepts. which are included in a unit entitled state of matter.

Eighth grade science textbook covers weather concepts that associate with the
heat. temperature. radiation. thermal conduction. convection. greenhouse effect. and
global warming concepts in a unit that discusses weather and climate issues. Students in
9th grade study heat. temperature concepts. thermal expansion concept and its
applications. Additionally. they study the difterence between thermal conductors and
thermal insulators in the heat part in a unit that deals with work. machinery. and energy.
Finally. physic textbook for | 1" grade includes most of the heat concepts that examined
by the current study. For examples, heat-related concepts such as thermal equilibrium,

latent heat. boiling point. specific heat capacity, thermal expansion, and heat transfer.

3.2 Sample of the Participants
The target population identified as 11" grade female students in Emirate of Fujairah who

enrolled in the science track. 337 female students were enrolled in 15 11"

grade classes at
ten schools during the academic year 2011-2012. A sample of 230 female students were

randomly selected (68% of the student population). The selection focused on the schools
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having a large number of 11" grade science students: whereas the schools having small
number of 11" grade science students were not included in this study. The female sample
was chosen instead of male because the number of temale students in 11" grade is more
than the male students: also the author of this study taced some difficulties to reach the
male schools to distribute the questionnaire due to the local prevalent socio-cultural
norms. Moreover. the time on which the questionnaire thought to be distributed was the
end of the school year to limit the visits to all schools.

However. out of 230 11" grade female students. only 206 participants responded
and returned usable questionnaires: about 26 incomplete answered questionnaires were
excluded. Theretore. the data of this survey were based on 180 complete answered
questionnaire. The age of the all 11" grade female students was ranging between 15-16

vears. The study was made possible on the third semester of the academic year 2011-12.

Table.3.1: School-Based Sample Statistics

Schools N Analysis % of total
Sample (n)

Dibba Al-Fujairah Secondary School 85 75 2%
Merbeh Secondary School 52 43 24 %
Madhab Secondary School 39 23 13 %
Masafi School 34 22 12 %
Tawyeen School 20 17 9 %
Total 230 180 100 %
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3.3 The Instruments

The Misconceptions Identification in Science Questionnaire (MISQ) is frequently being
used a diagnostic test in detecting the student misconceptions about the physic-related
phenomena (such as heat. light. force. electricity. magnetism. etc.), in the science
curriculum (kFranklin, 1992). Theretfore. MISQ incorporated in this study to measure the
heat misconceptions expressed by gradel I'" female students as shown in Appendix A. In
this study. the heat part of the MISQ. namely the Hear Misconception Test (HMT) was
only used to identity the heat misconceptions. The HMT consisted of three-tier multiple-
choice items:

* The tirst tier consists of a content question with 4 or 5 alternatives.

* The second tier consisted of 4 to 6 possible reasons for the first tier; three
alternative reasons and one scientifically accepted reason. The heat
misconception test has 10 items that assessed the heat understanding of the
concepts.

* The third tier required students to express their confidence in their responses to
the first and second tiers by using a confidence scale with 1 and 7 corresponding

to Just Guessing™ and “Absolute Confidence™ respectively.

The participants have been informed that the test 1s a diagnostic test. and not an
achievement test. as well as the results of the test would not affect their school grades.
That step was necessary to encourage the female students to actively participate in the
test. Thereatter. the participants have been asked to focus on their responses tor the first

and second tiers and then give their contidence rating. Moreover, they were, but would be
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used by their teachers in planning their remedial lessons. This encouraged ensuring that

the students do not provide socially desirable responses to the confidence scale.

3.3.1 HMT Arabic version

The 1IMT was translated into Arabic. and revised by experienced Arabic language and
physics teachers to fit with the mother tongue of the participants. This step was conducted
to ensure that the test items were correctly translated. and the terms used in Arabic would
be familiar to the students within the physics context. For example. the physic teachers
rccommended to replacing Fahrenheit degrees to Celsius degrees in temperatures

measurement as mentioned in the UAE tormal science curriculum and textbooks.

3.3.2 Validity of the instrument

The validity of the (HMT) was determined by content-related and face-related evidence.
For content-related validity. HMT was reviewed by two experts in science education.
Each expert was provided with a copy of the test. and a briet explanation of the data
collection procedures. Moreover. the two experts were asked to comment on the clarity of
the wording of each item and on the ditficulty of each item. The two experts were
encouraged to suggest possible changes with respect to the test items and their wording.
Both experts made comments on the wording of the items and their difficulty.

The experts’ recommendations were addressed and the necessary changes were
made. Such as reformulation of the questions in Arabic languages to decrease the error
rate in the study and do not even reinforce misconceptions regarding language. For
example. "colder” word had been translated as objects which the least in the temperature
and not a literal translation that is in first three questions. Also "Absorbed" in questions 4.

5. and 9 had been translated to scientific concept. Moreover. names had been changed to
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familiar names such as "Maryam" instead to "Mary" in question four. The outcome of this
process provided an indication of the content validity of test (Cohen et al. 2000).
Moreover. the test was given to five physics teachers and one science teacher who
have been teaching physics or science for at least eight years and each one was asked to
comment on the appropriateness of the wording and difficulty of each item. taking into
account the characteristics of 11" grade students in UAE as well as the relevance of the
test items to what is taught in the physics course in the 1 o grades in UAE schools. Based
on the feedback that was given by the teachers the test underwent minor modifications,
mostly with respect to wording of the test items. To establish face validity. a tield test was
conducted after the review by the experts. A group of individuals (n = 5) tfrom target
population (not included in the study sample) was asked to comment on the clarity.
wording. thoroughness. ease of use. and appropriateness of the instrument. This process
provided more support to the suitability of the test and indicated possible sources of
difficulties on the part of the students, which were reconsidered through minor revisions
to the test. For example. amendment of some words that were repeated by mistake and the

adoption of the second part of the question. because it agrees with students’ answers.

