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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.
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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.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter discussed about the literature reledethe study that is being
carried out. Several aspects such as studentshiga difficulties, alternative
conceptions, conceptual learning and understandinlfy be reviewed. The

discussion focuses on the studies carried out &yiqus researchers.

The discussion starts with students’ conceptudktstanding related to BEC
and its relation to learning difficulties and attative conception. The discussion
proceeds to the teaching and learning approacloémlgl and in Malaysia and the

various methods of enhancement in the BEC teaadmdgdearning activities.

The use of computers and simulations in the psoéseaching and learning
is also reviewed, especially for BEC to support isgearch being carried out. The
characteristics of inquiry-based and POE tasksetinborporated into the approach

are also discussed.

Finally this chapter describes the BEC coursenatlocal public university in
Malaysia. Since the samples of the research ara fhis institution, the relation
between BEC in Malaysia was made with worldwideeéss
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2.2 Issues of Teaching and Learning

Engineering knowledge is complex. Therefore @igteé concepts cannot
usually be introduced to students all at once ksabuilding conceptual
understanding is a long-term process (Belski, 2008esearch in learning and
instruction claims a central role for the concepkmowledge where two most well-
known knowledges are declarative or conceptual pmatedural knowledge (De
Jong and Ferguson-Hessler, 1996; Mayer, 2008). c€pminal knowledge may
enhance procedural knowledge and performance aeptual knowledge may help
students identify key features of a problem basedleeper understanding of the
domain, as opposed to surface understanding, lgatiialents to properly encode the
problem and generate a successful solution (Rltlason, Siegler and Alibali,
2001). Interaction between students-teachersaugjirdhe interaction of thinking,

feeling, and acting ensure that educating to ofdeDermott, 1993).

Meaningful learning requires that students magterdamental concepts
(Prince, Vigeant and Nottis, 201l1la). Meaningfulrieng, or learning for
understanding occurs when students try to makeesainthe materials presented to
them, and is distinguished from rote learning,earhing by memorizing (Gowin and
Alvarez, 2005; VanDijk and Jochems, 2002). rote learning, material presented is
not well integrated with existing knowledge whiasults in good retention but poor
transfer; while meaningful learning is manifesteddmod retention and also good

transfer performance (Mayer, 2008).

Conceptual knowledge is an understanding of cdscepperations and
relations of principles governing a domain and ititerrelations between units of
knowledge in a domain which elaborate the quedtisindoes not really answer it
(Streveleret al, 2003). Understanding a concept means the ahditpnemorize
knowledge of the concept in a meaningful manneegrate knowledge, transfer and
apply knowledge of the concept to understand anidesa problem, reason
analogically; and reason locally and globally abtlg concept (Anderson and
Schonborn, 2008). Conceptual understanding has hebieved when students

know and understand a concept, and when can etabanéo generalization
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(Milligan and Wood, 2010). Different terms are ds@ the literature to refer to
students’ conceptual understanding such as alteenadnception and misconception
(Bransfordet al, 2006; Engelhardt and Beichner, 2004; Priatal, 2009b; Smaill
et al, 2011; Streveleet al, 2006; Treagust, 2006).

Level of learning is characterized either deeunface (Houghton, 2004).
Deep learning promotes understanding as it invalescritical analysis of new idea,
linking them to already known concepts and prirespl This leads to understanding
and long-term retention of concepts so that theylm used for problem solving in
unfamiliar contexts (Houghton, 2004). Surface neay, which does not promote
understanding, is the tacit acceptance of inforomatand the memorization of
isolated and unlinked facts (Houghton, 2004).

Students’ preconceptions play an important fastodetermining their deep
understanding (Strevelet al, 2008). Failure to grasp prerequisite concepts wi
leave students poorly prepared for more advanaeety gVigeant, Prince and Nottis,
2009). If students fail to engage key conceptuelvedge to determine the deep
features of a problem, then they will ultimatelyl ta solve the problem accurately
(Streveleret al, 2008). Therefore it is really important for stmis to have deep
understanding of fundamental concepts. Studentate f difficulties in
conceptualizing difficult concepts thus leading rtosconceptions (Turkmen and
Usta, 2007) due to lack of deep understanding mddmental concepts in their fields
(Miller et al, 2006; Streveleet al, 2006). One reason for misconceptions is a
mismatch between the understanding of a basic cEi@oncept and students’

cognitive level.

Identification of a misconception is the first gt® bringing about change.
The process of identification will highlight speciferroneous ideas that students
hold (Carle, 1993). Correcting misconceptions negufirstly that learners be both
aware of the misconception and dissatisfied witlrid secondly that a replacement
concept be available that is intelligible, plausjldnd applicable (Turkmen and Usta,
2007).
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Educators have observed that today’s studentbiexdhorter attention spans
and are less tolerant of static media (Millard &wnham, 2003) and make them
passive learners. Instructors should design iostmal activities that allows
learners of every learning style to engage in adiarning during the semester and
that have positive effects on learning outcomes aatisfaction (Millard and
Burnham, 2003). Therefore, as a solution to shattention span, one approach that
incorporates simulation-supported will be develomed a method for engaging

students in visualizing the outcome of the simalati

Teaching for conceptual understanding has beealdest as an effective
approach within many curriculum frameworks interoaally (Milligan and Wood,
2010; Streveleret al, 2008; Tarabaret al, 2007a). Teaching of conceptual
understanding lies in the linkages between contedesas, and information which
enables students to make connection (Milligan arbdy 2010). It is beneficial for
lecturers to initially elicit students’ conceptuahderstanding to properly address
students’ alternative conceptions during the leaynprocess (Gonzales, 2011).
However, conceptual understandings are better stab&t as transition points rather
than endpoints (Milligan and Wood, 2010). As aulest is important to investigate
and assist students in overcoming concept diffesilt

As suggested by Scodt al. (1998), that there are pedagogical decisions;
firstly, the teacher needs to fostdearning environmenivhich will be supportive of
conceptual change learning. Such an environmentldydor example, provide
opportunities for discussion and consideration deraative viewpoints and
arguments. A second level of decision-making imgslthe selection dieaching
strategiesjn terms of overall plans which guide the sequemcihteaching within a
particular topic. Finally, consideration must bevegi to the choice of specific
learning taskswhich fit into the framework, provided by the eetied strategies and
must address the demands of the particular scidoogain under consideration
(Scott, Asoko and Driver, 1998). To ensure thathmental knowledge is acquired
and that students have been exposed to the kegrntoom which later courses are
built, attempts to develop the mode of course éejivtowards a more student-
centered approach should be encouraged (Ambikhieajd Epps, 2011).



23

Concept inventories have been developed for &tyadf disciplines such as
heat transfer (Princeet al, 2009a); physics (Engelhardt and Beichner, 2004;
Hestenes, Wells and Swackhamer, 1992); and elecirauits (Ogunfunmi and
Rahman, 2010; Smaill, Rowe and Godfrey, 2008). s&hevaluate students’
fundamental understanding of topics or courses iwilpecific discipline at the

conceptual level.

Concept tests aim to assess how well studentgstadd key concepts; prior
to instruction through the revelation of the primrowledge they bring to the class;
during the instruction by measuring the concepgahs; and after instruction by
identifying the concepts that are weak understatadlik, 1998). Concept tests are
not a test of intelligence; rather they probe dfdbesystems and are ideally used as
pretests and posttests (Hesteaeal, 1992). For the purpose of this research, one
concept test is adapted from Sabah (2007) withstema multiple-choice or short
answer format and reasoning that has been deswttedommon misconceptions in

mind.

Therefore, the goal of students’ learning is ngt jonly for students to be
successful at selecting the right answer. It istfiem to achieve real conceptual
understanding.

2.3  Conceptual Understanding in Basic Electric CircuitsCourses

Basic electric circuit courses are the gate to dhectrical engineering
discipline. These courses serve to educate engigeestudents about the
fundamental behavior of the active and passive ehisnof a circuit, and advance
into the basic concepts and laws in a circuit @ateay (Ogunfunmi and Rahman,
2010). In these courses, students are introduxédetapplication of physical laws:
Ohm’s, Faraday’s, and Kirchhoff's; to electricalgareering fundamental elements:
resistors, inductors and capacitors; and theiraesps: voltage, current and power in
direct current (DC) and alternating current (AC) tbeir behavior in transient and

steady state.
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Students need to have conceptual understandimgaafy details of electric
circuits beyond just solving equations so that tlaeg able to formulate proper
equations from the given information or vice vef@gunfunmi and Rahman, 2010).
It was proven that engineering students who ardemaally successful often lack
deep understanding of basic and fundamental cosgepheir field (Milleret al,
2004; Streveleret al, 2008). This indicates that students’ achievement
examinations does not reflect their deep undersigndf a specific discipline

concept.

2.3.1. Learning difficulties

In teaching electric circuits’ course, there aoene key concepts that are
important and need to be tested so as to ensutergtlearning and comprehension.
The teaching and learning of electricity has bdendubject of many investigations,
book and conferences (Banky and Wong, 2007; Duit Breagust, 2003; Psillos,
1998) and are the same across countries (Mar@@é8; Smaillet al, 2011). Some
researches show that students encounter deep-tmreieptual and reasoning
difficulties in understanding introductory elecityc (Psillos, 1998; Sabah, 2007).
The development of teaching sequences (Psillos3)188d instructional strategies
(McDermott, 1993; Prince and Vigeant, 2006) shotdticern important issues in

match students’ learning difficulties with concefise delivered.

Concept of basic electric circuits is selectededasn work by Strevelest al.
(2006) that was identified as both difficult andpiontant concepts. They ranked 27
difficult concepts where one of the identified cepts in the list was Thevenin and
Norton equivalent circuits. However, which conseggquire further investigation is
still not clear (Streveleet al, 2006). Nevertheless, Thevenin and Norton edgmia
circuits understanding builds upon many other cpteas shown in Appendix E.
Therefore, in order to master Thevenin and Nontoany prerequisite concepts need

to be master first.
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The Thevenin and Norton equivalent circuits reggiiunderstanding of the
total resistance, current and voltages distribuitiotine circuits during open and short
conditions, applying mesh and node analysis; armdetimes performing source
conversion (Agarwal and Lang, 2005; Boylestad, 20Ddrf and Svoboda, 2004;
Irwin, 2002). In addition, the open and short gite concept chosen as an important
concepts was proven by researchers’ preliminanyys(bussain, Latiff and Yahaya,
2009) as will be discussed in detail in section. 4Phe data were also gathered
through document analysis and informal discussionclass and in laboratory.
Furthermore, the concept of open circuits and stiocuits are also required when
understanding transient analysis in the AC circdgarwal and Lang, 2005;
Boylestad, 2004; Dorf and Svoboda, 2004; Irwin, 200 Therefore this research
attempts to investigate students’ understandirthebpen and short concept of BEC
(Afra et al, 2009).

One concept inventory for electric circuits haserbedeveloped by
(Ogunfunmi and Rahman, 2010). Their questions areasstudents’ understanding
of different aspects of DC circuits’ analysis. Hawer, the concepts involved do not
address open and short circuits concepts extegssuste only one circuit is used to
test both concepts. Persistent conceptual diffesiimust be explicitly addressed by
multiple challenges in different contexts (McDertmo1993). Therefore, this

research has made an initiative to delve moreapan and short circuits concept.

The knowledge inventory instrument called Deteimgnand Interpreting
Resistive Electric circuits Concepts test (DIRECHENgelhardt and Beichner, 2004)
considers electric circuits from a Physics pointvidw. The instrument, with 29
questions, was used to study several groups oktsity-level physics students. The
adapted concept test from Sabah (2007) is bas@IRBECT but was upgraded to a
two-tiered concept test called DIRECT-TTC which sists of 15 questions. Two-
tier items compensate for the limitation of simpieltiple choice items that cannot
measure the reason for selection on alternatiies: this research, the researcher
also amended the adapted concept test as showmppendlix G. It includes 12

guestions.
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2.3.2. Alternative conception

Alternative conception or misconception is gerlgrdéfined as something a
person knows and believes but does not match vghkhown to be scientifically
correct (American Heritage Dictionary, 2000). Wheisconceptions are interwoven
into learning, they interfere with reception of newiormation (Svinicki, 2008). One
way to rectify misconceptions is by assisting shigeto clearly visualize the
phenomenon and grasp the concept. For electrauitdr visualization can be
accomplished via simulation. Therefore, in thiseach study, a simulation
approach was developed to bring about visualizaod understanding of the
abstraction of electricity by pointing to similaeis in the real world.

Among alternative conceptions in electric circusind by Streveleet al.
(2006) are students believe that voltage and cursea substance that has location,
and is able to be consumed or contained. Alscestisdalk about voltage as being a
property of a particular location, not the chargietence between two locations
(Streveleret al, 2006).

Research done by McDermott (1993) suggests sestead to be taken as an
instructional strategy for BEC courses. Firstlypysintroducing concept of complete
circuits, secondly is by introducing concept of reat, thirdly is by introducing
concept of resistance and equivalent resistancd, faarth, is by introducing
ammeters, voltmeters, and concept of potentialedifice; and finally, introduce
concepts of energy and power. Therefore this rekewill align the approach
according to McDermott suggestion with the intemtad reducing difficulties faced
by students.

Some research have identified students’ understgndf important and
difficult engineering concepts. Among these argent flow, closed circuits and
current division (Engelhardt and Beichner, 2004isNieet al, 2005); and the notion
that a light bulb “uses up” current (Pfister, 20@4ilik et al, 1997). The results of
the study will help lecturers repair student mismptions so that students can

develop a deep understanding of the most basiceptsm®f engineering (Nelsaet
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al., 2005; Streveleet al, 2008). Therefore, this research will attempidentify
alternative conceptions held by Diploma in Eleeti&ngineering students at one

local public university.

2.4  Teaching and Learning Approaches

Many researchers aimed to create teaching anditgaactivities focused on
active participation for improved students’ leamimprocess and consequently
achieve better understanding. These include &esvivhich were inquiry-based
(Princeet al, 2011b), technology-assisted (Abdullah and ShaD8; Aziz, 2011),
cooperative task-based (Bensat al, 2010), problem-based (Akcay, 2009;
Khairiyahet al, 2005), and project-based (Ambikairajah and E@p41). Students’
learning achievements were then assessed to seaititeme of the activities. The
information provided through examinations can bedusy lecturers to evaluate their
instructional methods and the progress and conakpiwblems of their students
(Engelhardt, 1997; Princ# al, 2010).

Traditional instruction based upon “telling” andavy reliance on theory and
computation is not highly effective at developingc@rate conceptual knowledge
(Bransfordet al, 2000). In traditional pedagogy, the teachertitha center of the
learning process and determines what the studeats bnd how they learn it. The
primary method of learning was to have students ane® and taking notes. This
research seeks to adapt the inquiry-based modelssist students in learning

concepts in basic electric circuits.

Good teaching is open to change and it involvesstamtly trying to find out
what the effects of instructional practice are @arhing, and modifying that
instruction in light of the evidence whether itefective changing student learning
(Akhtar, 2007). The consensus which has been achieved graduallyngamo
researchers concerning students’ learning diffiesilthas not brought about the
consensus on pedagogy (Duit and Rhoneck, 1998;ektrest al, 2003). Thus, this
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research attempts to incorporate simulation-supgowtith inquiry-based to allow
students become the owner of the learning process.

Even though there are few teaching and learnirgyites available for
enhancing conceptual understanding, this reseateimpts to identify the most
suitable strategies for the facilities availableéhia university under study. Therefore,
it is very important for the researcher or lectur@robtain the status of what the
university or the institution has when planning feaching and learning activities.
Traditional teaching-and-learning environments roftlo not address the learning
needs of today's "millennial” generation of studemtho prefer team work,
experiential activities, structure and the use exfhtiology (Albuquerquet al,
2010). In fact, students nowadays view technolagya necessity, both in life and in
learning and highly regard "doing rather than kmagyVj making interactive
experiential learning a necessity for their edwsal success. (Albuquerqee al,
2010). Therefore, everybody needs to acknowleldgentcreasing role and impact of

technology on education and training.

2.4.1. Inquiry-Based Teaching and Learning

Inquiry-based teaching theory is a pedagogicataah that invites students
to explore academic content by posing, investigatamd answering questions (Guo
and Lu, 2011). Inquiry-based classroom is charaee as “teacher-student verbal
exchanges that take place in classroom settingsewsteidents learn science by
posing questions, proposing and revising evidemsed explanations and solutions,
and using the language of science processes”(Ashkduger-Bell, 1999). These
activities provide an alternative theoretical foatidn for rethinking and redesigning

teaching practices (Guo and Lu, 2011).

