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ABSTRACT

Important aspects of teaching and learning atentterstand what difficulties
students have, why they face these difficultiesl, laow to help them overcome these
difficulties. This research investigated the al&give conceptions that students hold
pertaining to the concepts of open circuits andrtshwcuits in a Basic Electric
Circuits course. Data gathered from different sesarincluding interviews, tests and
documents were analyzed to characterized studeotgeptual learning difficulties.
The researcher adapted a diagnostic instrumentctivaists of 12 multiple choice
items for the pretest and posttest. The particgpamere 80 first-year students
enrolled in a Diploma in Electrical Engineering gramme at one local public
university; where 47 students constituted the mneat group and 33 students
constituted the control group. The pretest wasiadbtered to both groups during
the first week of the semester. An inquiry-baseduation-supported approach
session was conducted with the treatment group thigepretest. The inquiry-based
simulation-supported approach incorporated preubserve-explain (POE) tasks.
The extent to which this approach can assist stadém developing conceptual
understanding was investigated. Students’ verlbeapanses during the circuit
simulation using Multisim software were recordedi @amalyzed. The posttest was
administered during the final week of the semestdroth groups. Research findings
are presented in two parts. The first part is antjtative analysis of students’
performance on the pretest and posttest. The dquan is a qualitative analysis of
students’ documents and interviews to identify rthalternative conceptions.
Findings reveal that the inquiry-based simulatiapgrted approach positively
impacted students’ conceptual understanding. Thardages and disadvantages of
applying the inquiry-based simulation-supportedrapph in Basic Electric Circuits

are discussed.
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ABSTRAK

Aspek penting dalam pengajaran dan pembelajariah imemahami apa
kesukaran yang dialami oleh pelajar, mengapa marekayalami kesukaran ini dan
bagaimana membantu mereka menyelesaikan kesukarakajian ini menyelidik
konsep sampingan yang pelajar miliki berkaitan kpnbtar buka dan litar pintas
dalam kursus “Basic Electric Circuits”. Data yadidkumpul daripada pelbagai
punca termasuk temubual, ujian dan dokumen telaéndlisis untuk menyatakan
kesukaran pembelajaran konsep pelajar. Penyeidiih mengadaptasi instrumen
diagnosis yang mengandungi 12 soalan pelbagaapilintuk untuk kegunaan ujian
awalan dan ujian akhiran.Sampel terdiri daripada 80 orang pelajar tahun satu
jurusan Diploma Kejuruteraan Elektrik di sebuahversiti awam tempatan; di mana
47 pelajar membentuk kumpulan rawatan dan 33 pela@mbentuk kumpulan
kawalan. Ujian awalan kepada kedua-dua kumpulah tikendalikan pada minggu
pertama semester. Sesi pendekatan simulasi-barbdaerasaskan-inkuiri telah
dijalankan dengan kumpulan rawatan selepas ujisslaanw Pendekatan simulasi-
berbantu berasaskan-inkuiri ini menggabungkan tmgagredict-observe-explain
(POE). Sejauh mana pendekatan ini dapat membarmalaman konsep pelajar
telah dikaji. Pernyataan daripada sesi perbuakdajgy semasa menggunakan
perisian Multisim dirakam dan dianalisis. Ujianhatan telah dikendalikan pada
minggu terakhir semester kepada kedua-dua kumpul&apatan kajian telah
dipersembahkan dalam dua bahagiaBahagian pertama mengambilkira dapatan
kuantitatif mengenai prestasi pelajar dalam ujiamalan dan ujian akhiran.
Bahagian kedua mengambilkira dapatan kualitatifanelanalisis dokumen dan
temubual untuk mengenalpasti konsep sampingan gpelaj Dapatan kajian
mendedahkan bahawa pendekatan simulasi-berbantasas&an-inkuiri telah
memberi impak positif kepada pemahaman konsepgpel&ebaikan dan keburukan
mengaplikasikan pendekatan simulasi-berbantu b&asankuiri dalam “Basic

Electric Circuits” turut dibincangkan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Education in Malaysia is a growing industry whévialaysia is gaining
recognition as a reputable study destination inréggon where this sector offers a
variety of higher educational programmers as welpeofessional and specialized
skill courses that are competitively priced andeatellent quality (Ministry of
Higher Education, 2011). Due to the increasing Ibeimof higher education
institutions in Malaysia, students are providechwitore options and can be selective
based on their career aspirations. Engineeringattun encompasses teaching,
learning and assessment activities of engineenmptachnology at school, college
and university levels to develop the knowledgellskand attitudes of students.
Integrating engineering curriculum across fieldsitally important in improving the

guantity and quality of engineering graduates.

Engineering education is the activity of teachkigpwledge and principles
related to the professional practice of engineeand should provide a method that
students can link the basic knowledge and skiienfthe teaching and experimental
to the professional practical experience (Guo amd2011). Students’ achievements
in knowledge and skills and their change in atésigvould depend on many factors
such as the teaching and learning instructiongsassent methods employed by the
lecturers, learning environments and students’ @ffarts and initiatives (Salim,

Daud and Puteh, 2009). Learning is a process awladge construction,



individually and socially (Zhou, 2010). The suczas with the involvement of

lecturers and students.

The traditional method of teaching circuits fomusen procedural,
quantitative and analytical methods to describéviddal circuits because traditional
lectures only concentrate on learning ‘recipes’, ‘moblem-solving strategies’
without attending to developing conceptual undediteg (Richardson, 2002).
These methods encourage a surface approach tdngamhere students try to
follow routine solution procedures and match paggerather than a deep approach to
learning, where students will develop a concepiualerstanding of how the circuits
operates (Hudson and Goldman, 2007).

Meaningful learning, which connotes the ability ioterpret and use
knowledge in situations different from those in @hiit was initially acquired,
requires that students be intellectually activel have multiple opportunities to use
skills in different contexts (Brooks and Koretsk2010; McDermott, 1996).
Therefore, learning for understanding involves dgwag recognition of the deep
structure of an idea or situation including why amow particular aspects are
relevant (Bransforet al., 2006). Brooks and Koretsky (2010) states thatlieg for
understanding makes new learning easier and |eati® tdevelopment of expertise.
Understanding implies that the student do not ngesietepted a particular scientific
explanation as valid but can explain their grouoddoing so, having reasoning in

relation to evidence and explanation (Donald, B@ma Moore, 2009).

Students bring prior knowledge to their learningich will affect how
students encode and later retrieve new informgmmicki, 2008). An incorrect bit
of prior knowledge which is not corrected could ixséudents from understanding an
entire lecture (Svinicki, 2008). Naive concepti@isiatural laws must be unlearned
before the correct version can be understood (i&e2007). Information about
students’ prior knowledge can be used to createsraffective lessons and material.
It is always a good idea to check for faulty ptoowledge regularly so that it is not
allowed to continue to detract from learning (Sekni 2008).  Students’

preconceived ideas can be determined using coralefasts. Conceptual surveys



have become increasingly popular to probe varigpeets of science learning such
as measuring students’ understanding of basic @bscand assessing the

effectiveness of instructional material (Wuttipretnal, 2009).

Successful teaching involves a variety of straegand techniques for
engaging, motivating and energizing students. &lage a number of pedagogical
techniques, such as collaborative learning, codperdearning, problem-based
learning, that focus on providing activities foataers to perform either in groups or
as individuals that help to create deeper, swidteat more effective learning which
one of those is in the form of simulations (Brita2®04). Students’ understanding of
engineering concepts can be enhanced through thefusands-on experiments and
demonstrations (Williams and Howard, 2007) andlas€ simulations (Holton and

Verma, 2009) with the ability to help learning pess.