3.3.3 Pilot study- the initial HMT reliability

A pilot study was conducted involved thirty four (n= 34) students not included in the
study sample to determine the score reliability of test items. Initial reliability for the HMT
was determined by using data collected in the pilot study. After the HMT was pilot-tested.
the researcher analysed the HMT for reliability. The reliability coefticient (Cronbach’s
alpha) for the HMT used in the pilot study was 0.70. However, the analysis of the actual

study data showed that the relability coefticient was 0.60 (n = 180).



There were some drawbacks in conducting the pilot study. and the gained results
were below the expectation. This might be because the study test was applied at the end
of the semester and before exams: also. there were a lot of absence among students.
However. the pilot study was conducted during the commitment of the students to school
attendance and there was no pressure on the students during the test. Another purpose in
conducting the pilot study was to determine the time required to complete the test. The
pilot study indicated that about 50 minutes was sufficient time. Therefore. the study

sample students were given 50 minutes to complete the 10 items in the actual test.

3.3.4 Data Collection

The data utilized in this investigation were obtained from 180 ks

grade female students
from ten schools in Emirate of Fujairah at the end of the third semester of academic year
2011-2012. The questionnaires were distributed to the students sample upon the official
approval issued by the Fujairah Educational Zone. All data were collected during a

regular class meeting period in classroom within one hour in the last week of the third

semester after the heat and temperature chapter was entirely completed in June 2012.

3.3.5 Data Analysis

The HMT-based questions were first examined and scored following the procedures
suggested by Caleon and Subramaniam (2010). Sreenivasulu and Subramania (2013). and
Arslan, Cigdemoglu. and Moseley (2012). For each question of the test. a score of 1™
were given for the correct choice in the first tier (content tier) and a “0” when otherwise:
a reasoning score of 1”7 was given for each correct choice. and a "0 when otherwise. A

score of 1™ was assigned when both the content tier and the reason tiers were correct and

a "0" when otherwise. These scores were reported as percentages. Below each HMT

26



questions was another question about student confidence level to indicate the level of
their contidence in their selection for both tiers in each item of the HMT. The question is

stated as follows: how contident are you of your responses? Please choose a number on

the answer sheet using the following scale:

I'msure, I'mvright 7654321 Justablind guess

The student confidence level was determined by the number that has been selected
by students (Franklin. 1992). To simplify the analysis of the confidence scale. the
rescarcher considered a value greater than or equal to 4 representing confidence in the
HMT answers. A value less than 4 was defined as being uncontident in the HMT answer.
To distinguish between scientific knowledge misconceptions and lack of knowledge. the
researcher used the table suggested by Arslan, Cigdemoglu and Moseley (2012) (Table
3.2). In this table. the students’ response to the first tier. second tier. and confidence scale
were taken together to classify the students, response into five categories: Scientific

Knowledge. Misconception. Lucky Guess and Lack of Knowledge.

Table.3.2: Decision Matrix for Clussifying Level of Understanding

1" tier  2ed tier 3" tier  Categories

Correct  Correct  Certain Scientitic Knowledge
Correct  Incorrect Certain Misconception
Incorrect Correct  Certain Misconception
Incorrect Incorrect Certain Misconception

Correct  Correct  Uncertain Lucky guess
Correct  Incorrect Uncertain lack of knowledge
Incorrect Correct  Uncertain lack of knowledge

Incorrect Incorrect Uncertain lack of knowledge
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Scientific knowledge: This category was examined based on students' response
(correct/correct/ certain) in each item of the test.

Misconceptions: Misconception was indicated when students have a high confidence
(being certain) in their incorrect response to both the tirst and second tiers.

Lack of knowledge: As shown in table 3. lack of knowledge occurred when the
combination of the three tier were as follows: (1) correct/incorrect/uncertain, (2)
incorrect/correct/uncertain and (3) incorrect/incorrect/uncertain (Potgieter. 2012: Arslan,
Cigdemoglu and Moseley (2012).

Lucky Guess: Many researchers such as Hassan et al. (1999) and Odom & Barrow (2007)
have dealt with all uncertain answers with correct response to both tiers as a lack of
knowledge. However Arslan. Cigdemoglu and Moseley (2012) considered correct answer

to both tier accompanied with uncertain response as lucky guess. The present study used

the similar procedures as Arslan. Cigdemoglu and Moseley (2012) have done.

3.3.6 HMT Reliability

The overall reliability of the HMT scores as measured by Chronbach alpha was (0.6). As
for the certainty index. Chronbach alpha was (0.9). However, Chronbach alpha was (0.4)
for the answers. As for the reasons tier. Chronbach alpha was low (0.2). Moderate
reliability was also obtained by Caleon and Subramaniam (2010) and Sreenivasulu and
Subramaniam (2013) for their four-tier tests. This lower value ot alpha could be attributed
to that the Heat Misconception test is a diagnostic test which could be one type of
criterion referenced tests rather than a norm referenced test. Moreover, the test itself is not

a unidimensional.
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CHAPTER FOUR

THE RESULTS

4.1 Introduction

The Heat and Temperature Concepts Questionnaire (HTCQ) explores the misconceptions

of the 11"

grade female students about the heat and temperature. A three-tier diagnostic
instrument comprises of 10 questions was used to distinguish students’ misconceptions
from their lack of knowledge and lucky guess on the heat concepts. This survey aims to
answer the research questions as proposed in Chapter One (ref. 1.6). This chapter presents
the results generated from the analysis of the collected data. The answers that related to
each research questions are illustrated in Tables.

Tables 4.1 to 4.10 show the distribution of the female students into two main
groups: 1- The students with correct answers. and ii- the students with incorrect answers o
tier 1 and tier 2 questions. However. Table3.2 in Chapter Three provides more details as it
classifies the students into four categories according to their certainty level: i- scientific
knowledge. i1- misconception, iii- lack of knowledge. and iv- lucky guess. So. Tables

4.11 to 4.15 show the percentage of the students depends on the data of shown in

Table3.2.