It is widely accepted by (Apedoe, Walker and Reewa®06; Donatlet al,
2005; Friedmaret al, 2010; Kephart and leee, 2008; Motschnig-Pigtlal, 2007;
Oliver, 2007; Princeet al, 2011b) that in the higher education a studenteced
approach is pedagogically superior to a teacheeceth approach. Students’
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conceptual understanding can be dramatically emdtattrough a paradigm shift in
teaching that incorporates inquiry-based methodac® and Vigeant, 2011; Vigeant
et al, 2009). Inquiry is closely connected to scientffuestions where students must
inquire using what they already know and the inguyirocess must add to their

knowledge (National Research Council, 2000).

An inquiry-based method is an inductive and cafabive teaching and
learning method where students are placed in direfiesigned situation where
reality, rather than the lecturer, can disputerthegconceptions (Guo and Lu, 2011;
Vigeantet al, 2009). Inquiry-based instructional practicestipatarly instruction
that emphasizes student active thinking and dravaogclusions from data are
favorable (Minner, Levy and Century, 2010). Theref lecturers must assist
students to reflect on the characteristics of ttuegsses in which they are engaged
so that experience and understanding of scierkiimvledge go together (National
Research Council, 2000). Inquiry-based approagiramed depth of understanding,
reduced misconceptions and increase longer-termallreof the principles
(McDermott, 1996). However, whether it is the stiEt, student, or teacher who is
doing or supporting inquiry, the act itself has gooore components because this
approach focused on the process of learning rdtter outcomes (Guo and Lu,
2011).

Table 2.1 summarized the definition about inquiased teaching and
learning in classroom proposed by the National Re$e Council (2000) viewed

from learner’s perspective. This research will pbnwith all the criteria mentioned:

Table 2.1:Essential feature of classroom inquiry

4 Learners are engaged by scientifically orientedstioes.

v Learners give priority to evidence, which allowsrthto develop and evaluate
explanation that address scientifically orientedsfions.

4 Learners formulate explanation from evidence taesklscientifically oriented
guestions.

4 Learners evaluate their explanations in light téralative explanations,
particularly those reflection scientific understang

v Learners communicate and justify their proposedaggiions.
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The teaching and learning approach for this rebeds designed to
incorporate simulation-supported inquiry-based apph with an aim to assist
students’ understanding of circuits to clarify tt@nceptual understanding of open
and short circuits. This approach may not be @lpros solving technique, but
offers an alternative to teaching and learningvéds. The inclusion of inquiry
strengthens an engineering curriculum and complénéahe active-learning
approach of increased class interaction (Buch antf\R2000). Students’ scientific
knowledge is deepened as they developed new uaddmsgy through observation
and manipulation of conditions in the natural wo(Mational Research Council,
2000).

As students work through the inquiry process, thstructors (Alberta
Education, 2004):

motivates students to locate, analyze and usenvaton.

assists students to clarify thinking through qustig, paraphrasing and talking
through tasks.

provides students with opportunities to record infation.

provides students with opportunities to focus @pstrequired to complete their
inquiries.

individualizes teaching.

evaluates student progress in content and process.a

models inquiry behaviours (e.g., demonstratingrandelling the inquiry-based
learning process).

facilitates and models questioning behaviours (er@viding opportunities for
students to develop and ask questions).

One inquiry-based methods called guided-inquiryp@pular in science
learning where students are asked to pose qusstiewvelop experiments to try to
answer those questions, analyze information olbdafr@m those experiments and
draw conclusions (Edwards and Recktenwald, 20@)ided-inquiry tries to focus
the discussion a little more narrowly through gioest posed by the instructor to
help the students to develop a deeper understandiogre principles (Edwards and
Recktenwald, 2008; Moog, 2012). Therefore, thgeasch incorporates simulation-

supported with inquiry-based approach and spedifigaided-inquiry approach.
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Guided-inquiry approach provides instructors wittstant and constant
feedback about what their students understand asdnaerstand (Moog, 2012).
Students quickly pick up the message that logiuaking and teamwork are prized
above simply getting “the correct answer.” Thispdsized that learning is not a
solitary task of memorizing information, but anerdctive process of refining one’s
understanding and developing one’s skill (KussmaQll; Moog, 2012). Guided
inquiry is a student-centered strategy with a legyrcycle of exploration, concept
invention and application; as the basis of the fodlye designed materials that
students use to guide them to construct new knaeledThis approach develops
communication through cooperation and reflectiaipimg students become lifelong

learners (Hu and Kussmaul, 2012).

2.4.2. Circuits Simulation

An educational simulation can be defined as a moeleresenting some
phenomenon or activity that users learn from bgrantting with the model (Alessi
and Trollip, 2001). Computer simulation gives smdimaginary elements such as
coaching, feedback, hints, tools to make complegnpmena easier and more
comprehensible to learners while giving the unigpportunity of experiencing and
exploring learning environments, and real life pr@enon in a classroom or

anywhere else (Alessi and Trollip, 2001).

Students prefer simulations to lectures, textbomksther passive methods
which are more motivating and enhance transfeeafrling and also more efficient
in enhancing thinking (Alessi and Trollip, 2001)A computer simulation can
increase interactivity, individualization, and ipgadent learning (Banky and Wong,
2007). With simulation, students can visualize pboated and even hard-to-
imagine abstract scientific concepts, conveying gem ideas that are difficult to
convey with static images (Dollar and Steif, 2009yhe developed approach gaves
the opportunity to students to actively investiggieoblems using computer
simulations, combined with activities that encoacgtudents to directly consider

their prior experience, and encourage studentenstouct more robust view of BEC.
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Popular simulation software tools used by eleatrengineering students are
Pspice, MATLAB, Multisim and Labview. However dte the facilities available
for this research and students’ exposure to sinomatoftware, only Multisim is
used. Students can further comprehend the steuanat working of electric circuits
through simulations. In engineering education,uations of experiments are aimed
at preparing students for engineering experien@etige by exposing them to

relevant engineering fields.

Students learn best when they can address knowledgned in ways that
they trust. The simulation-supported approach erages students to learn by
doing, not just listening, and to improve studentlerstanding of difficult concepts
(Thomassian and Desai, 2008). A simulation will d&@#e to improve students’
learning outcomes compared to laboratory work asreht students with lower prior
knowledge and educative ability (Jaakkola and Nur2004). The advantages of
using simulators include (Banky, 2005; Banky andng/@®007):

1. Allowing the users to modify system parameters abderve the
outcomes without any harmful effects.
Eliminating component or equipment faults that etflautcomes.
Support user paced progress in discovery and uiatheling of issues.

Facilitating deep learning.

Multisim software is an easy to use tool that éembesign and simulation of
electric, electronic and digital circuits with buih large databases, schematic entry
and simulations that gives users an opportunitycteate interesting didactic
education examples with friendly interfaces (Naglomstrument, 2007). Multisim
equips educators, students, and professionalsthétiiools to simulate and analyze

circuits’ behavior.

Different models of teaching and learning sugdleat the best strategy is to
use a variety of teaching approaches in differeatges and even in different stages
of the same course (Guizhu, 2005). It seems #wtiiing alone is not sufficient if

the quality of teaching and learning is to impravedecturers should use a multi
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facetted approach that integrates technology witectve learning and teaching
practices (Turkmen and Usta, 2007). One studenplgi noted“Demo can help
students to understand the concepts ... more thdaiexm could ever do” (Pearce
et al, 2004). Therefore the developed approach integyanquiry-based with
simulation is implemented to students as a toohfoeffective teaching and learning
approach.

2.4.3. Predict, Observe, Explain (POE) Tasks

Understanding and experience can be gained througterous instructional
strategies. Social constructivism is the theoaétmerspectives used in this study
(Kearney, 2004; Kearney and Treagust, 2001). Cacisétrsm emphasizes integrated
curricula and having teachers use materials in suckay that learners become
actively involved (Schunk, 2009). Consequentlydsints are considered to learn
science through a process of construction, intéryeand modifying their own
representations of reality based on their own egpee (Kearney, 2004). Language
plays a key role in the social constructivist pecdwve where students verbalization

of rules, procedures and strategies can improwests learning (Schunk, 2009).

One of the strategies is predict-observe-explaeks which facilitate
students’ conversations in a meaningful way duthegr engagement with the tasks
and to foster student inquiry and challenge exgstionceptions that students bring to
the classroom(Haysom and Bowen, 2010; Kearney, 2004). Many aeses
gathered by Haysom and Bowen, (Haysom and BoweihQ)2thentioned among
others were “POEs have given me more insight into the miscotioep students
bring with them into a science classlso“They have shown me that it is important
for all students to reflect on their understandiafj concepts and to verbalize it
before and after the POE experience.” Therefore, this research involves
incorporation of POE tasks into simulation-supporegproach in order to elicit
students’ conception of open and short circuitscepits and encourage discussions
about their understanding. The POE tasks apprdasign starts with developing
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teaching and learning activities that enhance siisdleinderstanding of important
scientific concepts (Liew and Treagust, 1998).

The basic POE procedure follows three steps; tatdents makpredictions
about an upcoming event; second, instructors ptesendemonstration for
observation and finally studentexplain the outcome (Haysom and Bowen, 2010;
Kearney, 2004). The POE sequences have providethportant way to enhance

students’ understanding of important scientificasle The detail task sequences are:

Step 1: Orientation and Motivation

The POE usually begins by drawing on studentst gaperiences or previous
understanding and raises a challenging questianctra be addressed through the
experiment that follows. A few minutes of full-skdiscussion provide the students

with the opportunity to reflect on their past expaces and understanding.

Step 2: Introducing the Experiment
Introduce the experiment. Linking it to the preaw discussion will help make it

meaningful.

Step 3: Prediction: The Elicitation of Students’ Iceas

Before doing the experiment, ask students to vaitten on a worksheet what they
predict will happen, along with the reasons forirthpedictions. This exercise is
valuable for both the students and the teacherkindaheir reasons explicit helps
the students become more aware of their own thgnKiralso provides lecturers with
useful insights and an opportunity to plan ahedénce, while students are writing,

lecturers might stroll around so as to get readyHe discussion that will follow.

Step 4: Discussing Students Predictions

This is a two-stage process. First, ask studeontshare their predictions in
discussion. This needs to be handled with sertgitas some students’ will feel
anxious about seeming “wrong.” Hence, lecturerednéo be supportive and

encourage as many students as possible to exprassviewpoints. There are no
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poor ideas! All ideas are valued because studeptesent their best efforts to make
sense of the world. Explain that making predictiexplicit helps us learn.

After this is done, one might invite the classliscuss which predictions and reasons
they now think are best. When students reconsiaer reasons, some may begin to
change their minds and reconstruct their thinkitgumediately prior to the

experiment, it is often fun and illuminating to leaa straw vote about the outcome.

Step 5: Observation
If you demonstrate the experiment, invite the etid to help out whenever
appropriate. Ask students to write down their obatons.

Step 6: Explanation

Students often reshape their ideas through talaimywriting. That was frequently
found that it is useful for students to discussrteeplanations of what they observed
with peers or in small groups before formulatingvatten explanation. Students
seem to find this action reassuring. Invite a @l#lss discussion of these as

appropriate.

Step 7: Providing the Scientific Explanation

Introduce the scientific explanation by sayinghi§ is what scientists currently
think,” rather than, “This is the right explanatibrStudents write the explanation in
their activity record sheets. The students migjieintbe invited to compare their
explanations with those of scientists, lookinggomilarities and differences (another
opportunity for them to reconstruct their ideas).

Step 8: Follow-Up

Researchers have found that students’ idea oftenesistant to change and there is
no guarantee that a POE will do the trick, everugoit might provide a valuable
beginning. This often is designed to help the emtsl reconsider or apply the
scientific ideas they have just encountered andnbegappreciate how useful they

are for explaining natural phenomena.
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POE procedures will enable lecturers to focus acilifating learning by
responding to students needs. A major strengthPOEs is that they can
continuously provide lecturers with insights intadents’ thinking: Steps 1 through
4 probe students’ initial conceptions, Steps 6 @ndnable lecturers to monitor
students’ efforts to reconstruct their thinking,daBtep 8 provides lecturers with
feedback on students’ progress (Haysom and Bowei())2 POEs thus can offer
lecturers “authentic responses” from students, idem/ that judgment and
assessment do not come into play. For this resesttaents’ are encouraged to
verbalize their thinking because their responsesvary valuable to their conceptual

learning.

From a social constructivist perspective, the atmiration use of the POE
strategy offers students the opportunity to aréiteyl justify, debate and reflect on
their own and peers’ science views and negotiat@ aed shared meanings
(Kearney, 2004). The developed simulation-supplogpproach for this research
combines POE tasks and with an inquiry-based appréa investigate students’
conceptual understandings. The interplay betweé2B Bnd inquiry-based approach
is the best match for making predictions aboutahstraction of circuits operation;
observing simulated output; and explaining simolatoutput. These POE tasks
force students to see multiple perspectives thatltrean knowledge acquisition
through authentic demonstrations which require @gpion of thought processes that

lead to specific predictions (Treagust, 2006).

2.5 Basic Electric Circuits at One Local Public Univergty

Students taking Diploma Electrical Engineeringa¢ local public university
are from four main fields: electronic, communicationechatronics and power. It is
mandatory to take all three circuits courses wihieeeearlier one is the prerequisite to
the later one. The courses are Electric Circuitsamester 1, Circuits Theory 1 in
semester 3, and Circuits Theory 2 in semestershawn in Table 2.2. The courses

learning outcomes are as shown in Appendix A, B@nd
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Table 2.2: Circuits courses for Diploma in Electrical Enginegr

Circuits Course | Course Name Credit Hoyr  Semestaréxf
DDE1103 Electric Circuits 3 1
DDE2113 Circuits Theory 1 3 3
DDE2123 Circuits Theory 2 3 4

Students are taught the fundamental conceptseatritial Engineering in the
first semester followed by advanced concepts duialigwing semesters. The aim
of these courses is to enable the students to staaerthe basic rules and methods of
analysis and so provide a solid basis for studpatsuing their study. There are
many important and difficult concepts that are tdug these courses that need to be
understood conceptually. The concepts taught arginually built upon one to
complexity (Chen, 2007a). Unfortunately, many stud find it difficult, boring, full
of formulae, many new concepts, and the contentbtoad and too complicated.
The most important teaching factor contributingstadent boredom is the use of

PowerPoint slides (Mann and Robinson, 2009).

Inquiry-based activities have not been systemifticaeveloped for
engineering education (Vigeamt al, 2009) or more specifically in electrical
engineering. This work seeks to fill the gap o¥eleping inquiry-based activities
for electrical engineering students at one locdllipwniversity in Malaysia. Two
concepts in basic electric circuits have been tath& be explored. To assess the
effectiveness of this approach, a concept tesbbas adapted and given as a pretest
and posttest to the students.

Learning precedes most effectively if (Olson aretdgénhahn, 2009):

1. Small steps: The information is exposed to learmersmall amounts and
proceeds from one frame or one item of informatmthe next in an orderly
fashion. This is what is meant by linear program.

2. Overt responding: Required so that students’ cobrresponses can be

reinforced and their incorrect responses can beciad.
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3. Immediate feedback: The learners are given rapedifack concerning the
accuracy of their learning (they are shown immedyagfter the learning
experience whether they have learned the informatemrrectly or
incorrectly).

4. Self-pacing: The learners are able to learn at then pace.

With the integration inquiry-based, simulationsd&@OE tasks produced an

effective teaching and learning practices.

2.6  Scope and Finding from Other Research

Literature on ranges of teaching and learning vaiets in electrical
engineering, inquiry-based, simulations and POkstase reviewed. Various studies
were analyzed and the researcher has identifiedpkeific teaching and learning
activities related to each of the research objestivTable 2.3 shows literature on
identifying and investigating important and difficconcepts in BEC and its’

relation to students’ conceptual understanding.

Table 2.3:Identifying and investigating difficult concepts

Author/Year Scope/Field Findings
(Streveleret al, | < Identifying and « Students who are academically
2006) investigating difficult | successful often lack a deep
concepts understanding of fundamental

concepts in their field.

* In engineering * Must help students to create
mechanics and electrjc accurate mental models.
circuits

* Delphi study * Produce list of important and

difficult concepts in electric circuifs
and engineering mechanics
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Author/Year Scope/Field Findings

(Streveleret al, | « Learning conceptual | < Difficulties from three domain:
2008) knowledge mechanics, thermal science and

direct current electricity

* Most common
conceptual difficultied ¢ Students come to classes with

conceptual knowledge that is under

* Possible sources of development and is likely to contg
those difficulties incorrect information

The discussion proceeds to the teaching and legarapproaches and the
various methods of enhancement in the BEC teachimd learning activities as
shown in Table 2.4. The use of computers and sitioms in the process of teaching
and learning is also reviewed, especially for BECstipport the research being
carried out. The characteristics of inquiry-based POE tasks to be incorporated

into the approach are also discussed.