Many research findings indicate that the develapmef teaching and
learning sequences and instructional strategieD@vioott, 1996; Prince, Vigeant
and Nottis, 2009b; Smaiét al, 2011) should concern important issues in matching
students’ learning difficulties with instructionatrategies (Bransfordt al, 2006;
Jaakkola, Nurmi and Veermans, 2011; Kearney, 2DB@#ceet al, 2009b; Streveler
et al, 2006). While the findings of Banky (2005), Banagd Wong (2007) and
Holton and Verma (2009) seem to suggest that d¢gcaimulators are well-

recognized as effective learning aids in circuitd alectronics courses.

1.2  Background of Problem

Engineering faculty need to continue to learn @g@proaches to teaching and
learning (Fink, Ambrose and Wheeler, 200®)ne way to rectify misconceptions is
by assisting students to clearly visualize the phenon and grasp the concept
(Choi and Chang, 2004). As engineering educatiaa moved from didactic
instruction to more learner-centered methodolo@ansford, Brown and Cocking,
2000), innovative and interactive technique suchwab based (Dollar and Steif,
2009; Yahaya, 2002), simulations (Jaakkedal, 2011) and demonstration (Pearce,



Schmidt and Beretvas, 2004) are being used to teagimeering student (Cameron;
Felder and Brent, 2009; Yadast al, 2011). Furthermore, among significant
mistakes committed by teachers is that they faidd variety to their instructional
methods and are unable to motivate students. (Falug Brent, 2009). There are
good reasons to believe that educational technedogave the potential to improve
teaching and learning, but to utilize technologfeetively to overcome specific
content difficulties is challenging (Zhaat al, 2011).

Research in the field of learning electricity Imag been restricted to bringing
learning difficulties to light, it also addressésse difficulties in order to improve
teaching and learning (Holton, Verma and Biswa€)80 Key to understanding
electric circuits is the creation and interpretatiof electric circuits diagrams
(Marshall, 2008). However, students generally f@il grasp the fundamental
concepts and have a poor understanding of the tgtindi effect of the circuits
(McKittrick, 2007). As a result, students havegi&ent conceptual difficulties that
must be explicitly addressed with multiple challesgin different contexts
(McDermott, 1996).

Traditional classroom pedagogies entail studeistening to a lecture for
about an hour and lecturers focusing on transmgittonceptual knowledge to
students; students are rewarded for rote learnemtper than for conceptual
understanding (Brooks and Koretsky, 2010; Yeun@920 However, rote learning
lacks flexibility, resulting in nonsensical erroesmd other difficulties in learning
(Gowin and Alvarez, 2005; Mintzes and Quinn, 200Z¢arning that is meaningful,
rather than rote, requires students master fundamneoncepts (Prince, Vigeant and
Nottis, 2011b), enabling students to better undashew ideas whether presented in
traditional contexts or in educational technologcilitated learning situations
(Gowin and Alvarez, 2005).

Conceptual understanding is a prerequisite fodesits’ ability to transfer
what they have learned in the classroom to newngstt(Princeet al, 2011b).
Having learned concepts, students can manage iafanmfar more efficiently than

would be possible in their absence. Thereforeysmaterial that is constructed on



the basis of conceptual understanding of principlesld not suffer from difficulties
during the procedure of acquisition and will enaldarners to monitor their own
performance and to detect and correct their owarer(Afra, Osta and Zoubeir,
2009).

When students understand a concept, they do sg aa@ontinuum that can
be characterized as extending from shallow to despwledge (Chen, 2007a;
Tarabanet al, 2007b). The most prominent outcomes of deep kedye are
longer-term retention of information due to morabarate cognitive representations
of the knowledge and ability to transfer knowledgenovel situations because the
knowledge is not tied to specific rote situatiomsd gorocedures (Tarabagt al,
2007b). However, when learning new concepts tlmatndt fit their schema of
understanding, students choose to memorize thiewdifitoncepts rather than try to
understand them (Afrat al, 2009; Chen, 2007b). Lack of conceptual undedstean
severely restricts the students' ability to solea mproblems since they do not have
the functional understanding of how to use theiowledge in new situations
(Brooks and Koretsky, 2010).

Many students majoring in Electrical Engineerirgvén problems grasping
concepts associated with basic electric circuitshdvior. Even though these
concepts has been taught during a Basic Electicatits (BEC) course in an earlier
semester, learning difficulties still exist and amsception persist when transferring
the concepts to other advanced electrical courséiei following semester. There
should be an instructor's ideal goal to teach foe minimum of relational
understanding so that students would exhibit fewssconceptions in their
understanding and have more faith in their own Kedge (Masoret al, 2008)
However guiding students all the way in conceptualerstanding for every concept

to be learned may not always be practical.

Grasping concepts associated with electrical @tscand basic electricity is
not easy for many students, and they often denateskearning difficulties around
these topics (Choi and Chang, 2004; Peatad., 2004). This is due to the fact that

they cannot see electric charge carriers or elestroove through an electric wire



(Pearceet al, 2004; Pfister, 2004). Therefore, conceptualialiffies can be
attributed to the fact that electric quantities rc@inbe directly observed. Such
problem will continue to persist if traditional td&ang methods are continuously

being adopted in class (Choi and Chang, 2004).

To improve student learning, instructors shouldntdg concepts that are
difficult for students to understand (Longino, Land Zilles, 2006). Lecturers can
then change course material or teaching methottscts on these difficult concepts
(Zilles, Longino and Loui, 2006). However, manygereering lecturers emphasize
student problem-solving skills almost to the exduosof understanding the
underlying concepts (Brooks and Koretsky, 2010fonceptual or declarative
knowledge is what students know in terms of dabng, facts, and concepts; while
procedural knowledge is how they use that knowldédgslve problems (Taraba
al., 2007a).

There should be some corrective methods for theesits to grasp concepts
and gain deep understanding by helping them to gameeptual understanding and
intuition about the circuits rather than just ajppdy formal analysis (Hudson and
Goldman, 2007; Tarabaat al, 2007b). The teaching and learning of electribitg
been the object of investigations, books and cenfegs for example Ogunfunmi &
Rahman (2011), Smaidit al. (2011) and Streveleaat al. (2006). Previous works by
researches show that students encounter deep-tmreieptual and reasoning
difficulties in understanding introductory electtyc(Engelhardt and Beichner, 2004;
Getty, 2009; Holtoret al, 2008; McDermott, 1996).

Engineering colleges nationwide are urged to foans their pedagogical
paradigm from a predominantly lecture-based tonguiiry-based teaching approach
(Bernold, 2007) as this method promotes concepéaahing relative to traditional
instruction (Princeet al, 2011b). Inquiry-based instruction can be defirax
pedagogy whereby students are engaged in fundaltyenfzen-ended, student-
centered, hands-on activities (Nelseh al, 2011). Inquiry-based learning is a
process in which a student poses a question, develn experiment, collects and

analyzes data, answers the question, and presentsdults; this process encourages



“information processing” rather than “informatm scanning” (Buch and Wolff,
2000). In an inquiry-based classroom, the ideto isxpose and directly confront
misconceptions, not with a lecture but with reakHdoexperience (Prince and
Vigeant, 2006).

A simulation was able to improve students’ learnaugcomes in electrical
engineering compared to laboratory work and wast&al for students with lower
prior knowledge and educative ability (Jaakkola &hadmi, 2004). Simulations are
visualization activities used to integrate theomny g@ractice, they are significant yet
enabling students to make connections between ptsmd&caliseet al, 2011).
Conditions for learning encompasses the atmosphatethe teacher creates in the
classroom, through good relationships with studamid contents; and stimulating
materials with an aim that students will enjoy aslvas achieve (Inglis and Aers,
2008).