4.2 Answers of the Research Questions

4.2.1 Research Question One
5 . . )
Whar misconceptions do students demonstrate about heat concepts among 11" grade

students in the Emirare of Fujairah? This question is a set of 11 queries.
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QI concerned is with the measurement of the thermal equilibrium concept using
HMT.
Q1: A wooden board. a piece of metal and piece of wool cloth have been placed in
a freezer for two days. The temperature inside the freezer was -10 °C. How will the
temperature of the objects compare?
1. Correct response in answer part (3): They will all be same temperature.
i.  Correct response in reason part (c¢): Heat energy will even out for objects that are

in contact with their surroundings making the temperature the same.

Tabled.1 shows students' responses to tier 1 and tier 2 for Q1. which measures the
thermal equilibrium concept. The correct response in tier 1 is 3 while the correct response
in tier 2 is C (see Appendex.A). Twenty three percent (23%: n = 41) of students answered
the two tiers correctly (i.e.. the reasoning tier and the answer tier) while 77% (n = 139) of
students provided wrong answers.

Tabled.1: Srudents Percentage Selecting each Response Combination for Question 1 of

the HMT
Choice ] 2 = 3 3 o

A 91 (51%) 8 (4%) 1(0.5%) 1(0.5%) 101 (56%)
B 8 (4%) 12 (7%) 0 0 20 (11%)

a0 UL IR0 )0 41(23%) 3 (2%) 45 (25.5%)
D 1(0.5%) 0 2 (1%) 4 (2%) 7 (3.5%)
E 402%) 1(0.5%) 1(0.5%) 1(0.5%) 7 (3.5%)

Total number of students 180 (100%)
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Q2 is concerned with the measurement of thermal equilibrium concept using HMT.
()2: There are three bowls of the same size that have been sitting on a kitchen
table overnight. One 1s made of wood. Another of metal and the third of plastic .the
temperature of the room has been 24 °C the entire time. How do the temperature of the
bowls compare to each other?
1. Correct response in answer part (2): the temperature of the three would be the
same as the temperature of the room 24 °C.
1. Correct response in reason part (D): Heat energy will even out for objects that are
in contact their surroundings making the temperature for each the same.

Table 4.2 shows students' responses to tier 1 and tier 2 for question 2 which
measures thermal equilibrium concept. The correct response of question 2 in tier 1 is 2
while the correct response in tier 2 is D. The percentage of the students who have correct
answer in two tiers (i.e.. the reasoning tier and the answer tier) is 27 % (n = 49) while
74% (n = 131) of students who selected the wrong answers.

Table.4.2: Students Percentauge Selecting each Response Combination for Question 2 of

the HMT

Tier 1 Total
Choice 1 2 3 4 N
A 11 (6%) 1(0.5%) 22(12%) 19 (11%) 0 53 (29.5%)
B 11 (6%) 2 (1%) 4 (2%) 2 (1%) 0 19 (10%)
Tier 2 C 10(6%) 3 (2%) 10 (6%) 7 (4%) 0 30 (18%)
D 0 49 (27%) 3 (2%) 0 4 (2%) 56 (31%)
E 2 (1%) 0 1(0.5%) 1 (0.5 %) 7 (4%) 11 (6%)
] 1(0.5%) 3(2%) 2 (1%) 5 (3%) 0 11 (6.5%)
Total number of students 180 (100%)
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Q3 is concerned with the measurement of thermal equilibrium concept using HMT.
03: A container of tlour. a container of nails and container of water are all placed
in an oven that has been heated to 60° C all three materials are allowed to remain in the
oven for four hours. Which of the following statements best describes the temperature of
the three substances?
i.  Correct response in answer part (2): all three will have a temperature of 60° C.
ii.  Correct response in reason part (D): heat energy will even out for objects that are
in contact with their surroundings making the temperature the same.
Table 4.3 shows the results of students' responses in tier 1 and 2 for question 3 which
measures thermal equilibrium concept. The correct response in tier | is 2 while the
correct response in tier 2 is D. The results shows that 14% (n = 25) of students answered
the two tiers correctly. While 87% (1 = 155) of students provided wrong answers.

Table 4.3: Percent of Students Selecting each Response Combination for Question 3 of
the HMT

Tier 1
Choice 1 2 3 4 S
A 302%) 1(0.5%) 15(8%) 14 (8%) 9(5%) 42(23.5%)

Total

B 0 0 1(0.5%) 1(05%) O 2 (1%)
Tier2 C 3(2%) O 63 (35%) 8 (4%) 16(9%) 90 (50%)

D 3(2%) 25(14%) 3 (2%) 3(2%) 0 3 (20%)

E 9(5%) 0 0 0 0 9 (5%)

F 0 0 0 1(0.5%) 2(1%) 3(1.5%)
Total number of students 180 (100%)
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I'he results of the first three questions that measure thermal equilibrium concept
show that: 51% (n = 91) of students answered that the metal has low materials in
temperature when placed in the refrigerator. as the first question. 12% (n = 22) of students
answered that the metal is the highest temperature when you put three materials. a wood.
plastic and metal on the table at room temperature. as the second question: 35% (n = 63)
of the students answered that the metal is the highest material in temperature degree

among wood and plastic in the oven. as the third question.

Table.4.11 shows that 67% (n =120). 50% (n = 90). 69% (n =125) of students have
misconceptions on the thermal equilibrium concept in the first three questions in

respectively.

Q4 is concerned with the measurement of changing states of matter concept using
HMT.

Q4: Mariam puts a piece of zinc metal in an oven at 1000°C. She reads the
temperature at 0°C .the zinc once every minute using a thermometer capable measuring
2000°C. She got temperatures of 30°C. 70°C. 200°C, 420°C, 420°C, 420°C and 420°C

for the tirst eight readings. Why does the thermometer have several reading of 420°C?