Table 2.4:Teaching and learning of BEC

Author/Year | Scope/Field Findings
(McDermott, | * Physic by Inquiry * Traditional instruction
1993) * Learning and teaching « Generalization about learning and
physics teaching
* Innovative reforming ¢ * Improving match between learning
introductory course and teaching

* Meaningful learning requires that
students be intellectually active

(Kearney, * Predict-Observe- » Students’ learning conversation
2004) Explain * POE as diagnostic tool to elicit

» Multimedia-supported| conception and understanding
Learning environment| « POE as the basis for initiating studé

* Learner control conversation

» Technology can mediate learning
process
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Author/Year | Scope/Field Findings
(Kearneyet | ¢ Design and construction) « Enhance students’ engagement
al., 2001) of POE tasks * Students’ learning conversation
* Constructivism during their interaction with the
computer program
(Banky and | e Electronic Circuits » Simulation promotes understandi
Wong, 2007) « Simulation software of device and understanding of

* Troubleshooting exercig
» Deep Learning
* In the laboratory

e concepts
* Motivate students’ interest in the
course
 Simulation assists a learning prog

ess

(Holton and
Verma,
2009)

» AC/DC circuits

» Concept inventory
 Simulation

* Instructional Strategy

» Confuse between variables (V and 1)

* Lack of distinction between
components (C and L)

« Circuits configuration (Series and
Parallel)

« Ignore the sources type (DC and
AC)

Table 2.5 shows technique used

in assessing ${ideonceptual

understanding. The use of diagnostic instrumentsoacept inventory was further

reviewed. Since the samples of the research are this institution, the relation

between BEC in Malaysia was made with worldwideeéss

Table 2.5: Concept inventory on BEC

Author/Year | Scope/Field Findings

(Engelhardt | « DC resistive circuits | ¢ Students hold multiple
and » Developed diagnostic| misconceptions even after instructi
Beichner, instrument named

2004)

DIRECT
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Author/Year | Scope/Field Findings
(Treagust, * Importance of » The use of two-tier diagnostic tests
2006) assessment can help identify students’ alternatiye
* Diagnostic instruments conceptions in limited and clearly
defined areas
» Two-tier multiple-choice
(Sabah, 2007) « Using DIRECT to « Validated questionnaire using Rasg¢h
develop DIRECT-TTQ analysis
* Resistive DC circuits | « Two-tiered
(Ogunfunmi | e Electric Circuits » To measure students’ understanding
and Rahmar| Concept Inventory » The ECCI do not test problem solv
2010) (ECCI) steps but test major concept and
* Electric circuits coursg ability of students to understand the¢
* Rational for developing problem and apply the required
» Concepts covering methods to solve the problem
overall course
(Smaillet al, | « DC circuits « Identify level of preparedness of firgt-
2011) * Diagnostic test year student
* Misconception » Misunderstanding occurs in basic
subject
» Same across countries
* Follow sequential thinking
» Can be corrected by appropriate
course intervention
2.7 Summary

The literature review in this chapter guided tbeearcher to carry out the

study effectively. Some literatures pertinent hics tresearch were reviewed. This

practice was followed through the research.

students’ conceptual understanding and learninficdlifies.

Tdweew starts with an analysis

conceptions found by others were also reviewed.

of

Students’ alternative
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Reviews also were made of teaching and learnipgoaghes. The common
approaches to integrating teaching and learningucison in the curriculum known
as traditional method and inquiry-based instruciainere reviewed in this chapter.
Several example of teaching and learning instractiothe course were discussed
with reference to the reviewed literature. A dission of the advantages of using
computer simulation was also presented. In pdaticstudents’ understanding in
BEC is discussed and the instruments used to deterstudents’ concept were
elaborated. In addition, review on BEC at the arsity involved was also
presented. The common difficulties encounteredstydents in BEC concepts
understanding were also presented.

In relation to the above discussion, teaching &earning approaches
emphasizing on inquiry-based simulation-supportepgr@ach were proposed. The
design of teaching and learning instruction in ¢oerse should be able to develop
and enhance students’ conceptual understandingmilaBly, the design and
implementation of teaching and learning instrucsbould be able to assist students’
conceptual learning in basic subject. Since thieaehing and learning instructions
are important to be formulated, a review of scopée research finding by others
was also provided.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Introduction

This chapter describes the research methods usdbisnresearch. An
explanation of the research design and data cafeatethod to address the RO and
answer the RQ in Chapter 1 will be provided. ThkoWing described only the
research design, the operational framework thatdeguithe research and the
instruments used in this study. The study seti;i@lso explained. The data
collection method and data analysis processedsveekaborated. The steps taken to
ensure the validity and trustworthiness of theifigd are discussed.

3.2 Research Design

Several researchers suggested that a quasi-exgmaihresearch design is
most appropriate when it is not possible to rangoaskigned participants to groups;
which is a strong requirement of experimental reseéFraenkel and Wallen, 2007;
Johnson and Christensen, 2008; Punch, 2009). dd$earcher had to conduct the
study by making use of the existing natural setifRgnch, 2009). This research
employed a quasi-experimental non-equivalent coghmup design approach to gain
an in-depth exploration of the basic electric diguconceptual understanding
among Electrical Engineering students. Non-egeivalcontrol group design

involves giving a pretest and posttest to an expantal group and a control group;
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the control group and the experimental group comm fnaturally assembled setting
(Campbell and Stanley, 1963). The research wasedaout at one local public

university. The participants of the research west-year diploma students enrolled
in Diploma in Electrical Engineering. The samplesre not randomly selected; they

were based on the classroom setting.

The data for this study were gathered using pretetrview, intervention
and then posttest. Qualitative data, includingrviews and document analysis,
were used to investigate and describe student€eptunal understandings of the
basic electric circuits’ behavioiThe quantitative data were from pretest and pdsttes
The rationale for using both qualitative and quatitie data is because a useful
survey of student experience could best be devdlapdy after a preliminary
exploration of student is obtained (Creswell, 200Bjata obtained will increased in
credibility and validity if the data collected ameerged as these sources provide rich
information and deep understanding about the stliolynson and Christensen, 2008;
Merriam, 1998). Triangulation process of mergihg fualitative and quantitative

data can increase the validity of a study.

All the qualitative data, in the form of words de® be transcribed (Miles
and Huberman, 1994) and analyzed to form descngtand patterns (Johnson and
Christensen, 2008). Table 3.1 summarizes the n&dsepuestions, data collection

methods and data analysis techniques employedsistiidy.

Table 3.1:Research method and data analysis

Research Objective Research Question Data Collectio| Data Analysis
To investigate students’ What are students’ Qualitative
conceptual conceptual
understanding of basic| understanding with Interview: Constant-
electric circuits regards to open and | students comparative
concepts. short circuits concepts? method*
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Research Objective

Research Question

Data Collectio

Data Analysis

To develop an inquiry-
based simulation-
supported approach to
assist students’
conceptual learning of
basic electric circuits
concepts.

Can students’
conceptual learning be
assisted through the
used of inquiry-based
simulation-supported
approach?

Quantitative

Inquiry-based
verbalization
Document:
answer sheet

Constant-
comparative
method

To evaluate students’
performance in basic
electric circuits
concepts after learning

What are students’
performances on open
and short circuits

Mixed method
Document:
pretest and

concepts after learning posttest

Paired-sample
t-test**

with the approach. with the approach? _ Constant-
Interview: comparative
students method

* Constant-comparative method is used to identifijnmon theme and categories from the interview

and document analysis. It is performed by idemtfyand comparing the categories in all transcribed

data. The explanation is available in sectionZ23.6.

** Paired-sample t-test is available in SPSS. Hmialysis is used when comparing mean score for the
same group of people on two different occasiong. @tplanation is available in section 3.6.1.

The above research methods and data analysisiqaelsnwere used to
develop the operational framework for conducting tlesearch. The disadvantage
of quantitive data can be balanced out with theaathges of qualitative data and

vice verse (Fraenkel and Wallen, 2007).

3.3  Operational Framework

Table 3.2 shows the operational framework for #search. It describes the
sequence of work to accomplish the research olsgscti The research work began
with a preliminary study. A body of literature tme concepts difficulties of electric

circuits, the teaching and learning activities, atddents’ concepts understanding
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were reviewed. The data obtained from electricgjireering students taking BEC
were gathered to investigate the students’ coneéptuderstanding.

Table 3.2:Operational Framework

Time Method Instrument Sample

Document — exam
One semester prior | Preliminary papers, lecture note
of the study begin | study informal discussion,
open-ended test.

2

109 students

86 students for pilot

Pilot testing 12 two-tiered Eztrl]r;gc.)fcoro?nzblach
First week of the concept test '
semester multiple-choice 47 students as
questions treatment group
Pretest 33 students as contro
group
Before th_e Interview 1 _Sem|-_structured 27 students
intervention interview
Inquiry-based 12 students for pilot

simulation-supported testing

Within the semester| Intervention. .
approach incorporate

that is after the Using computer .
: . : predict-observe-
pretest and prior of | installed with X
the posttest Multisim explain tasks (had
P content validated by| 47 students as

experts) treatment group
12 two-tiered 47 students as

Final week of the concept test treatment group

Posttest : .

semester multiple-choice 33 students as contro

questions group

After the posttest Interview 2 _Seml-_structured 15 students
interview
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3.3.1. Preliminary Study

Prior to the actual research, one preliminary wtudas conducted to
determine university students’ understanding o€teile circuits concepts. Previous
classroom discussions, students’ verbal respoaselsstudents’ examination answer
scripts were analyzed and group into several dasmns of learning difficulties.
The result of students’ achievement on written tea$ reported in Hussaigt al.
(2009). These raw data were supported by reswlts & preliminary test comprised
of open-ended conceptual questions as shown ingipé-. This preliminary test
was used to examine students’ understanding aheutehaviour of electric voltage
and current in open and short circuits. The resfilthe problem identification
guided the development and formulation of the neteaobjectives (RO) and

research questions (RQ) of this research.

The three preliminary test questions were adnerest to students’ during the
final week of their first semester. There were Bd@dents’ who are taking BEC
took the test. Students’ responses were analyzeédhe findings provided the basis

for content selection and design of teaching aathiag approaches.

3.3.1.1  The Findings on Simple Circuits

There were three questions on the preliminary tEgjure 3.1 show Question

1 for simple circuit.
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Q1. A simple DC circuit in Figure 1 is referred.
® ®
>
10V T 10Q
Figure 1
a. Redraw the circuitin Figure 1 to showwho measure the voltage drapros
10 Q resistor.
b. Name laws, rules or theorems that can be tsedlculate the voltage dr@gros
10 Q resistor.
C. Redraw the circuit in Figure 1 to shovewh to measure the current flows
through 10Q resistor.
d. Name laws, rules or theorems that can bd ts calculate the current through
10 Q resistor.

Figure 3.1  Question 1

For question 1la, 76.9% of the students answere@atlty when they drew
the position of the voltmeter in parallel with tmesistor. However, 30.8% of
students drew the same configuration to measuresrm@ufor question 1c. This
showed that the students understood the concemheaisuring voltage across a
resistor. However, they did not understand howéasure current through a resistor
in a circuit. The ammeter should be placed inesewith the resistor when the
current is to be measured. Practically, if the atemis placed in parallel with the
resistor, it will be damaged. To avoid damageh® instrumentations, a simulation
was chosen for students to construct the circuitise first part of the approach was

concentrated on connecting devices to the circuits.

There were 50.6% and 64.3% of students who cdyrectswered Ohm’s
Law for questions 1b and 1d respectively althoubk tesponses by 23.1%
respondents on Kirchhoff's Voltage Law (KVL) for ldnd responses by 14.3%

respondents on Kirchoff's Current Law (KCL) for tre also correct. These gave
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the percentage of respondents answering corremtlgdestion 1b and 1d to 73.7%
and 78.6% respectively. However there were 26.@fesits who answered Voltage
Divider Rule (VDR) for 1b and 21.4% of studentswsesed Current Divider Rule
(CDR) for 1d. Both of these answers were wrongahee these rules apply to
circuits with more than one resistor. This showst tlstudents lack deep
understanding of fundamental concepts in theidfied mentioned by (Strevelet
al., 2006).

3.3.1.2 The Findings on Open Circuits

Figure 3.2 shows Question 2 which focuses on amn aprcuits where the
switch is used examine the concept of open and sirguits. Students frequently
make mistakes in open and short circuit analyge@ally when current and voltage
are to be determined (Duit & Rhink, 1998).

Q2. Referring to Figure 2;

10V 100

Figure 2

a. Circle the answer for the voltage drop acrose 16sistor.

i 0 V because of open circuit
ii. 10 V by using KVL or Ohm’s Law

Explain your answer :

b. Circle the answer for the current flowing thrbutD Q resistor.
i. 0 A because of open circuit
ii. 1 A by using KCL or Ohm'’s Law

Explain your answer :

Figure 3.2  Question 2
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There were 27.8% student who answered 10V for toure2a. They
explained that there was voltage drop across thistog although the circuits is an
open circuits. Their answer is wrong because itoaiits is not complete, therefore
the voltage drop across the resistor should be ZEne answer is 10 V if the voltage

to be measured is at the open circuits.

For question 2b, 88.7% students answered correattyan explanation that
there will be no current flow in an open circuifThis shows that students can
visualize that current flow in a complete circuitslowever, 33.7% of the students
gave wrong explanations to their correct answer3herefore, the question on

concept of open circuits is suitable to be incluotethe approach.

3.3.1.3  The Findings on Open And Short Circuits

Question 3 is as shown in Figure 3.3 where thesttiue tests students’

conceptual understanding of total resistance iop@n and short circuits.

Q3. Referring to Figure 3;

M o

10V <> 100

+

Figure 3
a. Calculate the total resistance of the circuiemthe switch is opened.
b. Calculate the total resistance of the circuiemwthe switch is closed.

Figure 3.3  Question 3



51

There were 53.8% and 43.2% of students who madtakeis regarding total
resistance of an open circuit as in 3a, and intsticeuits as in 3b, respectively.
21.3% of students gave the answer of21for question 3a, and 36.1% gave the
answer of 2@ for question 3b, where both answers were actwalbng. Students

failed to notice the effect of an open versus sbiocuits when measuring resistance.

Total resistance is measured from the source. i\ switch is open, the
total resistance from the source is zero becauseesistors are not fully connected
in the circuits. When the switch is closed, thbee effect of a short circuits is
noticeable. The 1 resistor that is in parallel to the short cirotéin be neglected
because the short circuit is more dominant. Tloeegfthe total resistance for
guestion 3b is only the first @ Students failed to notice the effect of open and
short in this question. Their answers descriledfact that they have focused their
attention upon one point in the circuits and igdowvehat is happening elsewhere
(Duit & Rhorgck, 1998).

The concept test administered proved that studdatsiot have a deep
understanding of their field. Even though the ¢joes asked were fundamental,
mistakes still persist. Based on the concept ¢gestn, it can be concluded that
students have difficulties with open circuits, ghoircuits, total resistance and
interpretation of circuits diagrams which are thdamental concepts in electric
circuits analysis. This research will address é¢hesncepts collectively in the

approach to be developed as these concepts aneiated.

3.3.2. Research Samples and Setting

Once RO and RQ have been formulated, the ressatthg was identified.
Samples involved were first-year students takingl@na in Electrical Engineering
at one local public university were chosen. Thmlshts had just finished taking the
Electric Circuits course during their first semestén the second semester they are
not taking any circuit courses. The timing for estigation during their second
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semester on their conceptual understanding wagigigt Student’s participation in

the research was voluntary.

The laboratory selected has 40 computers eachMullisim installed. The
purpose of having one student to a computer isthiet can practice the simulation
on their own. This is in line with other reseatbht demonstrates the importance of
students’ taking ownership of the task which endageidents in identifying or

sharpening questions for inquiry (National Rese&ohincil, 2000).

3.3.3. Pilot Study of Concept Test and Pretest

One concept test on basic electric circuits weaaptetl from Sabah (2007).
Some modifications have been made from the origiesi when there were not
sufficient questions on a particular concept otiest (Vigeanet al, 2009). The
concept test was content validated by experts enftbld. The instrument was
piloted with 86 students and assessment of relipbias made. The SPSS internal
consistency of Cronbach Alpha reliability coefficiavas 0.721.This value shows
the that the inferences made from the result ofakma above 0.7 is normally
considered to indicate a reliable set of items amticates acceptable reliability
(Johnson and Christensen, 2008; Pallant, 2007).