The main aim of science and engineering curricuignio help students
understand and become able to use the accepteahatiphs of the behavior of the
natural world (Biernacki and Wilson, 2011) while vdping students’
understanding of the scientific approach to inq@pwin and Alvarez, 2005). It is
projected that in classrooms where there is ingo@ged instruction, students may
use more meaningful learning strategies, such r@stdnvestigations and hands-on
experiences, because such instruction encourages th structure meaning from

these experiences (Nelsenal, 2011).

1.3 Statement of the Problem

Students are seen to have difficulties in learretegtricity concepts which
hinders their scientific conceptualization. Oneha# difficulties is not being able to
solve problems due to only shallow understandingasiic electrical concepts. This
study is the first step towards addressing studestonceptions with open circuits
and short circuits concepts. It is important nolydo know what these alternative

conception are, but it would be useful to identdypossible source for these



conceptions. The step that should be taken dfigistudy is to develop teaching and
learning activities to address these alternativeceptions. Alternative conception

and misconception are used interchangeably whigfesahe same meaning.

Alternative conceptions that are resistant to geaithrough traditional
teaching methods are obviously of particular irgete educators, especially when
misconceptions concern a critically important cqtseelated to core engineering
courses (Prince, Vigeant and Nottis, 2010). Tesearch investigated the possibility
that students have misconceptions in both opemitsrand short circuits concepts.
If this is indeed the case, it suggested possilan gor teaching and learning

activities.

There are reasons for this research to investgatient misconception with
open and short circuits concepts. Imagine studattésnpting to understand total
resistance in a circuit without first having an arstanding of open and short
concepts; or attempting to explain the working ofiluit without knowing how
open circuits and short circuits has an effect oirauit; therefore they were not only
failing to imagine the case of the problems givieat also unable to analyze and
evaluate how the circuits works. The concept ofropnd short are fundamental
concepts in a basic electric circuits course irekattrical engineering programme.
Although most texts treat the concepts as hiddewegat, but this topic should have

its own topic in the texts.

The concept of open and short circuits is an esgeroncept for many later
concepts such as total resistance, node analyssh ranalysis, especially when
dealing with Thevenin’s theorem and Norton’s theoreEven first order and second
order transient circuits involve with open and s$harcuits. Although open and
short circuits are such important concept, studemtsconceptions with both
concepts have been largely neglected. There has ke study of students’
misconceptions of other concepts such as thermalhaat (Prince, Vigeant and
Nottis, 2009a), energy and temperature (Prince Viggant, 2011), and physics
(McDermott, 1996) concepts. However, there is muich research of specific

concepts related to basic electric circuits (Oganfuand Rahman, 2010; Sabah,



2007). Misconceptions are robust and pervasiveetbee understanding the
incorrect models that underlie these basic misquimes is the first step to
correcting them (Smai#t al, 2011).

The concepts of open circuits and short circuigssamong the most important
and difficult concepts taught in first-year of @léwal engineering programme. This
research will address first-year concepts and hbaestudents will succeed in their
consecutive courses. Circuit simulator also wéllused to demonstrate the working
of a circuit. By tackling their learning difficigts through the use of simulators,
students’ learning difficulties will be overcomedcda hence, improved their
conceptual understanding. This justifies the imguoee of formulating the teaching

and learning activities to assist students’ contegoning.

This study focuses on identifying and investigatichanges in students’
conceptual understanding through the use of simoaksupported approach on open
and short circuits concepts through an inquiry-daseorporated with predict-
observe-explain task. This research argues thatlations alone do indicate that
students cannot verbalize their conceptual undwistg. Therefore, an inquiry-
based approach is incorporated with simulation-etpg and predict-observe-
explain tasks to enable students to visualize balsiciric circuits’ behavior, analyze
findings, and verbalize the explanation about therking of the circuits with
reasoning. By incorporating simulation-support hwiinquiry-based approach,
statement that claims simulation alone can helgt®tal engineering students
achieved deep understanding in the subject matéeing refuted. This research
contributes to the knowledge is assisting studerds’cepts understanding in open
and short circuits concept of electric circuitsngssimulation-supported approach

with inquiry-based approach incorporated with ptedbserve-explain tasks.

1.4 Research Objectives

This research attempts to investigate the undetstgnof basic electric

circuits’ concept among first-year electrical eregring diploma students at one
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local public university. This research explorese tlstudents’ conceptual
understanding of open and short circuits concejptaddition, this research explores
the use of an inquiry-based simulation-supportegr@ch incorporate predict-
observe-explain task to assist students’ concepéaahing. The findings of this

research will guide the development of an effecteaehing and learning activity.

The research objectives (RO) can be further detaitefollows:

1. To investigate students’ conceptual understandifigbasic electric

circuits concepts.

2. To develop an inquiry-based simulation-supporte@ragch to assist

students’ conceptual learning of basic electricusts concepts.

3. To evaluate students’ performance in basic electrauits concepts after

learning with the approach.

1.5 Research Questions

To achieve the above research objectives, thewaollp research questions
(RQ) are used.

Objective 1: To investigate students’ conceptual understandihdpasic electric

circuits concepts.

RQ1. What are students’ conceptual understandings negards to open

and short circuits concepts?

Objective 2: To develop an inquiry-based simulation-suppodpgdroach to assist

students’ conceptual learning of basic electricusts concepts.
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RQ2. Can students’ conceptual learning be assistedigh the use of an

inquiry-based simulation-supported approach?

Objective 3: To evaluate students’ performance in basic etecircuits concepts

after learning with the approach.

RQ3. What are students’ performances on open amd sincuits concepts

after learning with the approach?

1.6 Conceptual Framework

A conceptual framework can be represented in geapform or written in
narratives form (Miles and Huberman, 1994; SvinicRD10). A conceptual
framework can assist the researcher in decidingyjpes of data to collect and the
variables to examine (Miles and Huberman, 1994niSki, 2010). In addition, it
guides the researcher during the data interpretati@se (Svinicki, 2010).

Students’ grade for Electric Circuits, DDE1103 walso gathered and
analyzed. The result was as shown in Appendix This university has a policy
whereby students who obtained a grade C- or belowt mepeat the course as this
course is prerequisite for Circuits Theory |, DDE31 Table 1.1 shows students
grade for DDE1103.

The grades show that a total of 31.5% of studeat® to repeat the course in
the next semester. This data is used as thengigstint to start out the research
where one-third of students failed Electric CirsuitBased on work by Streveler
(2006) which states that there are both difficult and imgat concepts that need to
be investigated in electric circuits. This resbarovestigated further into students’

alternative conception.
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Table 1.1:Electric Circuits grade

Section % Passed % Failed
(Grade C and above) | (Grade C- and below)

06 69.8 30.2
07 75.0 25.0
09 68.6 31.4
10 63.4 36.6
11 46.8 53.2
12 51.9 48.1
14 87.2 12.8
15 85.1 14.9

Total % 68.5 31.5

The conceptual framework for this research is shomw Figure 1.1. The
framework is based on the ROs that need to be derxi when investigating the
concepts and designing the teaching and learnitigiteess. The focus of this
research is to investigate students’ concept amistathem with inquiry-based
simulation-supported approach for conceptual |legrnin BEC course. The
components of teaching and learning activitiesudel simulation, inquiry-based

approach and assessment.
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Performance Traditional Teaching
and Learning

A

1. 68.5% passed

2. 31.5% failed and has to 1. Lecture
repeat the course 2. Text book
Academic Information System (2006) 3. Laboratory work
I_ ) 1
. In-depth Study on
Prﬁﬁ?.g;fﬂ?egga“d Students’ Conceptual
i y .
Basic Electric Circuit Understanding
Course . . . 1. Pretest and posttest
| Inquiry-Based Simulation- ‘ )
"1 Supported Approach 7| 2. Interview