1. Correct response in answer part (2): The Zinc is melting.
1. Correct response in reason part (A): When substance changes from a solid to a

liquid .its temperature will not change until the solid had melted.

Table 4.4 shows the results of students' responses in tier 1 and tier 2 for question4.
which measures changing states of matter concept. The correct response of tier 1 is 2

while the correct response in tier 2 is A. The percentage of students who answered
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correctly in the two tiers is 28% (n =50). While 70% (n = 130) of students provided
Wrong answers.

I'he results of the question 4 show that 19% (n = 35) of students chose wrong
answers also they cannot distinguish between the thermal equilibrium and latent heat
concept. However. the thermal equilibrium concept is the condition under which the two
substances in physical contact with each other exchange no heat energy. Two substances
in thermal equilibrium are said to be at the same temperature. While. the latent heat is the
quantity of heat absorbed or released by a substance undergoing a change of state, such as
ice changing to water or water to steam, at constant temperature and pressure. (The Free
Dictionary. 2014). Consequently. fifty three percent (53%. n = 96) of students have

misconception in this question (see Table 4.11).

Table 4.4: The Percent of Students Selecting Each Response Combination for Question 4

of the HMT

Tier 1 Total
Choice 1 2 3 4 R)
A 2(1%) 50(28%) 13 (7%) 0 0 65 (36%)
B 13(7%) 4 ((2%) 13 (7%) 0 0 30 (16%)
Tier2 C 0 3 (2%) 2 (1%) 0 7 (4%) 12 (7%)

D 603%) 2(1%) 35(19%) 2(1%) 1(0.5%) 46 (24.5%)

3 0 0 3(2%) 2 (1%) 1 (0.5%) 6 (3.5%)
IF 0 1 (0.5%) 17 (9%) 1 (0.5%) 2 (1%) 21 (11%)
Total number of students 180 (100%)
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Q5 is concerned with the measurement of the boiling point concept uging HMT
05: In container A there is a little water and in container B there is a lot of water
both containers are set over camping stoves which have flames set at the same level.
Thermometers of the same type are used to measure the temperature of the water in each
container when the water is boiling. How will the temperature compare?
1. Correct response in answer part (2): Temperature will be same in both containers.
1. Correct response in reason part (C): Water boils at the same temperature no matter

amount what amount (volume) you have.

Table 4.5 shows the generated results regarding the responses of the female
students in tier 1 and tier 2 for the question 5. which measures the boiling point concept.
The correct response of tier 1 is 2 while the correct response in tier 2 is C. Twenty two
percent (22%,. n =37) of the students chose the correct answer while 78% (n = 143) of
students gave an incorrect answer. The results showed that 44% (n = 81) of the female

students chose the wrong answer as the students have interpreted that the boiling point

depends on the amount of water. However. a little water become higher in temperature

compared with a lot of water when boiling. At the same time 70% (n =126) of students

have misconception in boiling point concept as illustrated in Table 4.11.
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Table 4.5: The Percentage of Students Selecting each Response Combination for Question

S ofthe HMUT

Tier 1

Choice 1 2 3 Total
A 3 (2%) 1(0.5%) 15 (8%) 19 (10.5%)

B 13 (7%) 0 1 (0.5%) 14 (7.5%)
& 0 37(22%) 0 37 (22%)
Tier® D 81 H4%) 2(1%) 1 (0.5%) 84 (45.5%)
E 10 (6%) 0 2 (1%) 12 (7%)
g 3(2%) 1(1%) 0 4 (3%)
G 5 (3%) 1(1%) 4 (2%) 10 (6%)
T'otal number of students 180 (100%)

Q6 is concerned with measurement of the specific heat capacity concept using HMT.
06: A cup contains water at 30 °C and bath tub contains water at 10 °C as shown in
the diagram below. Which contains more heat energy?
i.  Correct response in answer part (2): The tub.
ii.  Correct response in reason part (A): Heat energy is determined by the temperature
and the number of molecules present. The more molecules a substance has the

more energy it can contain.

Table 4.6 shows the results of student's responses in tier 1 and tier 2 for question 6
which measures specitic heat capacity concept. The correct response of the first tier is 2
while the correct response in the second tier is A. The percentage of students who

answered correctly in the first tier and second tier i1s 12 % (n=22) while 88% (n=158) of
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the students chose the incorrect answer. However the percentage of students who have the

misconceptions in specitic heat capacity concept is 73% as shown in Table 4.11.

Table 4.6: Students Percentage Selecting Each Response Combination for Question 6 of

the HMT

. Tier 1

Ghoice 1 2 3 Total

A 34 (19%) 22(12%) 3 (2%) 59 (33%)

B 75H2%) 7 (4%) 0 82 (46%)
Tier 2

C 302%) 3(2%) 23(13%) 29 (17%)

D  9(5%) 0 1(0.5%) 10(5.5%)
Total number of students 180 (100%)

Q7 is concerned with measurement of specific heat capacity concept using HN:T.
Q7: A cup contains water at 30°C and a bathtub contains ice at 0°C. As shown in
the diagram below. Which contains the most heat energy?
i.  Correct response in answer part (1): The cup.
ii.  Correct response in reason part (D): Ice doesn’t have any heat in it. Things at 0°C

have lost all their heat energy.