3.3.4. Pretest and Interview after Pretest

The concept test is used for pretest and postt&setest was conducted
during their first week of the semester. After firetest, the researcher proceeded
with the interviews. The interviews were condudredmall focus groups (Johnson
and Christensen, 2008) of two or three. They watked to the researchers’ room to
be interviewed about their answers in the preteSach of them were asked to
verbalize the reasoning behind wrong answers itegr@s a method to gain further

insights into students thought processes (Sneillal, 2011). The verbal
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explanations by students were constant-compargtiamedlyzed to form themes on
conceptual understanding. The researcher functione s a moderator or facilitator,
and less as an interviewer (Punch, 2009). The daiee recorded for later

transcription. All the interviews were conductegfdye the intervention in the lab.

3.3.5. Approach Development

Concurrently the inquiry-based simulation-suppdregproach incorporate

POE tasks was developed based on the work of Mctelfi996), Kearney (2004),
and Prince and Vigeant (2006). Originally theraevimur questions developed as
shown in Appendix H, but after pilot testing oneegtion had to be dropped because
of redundancy as will be discussed in 4.2. Thaaggh was content validated by
experts in the field as shown in Appendix L. Oraédated, the approach was pilot
tested. After some refinement of the approach, itikervention in the lab was
scheduled using computers installed with MultisiBtudents were asked to come to
the lab during their free time by choosing a tina allocated for the intervention.
Therefore the intervention session did not conflith their normal class schedules.
The researcher took advantage of naturally ocayrtieatment groups in the

research situation (Punch, 2009).

3.3.6. Intervention

During the intervention, a PowerPoint presentatodnthe questions was
displayed on the screen. The approach answer slaegiven to the students for
them to write their answers. Students’ simulatedult had to be approved by
researcher. They had to verbalize their understgnioefore preceded to the next
question. The lab session was incorporated witfuimg-based activities and POE
tasks. The researcher acted more like a facitith&n a lecturer. Their explanations

were recorded for later transcription.
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3.3.7. Posttest and Interview after Posttest

The posttest was given during the final week of ghmester. Again small
group interviews were conducted after the posttesivestigate students’ verbalized

explanation. The data was again recorded for ted@scription.

3.4 Respondents

In this research, the researcher had some conu@l when to measure
outcomes of this natural setting (Punch, 2009)e figspondents of this study were
first-year students who had taken the basic etecircuits’ course for their electrical
engineering discipline. The electrical engineerisiyidents were majoring in
electronic, power, mechatronics and communicatiénEtectrical Engineering
programme at one local public university. Theyeveurposively sampled to suit the

research objectives and research questions (PR6068).

For validity purposes, 86 students were involvedlavii2 students were
sampled for the pilot testing of the simulation{sogied approach. During the
pretest, lab session and posttest, 47 students imesl/ed as the treatment group.
There were 33 students who volunteered to be ircdmérol group. Therefore, the
real data for transcribed, constant-comparativehotebf analysis and triangulation
were obtained from 47 students. There are 27 stadeho took part in the
interviews after pretest and 15 who attended thervirews after the posttest. The
number of participants were enough for both quaiiié and qualitative data
collection (Johnson and Christensen, 2008). Rsisttas conducted during their
final week of the semester with the same studeiitserefore, paired-sample t-test

can be used to analyze quantitative data (PaR&xx7).
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3.5 Research Instruments and Data Collection

The researcher used pretest and posttest, smalils-fyroup interviews,
document analysis, concept test questionnairesiraad/ention with inquiry-based
simulation-supported approach. In some cases,-epded question were used

especially during the intervention.

3.5.1. Concept Test for Pretest and Posttest

A concept test was used to test the students’ eminal understanding
regarding the course material before and afteruge of the approach developed.
Concept test was used in the preliminary studyirtd basis of students’ common
learning difficulties, and to test their prior kniealge on the topics. Concept test on
basic electric circuits is adapted from Sabah (20(Bbme modifications were made
to the original test and the reviewed concept thatse 12 two-tier multiple choice
guestions as shown in Appendix G. The test wad tmepretest and posttest. The
concepts tested are shown in Table 3.3.

The content and the concepts to be tested andtiheture of the questions
were changed by rearranging the sequence of thetigne and rephrasing the
English to suit the level of students in Malaysi&ishh use Malay as their main
language. The concept test was content validatexkperts in the field as suggested
by Engelhardt & Beichner (2004) as shown in Appendi The concept test was
pilot tested to check for internal consistency. isTadapted concept test, with the
main aim to measure students’ conceptual undeiistgnad/as used for the pretest
and posttest of this research. The concepts sdlegere among the 27 concepts
identified as important and difficult concept faudents to master in electric circuits
(Streveleret al, 2006).
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Table 3.3:Concept tested

Qu;zt.lon Concept Tested
1 Current in a complete circuits
2 Voltage sources in series and parallel
3 The effect of short circuits
4 Total resistance in an open circuits
5 Total resistance in a switched circuits
6 Effect of a switch in a circuit
7 The effect of variable resistor
8 Resistance in a switched short circuits
9 Voltage in a switched parallel circuits
10 Distribution of voltage source in an open circuifs
11 Distribution of current in parallel circuits
12 The effect of doubling the resistance

35.1.1 Pretest

Table 3.4 shows the schedule of the pretest. dllogated time was one
hour; however, few students finished earlier. Pphetest was conducted in the first
week of the semester. Students answered the pvatetehearted, showed that they
are really aware about their understanding on mtecircuits. This concept test was
valuable as a “wake-up call” and led to studentsitoong their understanding from
previous semester (Smaei al, 2008).

The test for the four sections was conducted fégrdnt time. There are no
interaction effects since the test was planned owmithstudents knowing it. The
students expected their own lecturer to enter thgsc As the researcher explained
about the test they have to take, they were raaltgrised and afraid that they might

not retain well on understanding of electric citsui
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Table 3.4:Pretest schedule

Pretest Time Number of students| Classroom
15 July 2010 9 am 14 H106
15 July 2010 10 am 13 H104
15 July 2010 2 pm 7 DK1
15 July 2010 3 pm 13 DK2

Total = 47

3.5.1.2 Posttest

Table 3.5 shows the schedule for the postteste pdsttest was conducted

during the final week of the semester.

Table 3.5:Posttest schedule

Posttest Time Number of Classroom
students
14 Oct 2010 9am 14 H106
14 Oct 2010 10 am 13 H104
14 Oct 2010 2 pm 7 DK1
14 Oct 2010 3 pm 13 DK2
Total = 47

3.5.2. Interviews

The objective of the interviews was to gain insighout things that could not
be observed (Merriam, 1998) where respondents’ghisuand perspectives in their
own words could be acquired through the interviéusnch, 2009). Interviews are
used to provide rich and detail insight to the stigation of the study. Interview

was also used to reinforce the information obtaifmecth the concept test. Students
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were interviewed to gain insight into their leamiand experiences before and after
the intervention. The researcher aimed to exgloepth the students’ conceptual

understanding.

In conducting the interviews, the interviewee skdobk experienced and
knowledgeable in the area to be interviewed (Ruénmd Rubin, 2005). The
participants were selected from among those whtdqmovide the most information
and important insights about the topic being suidiglerriam, 1998; Rubin and
Rubin, 2005). The interviewees selected for tesearch were students who were
involved in learning about electric circuits theeyious semester before this study

began.

Prior to the interview, the students were contadtgghone. The objective
of the interview and estimated time of the intewieas explained. The students
were asked to come in groups of three or four. nThece-to-face structured
interviews were conducted in the researcher rooifihe role of the researcher
changes in a group interview, functioning more asoaerator or facilitator, and less

as an interviewer (Punch, 2009).

The interview began with a personal introductiontlod researcher at the
beginning of each interview session. The inter@esvalso introduced themselves
briefly. The researcher explained the purpose @ntfidentially of interview as
stated in the Explanatory Statement and Consenh s shown in Appendix K.
The students has to read, agreed and signed kbtreterview. The students were
also informed about the audio-recording of therngav. The best and most
common way to record the interview data is by addpng the interview (Merriam,
1998; Rubin and Rubin, 2005). The students wese iaformed that they might be
contacted again should there be any further jostibn needed. All the interviews
were conducted in the researchers’ room. Durimginkerview, the researcher also
wrote ideas for follow-up questions to be used las guiding questions in the

interview.
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The structured interview questions were based enwttong answers given
during pretest and posttest. Students were algoested to give their views on
current conceptual understanding that they havethentopic. The difficulties
encountered while studying related courses were@itained. Follow-up questions

were raised to elicit more information from thetmapants.

The questions that were asked during pretest,tgsbstintervention and
interview do not need mathematical problem sohsteps but rather the questioning
were designed to test students’ ability to verleaiirajor concepts of the problem and
explain the required methods to solve the proble®gidents' interview comments
and the researchers’ own reflections were alsongivéhe written data were also
obtained and analyzed from the answer option “Othethe concept test. Some
students are brave enough to choose this as #ason, and they try to write down
their understanding. Their answer clearly showr thkkernative conceptions which

will be discussed in this chapter.

The recorded interviews were transferred to theaehers’ computer for
transcribing and coding purposes. All transcribprgpcesses were done by the
researcher to allow the researchers to recallrttesview and become familiar with
the data (Punch, 2009).

The central issue of interview aspects is on lagguased (Punch, 2009).
However, all students were comfortable in answerihg interview in Malay.
Luckily, most common technical terms of electriealgineering were mentioned in
English such as “open circuits”, “short circuits€urrent flow” and “voltage drop”.
Therefore, the interview transcriptions combinedixture of both languages. It
should be noted that the quotations which appe&hapter 5 were translated into
English and the translations were verified by apegkas shown in Appendix M.
The original sentences and the grammatical mistal@e maintained to retain the

originality of the sentences by respondents.

Ethical requirements were followed by the researadmong other are to

obtain students consent and kept their identityfidential (Punch, 2009; Rubin and
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Rubin, 2005). Identification codes were assigneceach participant to maintain
their confidentiality. At the end of session, amemto was given to each student as
a token of appreciation.

3521 Interviews after Pretest

There were 27 students who came for the intervemgsions. Most
interviews lasted for one hour. Table 3.6 showes ithterview after the pretest
schedules that were conducted in the researchemh.r The interview was
conducted face-to-face and in groups of two orehstdents. There were nine
interview sessions. The rational for grouping hnee was for conveniences; there
are only three chairs available in the room. Amotiter reason was students were
not willing to talk much if there were alone withet researcher. Students were
willingly talking about their mistakes in front dfiends as that were their way of

doing discussion in group work.

Table 3.6:Interview schedule after the pretest

Pre-Interview Number of students | Number of students
in the morning in the afternoon
15 July 2010 3 3
16 July 2010 3 3
22 July 2010 3 3
28 July 2010 3
10 August 2010 3
11 August 2010 3
Total students = 27
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3.5.2.2 Interviews after Posttest

Only 15 students came to the interview sessioter d@he posttest. The
interview was conducted during study week. TabfesBows the interview after the
posttest schedule that was conducted in the rdsmaroom. The interview was
conducted face-to-face and also in small grougs/ofor three students. There were
ten interview sessions. The reason why fewer siisdeolunteered was because they

were busy preparing for their final exams.

Table 3.7:Interview schedule after the posttest

Post-Interview Nu_mber of stu_dents Ngmber of students
in the morning in the afternoon
14 Oct 2010 2 2
18 Oct 2010 2(1)* 0
19 Oct 2010 2 9
20 Oct 2010 2(1)* 0
21 Oct 2010 1 9
Total students = 15

* called for re-interview due to unclear and inadéeukata

In some cases, the explanation given by the paatits were unclear and
inadequate based on the transcribed data (showtee parenthesis). This prompted
the researcher to conduct a second post-intervigyain the students were contacted
by phone and dates and times were set. Interviesistad the researcher

understanding the participants perceptions at paetdevel (Rubin and Rubin, 2005).

3.5.3. Documents

Documents provide rich sources of information tbat be used to support
the data collected through interviews (Johnson @hdstensen, 2008; Merriam,

1998). The document obtained and prepared foréssarch are:
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I. Answer sheet as shown in Appendix |
il Pretest (in the open written responses)

iii. Posttest (in the open written responses)

By examining these documents, the researcher ks ta analyze the
conceptual understanding that the students had@ngare them with the verbalized
answers given from interviews. In addition, ontedents have deep conceptual
understanding, they should be able to verbalizeduting interview session.
However, students had problems verbalizing thedtewstanding even though they

can put into writing very well as will be discussadChapter 5.

3.5.4. Inquiry-Based Simulation-Supported Approach

This research investigates an inquiry-based simoulaupported approach
with simulation incorporated predict-observe-expléasks. The preliminary work
on interview and document analysis was to iderdifydents’ alternative conception

in basic electric circuits’ course.

The approach is developed based on concepts asgsbwidh open and short
circuits. The PowerPoint presentation of this apph is shown in Appendix H.
The software to be used is electronic circuits’ idation software, Multisim from
Electronics Workbench (EWB).

3.5.5. In the Lab Intervention

Each student was assigned to one station withnapater installed with
Multisim. Each student has to do computer simarfafor all three questions on their
own. The researcher started the lab session byligiging the purpose of the

session and the scope of the lesson as shown iandlppH. Also the students were
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asked to familiarize themselves with the tools inltidim which they have used in

the earlier semester. The approach develope@dsepted in Chapter 4.

The researcher acted as facilitator only. Theaeser's role was to guide
the students, walking around the room and probingstions to check their
understanding. The data was collected during inquiry-based sinmtasupported
approach intervention session by audio recordifidnen the recorded audio was
transferred to the researchers’ computer for datdyais. The purpose of audio
recording was to gather extra information abouteiis’ verbalization of learning

especially when they using the simulation software.

The computer laboratory scheduled was arrangeu tivé technician and the
time slots to be used were obtained. Students asked to sign up for allocated
time slots which did not conflict with their otheourses in that semester. Table 3.8
shows the schedule of intervention sessions. Eigut shows students during the

intervention in the lab session.

Table 3.8:Intervention session schedule

Lab Session Number of students

15 July 2010
19 July 2010
21 July 2010
21 July 2010
22 July 2010
26 July 2010
28 July 2010
29 July 2010
2 August 2010
4 August 2010

wlsd|dr|lO|lO|JO]|B|DH| P>

\l

Total = 47
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At the end of the lab session, a door gift wasrithgted to each student to
show appreciation. They were also informed thatdlwould be another session for
the posttest and post-interview. The date of apgpwnt will be informed later.
Appendix N and O were used for each lab sessicm @sidance for the researcher

not to missed anything important.

Figure 3.4  Lab session

3.6  Data Analysis

As mentioned in the previous sections, the dattnis study were gathered
through interviews, approach intervention sessiodecuments, pretests and
posttests. All of the interviews and interventi@ssion data were fully transcribed
by the researcher as the researcher is more famiita the terminologies used
during the interviews. By transcribing the intews on her own, the researcher
could also familiarize herself with the keywordsddy the participants, which is
the starting phase for data analysis (Merriam, 1998 he gathered data were
analyzed via a constant comparative method andguiated to produce themes of
students’ conceptual understandings (Merriam, 18@fin and Rubin, 2005).
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Students’ marks from the pretest and posttest \masdyzed quantitatively
with SPSS using a paired-sample t-test (JohnsonGintstensen, 2008; Pallant,
2007). The data gathered in this study were analyzed bkihg at alternative
conceptions that the students had on the concépgem circuits and short circuits.

Students’ alternative conceptions can be concladied triangulation.

All the findings were then compared to the litaratto characterize students’
conceptual understanding of open and short circultbe criteria can be used as
guidance for future teaching and learning actigitie The common alternative
conceptions were then gathered to determine thidasities and differences with the
literature (Engelhardt and Beichner, 2004; Hokbml, 2008; Smailkt al, 2011).

3.6.1. Paired Sample T-Test

The T-test is the parametric statistics that carubed to find out whether
there is a significant difference among two gro(gg. males and females) or two
sets of data (before and after) (Pallant, 2007nire sample t-test (also called
repeated measures) is used to see changes ircoess sested at Time 1, and then
again at Time 2 (often after some intervention \weng) within the same group of
samples (Pallant, 2007). A total of 47 studerdasnftreatment group and 33 students
from control groups took the pretest and the psitt@herefore, paired sample t-test

was suitable to detect differences in this study.

A parametric version needs to have normal distigiout Therefore, normality
test was applied for the data from pilot test, pinetest and posttest as shown in

Appendix P.