Open circuit i
3. Module session
Short Circuit

Predict-Observe-Explain tasks Analysis for students’

alternative conception

Literature

Diploma in Electrical
Engineering Program 1. Difficult Concepts in Electric Circuit (Streveler et al., 2006a),

(Smaill etal., 2011), (Sabah, 2007)

First year students 2. Circuit Simulation (Banky & Wong, 2007); (Holton & Verma, 2009)

3. Inquiry-Based Activities (Prince & Vigeant, 2006)); Physics by
Inquiry ((McDermott, 1996)

4. Predict-Observe-Explain (POE) (Haysom & Bowen, 2010)

SCOPE OF RESEARCH

Figure 1.1  Conceptual framework

Students were found to have learning difficultrdgh important concept in
electric circuits course (Streveler al, 2006) as will be discussed in detail in section
2.2. This is due to a lack of conceptual undeditap of basic concepts gained in
these courses (Prined al, 2010). This research adapts one basic eleatdaitc
concept test from Sabah (2007) to investigate siistieonceptual understanding is
discussed in detail in section 2.3. The reliapidihd validity of the adapted concept

test was performed in this research.

The intervention is an inquiry-based simulatiopgsoarted approach
incorporated predict-observe-explain (POE) tasksliasussed in detail in section
2.3. The data gathered is analyzed to gain ingdigfiot students’ understanding.
Interviews were also conducted to gain greateghtsinto students’ thinking. The
analysis will see the changes in students’ coneg¢ptaderstanding. Findings about
students’ alternative conception in a BEC will hgcdssed.
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1.7  Significance of the Research

This research offers detail investigation aboutidents’ conceptual
understandings of open and short circuits condepsBEC course. The findings of
this research is a significant contribution to ewdiag electrical engineering
students’ conceptual learning in a BEC. Studernitsuwderstand better the concepts
of basic electric circuits and overcome their owffiallties by participating in
inquiry-based activities. By verbalizing their ceptual understanding, they will
have better retention of their conceptual knowledg§aidents become active learners
when the learning is incorporated with predict-obeeexplain (POE) tasks.
Students will have direct interaction and involveinevith the learning process
which will increase their interest and enable thenacquire scientific knowledge.

Overall students will be better equipped with deepceptual knowledge.

Significant contribution to pedagogy was highlgghtin term of identifying
an effective approach for teaching and learning/iiets for open and short circuits
concept in BEC. The developed inquiry-based sitralasupported approach will
assist students’ conceptual understanding espgoialWillingness of students taking
part on inquiry learning which indirectly enhandéeir conceptual understanding.
The lecturers and university has to be aware o$ @ned cons when indulging in
teaching and learning activities with simulatiorpgarted through inquiry-based
approaches. The developed approach will assisirks in teaching and learning
approaches in a student-centered environment. u@hrdhe simulation, several
abstract concepts about electricity can be expliamel discussed by lecturers easily.
The developed approach and lesson plan will sesve guide for other researchers
who are interested in designing an instruction@ra@ch for assisting students grasp

better conceptual understanding.

1.8 Scope and Limitation of the Research

This research investigates students’ concept stateting in a BEC for first-

year students taking Diploma in Electrical Engimegrprogramme at one local
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public university. This research examines the eption that students have of open
and short circuits concepts only. This researdah mbt investigate the current
teaching and learning strategies used by lectaedsstudents. Also the researcher

did not investigate the methods of assessmentlusttturers.

This research is limited to first-year studentsowiave just entered their
second semester of study. They have just finishkthg BEC course during their
first semester at this university. To meet theppae of evaluating students’
conceptual understanding, the students to be sdmmplest have taken an Electric
Circuits course before. However, grades obtaithe Electric Circuits course will
not be used as a selection basis. This reseasohnall not cover other factors such
as students’ interest, gender, and social backgroimfact, students are chosen on a
voluntary basis. Also due to space and time caimg#, the research was conducted

during the students’ free time outside their norotass schedules.

The laboratory involved in this research has &l tomputers installed with
Multisim. Also it was confirmed that all the stude had used Multisim as their tool
for studying BEC during their first semester. Thislped this research that the
introduction to circuits’ simulator software can kept simple.

1.9 Definition of Terms

This research uses some terms from electrical eegimy and education.

Listed below are some terms that are used in thrik.w

1. Concept understanding
Understanding concepts mean the ability to (Andeestd Schonborn, 2008):
i. Memorize knowledge of the concept in a mindful meEmnas
distinguished from rote learning.
ii. Integrate knowledge of the concept with that ofeotlelated concepts so

as to develop sound explanatory frameworks.



16

lii.  Transfer and apply knowledge of the concept to tsided and solve
(novel) problems.
iv. Reason analogically about the concept.

v. Reason logically and globally about the concepstéay thinking).

Multisim

This research made use of electronic circuits’ &tmn software, Multisim

from Electronics Workbench (EWB). Multisim provilan intuitive drag-and-
drop user interface which students can use to lauidttcuit, insert measuring
devices such as voltmeters and ammeters, and $entha circuits, and
observe the results (National Instrument, 2007).

Inquiry-based approach

A student-centered environment where the lectustabdished the task and
support or facilitate the process, but the studgotisue their own lines of
inquiry (ask questions); draw on their existing wexdge; and identify or
interpret the outcomes of learning activities (Kahnd O'Rouke, 2005;
McDermott, 1996; Scanloet al, 2011).

Misconception / Alternative conception

A misconception is an idea about or an explandiora phenomenon that is

not accurately supported by accepted physical jpliess a mistaken thought,

idea, or notion; a false idea or belief; a misustierding (American Heritage

Dictionary, 2000). There two terms were used titangeably because they

carry the same meaning.

Predict-observe-explain (POE)

Developed by (White and Gunstone, 1992) to uncowndividual students’
prediction and their reasoning about a specifimev®OE tasks is to facilitate
students’ learning conversations in a meaningfuf daring their engagement
with the tasks and to foster student inquiry andllenge existing conceptions
that students bring to the classroghtaysom and Bowen, 2010; Kearney,
2004).
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1.10 Organization of the Thesis

Figure 1.2 summarizes the flow of thesis orgaromat Chapter 1 provides
the introduction and background of the researche dbjectives of the research and

conceptual framework which guide the research lse@esented.

Chapter 2 is a review the literature related ®résearch such as conceptual
understanding, teaching and learning activitiescvrare simulation-supported and
use an inquiry-based approach incorporated predhserve-explain tasks. The

discussions on the research findings by other resenare also presented.

Chapter 3 provides the research methods. Theldefathe participating
students, data collection methods, data analysisissues related to the reliability

and validity are described in this chapter.

Chapter 4 presents the development of the induased simulation-
supported approach. The preliminary study thadegithe development is discussed.

The lesson plans of the developed approach areriess

The results and discussion of the research araédaa in Chapter 5. The
results, analysis and discussion related to ststestincept understanding are

elaborated in this chapter.