Table 4.7 shows that the correct response of question 7 in the first tier is 1. while
the correct response in the second tier is D. The percentage of the students gave correct
answers in the two tiers 1s 29% (n = 53), whereas 70% (1 =127) of the students chose the
wrong answers in at least one of the tiers: therefore. 55% (n= 99) of students had

misconception in this concept.
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Table 4.7: The Percentage of Students Selecting each Response Combination for Question

7 of the HMT

Tier 1
Choice 1 2 Total
A 24(13%) 11 (6%) 35 (19%)

B 65(36%) 4((2%) 69 (38%)
Tier2 C 11(6%) 2(1%) 13 (7%)

D 53(29%) 3(2%) 56(31%)

E 503%) 2 (1%) 7 (4%)

Total number of students 180 (100%)

The results of questions 6 and 7 showed that 42% (n = 75) of the students in Q6 and 36%
(n = 65) of the students in Q7 chose the wrong answer. which showed that the heat
depends only on the temperature and not on other tactors as the specific heat capacity.
Q8 is concerned with the measurement of thermal expansion concept using HMT
08: The length of the iron rod in the diagram below is measured and found to be

22 cm at room temperature. The rod is then heated for 15 minutes and its length is
measured again. The length of the heated rod should be?

i.  Correct response in answer part (1): More than 22 cm.

ii.  Correct response in reason part (A): Because the metals are good conductors of

heat the flows through the rod causing the metal to expand.

Table 4.8 shows the results ot student's responses in tier 1 and tier 2 for question 8
which measures thermal expansion concept. The correct response of the first tier is 1 and
A for the second tier. The results show that the percentage of students who gave correct

answers in both tiers is 53% (n= 96). while 45.5% (n=84) of students chose the wrong
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answers in at least one of the tiers. In addition, 38% (# = 68) of students had

misconception in thermal expansion concept as shown in Table 8).

Table 4.8: The Percentage of Students Selecting each Response Combination for Question

8 of the HMT

Tier 1
Choice 1 2 3 4 Total
A 96 (53%) 2(1%) O 6 (3%) 104 (57%)

B 13 (7%) 6 (3%) 4(2%) 4(2%) 27 (14%)

lier2 C  1(0.5%) 11(6%) 2(1%) 3(2%) 17(9.5%)

D 0 0 13(7%) O 13 (7%)
E 0 13(7%) 3 2%) 3(2%) 19 (11%)
Total number of students 180 (100%)

QY is concerned with the measurement of heat transfer concept using HMT.

09: A piece of metal that has a temperature of 0° C is dropped into a container of
water that has a temperature ot 20° C.As shown in the diagram below. What will happen
to the temperature of the metal and water?

i.  Correct response in answer part (3): The temperature of the metal will rise and the
water will drop.

ii.  Correct response in reason part (B): The water particles are vibrating faster than
the metal particles. When they collide with each other the water particles lose

energy and the metal particles gain energy.

Table 4.9 shows students' responses in tier 1 and tier 2 for question 9 which
measures heat transfer concept. The correct response of the first tier is 3 while the correct

response in the second tier is B. Twenty four percent (24%. n = 43) of students gave
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correct answers on both tiers and they were in scientific group (see table 4.12) while 76%
(n= 137) of students gave an incorrect answers. In addition. 33% (n = 60) of students
chose the wrong answer. Students were not able to determine the accurate interpretation
to describe the reason for increasing the temperature of the metal when placed in water,
which has high temperature than the metal. Whereas 68% (n =123) of students have
misconception in this question as illustrated in Table 4.9.

Table 4.9: The Percentage of Students Selecting each Response Combination for Question

9 of the HMT

Tier 1
Choice 1 ) 3 4 Total
A 1(05%)  4(2%)  18(10%) 3(2%) 26 (14.5%)

B 0 3 (2%) 43 (24 %) 2(1%) 49 (27%)

C 1(0.5 %) 3(2%) 60 (33 %) 7 (4%) 71 (39.5%)
Tier 2

D 1(0.5 %) 1 (0.5%) 3(2%) 1 (0.5%) 6 (3.5%)

E 0 3(2%) S (3%) 1 (0.5%) 9 (5.5 %)

[ 0 2(1%) 13 (7%) 4 (2%) 19 (10%)
Total number of students 180 (100%)

Q10 is concerned with measurement of the heat transfer concept using HMT.

Q10: The diagram below shows a house on a winter day .the window is oft and
the temperature inside the house begins to drop. Which of the following best describes
what is happening?

i.  Correct response in answer part (1): The house is losing heat.
ii.  Correct response in reason part (D): Heat always moves from hot to cold.it usually

moves out through the window pane.
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Table 4.10 shows the results of students' responses in tier 1 and tier 2 for question
10 which measures heat transter concept. The correct response for the first tier is 1
while the correct response in the second tier is D. The data shows that the total
percentage of students who have correctly answered the both tiers is 8% (n=15) while
92.5% (n= 165) of students gave an incorrect answer. 34% (n = 62) of students have
interpreted that as the heat moves from one place to another as well as the cold
moves. While the correct answer is that the heat is transterred from hot to cold place.
Table 4.10 shows that the percentage of students in scientific group is 8% (n=14)
while the percentage of students who had misconception in heat transter concept is
78% (n=140) as illustrated in Table 4.10.
Table 4.10: The Percentage of Students Selecting Each Response Combination for

Question 10 of the HMT

Tier 1
Choice ] 2 3 Total
A 18(10%) 1(0.5%) 12(7%) 31 (17.5%)

B 1(1%) 9(5%) 24(13%) 34(19%)
Tier2 C 3(2%) 53%) 6234%) 70(39%)

D 15(8%) O 15 (8%) 30 (16%)

E 3Q2%) 2(1%) 10 (6%) 15 (9%)

Total number of Students 180 (100%)

Table 4.11 shows that the percentages of participants who had misconceptions in 1 I
grade in Emirate of Fujairah schools. Sixty two percent of students (62%) or more than
halt of students have misconceptions. The highest percentage of students who have
misconceptions was 78% (n=140) in question 10 (the question about the concept of heat

transfer) in comparison to all questions.
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Table 4.11: Student's Distribution in Misconception Categories

Questions

I"tier  2edtier 3“ter QI Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QIO Mean

n n n n n n n n n n

N

Correct Incorrect Certain 4 4 0 3 3 79 12 90 20 22

N
(§9]
O
(o)}
1o
O

Incorrect Correct Certain 5 5 6 12 0 29

Incorrect Incorrect Certain 111 81 119 81 123 98 18 17 27 108 81

9
N

Total number of students 120 90 ] 96 126 132 99 68 123 140 112

Percentage (1 = 180) 67% 50% 69% 53% 70% 73% 55% 38% 68% 78% 62%

Table 4.12 shows the percentage of the students in the scientific knowledge category and indicates
that twenty one percent (21 %) of students have scientitic knowledge.