The pretest and posttest were graded and analyatstisally. The grading
are dichotomous data which states right is 1 arahgiis 0. There are 12 two-tiered
questions, namely answer and reason for that ans®erthere were 24 questions

which gave the highest total marks of 24.
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One way to assess the importance of the findings isalculate the effect
size, also known as ‘strength of association’. sTéiatistic indicates the relative
magnitude for the differences between means (Ralk&®7). Cohen’sl is used to

compare groups in term of standard deviation units.

Effect size defined bg is the difference between the means-Ml,, divided
by standard deviatio, of either group. Cohen argued that the standevehton of
either group could be used when the variancesetwlo groups are homogeneous
(Cohen, 1992).

Cohens d = post_ 7 pre

Cohen proposed the following interpretation: 0.2smmall effect; 0.5 is
moderate effect and 0.8 is large effect (Cohen2L9%®ower analysis is carried out
using GPower software using Cohen’s d value. Pamalysis gives power for a
specific effect size. The statistical power ofeattis the probability of getting a
statistically significant result (Faet al, 2009). The higher the number of samples

used compare to sample size required will shovb#iter the effect size.

3.6.2. Constant Comparative Method

Qualitative data analysis begins with coding whardes are assigned to each
data set (Rubin and Rubin, 2005). This processp®rtant for identifying the data
set during the analysis and write-up (Merriam, )998he interview and lab session
transcripts were coded according to students codimgber with S1 up to S47

according to the number of students involved.

Comparative method was used to analyze the intentianscripts and

intervention session where the data sets are guhst&nd continuously compared
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among them to find the regularities in the datarfhen, 1998). The researcher also
referred to the research questions when analyziegdata and determining the
categories (Johnson and Christensen, 2008). Thevietv transcripts were analyzed
to identify patterns in the data that offer insigimto students’ conceptual

understanding. The translation from Malay to Estgiwas validated by experts in
the field as shown in Appendix M.

The data set is analyzed according to first lewed second level analysis.
The first level is called descriptive codes and skeond level is called categories
(Johnson and Christensen, 2008; Punch, 2009) varelsummary for each data set
that link together (Merriam, 1998). The coding ®wefurther analyzed by
interpreting, interconnecting and conceptualizingfind categories (Johnson and
Christensen, 2008). This is done by grouping thecdptive codes into similar
themes then the identified codes are reviewed tthdu verify the categories
obtained. The analysis focused on identifying #iternative conceptions that

students held on open circuits and short circitprasented in Chapter 5.

3.7 Reliability and Validity

Establishing reliability and validity of the resel findings is very important
in any quantitative research. Reliability meansststency (Punch, 2009). Validity
means the extent to which an instrument measures iviclaims to measure. An
indicator is valid to the extent that it empirigatepresents the concepts it propose to
measure (Johnson and Christensen, 2008; Pallad7, Zunch, 2009). Experts in
electrical engineering field were consulted as eonhéxperts for validity purposes.

This research has concluded to use Cronbach adloait for internal
reliability. The concept test was pilot tested@6students to check for its reliability.
The reliability coefficient of Cronbach alpha wasuhd to be 0.721 which shows

strong internal consistency (Johnson and ChristerZ#08; Pallant, 2007).
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3.8  Credibility and Transferability

Qualitative researchers need to demonstrate lieat $tudies are credible by
engaging and employing member checking, triangutatthick description, peer
review and external audits (Creswell and Miller@D Credibility refers to internal
validity of the qualitative research (Creswell, 3RO Reliability is concerned with
the data recorded by the observers compared tevires that actually happen in the
study setting (Punch, 2009). On the other hanlifjitsaof the qualitative research is
concern with the truth of research findings or theseness of the research findings
to the reality (Merriam, 1998). Qualitative resdarseek to generalize called
transferability which refers to which the results qualitative research can be
transferred to other contexts (Borrego, Douglas/amelink, 2009).

To ensure the transferability and credibility dietfindings, this research
applied triangulation and peer examination methose purpose of triangulation is
to seek convergence, corroboration, correspondesfceesults from different
methods (Johnson and Christensen, 2008). To adsbngata triangulation, the
data from interviews, lab session intervention daduments were collected to gain a
comprehensive understanding of the case beingestudlriangulation is important
because findings that were based on several dataesowill be more accurate and

convincing (Merriam, 1998).

Also peer examination was used where the identdadgories were given to
be reviewed and commented on by other researchéesriém, 1998). In this
research, experts in electrical engineering, catalé and quantitative research acted
as peer examiners. Also supervisors of the rekedeoc helped to examine the

categories.
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3.9 Summary

This chapter highlights the research design tafyjuthe reasons behind this
research being conducted and how the samples andegearch setting were
selected. The summary of the research proceduese pwresented using the

operational framework that guides the researchdisxsissed in detailed.

The description of the instruments and data cttiecmethods and their
contributions in obtaining a comprehensive andeptt data on students’ conceptual
understanding were also discussed. The methodogetlto run the approach
intervention were also discussed. The formativedwation of the approach was also
explained during the pilot study.

The qualitative data analysis using constant coaip& method to determine
the descriptive codes and categories were alsdifigad. The data analysis using
paired sample t-test was used for the quantitatata. Lastly, the strategies adapted
by the researcher to ensure reliability and validiso credibility and transferability

of the study were also presented.

Based on the discussion about the research mettiedstudy was conducted

systematically and concisely with holistic and goesearch characteristics.
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CHAPTER 4

DEVELOPMENT OF AN INQUIRY-BASED SIMULATION-SUPPORTE D
APPROACH

4.1 Introduction

This chapter discusses the development of theiryxpased simulation-
supported approach. The preliminary study thatemithe development of the
approach is discussed. The approach developegileasested to check for content
and flow of the approach. The developed approadh be used as learning

intervention.

4.2  The Approach Development and Pilot Testing

The findings from the preliminary study were usesl the basis for
developing the inquiry-based simulation-supportpdraach. The questions in the
lesson plan of the approach were shown in Tableuat? Table 4.5 and also the
PowerPoint presentation for the approach as showAppendix H. Students’

simulated circuits are shown in Appendix J.

Formative evaluation is carried out to gather datahe development of the
approach. The developed approach was contentatadidoy experts in the field as
shown in Appendix L. The pilot testing was rundweck for the content and the
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flow of the approach. The feedbacks obtained fsiodents during pilot testing

were evaluated.

Originally there were four questions. The apphoa@s pilot tested in the
first week of the semester with 12 students. Haxewafter pilot testing, one
guestion was dropped due to redundancy as showkppendix R. The reason
behind this deletion was that the deleted circhéd the same concept as asked in
exercise 1. The redundancy caused confusion arstugnts during pilot testing.
Therefore after discussing the issue with supersisod consulting with the content
validator, that question was omitted, leaving otilyee questions. The improved
version of the final approach was ready to be imgleted. The approach developed
has been validated by the expert from Universityrfrida that the principles of

guided inquiry have been used appropriately inghisly as shown in Appendix L.

The outcome during pilot testing also showed thatlab session has to be
reduced from three hours to two hours. This isabee students already familiar
how to use Multisim, which reduces simulation pesgming time. However, more
time was spent on inquiry-based approach to alkmdests to explain each exercise

verbally.

4.3 The Developed Approach

The developed approach thereafter only has threstigms as shown in
Table 4.2 until Table 4.5. The sequence flow ef éixercises is as shown in Figure
4.1.

Exercise 1. Simple circuits.
Exercise 2. Short circuits.

Exercise 3. Open circuits.



Inquiry-based simulation-supported approach

incorporate predict-observe-explain (POE) tasks

\4

Exercise 1 — Simple circuit

<—

POE tasks

\4

Exercise 2 — Short circuit

POE tasks

\4

Exercise 3 — Open circuit

POE tasks

N

\4

Discussion and Conclusion

Figure 4.1

Facilitated by
the researcher

-——

Sequence flow of the exercises
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The discussion and conclusion is the final seotibere student has to reflect

what they have learned and acquired from the igep@sed simulation-supported

approach intervention session.

simulation.

The approach iocatps POE tasks with

Inquiry-based approach is incorporatidoughout the approach

intervention sessions. Table 4.1 shows the lepkonfor the approach.

Table 4.1:Lesson plan of the approach

Exercise Task Teaching and Learning Activitieg
3 different | SETUP — students draw the Students work individually on thei
circuits circuits using Multisim. own computer.

PREDICT - students predict | Individual prediction.
outcome of the simulation. Facilitated by the researcher.
OBSERVE - students observe _ o _
] _ Performed with social interaction.
POE tasks | the outcome of the simulation. _ )
i Small group discussions.
EXPLAIN — students explain _
) | Inquiry-based approach.
any differences between their N
o _ Facilitated by researcher.
prediction and observations.
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The intended learning outcome from the inquirydshsimulation approach
with POE tasks incorporated was to allow studeatseflect their own alternative
conceptions and become aware of rectifying thenhe fesearcher displayed the
PowerPoint presentation of the questions as showkppendix H. Students drew
the circuits on the computer using Multisim andnthgredict the operation of the

circuits. The sequence flow of activities is shawirigure 4.2.

Simulation-supported with
predict-observe-explain (POE) tasks
\4
Exercises < Circuits
\4
Draw the circuit |« In Multisim
\ 4
Predict < Partatoc
Draw devices into | _ In Multisi Inquiry-
the circuit - n Multistm bgs.eq
activities
A4 facilitated
Run the simulation |« In Multisim by the
researcher
\ 4 /
Observe < Part d
v
Explain < Parteto i
\ 4
Write the answer |« Parteto i'in
answer sheet

Figure 4.2  Sequence flow of activities

The exact circuit was displayed on the screenchvisiudents’ drew using
Multisim. The simulation was run and the outputsvadbtained. Students have to
explain verbally the circuit operations to the msber. Students had to compare
their observed output with their prediction earlem. They have to critically
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evaluate their own alternative conceptions. Oheerésearcher confirmed that their
simulated output and verbalization of the circuitas correct, then they had to
answer the questions at the end of each exerciss @mswer sheet. As mentioned
in Chapter 2.4.3, the POE task was incorporatethi® approach, therefore the
equential flow of this approach is organized acowdo the POE tasks.

The steps involved in this guided inquiry-based watnon-supported
approach using POE task are, first they havertaict the characteristics of the
circuits as asked in part a, b, and c. Then, aftaulated circuits are working, they
have toobservethe working of the circuits as displayed on thenpater as asked in
question d. Finally they have &xplain verbally the working of the circuits to the

researcher who only acts as facilitator and togps#ting next to him/her.

Rather than the researcher conduct lectures anidiexpe concepts to the
class, the researcher uses leading questions &rajerstudent responses, such that
the students will provide as many answers to tbein questions as possible. The
researcher assists the students in constructirmproecting their knowledgeOnce
their explanation satisfies the researcher andctiteect answers according to the
concept are explained, they can answer Q1 partstieiu The same process is
repeated with Q2 and Q3. The researcher will tigrtabe students’ understanding by
asking contradicting questions. This will enhartza obtained from students’

conceptual understanding as will be discussedtiailde Chapter 5.

4.3.1. Lesson Plan for Exercise 1

The lesson plan for Exercise 1 of simple circugsshown in Table 4.2.
When first using the simulation software, studdate a little time to re-familiarize
themselves with the software. Their previous kremge of Multisim did help them
to master the software quicker. Once the ciragitdrawn on their computer, they

have to answer parts a to ¢, which is the predidask.
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Table 4.2:Lesson plan of Exercise 1

Exercise Tegching gr_lql
Learning Activities
Exercise 1:
Predict: For
10v 100 guestion a-c
a. Can this circuit works? Observe: Simulation
b. Give reasons to your answer in a. output for question d
c. What devices can you use to make sure that ithaitc
really works? Explain: Verbalize
d. Draw all circuits containing the devices as riergd in c. | circuits operation for|
e. Explain the working of each circuit as drawmlin question e

Later they have to simulate the circuits and oles¢he output as to answer
part d. Each student has to explain in writingdperation of their circuit for part e.

The process of explaining and verbalizing activétesquestion and answer session.

4.3.2. Lesson Plan for Exercise 2

The lesson plan for Exercise 2 is a circuit cdmggsof a short circuit as
shown in Table 4.3.
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Table 4.3:Lesson plan of Exercise 2

Teaching and

Exercise Learning Activities
Exercise 2:
10Q ~
Predict: For
10V <+> 0o question a-c

Observe:

a. Can this circuit works? Simulation output

b. Give reasons to your answer in a. for question d

c. What devices can you use to make sure that ithaitc

really works? Explain: Verbalize

d. Draw all circuits containing the devices as riamd in c. - .
circuits operation for,

e. Explain the value of current flow through eagsistor. . .
guestion e-i.
f. Explain the value of voltage drop across easister.
g. Explain the working of the circuits accordingth® bulbs
lighted.
h. Explain the steps needed to measure the taiataace.

i. What is the total resistance of the circuit?

By now students should have already masteredgbeiithe software. Once
the circuit is drawn on their computer, they werady for the prediction task. Once
the prediction is done and they have written taaswer for a to c, they have to draw
the circuits with the mentioned predicted devicdhen they have to simulate the
circuits and observe the output as in part d. Esigtent has to explain out loud to
the researcher the operation of each circuit fat pato i. Once the explaining
session ends, they have to write their answer base@hat they have understood

from the question and answer session.
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4.3.3. Lesson Plan for Exercise 3

The lesson plan for Exercise 3 is a circuit cdimgysof open circuits and a

switch is shown in Table 4.4.

Table 4.4:Lesson plan of Exercise 3

Teaching and

Exercise Learning Activities
Exercise 3:
100Q _ 500 ict:
Ny Predict: For
question a-c
10V CJ:) 40Q
Observe:

a. Can this circuit works? Simulation  outpuf

b. Give reasons to your answer in a. for question d

c. What devices can you use to make sure that itiaitc

really works? Explain: Verbalize
d. Draw all circuits containing the devices as rimved in c. | Circuits  operatior
e. Explain the value of current flow through eagsistor. for question e-i.

f. Explain the value of voltage drop across easister.

g. Explain the working of the circuits accordingtte bulbs
lighted

h. Explain the steps needed to measure the taigtaace.

i. What is the total resistance of the circuit?

The same POE is used for the three different igcuOnce the prediction is
done in part a to c, they have to draw the circuith the mentioned predicted
devices. Then they have to simulate the circuits @bserve the output as in part d.
Each student has to explain out loud to the rebearthe operation of each of the
circuit in part e to i. Once explaining sessiomigrthey have to write their answer

based on what they have understood from the questid answer session.
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4.3.4. Lesson Plan for Discussion and Conclusion

The lesson plan for Discussion and Conclusiom@swv in Table 4.5. At the
end of lab session, students were asked to revdljaneralize what they had learned

from the inquiry-based simulation-supported appinoac

Table 4.5:Lesson plan of Discussion and Conclusion

Exercise Teaching and Learning Activities

Discussion an nclusion: : . :
scussion and Conclusio Reflection: Making conclusion for all

1. What are the behaviors of short circuits?the simulated exercise based on

2. What are the behaviors of open circuits?concepts learned.

3. What are the methods of measuring
total resistance? Explain: Verbalize circuits operation

4. How to interpret the working of a for discussion and conclusion.

circuit?

The four parts in the Discussion and Conclusiarice required each student
to make generalization on their own of what theyeh&earned in this lab session.
This lab session is not graded. This takes thespre off the students to be “right”
and gives them more freedom to really express et are thinking. Furthermore,
the researcher is not the lecturer of their clasghey can feel free to comment and

express the status of their understanding.

4.4  Summary

This chapter explained the rationale for the dgwelent of the inquiry-based
simulation-supported approach. The justification the questions included in the
approach was based on the findings from a prelimisudy conducted in an earlier

semester was explained. The questions selectedimexrl at examining students’
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understanding of circuits operations in the conditdof open and short circuits. The
open and short is activated by having a switch.

The method employed to develop the approach vemsdiscussed. Circuits
simulator is chosen as the media for students tstoect and simulate the circuits.
Simulation can help students to visualize the dpmreof a circuit. The POE tasks
incorporated with an inquiry-based approach halgests verbalize the operation of
a circuit. The developed approach addressed openshort circuits concepts
collectively with total resistance and interpregatiof circuit diagrams as these

concepts are interrelated. Lesson plans for egeftise were presented.