Chapter 6 presents the conclusions and reccomensgatf the research
findings. The achievement on students’ conceptualerstanding together with
several recommendations to improve the currenhiegcand learning activities are

also presented. Lastly, recommendations for funtbgearch are also offered.
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Chapter 1 Chapter 2 Chapter 3
_ 1. , . Research
Introduction Literature Review Methodology
Chapter 6 Chapter 5 Chapter 4
) < < Development of an
Conclusions & [% Results & < Inquiry-Based
Recommendations Discussion Simulation-Supported
Approach

Figure 1.2  Thesis organization

1.11 Summary

This chapter discussed the current teaching aarhiley issues related to
conceptual understanding research in electricaheegng education. The outcome
of teaching and learning activities on studentsiaeptual understanding were also
provided. Students have difficulties learning BE@yunfunmi and Rahman, 2010;
Smalill et al, 2011; Streveleet al, 2006). The focus of the discussion was on
students’ conceptual understanding in one localipuimiversity in Malaysia. The
current teaching and learning activities dependsslide presentations, passive
learning, and lecture. Moreover, the students gedves act as passive listener.

To tackle the problem of learning difficultiesjghesearch attempts to assist
students’ conceptual learning by inducing teachamgl learning with simulation-
supported activities (Banky and Wong, 2007) incoaped with POE tasks (Kearney,
2004) together with inquiry-based approaches (Bratal, 2009b). The challenge
is to gain deep conceptual understanding. Theatitee review related to this

research is discussed in Chapter 2.



149

REFERENCES

Abdullah, S., & Shariff, A. (2008). The effectsiafjuiry-based computer
simulation with cooperative learning on scienttfinking and conceptual
understanding of gas lawSurasia Journal of Mathematics, Science and
Technology Education(4), 387-398.

Afra, N. C., Osta, I., & Zoubeir, W. (2009). Stud€ralternative conceptions about
electricity and effect of inquiry-based teachinggiesinternational
Journal of Science and Mathematics Educatidf),7103-132.

Agarwal, A., & Lang, J. H. (2005Foundation of analog and digital electronic
circuits. Oxford UK: Elsevier.

Akcay, B. (2009). Problem-based learning in sciezab@cationJournal of Turkish
Science Education(5), 26-36.

Akhtar, M. (2007). A comparative study of studettitade, learning and teaching
practices in Pakistan and Britalducational Studies, 83), 267-283.

Alberta Education. (2004). Focus on inquiry: a tesats guide to implementing
inquiry-based learning Retrieved Mei 17, 2010mfro
http://education.alberta.ca/media/313361/focusaniggpdf

Albuquerque, C., Brown, T., Kapralos, B., Hogan, 8 Dubrowski, A. (2010). The
use of virtual simulations in a laptop-based ursitgr2nd World Conference
on Educational Sciences, WCES-2010, Istanhul524-1698.

Alessi, S. M., & Trollip, S. R. (2001Multimedia for learning : methods and
developmenf3rd ed.). Massachusettes, USA: Allyn & Bacon.

Ambikairajah, E., & Epps, J. (2011). Project-bak=aning in digital signal
processing: Development and experien284.1 Digital Signal Processing
and Signal Processing Education Meeting, DSP/SPH 28edona, A5H06-
511.




150

American Heritage Dictionary. (201Tlhe American Heritage Dictionary of the
English Languagé5th ed.): Editors of the American Heritage Diogoies.

Anderson, T. R., & Schonborn, K. J. (2008). Bridgthe educational research-
teaching practice gap, conceptual understanding,lP@ahe multifaceted
nature of expert knowledgBiochemistry and Molecular Biology Education,
The International Union of Biochemistry and MoleauBiology, 3§4), 309—
315.

Apedoe, X. S., Walker, S. E., & Reeves, T. C. (9008egrating inquiry-based
learning into undergraduate geolodgurnal of Geoscience Education,
54(3), 414-421.

Ash, D., & Kluger-Bell, B. (1999). Identifying indny in the K-5 classroom. In S. S.
(Ed.),Foundation Volume II: A Monograph for ProfessionalsScience,
Mathematics, and Technology Education: Inquiry, Ugiats, Views, and
Strategies for the K-5 Classrodfviol. II). Washington DC: National Science
Foundation.

Aziz, E. S. (2011). Teaching and learning enhanegrimeundergraduate machine
dynamics Computer Applications in Engineering Education(2)9244-255.

Banky, G. P. (2005). Using circuit simulator softesén the study of electronic
circuit behaviourProceedings of the 2005 ASEE/AaeE 4th Global
Colloquium on Engineering Education, Australia

Banky, G. P., & Wong, K. K. (2007). Troubleshootiexercises using circuit
simulator software: Support for deep learning im skudy of electronic
circuit. International Conference on Engineering Educatid@EE2007,
Coimbra, Portugal

Belski, I. (2008). Acquiring a holistic picture: € Screens web-based simulator
helping students to unify behaviours of electr@yistems8th IEEE
International Conference on Advanced Learning Tetdgies, ICALT 2008,
Santander154-158.

Benson, L. C., Orr, M. K., Biggers, S. B., Moss, W/.Ohland, M. W., & Schiff, S.
D. (2010). Student-centered active, cooperativenlag in engineering.
International Journal of Engineering Education,(85 1097-1110.

Bernold, L. E. (2007). Preparedness of enginedrgghman to inquiry-based
learning.Journal of Professional Issues in Engineering Ediwraand
Practice, 1382), 99-106.



151

Biernacki, J. J., & Wilson, C. D. (2011). Introdagiinterdisciplinary content
through electivesl18th ASEE Annual Conference and Exposition,
Vancouver, BC

Borrego, M., Douglas, E. P., & Amelink, C. T. (200Quantitative, qualitative, and
mixed research methods in engineering educalimmnal of Engineering
Education, 981), 53-66.

Boylestad, R. L. (2004Essentials of circuit analysidNew Jersey: Pearson Prentice
Hall.

Bransford, Brown, & Cocking. (2000HHow people learn: Brain, mind, experience
and schoalWashington DC: National Academy Press.

Bransford, J., Vye, N., Steven, R., Kuhl, P., Scitwya., Bell, P., Meltzoff, A.,
Barron, B., Pea, R., Reeves, B., Roschelle, J.aBe8i, N. (2006). Learning
theories and education: Toward a decade of synérdy. A. Alexander & P.
H. Winne (Eds.)Handbook of educational psychology (2nd editig@mnd
ed.). NJ: Lawrence Erlbaum Associates: Mahwah.

Britain, S. (2004). A review of learning design:rept, specifications and tods
report for the JISC e-learning Pedagogy Programdwent Information
Systems Committee, UK.

Brooks, B., & Koretsky, M. (2010). The effect ofgranstruction on students'
construction of conceptual understanding in therynadhics.2010 ASEE
Annual Conference and Exposition, Louisville, KY

Buch, N. J., & Wolff, T. F. (2000). Classroom teexchthrough inquiryJournal of
Professional Issues in Engineering Education anaicBce, 1263), 105-1009.

Campbell, D. T., & Stanley, J. C. (1968xperimental and quasi-experimental
design for researclDallas, Texas: Houghton Mifflin Company.

Carle, S. (1993). Student held misconceptions teggrarea and perimeter of
rectangles. Retrieved June 21 2008, fidtp://www.cct.umb.edu/abstract-
TOC.html

Chen, J. C. (2007a). Application of transformate&ning theory in engineering

educationlnaugural International Conference on Research ingiieering
Education, ICREE, Honolulu, HI

Chen, X. (2007b). The object bias and the studsc@ntific revolutions: Lessons
from developmental psychologyhilosophical Psychology, 2@79-503.



152

Choi, K., & Chang, H. (2004). The effect of usiig telectric circuit model in
science education to facilitate learning electyicgélated conceptsournal of
the Korean Physical Society, @3, 1341 - 1348.

Cohen, J. (1992). Quantitative methods in psycholégoower primer.
Psychological Bulletin, 132), 155-159.

Creswell, J. W. (2003Research desigh : Qualitative, quantitative, andedi
methods approacheblniversity of Nebraska, Lincoln, California, US8age
Publications, Inc.