Table 4.12: Student's Distribution in Scientific Knowledge Category

Questions

1¥ tier  2ed tier 3%tier QI Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 OQle

n n n n n n n n n n Mean

Correct Correct Certain 37 37 20 47 35 16 49 85 44 14 38

Percentage (n = 180) 21% 21% 11% 26% 19% 9% 27% 47% 24% 8% 21%

4.2.2 Research Question Two

th

What is the percentage of the 117 grade temale students who demonstrate lack of

knowledge about heat concept in Emirate of Fujairah?
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Lack of knowledge score is the situation of being uncertain regardless of correct or
incorrect responses to the first and/or the second tiers. The mean percentage of students
who had a lack of knowledge in all questions is 13% of the students. Table 4.13 shows
the approximate percentages of the questions. The highest percentage of students who
have a lack of knowledge was 21% (n=37) in question 2 as shown in Table 4.13.

Table 4.13: Student’s Distribution in Lack of Knowledge Cuategories

Questions

1% tier 2ed tier 3" tier Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QI0 Mean

n " n n n n n n n n

orrect Incorrect Uncertain 0 b) 1 6 P 5 23 | 7 4 5
ncorrect Correct Uncertain 0 1 o 3 0 5 | 2 0 2 2
ncorrect Incorrect Uncertain 15 31 27 25 14 16 4 14 5 18 17
Total number of students 15 37 30 34 16 26 28 17 12 24 24
Percentage (n = 180) 8% 21% 17% 19% 9% 14% 16% 9% 7% 13% 13%

4.2.3 Research Question Three
What is the percentage of students who demonstrate lucky guess about hear concept
among 11 " grade students in Emirate of F wjairah?

Lucky guess students have correct answers in the first and the second tier with
uncertain in their answers. Table 4.14 shows that 3 % of the 11™ grade female students in
Emirate of Fujairah used a lucky guess with regards the concepts of heat. As shown in
table the highest percentage of students who have a lucky guesses was 9% (n=16) in

question 2.
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Table 4.14: Student's Distribution inLucky Guess Categories

Questions
1 tier 2ed tier 3 tier Ql Q2 Q3 04 Q5 Q6 Q7 Q8 Q9 Q10
Mean
n n n " n n " n n
Correct Correct Uncertain 8 16 S 3 3 4 10 1 2 6
Percentage (n = 180) 1% 9% 3% 2% 2% 3% 2% 6% 1% 1% 3%

categories. As shown in this table. most students had misconceptions in most heat
concepts. while the percentages of students who had correct scientitic knowledge were

very low throughout all MHT questions.

Table 4.15: Total Percent for All Students in Different Categories

Table 4.15 shows the ditferent distributions of student's percentages according to four

Categories

Questions  Scientific ~ Misconceptions Lack of Lucky guess Total
Knowledge Knowledge
Ql 21 % 67 % 8 % 4 % 100 %
Q2 21 % 50 % al o 9 % 100 %
Q3 I % 69 % 17 % 3% 100 %
Q4 26 % 53 % 19 % R 100 %
Q5 19 % 70 % 9 % 2% 100 %
Q6 9 % 73 % 14 % 3% 100 %
Q7 27 % 55 % 16 % 2% 100 %
Q8 47 % 38 % 9 % 6 % 100 %
Q9 24 % 68 % 7 % 1 % 100 %
Q10 8 % 78 % 13 % 1 % 100 %
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CHAPTER FIVE

DISCUSSION

This chapter discusses the generated results of the proposed research questions (ref.

1.6). The chapter is divided to three parts: each part tackles separately the discussion on

the results of each research question.
5.1 Research Question One

; c o t
Q1: What misconceptions do students demonstrate about heat concepts among 11"

grade students in Emirate of Fujairah schools?

Generally. the current study found that more than half of the 11" female students (62%)
who participated in the survey had misconceptions about heat related concepts. The Q1.
Q2 and Q3 were concerned with the measurement of the thermal equilibrium concept.

As for the thermal equilibrium concept. which covered in the first three questions
of the (HTNM1). the percentages of students who had misconceptions were 67%, 50%, and
69% (n=120. n=90. and n=125 respectively), which shows high percentage for this
concept. As shown in the results, students were not able to respond correctly to the items
related to thermal equilibrium concept. It appears that students might use non-scientific
language when they express their ideas or knowledge about this concept in their daily
lives. This tinding is consistent with the findings of previous studies with higher or lower
of the percentage reported. For example. Gonen and Kocakaya (2010) reported lower
percentage. They found that 29% of students in 6", 34% of students in 7" grade. and 43%

of students in 8" grade had specific misconceptions in equilibrium heat concept.
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Tanahoung. Chitaree. and Soankwan (2010) documented higher percentage when
they investigated students™ thermal equilibrium misconnects and their findings revealed
that 83% of the students had misconception. In addition Lubben. Netshisaulu. and
Campbell (1999) also reported slightly higher percentage when their study showed that
77% of their study sample carried misconception related to thermal equilibrium concept.
Moreover. Weiss (2010) study’s showed that 66% of the students had misconception in
the same concept. which is almost similar to the percentage reported in the current study.
Finally, Alwan (2011) study’s reported that 62.3%, 90.6%, 54.7%. and 81.1% of the
students chose wrong responses for difterent questions related to thermal equilibrium.