Discussion about pilot testing that was organitedheck the flow and that
the content of the approach also presented. Thelajged approach is ready to be
administered to students. Intended learning ouécofithe inquiry-based simulation

approach incorporate POE tasks was also discussed.
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CHAPTER 5

RESULTS AND DISCUSSION

51 Introduction

This chapter provides results and discussionefitita obtained from pretest,
posttest, interviews, and intervention sessionie main interest of the study is to
focus on identifying alternative conceptions thain chinder students’ learning.
Marks obtained from pretest and posttest were ardlyand discussed quantitatively

according to themes of concept tested.

The results from interviews and inquiry-based s$atian-supported approach
were analyzed qualitatively according to themedher& are four concepts tested.
Students’ verbalizations were analyzed to iderttigmes about students’ alternative
conception. The identified themes of student®€rakitive conceptions are discussed
in this chapter. Finally, comparisons were madeveen before, during, and after
the intervention to see changes on how studentbaliee their conceptual
understanding which will determine how the intetv@m has assisted their

understanding.
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52 Students’ Achievement from Pretest and Posttest

The total marks obtained for pretest and posttesewanalyzed using paired-
sample t-test. The full results of paired-samptest are shown in Appendix Q.
Results showed that the inquiry-based simulatiggpsetted approach intervention
session as teaching and learning activities hasoags positive impact in assisting
students learning concepts. All questions havevanghoice “Other” which was

graded accordingly as right or wrong based on tgtten answer.

5.2.1. Results of Pretest and Posttest for Control Group

Table 5.1 shows the paired-sample t-test for thettpst score and the pretest
score. There is significant evidence that theiamare not the same with a gain of
2.06. The probability valup of 0.024 gave significant improvement from pretest
posttest. To prove the significant changes, thHecefsize was calculated using
Cohen’sd which gives the value of 0.65 which indicated nuedito large effect size

in the differences of mean (Cohen, 1992).

Table 5.1: Paired-sample t-test of posttest and pretest (clogitoup)

Test N Mean Stal’.]d?.l‘d P Cohen’sd
Deviation
Posttest 33 15.85 3.73
0.024 0.65
Pretest 33 13.79 3.11

5.2.2. Results of Pretest and Posttest for Treatment Group

Table 5.2 shows the paired-sample t-test for thettpst score and the pretest
score. There is significant evidence that thedamare not the same with the gain
difference of 2.44. The probability valyeof 0.000 gave significant improvement
from pretest to posttest after learning with thquiny-based simulation-supported
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approach. To justify the significant changes, éfiect size was calculated using
Cohen’sd which gives the value of 0.79 which indicated aé¢aeffect size in the

differences of mean (Cohen, 1992).

Table 5.2: Paired-sample t-test of posttest and pretest (et group)

Test N Mean Stahdgrd p Cohen’sd
Deviation
Posttest 47 16.70 2.53
0.000 0.79
Pretest 47 14.26 3.53

5.2.3. Result for Themes of Concept Tested

As mentioned in Section 3.6.1, the 12 questionsewgmouped into four
themes accordingly to the concept tested as showhable 5.3. Therefore the
paired-sample t-test was also conducted for tre@trgeup on the four themes to
check for significant improvement of conceptual ersanding after having

intervention with an inquiry-based simulation-sugpd approach.

Table 5.3:Result paired-sample t-test for themes

Themes Test N Mean Stangrd p Cohen’sd

Deviation
Posttest 47 8.47 2.09

QomFt"Ete 0004| 065
circuits Pretest 47 7.17 1.88
Posttest 47 3.62 0.87

Open circuits 0.000 2.81
Pretest 47 1.09 0.93
Posttest 47 2.87 1.45

Short circuits 0.116 0.32
Pretest 47 2.47 1.04
Posttest 47 3.26 0.82

Resistance 0.000 1.36
Pretest 47 1.89 1.15
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5.2.3.1  Complete Circuits

From the paired-sample t-test of complete circuntsTable 5.3, the mean
between pretest and posttest showed significafgrdiice of 1.30. The probability
value of 0.004 indicates significant improvemewirpretest to posttest of complete
circuits after learning with the inquiry-based slation-supported approach. To
justify the significant changes, the effect siz&glated using Cohen’d gaves the
value of 0.65 which indicated a medium to largeeefffsize in the differences of
mean (Cohen, 1992).

5.2.3.2  Open Circuits

From the paired-sample t-test of open circuit abl€ 5.3, the mean between
pretest and posttest showed significant differevfc2.53. The probability value of
0.000 indicates significant improvement from pretegosttest of open circuits after
learning with an inquiry-based simulation-supportapproach. To justify the
significant changes, the effect size calculateshqisCohen’sd gaves the value of

2.81 which indicated a large effect size in théedédnces of mean (Cohen, 1992).
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52.3.3 Short Circuits

From the paired-sample t-test in Table 5.3, thammbketween pretest and
posttest showed significant difference of 0.40. e Tprobability value of 0.116
indicated no significant improvement from pretestpbsttest of short circuits after
learning with the inquiry-based simulation-suppdrtapproach. To justify the
significant changes, the effect size calculateshgisohen’sd gaves the value of
0.32 which indicated a small effect size in théetténces of mean (Cohen, 1992).

5.2.34 Resistance

From the paired-sample t-test in Table 5.3, thammbketween pretest and
posttest showed significant difference of 1.37. e Tprobability value of 0.000
indicates significant improvement from pretest tosgpest of short circuits after
learning with the inquiry-based simulation-suppdrtapproach. To justify the
significant changes, the effect size calculateshgisohen’sd gaves the value of
1.36 which indicated a large effect size in théedénces of mean (Cohen, 1992).

5.3  Students’ Alternative Conception from Interview

Based on the 12 questions in the concept tesh@srsin Appendix G, the
guestions are grouped together according to cosdepted as shown in Table 5.4.
There are four main themes of concepts administdueidg pretest and posttest.

Coding was given to the student and researché&r ragerring to student and
R for the researcher. The students are numbered &b up to S47 accordingly. The

shaded answer is the correct answer and correstinga the concept test questions.

Table 5.4:Concepts tested and related questions
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Concept Themes Conce_pt Test Scope
Question no.
1. Complete circuits| 1,2,7,11,12 Series aamdlfel circuits
2. Open circuits 6,10 Open circuits and circuith a switch
3. Short circuits 3,8,9 Short circuits and witg with a switch
4. Resistance 45 Total resistance in an open, short ang

switched circuits

5.3.1. Complete Simple Circuits

Investigations on students’ conception were arlyby reviewing each

question. Complete simple circuits theme is coraddsy questions 1, 2, 7, 11 and

12. The circuits involved are series and paralle¢ére both are simple circuits. The

interview data can detect students who had alteeaionceptions. The in-depth

analysis of alternative conceptions is tabulatetwrlafter the interview data is

analyzed as will be discussed in detail in Chapter

5.3.1.1  Question 1: Concept Test

Figure 5.1 shows Question 1 for complete circuitudents were asked to

analyze current flow in a circuit.



86

Reason:

current?

Point 1.

Point 2.

1. Compare the current at point 1

They are the same

Current travels in two directions around the citcui

Current from the battery goes to the circuit arehtbomes back to the battery.

with the currenp@int 2. Which point has a larg

P

The resistors use up a little of the current.

Others (Please specify):

Figure 5.1

5.3.1.1.1 Concept Test Response

Table 5.5 shows students response for Questiofite shaded answer and

Question 1

reason is the correct response for this question.

Table 5.5: Analysis of Question 1

Answer % Pretest % Posttest
Concept .
Tested & Response Response Analysis of Response
Reason | Frequency | Frequency
aa 2.1 4.3
o ab 6.4 8.5 o
Clrcut)s ac 6.4 6.4 T.h|s Icwqwt |§ ag;r;;letedanc
must be b 51 51 simple circuit. 63.8% an
complete 76.6% students understand
bb 2.1 0 .
for current that current conducts in a
to conduct. ca 4.3 2.1 complete circuit.
cb 63.8 76.6
cc 12.8 0
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However, students who gave reasofthe resistors used up a little of the
current)in pretest and posttest showed that they assumeuthent is consumed by
the resistors in the circuits. There are alsoaitglwho gave answer(point 1 has
larger current)which shows their alternative conception of therenr flow in the
circuits where students assume that the currecinsumed and sink at the resistors
in the circuits (McDermott, 1996).

5.3.1.1.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

R: Can you explain which point has the higher current?
S1:  Pointl

R: Why point 1?

S1: Because the current has not taken up by amgtR y
S2:  Yes, | have the same reason as her.

What is your answer for question 1?

Point 1

You said point 1 has higher current, can yopla&x your
reason why?

S3: | thought the current has to divide into twa&chuse of
parallel, therefore the current coming out is less.

2R D

S1 and S3 understanding was point 1 has higheerduthan point 2 because
the resistor consumes a little current. The caiclu that can be made is that
students do analyze circuits with sequential reiagpas agreed with (Engelhardt and
Beichner, 2004), one element after the other; rathan taking the circuits as a
whole (Smaillet al, 2011). Such students believe that current teaaebund a
circuit and are influenced by each element as iensountered (Engelhardt and
Beichner, 2004; Smai#t al, 2011). Students who gave reasoftl@ resistors used
up a little of currentddo not understand the concept of the resistorcanegnt which

will be discussed in detail in section 5.3.4.
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5.3.1.2  Question 2: Concept Test

Figure 5.2 shows Question 2 for complete circustudents were asked to

analyze brightness of the bulb which relates toentrflow in a circuit.

2. Compare the brightness of the bulb in Circuit 1 with that in Gi&uiWhich bulb i
brighter?

-

12V

H

D ==
12V |

Circuit 1 Circuit 2

o 1)

_|

a. The bulb in Circuit 1.

b. The bulb in Circuit 2.

C. They are the same

Reason:
a. Because two batteries in the Circuit 1 provide more voltage.
b. Because two batteries in the Circuit 2 provide more voltage.
C. Because 24 V is applied across the bulb in each circuit.

d. Others (Please specify):

Figure 5.2  Question 2

5.3.1.2.1 Concept Test Response

Table 5.6 shows students response for Questiofitz shaded answer and

reason is the correct response for this question.

Table 5.6: Analysis of Question 2

Concept Answer &
Tested Reason

% Pretest
Response

% Posttest

Response Analysis of Response
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aa 74.5 83.0
Arrangement ab 2.1 4.3
of devices ac 4.3 2.1
affects curren bb 8.5 2.1
and voltage bc 2.1 8.5
distribution. cb 21 0

cc 6.4 0

83% of students can differentia{e

between series and parallel
circuits. However students whd
answer B and C cannot
understand that the arrangeme
of devices in a circuit affect
current and voltage distribution

The major alternative conceptions that studenks Wwere shown when they

gave reason lfbecause two batteries in the Circuits 2 providereneoltage)or c

(because 24V is applied across the bulb in eaatuitk This shows that they cannot

see the effect given by series and parallel commeadn the distribution of currents
and voltages (Engelhardt and Beichner, 2004; Yah23@2). The written data were

also obtained and analyzed from the answer optithér”.

5.3.1.2.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

RPLD

pRoQD

Can you explain to me which circuit is brighter?
Circuit 1

Can you give reason?

Circuit 1 is in series so add up become 24\ ,dnguit 2
... thought the current are the same in both ciguit

Can you explain to me which circuit is brighter?
Circuit 2
Can you explain the reason for circuit 2?

| am a bit confused. Two sources in paralil be added
up, but if in parallel, what happened? | am notesur

Based on these conversations, S4 and S5 were ssshfabout series and

parallel connections.

Even though they have ajré¢aklen BEC during their first

semester, but they still rely on their surface ust@ading.
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5.3.1.3  Question 7: Concept Test

Figure 5.3 shows Question 7 for complete circustudents were asked to

analyze brightness of the bulb when there is aabiresistor.

7. If you increase th resistance of Resistor C, what happens to tlghtiess of bulbs
and B?
a. A and B increase.
b. A stay the same, but B decrease. @ A; ,,
A ResistZr C
C. A and B decrease. @
B
d. A and B remain the same. v
I I |
I |
Reason:
a. The battery supplies a constant current to theiitirc
b. Increasing Resistor C will decrease the circuiteui
C. Because Resistor C consumed some current.
d. Others (Please specify):

Figure 5.3  Question 7

5.3.1.3.1 Concept Test Response

Table 5.7 shows students response for Questiofih&é shaded answer and

reason is the correct response for this question.

Table 5.7: Analysis of Question 7

Concept Answer & % Pretest % Posttest Analysis of Response
Tested Reason Response Response
Increasing aa 0 2.1 When students have varietiep
or reducing ab 2.1 0 of answer shows that strong
the value of ac 2.1 2.1 alternative conception does
a resistor ad 2.1 0 hinder their scientific
will affect ba 4.3 0 thinking. Even though this is
the total bb 48.9 31.9 simple series circuits but the
current. be 85 85 variable resistors is a factor i




91

bd 4.3 2.1 determining students’
ca 0 2.1 conception.

cb 21.3 27.7

cc 0 4.3

cd 2.1 10.6

da 4.3 6.4

db 0 2.1

There were 48.9% from pretest and 31.9% from psstshowed a poor
understanding about the effect of total resistanc circuit. Their answers of (&
stay the same, but B decreasej reason of fincreasing resistor C will decrease
the circuits currentshowed about students’ alternative conception.deétts again
assumed that the current is consumed in the eleasettie current passes through
(Engelhardt and Beichner, 2004). However, the gqgage of correct answers of cb
increased from 21.3% to 27.7%.

Reasons for the improvement are the interventismgu inquiry-based
simulation-supported approach. Many combinatioharswers and reasons were
chosen due to alternative conceptions they holditalhe effect of a variable resistor

in a series circuits.

5.3.1.3.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

R: Can you give reason to your answer in question 77?

S10: | understand like this. When the current flow]bbA
lights up, when the current flow through variabésistor,
the current after that is lower.

R: Which concept that you don’t understand here?
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S5: | = VIR, so when the resistance increase, theerirat
bulb B drop, but not at bulb A. Because there és n
resistor at A.

R: Can you explain your reason?

S5: | thought like this. When the current flows tngb
variable resistor, the current after that is lower.

R: How many current flows in series circuits?

S5: One

R: Can you explain your reason?

S11. Before this there is no resistor, so Bulb A takeginal

current, when pass through variable resistor, tlerent
after that is lower. When the current is redudbsyefore
bulb B will be less bright compare to bulb A.

Among the written answers obtained from the ansypéion “Other”, were b
(bulb A stay the same but bulb B decreasd)rightness with the reasons(bulb B
will receive less voltage, current flow to bulb Aheut any resistance while current
flow to bulb B with resistance, increase the resisif C caused the current through
bulb B is decrease)and (voltage supply provide current to bulb A withary
resistance). These answers show that the students assumed\lmadbsumed a little
current with the remaining left to bulb B, causimgb B to be less brighter than bulb
A. Students alternative conceptions was that atirise consumed by a component
and the later component receives less current (Ragk and Beichner, 2004).

5.3.1.4  Question 11: Concept Test

Figure 5.4 shows Question 11 for complete circiBtudents were asked to

analyze the current in a parallel branch.
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11. At which branch the magnitude of current is thedet?
3 R R R
a. 1 5 R R
b. 2
C. 3 : ANRV
d.  They are the same V| |
I I |
Reason:
a. Because the farthest away the branch from battérget the least current.
b. Because the current will be divided equally betwinenbranches.
C. Because more current will pass through the lowstasce branch.
d. Others (Please specify):

Figure 5.4  Question 11

5.3.1.4.1 Concept Test Response

Table 5.8 shows students response for QuestionThe. shaded answer and

reason is the correct response for this question.

Table 5.8: Analysis of Question 11

Answer | % Pretest % Posttest

Concept Tested & Response | Response Analysis of Response
Reason| Frequency | Frequency
ab 2.1 2.1
Voltage source ac 8.5 0

Simple parallel circuits
ca 12.8 6.4 was observed as less

alternative conceptions
provided there is no opet
cc 55.3 72.3 or short and no switch to
make students confused

supplied directly
across parallel

branch. Current in cb 10.6 14.9
the branch depends
on value of element;
in that branch db 10.6 2.1

dc 0 2.1
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Students seem to understand that current in acbrd@pends on the value of

elements in that branch as shown from their answeare 55.3% from pretest and

72.3% from posttest gave response correctly. Hewewere are students (10.6%

from pretest and 14.9% from posttest) who gaveoredgbecause the current will

be divided equally between branched)ere they were thinking that current is the

same in parallel circuits (Smaét al, 2008).

5.3.1.4.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

S16:

2@ D

R:

S10:

R:

S10:
S13:

In parallel circuits, is the current the same?

Different

Which branch is the lowest now?

Branch 3

Give reason

Hmmmm A...because the branch is farthest from the
battery

Can you give your answer?