Creswell, J. W., & Miller, D. L. (2000). Determirgrvalidity in qualitative inquiry.
Theory into Practice, 33), 124-130.

De Jong, T., & Ferguson-Hessler, M. G. M. (1996)pfs and qualities of
knowledge Educational Psychologist, 82), 105-113.

DiCerbo, K. E. (2007). Knowledge structure of emgrcomputer networking
students and their instructodaurnal of Information Technology Education,
6, 263-277.

Dollar, A., & Steif, P. (2009). Web-based staticsitse used in an inverted
classroom2009 ASEE Annual Conference and Exposition, AUBXn,

Donald, A., Bohm, M., & Moore, I. (2009). Changihgw science students think:
An inquiry based approachternational Journal of Learning, 18), 579-
584.

Donath, L., Spray, R., Thompson, N. S., AlfordME, Craig, N., & Matthews, M.
A. (2005). Characterizing discourse among undergaresearchers in an
inquiry-based community of practicégournal of Engineering Education,
94(4), 403-417.

Dorf, R. C., & Svoboda, J. A. (2004htroduction to Electric CircuitDanvers, MA:
John Wiley & Sons Inc.

Duit, R., & Rhoneck, C. V. (1998). Learning and arstanding key concepts of
electricityConnecting Research in Physics Education with Telach
Education(pp. Section C2): International Commission on RisyEducation.

Duit, R., & Treagust, D. F. (2003). Conceptual amnA powerful framework for
improving science teaching and learniigernational Journal of Science
Education, 2%6), 671-688.



153

Edwards, R., & Recktenwald, G. (2008). Guided ingjin an engineering
technology classroon2008 ASEE Annual Conference and Exposition,
Pittsburg, PA

Engelhardt, P. V. (1997). Examining students' ustd@ding of electrical circuits
through multiple-choice testing and interviews (@xaations) (Dissertation
Abstracts International North Carolina State Unsitg). Retrieved July 6,
2008, fromhttp://www.ntlf.com/html/lib/umi/1997k.htm

Engelhardt, P. V., & Beichner, R. J. (2004). Studemnderstanding of direct current
resistive electrical circuitdmerican Journal of Physics, (13, 98-115.

Faul, F., Erdfelder, E., Buchner, A., & Lang, A. @009). Statistical power analyses
using G*Power 3.1: Tests for correlation and regjeesanalysedBehavior
Research Methods, @), 1149-1160.

Felder, R. M., & Brent, R. (2009). The 10 worstd@ag mistakesChemical
Engineering Education, 4B8), 15-16.

Fink, L. D., Ambrose, S., & Wheeler, D. (2005). Betng a professional
engineering educator: A new role for a new doaurnal of Engineering
Education, 941), 185-194.

Fraenkel, J. R., & Wallen, N. E. (200How to design and evaluate research in
education New York: McGraw-Hill

Friedman, D. B., Crews, T. B., Caicedo, J. M., Bgsl. C., Wienberg, J., &
Freeman, M. |. (2010). An exploration into inqubrgsed learning by a
multidisciplinary group of higher education faculfpurnal of Higher
Education(59), 765-783.

Getty, J. C. (2009). Assessing inquiry learnin@ icircuits/electronics coursg9th
ASEE/IEEE Frontiers in Education Conference, SatoAio, TX

Gonzales, A. O. (2011nssessment of conceptual understanding of atomictste,
covalent bonding and bond enerd®§Sc. Chemistry, Clemson University,
South Carolina.

Gowin, B. D., & Alvarez, M. C. (2005 he art of educating with V diagramsew
York, USA: Cambridge University Press.

Guizhu, L. (2005). Employing a combination of teiaghapproaches to improve the
quality of teaching and learninfhe China Papers/5 - 78.

Guo, W., & Lu, H. (2011). Using fishbone diagramsriquiry-based teaching and
learning for engineering educatid®011 International Conference on



154

Computing, Information and Control, ICCIC 2011, VdahChina, 235 CCIS
435-442.

Haysom, J., & Bowen, M. (2010predict, observe, explain : activities enhancing
scientific understandingArlington, Virginia, USA: National Science
Teachers Association Press.

Hestenes, D., Wells, M., & Swackhamer, G. (1992)cE concept inventory.he
Physics Teacher, 88), 141 - 153.

Holton, D. L., & Verma, A. (2009). Work in progrestJsing the AC/DC circuits
concept inventory to inform the design of a ciraumulation and
instructional strategyd9th ASEE/IEEE Frontiers in Education Conference,
San Antonio, TX

Holton, D. L., Verma, A., & Biswas, G. (2008). Assing student difficulties in
understanding the behavior of AC and DC circl#®08 ASEE Annual
Conference and Exposition, Pittsburg,.PA

Houghton, W. (2004). Learning and teaching theonehgineering academics.
Learning and Teaching Theorfgngineering Subject Centre: The Higher
Education Academy.

Hu, H. H., & Kussmaul, C. (2012). Promoting studeentered learning with
POGIL.SIGCSE '12 Proceedings of the 43rd ACM technicalpgsium on
Computer Science Educatids/9-580.

Hudson, T. A., & Goldman, M. (2007). Improving S&ud Confidence with Analog
Circuits.2007 IEEE International Conference on Microelecis8ystems
Education (MSE'07)

Hussain, N. H., Latiff, L. A., & Yahaya, N. (200Q)earning difficulties among
electrical engineering studenihe International Journal of Science in
Society, 14), 12.

Inglis, F., & Aers, L. (2008)Key concepts in educatiohondon: SAGE.

Irwin, J. D. (2002)Basic engineering circuit analysiBanvers, MA: John Wiley &
Sons Inc.

Jaakkola, T., & Nurmi, S. (2004). Academic ImpakcLearning Objects : The Case
of Electric CircuitsBritish Educational Research Assosiation Annual
Conference, University of Manchester

Jaakkola, T., Nurmi, S., & Veermans, K. (2011).dnparison of students'
conceptual understanding of electric circuits mudation only and



155

simulation-laboratory contextdournal of Research in Science Teaching,
48(1), 71-93.

Johnson, B., & Christensen, L. (200Byucation research: Quantitative, qualitative,
and mixed approachd8rd ed.). Thousand Oaks, Los Angeles: Sage
Publications.

Kahn, P., & O'Rouke, K. (2005). Understanding engbased learning. In T.
Barrett, Mac Labhrainn, I., Fallon, H. (Edjandbook of Enquiry & Problem
Based LearningGalway: CELT.

Kearney, M. (2004). Classroom use of multimediapsufed predict—observe—
explain tasks in a social constructivist learningimnment.Research in
Science Education, 84), 427-453.

Kearney, M., & Treagust, D. F. (2001). Construciwias a referent in the design
and development of a computer program using inteeadigital video to
enhance learning in physidgsustralian Journal of Educational Technology,
17(1), 64-79.

Kearney, M., Treagust, D. F., Yeo, S., & Zadnik, ®1.(2001). Student and teacher
perceptions of the use of multimedia supported iPte@bserve—Explain
tasks to probe understandiRgsearch in Science Educatifrol. 31).
Netherlands: Kluwer Academic Publishers.

Kephart, K. (2008). The discourse of engagementagyroach to analyzing
conceptual understanding in an inquiry-based legranvironmenEIE:

2008 IEEE Frontiers in Education Conference, Vol3 (pp. 1776-1781).
New York: IEEE.

Khairiyah, M. Y., Tasir, Z., Harun, J., & Helmi, . (2005). Promoting problem-
based learning (PBL) in engineering courses authigersiti Teknologi
Malaysia.Global Journal on Engineering Education(29, 175 — 184.