In regard to the latent heat concept that covered in question four in (HTM). the
results revealed that 53% of students (n=96) had misconceptions. The percentage reported
in the current study 1s higher that reported by Tanahoung, Chitaree. and Soankwan (2010)
who found that 41% of students were not able to give correct and complete explanation to
open-ended questions about the latent heat related concept and lower than the percentage
reported by Alwan (2011) who found that 84.9% of students chose the wrong answer to
questions related to the latent hear concepts. This finding could be interpreted by the fact
that this concept has more abstract in its nature. It could also relate to how science
textbooks present this concept. It appears that school science textbooks may address this
concept in a way that makes the concept looks difticult to the students.

However. although physics textbook for 11" grade: for example. provides enough
experiences for students to practice learning latent heat concept. the students still have
alternative concepts about it. This support believes that the way this concept is presented

in science textbooks does not support students learning. Another way to interpret this
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result comes from the fact that students need to use their mathematics skills and
knowledge to Solve problem related to latent heat concept.

In regard to exploring misconception that relate to the boiling point concept,
which covered in question 5 (HMT). the results showed that 70% of the students (n=126)
had misconception. This result indicated that more than half of the participants had
misconception about boiling point concept. The percentage reported in this study is
higher than the percentages reported by Alwan (2011), 52.3%. and by Kartal. Oztiirk, and
Yalvag (2011), 47%. This result may be due to lack of understanding of the students to
the water boiling point. Students may believe that water boiling point may not exceed
100°c as it could happen in certain conditions.

The sixth and seventh question in HMT examined specitic heat capacity for water
and ice and thermal energy concepts. For question 6. the percentage of students who had
misconceptions was 73% (»# =132) and for question 7, the percentage was 55% (n =99) of
the students participated in the study. This result is consistent with the findings of
Streveler et al. (2011) with lower percentage reported when they tound that 50% of
engineering students have misconception in this concept. In the thermal expansion
concept which was covered in question 8 (HMT) less than half of the participants (38%
and 47%) had correct scientitic knowledge.

This result indicates that most of the students hold the correct understanding of the
thermal expansion concept. This finding may due to the practical works that students do
when they study this concept. In such practical works, students gained correct scientific
knowledge and understanding when they for example, measure rate of expansion and
contraction, observe expansion and contraction of metals. It also could be due to the fact

that students deal with thermal expansion as a concrete more than an abstract concept.
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['he results of this study revealed that 68% (n=123) of the students participated in
this study had misconception in regard to the heat transfer concept (question 9 of HMT)
and 78% (n=140) of the students (question 10 of HMT). The last result showed that most
participants had misconception in the heat transfer concept. The wordings. which used to
write question 9 in HMT could be one of the reasons behind this partially high
percentage. Option B which was the correct interpretation of this question was written in
an accurate way and very careful to clarify the process of heat transfer between water
molecules and metal. Because heat transfer is an abstract concept. most students preferred
to choose the direct interpretation without applying deeper thinking. Therefore, 24%
(n=43) of the students selected the correct answer while the majority of them chose the
direct interpretation.

In responding to question 10 (HMT). students were unable to difterentiate
between heat and cold concepts: whichever is moving toward the other. Sixty eight
percent (68%. n = 123) of the students selected both processes occur which indicated a
wrong response to answer tier (see table 4.10 in chapter 4: third choice in tier 1). The
main reason behind occurring this misconception could be explained because of the
language that students usually use in their everyday communication. For example. it
appears that local people believe that the good idea is to close the door of cold room so
that the cold air does not come out. This believe opposes the scientific fact that the heat
which is transmitting from the hot place to a cold place. This result and its explanation are
consistent with the tinding of Alwan (2011) who found that 54.7% of the respondents
have their own ideas regarding to perceptions of hot and cold are unrelated to energy
transter. However. the percentage reported in the current study is higher than that

reported by Alwan (2011).
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5.2 Research Question Two

o . /
Q2: What is the percentage of 11" grade students who demonstrate lack of knowledge

about heat concepts in Emirate of Fujairah schools?

l.ack of knowledge refers to the situation of being uncertain regardless of correct or
incorrect response to the tirst and/or second tiers (Hasan et al.. 1999). In current study the
results showed that the percentage of students. who had misconceptions that related to the
lack of knowledge in thermal equilibrium concept in first three questions were 8%
(m=15). 21% (n=37). and 17% (n=30), respectively. However. the percentage of lack of
knowledge students had in the latent heat concept that was covered in question four
(HMT) 1s 19% (n =34). which represents a high percentage among all questions in the
HMT. whereas 9% (n= 16) of the students had misconceptions related to lack of
knowledge in boiling point concept that stated in question 5 (HMT) and 14% (n=26) and
16% (n= 28) of students in specitic heat capacity concept for water and ice and thermal
energy concept in Q6 and Q7. respectively.

On the other hand, 9% (n =17) of the students showed lack ot knowledge in
thermal expansion, whereas 7% (n=12). and 13% (n =24) of the students had
misconceptions in the heat transter in Q9 and Q10. This lack of knowledge showed by
this study could be related to possibility that school science materials present scientific
knowledge as tacts to be memorized without providing student with opportunity to use
their mental capabilities. Science teachers could also be hold responsible because some of

them still using teaching methods that do not sharp and develop students’ thinking skills.
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5.3 Research Question Three

Q3: What is the percentage of students who demonstrate lucky guess about heat

J . . ..
concept among 11" grade students in Emirate of Fujairalt schools?

Lucky guess in this study refers to the correct answers to both tiers with uncertainty
(Arslan. Cigdemoglu. and Moseley. 2012). The percentages of the students. who had
misconceptions that could be related to lucky guess in first three questions were 4%
(n=8). 9% (n=16). and 3 % (n=5) in thermal equilibrium concept. In question 4 and 5 two
percent (2%. n =3) of the participated students showed lucky guess in latent heat as well
as in boiling point concepts. Meanwhile, 3% (n=6) and 2% (n=4) of the students used
lucky guess in the specitic heat capacity concept for water. ice. and thermal energy
concept in Q6 and Q7 (HMT). Moreover. 6% (n=10) used lucky guess in thermal
expansion concept in Q8 and one percent of students (1%, n=1) applied lucky guess in
heat transter concept in Q9 and Q10.