The more resistors will give lesser current

And the reason?

Because the branch is the farthest from thecsou
Yes, | have the same reason as him.

However, the interview data was contradicted frdma answer and reason

given in the pretest and posttest. The unexpdatedthg was that students thought

that the farther the branch was from the sourcelgéls current it will get. This

alternative conception need further research ashestis understanding.
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5.3.1.5 Question 12: Concept Test

Figure 5.5 shows Question 12 for complete circi8tudents were asked to

analyze the ammeter reading.

12.  Compare the readings of Ammeter 1 and AmmetertBercircuits shown below, whi
one has higher reading?
MN
R
a. Ammeter 1. —— v Ammeter 1
b. Ammeter 2. T
C. They are the same. AN
2R
_$_ 12V Ammeter 2
Reason:
a. Because the voltage is the same in both circuits.
b. Because the greater the resistance, the lower uhrent for the sameoltage
source.
C. Because the resistance does not affect the current.
d. Others (Please specify):

Figure 5.5  Question 12

5.3.1.5.1 Concept Test Response

Table 5.9 shows students response for QuestionTh2. shaded answer and

reason is the correct response for this question.



96

Table 5.9: Analysis of Question 12

% Pretest % Posttest

Answer & .
Concept Tested ReV;son Response Response | Analysis of Response
Frequency Frequency
_ aa 2.1 0
Chgnge in total =B 83.0 936 . o
resistance cause thre ac 13 0 With complete circuits,
change in total : students have no
bb 8.5 2.1 . .
current, but not th 5 5 51 alternative conception.
voltage source. c :
cc 2.1 2.1

Students understand that change in total resistaauses a change in total
current, but not the voltage source. Studentsilyedepend on ohm’s law which
makes their explanation easier for the completeugs. Students’ alternative
conception is dominant when they encountered aiitivath a switch, open or short

as will discussed in section 5.3.2. and 5.3.3.

5.3.2. Open Circuits

Based on conclusions made in 5.3.1.5.1 earlierdesits had alternative
conceptions when a circuit has a switch, be it opeclosed. The two questions
grouped under open circuits which are questiénand 10 where both circuits
contained a switch. These circutan be used to determine what their alternative
conceptions are for open circuits. Open circuttsasion occur when a branch is not

part of a closed circuit.

5.3.2.1  Question 6: Concept Test

Figure 5.6 shows Question 6 for open circuit. 8tid were asked to analyze

a circuit having a switch.
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6. After the switch is opened, what happens taélestance of resistor R?
R Switch
a. Increases. MW

b. Stay the same.

C. Goes to zero. ——a
Reason:
a. The value of resistance depends on the appliedgemlt
b. Since there is no current, the resistance of tsistr will go to zero.
c. The electrical resistance does not depend on dusremltage.
d. Since there is no current, the resistance of tkistar will increase.

e. Others (Please specify):

Figure 5.6  Question 6

5.3.2.1.1 Concept Test Response

Table 5.10 shows students response for Questionh@ shaded answer and

reason is the correct response for this question.

Table 5.10:Analysis of Question 6

Answer % Pretest % Posttest

Concept Tested & Response Response | Analysis of Response
Reason | Frequency | Frequency
ac 4.3 2.1
ba 4.3 0
. . bb 2.1 0 This circuit asks for
Switch will . .
define which bc 48.9 85.1 resistance during open
. be 2.1 4.3 circuits. Strong
elements active . .
: . ca 2.1 0 alternative conceptions
or inactive in a .
circuit cb 20.8 6.4 about resistance and
' cC 4.3 0 open circuit.
cd 0 2.1

ce 2.1 0
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The major alternative conception in the pretess$ tee answer of (goes to
zero)and reason of fsince there is no current, the resistance of #gmstor will go
to zero) where they assumed that when switch is open, dugess to zero, hence
the resistance also goes to zero. From their répban be concluded that they are
taking current as the prime concept which drivesdincuits; where they really rely
on Ohm’s Law to interpret circuits operation (Srhetlal, 2008). However from the
interview data, where students have to explainrtheasoning for their wrong
answer, more in-depth meaning was obtained. Mamybmations of answers and
reasons were chosen as their answer because ofy sdtternative conception of

resistance and open circuits.

5.3.2.1.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

R: When there is no current, what happen to R?

SO: Hmmm we have to use V=IR?

R: OK...if you think you have too

SO: If there is no current, and we want to find treue of R,
so R is 0 isn’t? Because there is no current.

R: What is your answer?

S3: When there is open and closed, | am confused...

R: So you have problem with switched circuits...

R: When the switch is opened, is there any curremt#lo

Sl No

R: If no current, is there any voltage?

S1: No, since cannot use ohms law.

R: Is the circuits operates when the switch is opened?

Sl No

R: Then what is the value of the resistance?

S1:  Same as original value.

4. Why?

S1: If there is no current....hmmm | don’t know....
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R: When the switch is opened, is there any resistaale?
S5: | thought when the switch is opened, no curréoy,f
therefore the resistance is also zero.

From the “Other (Please specify)” section, stusemtote thatcannot apply
ohm’s law because no current; and switch open rroeat therefore no resistance.
The analyzed data confirms that the students depeadily on ohm’s law as their

main rule to analyze circuits; where current isghiene concept (Smaiét al, 2008).

5.3.2.2  Question 10: Concept Test

Figure 5.7 shows Question 10 for open circuit. d8his were asked to

analyze the voltage at a point in the circuit.

10 What is the voltage between points A and B?

R e R
a. oV ——ANN—
A Switch B

b. 12V
C. Less than 12V 12V

I | |

I |

Reason:

a. There is no voltage since there is no current fhowi
b. Because some of the voltage of a battery has ddopg®ss the resistors.
C. If there is no resistance, there will be no voltdgepped.

d. Others (Please specify):

Figure 5.7  Question 10
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5.3.2.2.1 Concept Test Response

Table 5.11 shows students response for QuestioimThe shaded answer and

reason is the correct response for this question.

Table 5.11:Analysis of Question 10

% Pretest % Posttest
Concept Answer .
Response Response Analysis of Response
Tested & Reason
Frequency Frequency
aa 55.3 40.4
ab 2.1 0
I ac 10.6 19.1
Volt .
ottage ad 2.1 4.3 The question asked for
persists, but o
ba 0 2.1 open circuit’s voltage.
current does -
. bb 0 4.3 Varieties of answer are
not, in an : 13 51 ven
open circuits. c : : gven.
bd 0 4.3
cb 17.0 23.4
cc 8.5 0

The majority of the students (55.3% of pretest &@4% of posttest)
responded with an answer of(acreases)and reason #he value of resistance
depends on the applied voltage)They do not understand the concept of open
circuits and the affect of voltage in an open dircun addition students still have
only a surface understanding on the concept ofstaste. However from the
interview data, where students have to explainrtiheasoning for their wrong
answer, more in-depth meaning was obtained. Tleya notice that altage
persists, but current does not, in an open cir¢iighaya, 2002). Again this shows that
students apply the ohm’s law to the analysis of @mguits without considering open or

short circuits effect.

5.3.2.2.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.
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R: Can you explain to me about this question?
S14: Now the switch is open, no current flow, therefowe
voltage at A-B.

Why 0 Volt at A-B?

Because of open circuits.

Is there any voltage drop at each resistor?
No, because of no current.

BoBA

Is the circuits operates during open circuits?

No.

Is there any voltage at A-B?

No.How come got any voltage if there is no current.

RPLD

Y

Can you explain your answer and reason?
S10: There is no voltage since there is no currenwihg.

R: Can you explain?
S12: | am not confident with open and short. My agrsi8 A,
because when there is no current, the voltage zso.

All data from the interview above shows that shideassumed that when
current flow, it shows the existence of voltagehey really assume current as the
main concept, not the voltage. Therefore they goeed the battery is a current

source not a voltage source (Yahaya, 2002).

R: Can you give me reasons for question 10?
S14: Can we measure V at a place with no R?
S2: Cannot

R: Then what is the answer?
S16: Because there is no resistor, so there is nothmde
measured.

R: What do you understand about this question?

S8. If switch is open, there is still a voltage. Whke voltage
pass through resistor, there is a voltage drop.

R: Means that the value of V at A-B is less ti2ay?

S8:  Yes because has been taken by the first R.
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Based on these conversations, S14 really relie®lun’s law, therefore all
values are zero. This final response shows whairf8i@rstands about voltage drop
at a component; however the effect of open circisiteeglected. Furthermore, S8
assumes that there is voltage drop at first R thotige circuit is open. The
conclusion based on conversations on open circast students do not visualize the
operation because the current is the prime contbepstudents hold.

The written data were also obtained and analyrech the answer option
“Other”. Among the answers written by many studewere a(0 Volt) with the
reasonso voltage drop since the switch is open; not aplete circuits and there is
no voltage across open circuitsA few that answered b had reasons d with their
written reasons as open circuits, there are voltages but no currearid same as
put the voltmeter in parallel with the voltage soeir All the answers show that the
students assume with that an open circuit nothiilighappen or nothing is affected
(Streveleret al, 2008).

5.3.3. Short Circuits

The previous two questions were about open cscuiThese next three
guestions , 8 and 9) refer to circuits with shorted armsaocswitch can be used to
determine students’ alternative conception abouwrtshircuits. A short circuit
occurs when there is no resistance between thetéwuoinals of interest. The

outcomes are discussed below.

5.3.3.1  Question 3: Concept Test

Figure 5.8 shows Question 3 for short circuit. détuts were asked to analyze

the brightness of the bulb in a combination circuit
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3. Compare the brightness of Bulb 1 and Bulb this circuit, which one is brighter?
@ Bulb 1

a. Bulb 1.

b. Bulb2 Bulb2

c. They are the same. CJ:) 1zv :®
Reason:

a. Because the bulbs are connected in parallel.

b. Because no current will pass through Bulb 1.

C. Because no current will pass through Bulb 2.

d. Others (Please specify):

Figure 5.8  Question 3

5.3.3.1.1 Concept Test Response

Table 5.12 shows students response for Questionh® shaded answer and

reason is the correct response for this question.

Table 5.12:Analysis of Question 3

Answer % Pretest % Posttest
Concept .
Tested & Response Response Analysis of Response
Reason | Frequency | Frequency
aa 2.1 0
The voltage - 66.0 78.7 Now students started to
apd 'curr'ent ad 55 6.4 shows thelr alterngtlve
distribution conception especially when
. bc 0 21 L . .
is affected by open circuit is existed in a
the existence ca 17.0 85 circuit and need to be
short circuits. cc 2.1 4.3 analyzed.
cd 4.3 0
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Regardless of their reasons, students who ansve(edlb 2) and c(there
are the samejotally ignored the effect of a shorted arm in teeuit. However,
from the interview data, where students have tdadxpheir reasons for their wrong
answer, more in-depth meaning was obtained abuodests’ alternative conceptions

of the current flow in short circuits.

5.3.3.1.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

R: Can you explain to me which bulb is brighter?
ST Bulb 1

R: Why bulb 1?

S7. Because bulb 1 receive current first.

R: Then a little bit of current left?

Y Yes.

S7 assumed that current flow from one componeahtiher where current is
consumed by bulb 1 and the remaining goes to bulls@me explanation obtained
from S17 as shown in conversation below. Both 8 17 assumed that current

still goes to shorted branch.

R: Can you explain to me which bulb is brighter?

S17.  The current flow from bulb 1 then to bulb 2, eyt both have the
same brightness

R: So bulb 1 and bulb 2 are in series?

S17:  Eh no no, they are in parallel, therefore bdlbs brighter than
bulb 2. Hmmm | am not sure.....

However the answer given by S18 shows that hdéiytagmored the effect of
short circuits. This wrong answer was given gtriégguently on both the pretest and

the posttest.



105

R: What is your answer and reason?

S18: Here there is a short circuit; it is just like neffect to the
circuits... just like nothing happen.

R: So means that short circuits does not affextctrcuits?

S18:  Yes.

From the answer option “Other”, students answemas c(they are the
same)had reasons (because the bulb are connected in seriddhwever students
who answered &ulb 1 brighter)is the correct answer but gave the wrong reason.
Among the reasons weteecause bulb 1 is connected in series; bulb 2 bshagt
circuits; bulb 1 got the more voltagandbecause the current across bulb 1 is higher
than bulb 2 All of the answers show that the students assuwiteA consumed little
current which the balance of remaining current Wwélleft for bulb B which caused
bulb B to be less brighter than bulb A. All themswers show that they neglected

the effect of a shorted arm in a circuit.

5.3.3.2  Question 8: Concept Test

Figure 5.9 shows Question 8 for short circuit. détuts were asked to analyze
the value of resistance.
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8. What is the total resistance of the circuit whenswitch is closed?
MA—e s
10 Q
10V 40 Q
a. 50Q
b. 10Q
C. 8Q
d. 0Q
Reason:
a. The total resistance is the sum of the two resistor
b. Only the 10Q resistor operates in the circuit.
C. The two resistors are in parallel.
d. Because the total resistance equals zero in adctosaiit.
e. Others (Please specify):

Figure 5.9  Question 8

5.3.3.2.1 Concept Test Response

Table 5.13 shows students response for Questionh& shaded answer and

reason is the correct response for this question.

Table 5.13:Analysis of Question 8

Concept Answer & % Pretest % Posttest Analvsis of Response
Tested Reason Response Response y P
aa 19.1 8.5
_ _ ad 2.1 0
SW!tCh WII.I bb 72.3 74.5 A circuit with switch and
define which - -
elements bc 0 21 short circuits. Varieties
. be 0 10.6 of alternative conception
active or showed by students
inactive. cb 21 0 y '
cc 2.1 2.1
dd 2.1 2.1
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Students who gave answer ofs@2) have ignored the effect of short circuits
where they understand that both resistors areedativthe circuits. While students
who answered ¢8£2) thought that the circuits is a pure parallel citeui However
from the interview data, where students have tdagxpheir reasoning for the wrong

answer, more in-depth data were obtain.

5.3.3.2.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

R: What happen to current when it reaches the two

branches?

S12: Divided into two branches because the branchns i
parallel

R: Then the current combine again after that?

S12:  Yes

R: What happened to the current flow at the node &virig
shorted branch)?
S14.  Flow into both branches.

R: What happen to the current flow?

S18: 1 don’t understand concept of short circuits. é&fhthe
switch is closed, the current flows, when it reache
short...where does it goes? | am not sure which one.

From the answer option “Other”, many answers wergten by students.
Among given answers were(b0Q) the correct answer but with the wrong reason of
(the two resistors is in serieslConclusion can be made from these answers are tha
students assume the short circuits does not hayenapact on the operation of

circuits.
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5.3.3.3  Question 9: Concept Test

Figure 5.10 shows Question 9 for short circuit. udgnhts were asked to

analyze the voltage at a point in a circuit.

9. What will happen to the voltage between pointndl B if the switch is closed?
Switch
2R -
a. Increase
A R B
b. Decrease AN\ N
C. Stay the same I I
I I !
12V
Reason:
a. The voltage source will be distributed betweenrtsistors based on thalue o
the resistance.
b. Closing the switch will increase the total resistof the circuit.
C. Adding 2R will decrease both the voltage acrossrid the currentflowing
through R.
d. Adding 2R resistor affects the battery current only
e. Others (Please specify):

Figure 5.10 Question 9

5.3.3.3.1 Concept Test Response

Table 5.14 shows students response for Questionh@. shaded answer and

reason is the correct response for this question.
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Table 5.14:Analysis of Question 9

Answer % Pretest % Posttest
Concept .
Tested & Response Response | Analysis of Response
Reason | Frequency | Frequency
aa 4.3 0
ab 2.1 4.3
ac 0 2.1
ba 4.3 8.5
Adding another bb 4.3 6.4 Varieties of answer
branchin a be 25.5 6.4 given proved that stron§
parallel circuits bd 0 2.1 alternative conceptions
will not affect be 21 0 that they held with a
the total voltag o 13 54 switched circuits.
cb 2.1 2.1
cc 4.3 4.3
cd 25.5 36.2
ce 21.3 21.3

Answer b (decrease)given by students were analyzed. Their surface
understanding on concept of parallel circuits hisdtheir scientific conception.
They have convoluted understanding about the degmedof current on terminal
voltage only, not the resistor (Yahaya, 2002). 8orhose answer @ncrease)

because of alternative conception that voltaggmmallel circuit have less resistance.

5.3.3.3.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

What is the concept behind parallel circuits?
Same voltage

What is the reason?

| don’t know how to explain and give reasons.

IR R
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R: Can you explain to me why the voltage stays the8am
S13: | am confused. Is voltage stay the same or hawdvide
by 2 branches...