Kussmaul, C. (2011). Process-oriented guided iydaarning (POGIL) in computer
scienceJournal of Computing Sciences in Collegeg626135.

Liew, C. W., & Treagust, D. F. (1998). The effeetness of Predict-Observe-Explain
tasks in diagnosing students' understanding ohseiand in identifying their
levels of achievementhe Annual Meeting of the American Educational

Research Association, San Diego,.CA



156

Longino, J. T., Loui, M., & Zilles, C. (2006). Stewdt misconceptions in an
introductory logic design course. Retrieved Dis2@08, fromhttp://www-
sal.cs.uiuc.edu/~zilles/papers/logic_misconceptasee2006.pdf

Mann, S., & Robinson, A. (2009). Boredom in thelee theatre: An investigation

into the contributors, moderators and outcomesoédiom amongst

university student®British Educational Research Journal, (2%, 243-258.

Marshall, J. (2008). Students' creation and intgtion of circuit diagrams.
Electronic Journal of Science Education(2p

Mason, C., Sunal, D., Sunal, C., Zollman, D., &IC.(2008). Reformation of
Undergraduate Science Coursassociation for Science Teacher Education,
St. Louis, MO

Mayer, R. E. (2008)earning and instructionNew Jersey, USA: Merrill Prentice
Hall.

McDermott, L. C. (1993). How we teach and how stiddearn - a mismatch?
American Journal of Physics, @1).

McDermott, L. C. (1996)Physics by Inquiry: An Introduction to Physics ahd
Physical Sciencévol. Il). New York: John Wiley & Sons, Inc.

McKittrick, M. (2007). Some Models for DevelopingBinning Students'
Understanding of Electric Circuits. Retrieved M&j 2009, from
http://www.physics.org/documents/events/stav200EIEECirct2b_Teach.do

Cc

Merriam, S. B. (1998)Qualitative research and case study applicatioedication
San Francisco: Jossey-Bass Publisher.

Miles, M. B., & Huberman, A. M. (1994Qualitative data analysisThousand Oaks,
California: Sage Publications.

Millard, D., & Burnham, G. (2003). Increasing Irdetivity in Electrical
Engineering33rd ESEE/IEEE Frontiers in Education Conferenceyl@er,
CO, F3F-8 - F3F12.

Miller, R., Streveler, R., Olds, B., Chi, M., Netgd\., & Geist, M. (2006).
Misconceptions about rate processes: Preliminadeece for the
importance of emergent conceptual schemas in themaktransport
sciencesl113th Annual ASEE Conference and Exposition, 200&ago, IL

Miller, R. L., Streveler, R. A., Olds, B. M., & N&bn, M. A. (2004). Interactive

session: Concept-based engineering education: Biagignstruction to



157

facilitate student understanding of difficult coptin science and
engineering34th ASEE/IEEE Frontiers in Education Conference -
Expanding Educational Opportunities Through Parsteps and Distance
Learning, Savannah, GA, $1A-1-S1A-2.

Milligan, A., & Wood, B. (2010). Conceptual understings as transition points:
Making sense of a complex social woddurnal of Curriculum Studies,
42(4), 487-501.

Ministry of Higher Education. (2011). Jabatan Pgiagalinggi Retrieved Jun 21,
2011, fromhttp://www.mohe.gov.my/educationmsia/index.phpestimohe

Minner, D. D., Levy, A. J., & Century, J. (2010nguiry-based science instruction—
what is it and does it matter? Results from a mebesynthesis years 1984 to
2002.Journal of Research in Science Teachind437474—-496.

Mintzes, J., & Quinn, H. J. (2007). Knowledge rasturing in biology: Testing a
punctuated model of conceptual charigeernational Journal of Science and
Mathematics Education(8), 281-306.

Moog, R. S. (2012). Ask The Mole - What are Proc&sai Goals?The POGIL
Inquirer, 2

Motschnig-Pitrik, R., Kabicher, S., Figl, K., & S@as, A. M. (2007). Person
centered, technology enhanced learning in acti@tioA research in a course
on organizational developmeBZth ASEE/IEEE Frontiers in Education
Conference, Milwaukee, WH2A-6-S2A-11.

National Instrument. (2007). Multisim user guigi#ectronic Workbench Group
Retrieved Oct 27, 2008, frohttp://www.ni.com/multisim/

National Research Council. (2000). Inquiry andNlaional Science Education
standards: A guide for teaching and learning Be¢d Jan 20, 2009, from
http://www.nap.edu/openbook.php?record_id=9596

Nelson, M. A, Geist, M. R., Steveler, R. A., Mill&. L., Olds, B. M., Ammerman,
C. S., & Ammerman, R. F. (2005). From practicegsearch : Using

professional expertise to inform Research Aboutifiggring Students'
Conceptual Understandingnnual Meeting of the American Educational
Research Association, Montreal, Quebec, Canadhs.

Nelson, S., Nottis, K. E. K., Vigeant, M., Priné&,, Miller, R., & Stefanou, C.
(2011). The effect of gender and inquiry-basedvéids on understanding



158

concepts in thermodynamiddnnual Conference of the Northeastern
Education Research Association, Rocky Hill, Connet;t32.

Ogunfunmi, T., & Rahman, M. (2010). A concept intay for an electric circuits
course: Rationale and fundamental top&10 IEEE International
Symposium on Circuits and Systems: Nano-Bio Cifealiirics and Systems,
ISCAS 2010, Parj2804-2807.

Oliver, R. (2007). Exploring an inquiry-based laaghapproach with first-year
students in a large undergraduate clas®vations in Education and
Teaching International, 44), 3-15.

Olson, M. H., & Hergenhahn, B. R. (2008 introduction to theories of learning
(8th ed.). New Jersey: Pearson Prentice Hall.

Pallant, J. (2007SPSS survival manualew York: McGraw Hill.

Pearce, J. A., Schmidt, K. J., & Beretvas, S. R0@). In-class demonstrations to
make electrical circuits easier to understddceeding of the 2004
American Society for Engineering Education Annuahférence &
Exposition, University of Texas at Austin

Pfister, H. (2004). lllustrating electric circuibiecepts with the glitter circuit.he
Physics Teacher, 4359-363.

Prince, J. M., & Vigeant, M. A. (2006). Using inggdbased activities to promote
understanding of critical engineering concefpfis3th Annual ASEE
Conference and Exposition, 2006, Chicago, IL

Prince, M. J., Vigeant, M., & Nottis, K. (2009a)elelopment of a concept
inventory in heat transfe2009 ASEE Annual Conference and Exposition,
Austin, TX

Prince, M. J., & Vigeant, M. A. (2011). The usemduiry-based activities to repair
student misconceptions related toheat, energyemgdraturel18th ASEE
Annual Conference and Exposition, Vancouver, BC

Prince, M. J., Vigeant, M. A., & Nottis, K. (20091A preliminary study on the
effectiveness of inquiry-based activities for addieg misconceptions of
undergraduate engineering studeBucation for Chemical Engineerq23,
29-41.

Prince, M. J., Vigeant, M. A., & Nottis, K. (2013ssessing misconceptions of
undergraduate engineering students in the theroreiaesinternational

Journal of Engineering Education, €5, 880-890.



159

Prince, M. J., Vigeant, M. A., & Nottis, K. (2011dyquiry-based activities to
address critical concepts in chemical enginee®8EE Annual Meeting,
Vancouver, BC14.

Prince, M. J., Vigeant, M. A., & Nottis, K. (2011l)sing inquiry-based activities to
repair student misconceptions related to heatggrend temperature.
Proceedings of the Research in Engineering Edunaymposium, Madrid

Psillos, D. (1998). Teaching introductory electsicConnecting Research in Physics
Education with Teacher Educatigpp. Section E4): International
Commission on Physics Education.