As the results illustrated. students percentage in lucky guesses category was very
few compared to other groups. In any classroom sitting. determining the lucky guesses
group of students could help teachers to identify students whom are not serious in taking
any educational test. It also confirms that the three-tier method is appropriate in helping
teachers to divide students into several categories according to their scientitic knowledge
about any concepts taught in the classroom. Thus. teachers will be able to take suitable

action towards each categories or groups of students.



CHAPTER SIX

SUMMARY AND RECOMMENDATIONS

6.1 Summary

This section summarises the tindings of this study. As the core concern of this study is the
exploration of the misconceptions of the 11" grade female students about the heat
concepts using a three-tier diagnostic instrument comprising of 10 questions. The
proposed research problems were:

1- Distinguish students™ misconceptions trom their lack of knowledge on the heat

concepts among | 1" grade students in Fujairah schools. UAE.

t9

- Distinguish students™ misconceptions from their lack of knowledge. and lucky
guess on the heat concepts among | 1" grade students in Emirate of Fujairah

schools. UAE.

One hundred eighty 11" grade female students enrolled in ten classrooms from
five secondary schools in Emirate of Fujairah participated in this study. All students were
in science section and there were in the age ranged from 15-16 years. The study was
applied on the third semester in 2011-2012 after the heat and temperature chapter was
entirely completed in June 2012. The instrument used in the study was the Heat
Misconception Test (HMT) which consisted of three-tier multiple-choice items. The first
tier consisted of content questions with 4 or 5 alternatives. The second tier consisted of 4
to 6 possible reasons explained students selection of each item in the first tier: three
alternative reasons and one scientifically accepted reason. The heat misconception test

has 10 items that assessed the heat understanding of the concepts. The third tier required
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students to express their contidence in their responses to the first and second tiers by
using a confidence scale with 1 and 7 corresponding to “Just Guessing™ and ~Absolute

Confidence™ respectively.

6.2 Recommendations

The study proposes some recommendations sparked from the findings of this study for
improving physics teaching and classroom practices: in particular. enhancing the
conceptions of the students about the physical phenomena such as heat. temperature,
magnetism. etc.

Based on the purposes. findings. and conductions of this study. recommendations
are proposed for three areas related to physics and science teaching and leamning in the
United Arab Emirates (UAE). These areas are physics and science school and classroom

practices. physics and science curriculum development. and future research.

6.2.1 Physics and Science School and Classroom Practice
1. The findings of the study showed that multiple-choice tests and also two-tier tests
cannot estimate the misconception of the students. Because. they do not take into
account the lucky guess of the students and lack of knowledge of the students.
Moreover. both types of tests also overestimate the correct answers of the
students. Therefore. to avoid from lucky guess and lack of knowledge causing the
wrong answers of the students teachers should use three-tier tests to investigate
the misconceptions of the students. They should consider that the results of the
multiple-choice tests or even if two-tier tests can be misleading while

investigating the misconceptions of the students.
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N

['he current study divided student to four categories. So. teacher should be seeking
to distinguish between them then instructional deliveries should be modified
accordingly. with the explicit intent of removing the misconceptions such as
classroom examples. homework assignments, quizzes should be designed to
ascertain the grasp of the correct concepts.in addition. give the student the
opportunity to participate in the lesson planning, as well as choice the test method.
I'he data which obtained by using three-tier test can used to address other areas of
instruction. In particular. it could be used: as a diagnostic tool. enabling the
teacher to modity their lesson instructions. as a tool for assessing progress or
teaching eftectiveness when both pre- and post-tests are administered: and as a
tool for comparing the effectiveness ot difterent instruction methods. including
technology integrated in promoting understanding and problem solving
proficiency.

Using social constructivism ideas such as students working together and helping each
other develop ideas may lead to students’ wrong ideas. Teachers should monitor
students’ discussion and bring them together to discuss what they have learned to
assist them in making accurate interpretations when doing lab activities.

Physics and science teachers as well need to use appropriate techniques to identify
students’ misconceptions and help them replace their misconceptions with
accepted correct science concepts (conceptual change). To do so. teachers may
use the tollowing strategy: (1) identifying students’ misconceptions: (2) allowing
students to apply their concepts; (3) seeking students” un-satisfaction: and

allowing students to apply new concepts.
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6. Schools administrators need to prepare professional development programs for
their physics and science teachers that include methods and advanced practices to

help them to deal and correct students” misconceptions.

6.2.2 Physics and Science Curriculum Development
1. Because physics and science school educational materials play a consider role in
students’ learning new science concepts. curriculum developers in the UAE
should include more practical works in the physics and science school textbooks.
As indicated from the tindings of this study. conducting enough school practical

works could lead to decrease students’ science misconceptions.

t9

As the conclusions of this study suggested. student’s limited experiences with
physical and scientific experiences in their everyday life could be responsible for
increasing their misconceptions. Theretore. physics and science curriculum and
school textbooks should include materials and experiences relate to student

personal life and experiences.

6.2.3 Future Research
Although this study supported the value of exploring students' misconception in heat
concepts. much research is still needed. Accordingly the researcher of this study
comprised a list of recommended future studies as below:
I. The results pave the way to further research to focus on heat concepts employing
more teaching sources and methods.
2. More researches are needed to apply the findings this study on the students in

other UAE schools.
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3. This study focuses on 11™ grade female students misconceptions. Future research
may need to focus on the science and physics teachers.

4. The study focuses only on female students who are enrol in 11™ grade and their
misconceptions in the heat concepts. Additional research needed to explore the
11" grade male students’ misconceptions additional to different grade to help

determine the beginning of the problem.
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APPENDIX A: Heat Misconception Test (HMT) in Arabic
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