Punch, K. F. (2009)ntroduction to Research Methods in Educatibandon: Sage
Publications.

Richardson, J. (2012). Concept inventories : Témisincoveirng STEM students’
misconceptionAssessment and Education Resedpgh 19-25).

Rittle-Johnson, B., Siegler, R. S., & Alibali, M..M2001). Developing conceptual
understanding and procedural skill in mathemat\esiterative process.
Journal of Educational Psychology, (236-262).

Rubin, H. J., & Rubin, I. S. (2005Qualitative interviewing: The art of hearing data
Thousand Oaks, California: Sage Publications.

Sabah, S. A. (2007peveloping two-tiered instrument with confidenoeels for
assessing students’ conception of direct curremuds. Doctor of
Philosophy Dissertation, State University of Newrk at Buffalo, New
York.

Salim, K. R., Daud, S. M., & Puteh, M. (2009). Assiag students' knowledge in
first-year electronic engineering laborato209 International Conference
on Engineering Education, ICEED2009 - Embracing N&vallenges in
Engineering Educatigr242-246.

Scalise, K., Timms, M., Moorjani, A., Clark, L., Hermann, K., & Irvin, P. S.
(2011). Student learning in science simulationssi@efeatures that promote
learning gainsJournal of Research in Science Teachind9%8L050-1078.

Scanlon, E., Anastopoulou, S., Kerawalla, L., & Walland, P. (2011). How
technology resources can be used to representraiaquiry and support
students' understanding of it across contekiarnal of Computer Assisted
Learning, 2716), 516-529.



160

Schunk, D. H. (2009).earning theories: Educational perspectiv¢pper Saddle
River, New Jersey: Pearson Prentice Hall.

Scott, P. H., Asoko, H. M., & Driver, R. H. (1998)eaching for conceptual change:
A review of strategie€onnecting Research in Physics Education with
Teacher Educatiofpp. Section C5): International Commission on Risys
Education.

Smaill, C. R., Rowe, G. B., & Godfrey, E. (2008)h#{ do they know? An entry
level test for electricityProceedings of the 2008 AaeE Conference, Yeppoon

Smalill, C. R., Rowe, G. B., Godfrey, E., & Paton, @ (2011). An investigation into
the understanding and skills of first-year eleelriengineering students.
IEEE Transactions of Education, @5, 29-35.

Streveler, R., Geist, M., Ammerman, R., SulzbachMiller, R., Olds, B., &

Nelson, M. (2006). Identifying and investigatindfidult concepts in
engineering mechanics and electric circuits3th Annual ASEE Conference
and Exposition, 2006, Chicago,.IL

Streveler, R. A., Litzinger, T. A., Miller, R. L& Steif, P. S. (2008). Learning
conceptual knowledge in the engineering sciencesrnew and future
research directiondournal of Engineering Education, @j, 279-294.

Streveler, R. A., Nelson, M. A., Olds, B. M., & Nél, R. L. (2003). Why are some
science and engineering concepts so difficult aon@ Identifying, assessing,
and "repairing" student misunderstanding of impurtaonceptsEngineering
as a Human Endeavor: Partnering Community, Acadef@ernment, and
Industry; Westminster, CO, 3

Svinicki, M. D. (2008). What they don't know carrtilnem: The role of prior
knowledge in learning. Retrieved Dis 24, 2009nfro

http://www1.umn.edu/ohr/teachlearn/resource/guilmsknow/index.html

Svinicki, M. D. (2010). A guidebook on conceptuarheworks for research in
engineering education Retrieved Feb 26, 2011, from
http://cleerhub.org/resources/6

Taraban, R., Anderson, E. E., DeFinis, A., BrownGA Weigold, A., & Sharma, M.
P. (2007a). First steps in understanding engingestindents growth of

conceptual and procedural knowledge in an interadéarning context.

Journal of Engineering Education, @§, 57-68.



161

Taraban, R., DeFinis, A., Brown, A. G., AndersonEE & Sharma, M. P. (2007b).
A Paradigm for Assessing Conceptual and Proceduraiviedge in
Engineering Studentdournal of Engineering Education, @9, 335-345.

Thomassian, J. C., & Desai, A. (2008). Interacteaning modules for innovative
pedagogy in circuits and electroni@8th ASEE/IEEE Frontiers in Education
Conference, FIE 2008, Saratoga Springs, RYA7-F2A10.

Treagust, D. F. (2006). Diagnostic assessmenti@gmee as a means to improving
teaching, learning and retentiddymposium Proceedings Assessment in
Science Teaching and Learning, Sydney, NBW/

Turkmen, H., & Usta, E. (2007). The role of leaoycle approach overcoming
misconceptions in sciencéastamonu Education Journal, &, 491 - 500.

VanDijk, L. A., & Jochems, W. M. G. (2002). Changia Traditional Lecturing
Approach into an Interactive Approach: Effectsmlrupting the
Monologue in Lecturednternation Journal of Engineering Education,(38
275-284.

Vigeant, M., Prince, M., & Nottis, K. (2009). Ingyibased activities to repair
misconceptions in thermodynamics and heat tran2889 ASEE Annual
Conference and Exposition, Austin,. TX

White, R., & Gunstone, R. (1998robing understanding.ondon: The Falmer
Press.

Williams, R., & Howard, W. (2007). A versatile ardonomical apparatus for
experiments in staticd14th Annual ASEE Conference and Exposition, 2007,
Honolulu, Hl

Wuttiprom, S., Sharma, M. D., Johnston, |. D., @hae, R., & Soankwan, C. (2009).
Development and use of a conceptual survey induoictory quantum
physics.International Journal of Science Education(3) 631-654.

Yadav, A., Lundeberg, M., Subedi, D., & Bunting,(2010). Problem-based
learning in an undergraduate electrical engineesgse2010 ASEE
Annual Conference and Exposition, Louisville, KY

Yadav, A., Subedi, D., Lundeberg, M. A., & Buntir@, F. (2011). Problem-based
learning: Influence on students’ learning in arcteieal engineering course.
Journal of Engineering Education, 1(&), 253-280.



162

Yahaya, N. (2002)Development and evaluation of a web-based learsysgem for
re-conceptualization: Basic electric circuiBhD, Universiti Teknologi
Malaysia.

Yeung, S. Y. S. (2009). Is student-centered pedagogossible in Hong Kong? The
case of inquiry in classroomAsia Pacific Education Review-10.

Zeilik, M. (1998). Conceptual diagnostic tests.trieged July 21, 2010, from
http://www.flaguide.org/cat/diagnostic/diagnostigip

Zeilik, M., Schau, C., Mattern, N., Hall, S., Teagi. W., & Bisard, W. (1997).

Conceptual astronomy: A novel model for teachingtpecondary science

coursesAmerican Journal of Physics, @®), 987-996.

Zhou, G. (2010). Conceptual change in science:o&gss of argumentatioBurasia
Journal of Mathematics, Science and Technology &itut, §2), 101-110.

Zhou, S., Han, J., Pelz, N., Wang, X., Peng, LaaXH., & Bao, L. (2011). Inquiry
style interactive virtual experiments: A case aewar motion European
Journal of Physics, 38), 1597-1606.

Zilles, C., Longino, J., & Loui, M. (2006). Studemisconceptions in an introductory
digital logic design coursd&.13th Annual ASEE Conference and Exposition,
2006, Chicago, IL



	NoorHamizahHussainPSPS2012ABS
	NoorHamizahHussainPSPS2012TOC
	NoorHamizahHussainPSPS2012CHAP1
	NoorHamizahHussainPSPS2012REF