S5: | don't know about the effect of R and 2R ims th
circuit....parallel circuits

From the answer option “Other”, among the answeiten by students were
c (stay the sameyith the correct reasons wof parallel voltage is the sameAll the
answers show that the students understand the mooicparallel circuits but cannot

relate for parallel circuits with resistance.

5.3.4. Resistance

Students are very knowledgeable when it comesakoulation which is on
procedural knowledge. They are very comfortablesahg calculators. Questions 4
and 5 were used to determine students’ altern@iwveeptions of resistances in an
open circuit with a switch. However, when it comesquestions that need their
conceptual understanding, they become confuseldaagnsin Question 4 as varieties

of answers were given.

5.3.4.1  Question 4: Concept Test

Figure 5.11 shows Question 4 for resistance. 3tgdeere asked to analyze

the resistance value.
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Reason:

The same as

Half

The total resistance of each branch equals theo$uhe two resistors.
Because the total resistance equals zero in opeuitsi
Adding a resistor to any circuit will increase tieerall resistance.

Others (Please specify):

4, Compare the resistance of Branch 1 with that ohBna2 where point A and B are o)

terminals. The resistance of Branch 1 is the resistance
Branch 2.
R
AN
R R
A e—AAN——AAN— B A— r — B
Branch 1 NN
Branch 2
a. Four times
b. Double

5.3.4.1.1 Concept Test Response

Figure 5.11 Question 4

Table 5.15 shows students response for Questionh&. shaded answer and

reason is the correct response for this question.

Table 5.15:Analysis of Question 4

Answer % Pretest % Posttest
Concept .
& Response Response Analysis of Response
Tested
Reason | Frequency Frequency
aa 6.4 21.3 Now the concept of
There are ab 85 21 resistance with no source
valges of . ac 106 17.0 connected..St.udents seeln
resistance in to have varieties of
an open ad 6.4 19.1 answers interpreting the
circuit. ba 23.4 12.8 open circuit effect on the
bb 4.3 21 resistance.
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Answer % Pretest % Posttest
Concept .
Tested & Response Response Analysis of Response
Reason | Frequency Frequency
be 8.5 8.5 Now the concept of
There are bd 21.3 10.6 resistance with no sourcej
values of ca 2.1 4.3 connected. Students seein
resistance in cb 2.1 0 to have varieties of
an open cc 2.1 0 answers interpreting the
circuit. da 21 21 open circuit effect on the
dd 21 0 resistance.

Multiple answers and reasons given by studenta/stidhat they have many
alternative conceptions. Only 6% from pretest, 4886 from posttest responded

correctly. Most of them composed the answer thérase

5.3.4.1.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong
answer where more in-depth meaning of their conaeptas obtained.

R: Can you explain how do you figure out this que&tion
S5:  This is an open circuit, so if open circuits, rdn@s no
current, therefore no value of resistance.

Based on S5 answer, his perception is resistatists @nly when current and
voltage exist. He strongly relies on Ohm’s lawameljess of the type of circuits.
From the answer option “Other”, among written ansmgere a, b and d. These
showed that they can differentiate between senesparallel circuits. However, in
d, they cannot give a solid reason suclinaseries added up but in parallel have to
times and divide. This is the right reason, but not the reason edlab the answer
given earlier. Answers b or d shows that they wtded the concepts but cannot
give reasons to support their answer. It is arisky to assume that if students
understand about series and parallel circuits tteyg can apply the concept to any

scenario; which is proved to be wrong based onestistl answer to this question.
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5.3.4.2  Question 5: Concept Test

Figure 5.12 shows Question 5 for resistance. etisdwere asked to analyze
resistance value when a switch is used. Studeaternative conception emerged
again in Question 5 for which they provide varigtief answers. This can be
concluded that with an open circuit and resistatioeir alternative conceptions is

high. This is compounded even more if the cirbas a switch.

5. How does the resistance between the terminal ABacltange when the switch is closedp
a. Increase by R/2 R
b. Increase by R R Switch
C. Stay the same A—VW— —B
d. Decrease by R/2 _IV\RA,—
e. Decrease by R
Reason:
a. Closing the switch will add a resistor in series.
b. The circuit is not affected after closing the switc
C. Adding a resistance in parallel to any branch desme its total resistance.
d. Others (Please specify):

Figure 5.12 Question 5

5.3.4.2.1 Concept Test Response

Table 5.16 shows students response for Questionh®. shaded answer and

reason is the correct response for this question.
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Table 5.16:Analysis of Question 5

Answer % Pretest % Posttest
Concept .
Tested & Response Response Analysis of Response
Reason Frequency Frequency
aa 8.5 8.5
ac 10.6 10.6
. ba 4.3 4.3 !\low open ci.rcuits is.
Addlng or e 23 73 mtegrated Wlth qswﬂch ang
removing resistors. Varieties of
resistor ch 6.4 8.5 answers were given which
will affect cc 0 4.3 show that they have many
the value da 4.3 4.3 alternative conceptions.
of total They cannot visualize the
. dc 53.2 46.8 y .
resistance effect of switch on
dd 4.3 4.3 resistances.
ea 0 4.3
ec 4.3 0

Students did not notice the effect of open andezioswitch in a circuit which
was compounded with their previous alternative eption about resistance in open
circuits. Many answers and reasons chosen shohed alternative conception

about resistance value in an open circuit whenitchws open or closed.

5.3.4.2.2 Interview Response

The following were reasoning made by studentsxjgagn for their wrong

answer where more in-depth meaning of their conaeptas obtained.

R: When the switch is open, is the current flow tottipeR?
S8  No

R: So if the switch is open, what is the total R?

S8: Hmmm open....open circuits | don’t understand

R: Which R is in this circuit if the switch is open?

S1: | forgot about open and closed. During closecuits
which R is active, which one is not...
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When the switch is open, is the current flow tottipeR?
Hmmm not sure...

So is there any current flow at open branch?

No.

If there is no current, will the top R active?

No....

So what is the total R during open?

Is the lower R active during open?

Good question...think for a while

| am not sure....as | understand if the switchpsm the
lower R also is inactive...therefore only the firdeR....

The written data from the answer option “Otherfieopopular answer is

closing the switch will lower the resistor in paedl Based on interview data, many

students explain that they cannot notice the effgctswitch especially when

determining the total resistance in an open circ@tudents are confused about the

function of switch. They perceived as opening $iatch as disabling the whole

parallel arm, therefore no current flow to B; hemgeored both resistors in parallel.

These concepts of resistance, open and short wererelated as their alternative

conception. However, after all the interview sesdinished, an unexpected finding

emerged. Students’ explanations are as quoteavbelo

Interview: Unexpected Findings

R:
S6:

S16:

S16:

S11:

Can you explain your understanding by now?
| am not really love electric circuits during Ias
semester....because of the lecturer.

Any other comment?
Because the lecturer uses more PowerPoint slides.

What more?
| am really stressed during my final exam esgdician
topic about Thevenin.

Anything else?
| don't like mathematical operation....too much.
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There are many internal and external factorsdffatt student learning. This
can be investigated later in future research. &kBmented on Thevenin theorem,
the justification of finding students’ alternativonceptions on open and short
circuits concepts was just right. Furthermore, $binmented that mathematical
operations can be made simpler if the teachingleaching approaches concentrate
more on enhancing students’ understanding of cdackBst before getting into
procedural knowledge. With this order, studentseustnd the concept first before

applying it in different scenario.

Comments from S16 regarding the use of PowerRtiohes in teaching and
learning can be defined in many scopes. He mapaed if he acts only as passive
listener. However, PowerPoint slide is benefidiaicorporated in a class where she
becomes an active learner. Comments from S6 riegpttie lecturer has to be
looked into. It is either the student was origyalot interested in engineering or the
lecturer which caused his interest to decline. eResh is required to link engineering

education interest with teaching strategies.

5.4  POE with Inquiry-Based Simulation-Supported Approacd

An inquiry-based simulation-supported approach wrasted in an effort to
increase student responsibility for learning andrtprove teaching in BEC. Results
indicated that students and lecturer alike do apate the use of virtual simulations
but care should be taken to ensure that the sifooatare relevant to the course
material and that educators are familiar enougin wie use of the simulations to
assist students should any problems arise (Albugest al, 2010).

The lesson plan for the approach was shown inosedt3 and Appendix H.
The circuits drawn and simulated by student arevshim Appendix J. Findings
from the approach intervention sessions suggeststindents who initially did not
acquire satisfactory understanding of circuits’ agwts and common students'
alternative conceptions were justified through gsial of inquiry-based session.
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However, one improvement shown by students’ waswihey started to do inquiry
for themselves by verbalizing the process of sitma

The researcher acts more like a facilitator. nié student gave an answer, the
researcher will open the conversation and ask éndfiend, “does the answer given
is correct” or “do you agree with his answer”. sted has to elaborate on that matter.
It looks like everybody will have to answer or elsgshe will be asked. This really
follows active-learning class with student-centerely the end of the exercise 1
session, students seem to do more talking, quésgioand reasoning than the

researcher. This meets the purpose of inquiryébapproach.

Even though they have listened to their friendswaars on certain concepts,
they still cannot verbalize perfectly about themdarstanding. The truth about
students’ understanding can really be displayedrdrpalizing the process. This
shows that conceptual understanding cannot begrlagd. Once the explaining
session is ended, they have to write their ansased on what they have understood

from the question and answer session into the appranswer sheet.

There are three circuits that have to be simulatsidg Multisim. First
exercise is a simple series circuit, second isatdtircuit and finally, is an open
circuit. Each simulated working circuits has to beplained verbally before

answering the next question. All POE steps alevi@d for each question.

Students should start their observation by ficgtking at the circuits as a
whole and detecting what component, devices andcesuare used. Figure 5.13
shows researcher representation flows of concepkitiy about the operation of a
circuit. Students should use in explaining theireises. Based on the components,
devices and sources, students should be able itredehether a circuit is a DC or
AC circuits. The second part is student shoulclble to define the type of circuits
used either series or parallel. Once both are kniven the circuits operation can be
analyzed. As suggested by (McDermott, 1993), tbev fof the questions and
answers for this approach intervention sessiortal@ed to method as mentioned

in section 2.3.1.
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Voltmeter Ammeter
\ Parallel Circuit
Ohmmeter

Voltage

Open Circuit
Resistor Source

\ Short Circuit
Series Circuit
f ¢ Resistance
Switch Bulb

Figure 5.13 Flow of concept thinking about the operation ofraiat

All the data obtained from approach interventi@sssons were transcribed
and analyzed using constant-comparative methoa. categories identified from the
analysis of the interviews formed the basis in yriah the approach intervention

sessions. The first and second level of analgsshiown in Tables 5.17 until 5.29.

Based on the flow of concept thinking, studentsnwersation during
approach is analyzed. Even though this simulasigpported is built on POE tasks
but students explanations sometimes were divertechuse they need further
elaboration on certain concepts. Therefore thelaggbion task took longer
compared to predict and observe tasks. Table Stbivs an example of the
conversations in the laboratory and the descriptivdes and categories that were
obtained from the transcript analysis using coristamparative method. The

descriptive codes and categories will be discugseetail in Chapter 6.
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Table 5.17:Example of descriptive codes and categories ofyaisal

Sample

Descriptive
Codes

Categories

R: Now explain about circuits with ammeter.
S16: Ammeter is connected in series, and then
current is divided into two.

R: Why the current has to divide into two?
S16:Yes into R and into short.

R: You said there is current flowing through 40
ohm resistor?

S16:Yes there is current flow

R: Ok now look at your same circuit but now
with the bulb...why the bulb is not light &
S16:0 yes....

R: Any comment?

S16:Means that there is no current here (at sh
circuits)?

See the correct
thEnulation result
but cannot
verbalize

Current flow
Students ask
guestion for

clarification

pithe effect of short
circuits

Verbalize the
simulated
output

Circuits
operation
Learning by
inquiry

Short circuits

R: How to measure total resistance?
S23:Remove the source.

R: Then...

S26: Remove devices

R: Then what is your finding?
S25:000ps..Does open circuits has resistance

Students ask
guestion for
clarification

The effect of open
circuits

Learning by
inquiry

Open circuits

R: Any current or voltage at short circuits?
S1:No voltage and no current.

R: Can you explain why?

S1:When there is short, current flow through
short.

R: If there is current then why there is no
voltage?

S1:Because there is no resistor.

R: How do you justify that?

S1:Because when use V=IR, then V is zero

See the correct
simulation result
but not confident
to verbalize

Current flow

Rely on Ohm’s
Law

Verbalize the
simulated
output

Circuits
operation

Current is the
prime concept

5.4.1. POE Tasks on Simple Circuits

The POE tasks for Exercise 1 are quite simple.e Tincuit’'s simulation
works and the POE tasks fit nicely to students’cegrual understanding. As shown
in the data from Concept Test and interview, stteleid not have big problem in
understanding and explaining the simple circuitSable 5.18 shows students’
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prediction task for part c. They can predict wha#vices to use; this shows that
they are well versed in basic devices for eledrnicuits. In fact the same prediction
occurred when dealing with part ¢ for exercise & an This is because students are
simulating a DC circuits. The observation and erption task is simpler for

students to execute. They really can delve intgpha series circuits.

Table 5.18:Prediction task

Descriptive .
Sample Codes Categories

R: Question 1.... Can this circuit works? With tha&ble to predict the Circuits

switch open. devices to be useq operation
All: No in the circuits
R: Can somebody give reasons?
S12:(Not working) because the switch is open,
R: Correct. Ok now turn on the switch. Run and
Stop your simulation. Can you SEE the working
of the circuits?

S14:The circuit works but we cannot SEE it's
working

R: How can we see the circuits are working?
What devices should we use?

All: Bulb, multimeter, voltmeter, bell, buzzer,
ammeter.

R: Good responses.

Problem arose when they wanted to make use cdpparatus mentioned in
the prediction task. They make mistakes as sheoom their conversation in Table
5.19.

Table 5.19:Connecting meters

Descriptive

Codes Categories

Sample

R: You want to measure the voltage drop acrp§®nnect meter to | Circuits
R? And you put the voltmeter across switch, ismeasure value operation
it correct?

S8:Hmmm not sure...

R: You want to use multimeter. Ok can you
explain how to connect to the circuits?
S10:Connect in series of parallel?
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Descriptive

Sample Codes Categories
R: Can you explain the connection of voltmetgtnderstand basic | Surface
and ammeter in a circuit. concept but understanding
S16:Voltmeter in parallel and ammeter in making wrong
series. application

R: But look at your connection, Is it right?
S16:0000 yea ...

R: You must be able to verbalize your Write and Deep
understanding and reasoning.ou can explain | verbalize answer | understanding
in Bahasa Malaysia. in Malay

R: Your first circuit, can you explain? See the correct | Verbalize the
S7:The first circuit, closed switch, bulb light | simulation result | simulated

up. For current...hmmm ammeter is connectgut cannot output

in parallel? verbalize

S22:No, ammeter in series...but voltmeter?

Students ask Learning by
question for inquiry
clarification

As shown by S16, she understands tNatitmeter in parallel and ammeter in
series” but that was found only her surface understandiBfe did not manage to
apply the concept when connecting the deviceso Als and S22 were still confused

about how to connect the devices.

5.4.2. POE Tasks on Open and Short Circuits

When dealing with Exercise 2, students tendedédat tthe open circuit as
simple series circuits (same as in Exercise 1).eifTaxplanation was similar to
Exercise 1. However, the observation task wag kibgthy because now the circuit
has a branch of shorted arm. The findings show shalents easily neglect the
effect of the shorted arm in a circuit. Their algive conception persists as was
found from the interviews. The conversation in [€ab.20 shows their alternative

conceptions about short circuit concept.
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Table 5.20:Short circuits alternative conceptions

Sample

Descriptive
Codes

Categories

R: Question 3, how much current coming out
from the source?

S7:1 Ampere.

R: What happen at the node?

S7:Divided into two.).

R: Look at your circuit with ammeter...what dog
it tells?

S7:0ooppss.. the current is not divided.

See the correct
simulation result
but cannot
verbalize

ES

Verbalize the
simulated
output

Based on the conversation above, S7 assumechthatutrent is divided into
two when it reaches the node, even though the madea shorted branch. This
alternative conception confirms that students retgte the effect of short circuits.
Their conception is acknowledged by the conversatith S17 as shown in Table

5.21.

Table 5.21:Conception about voltage and current

Descriptive

Sample

Codes

Categories

R: Can you explain why there is no voltage dr
at short circuits?

S17:1don’t know...maybe because ... hmm |
cannot explain. For sure | know there is curre)
flow.

R: There is current flow, so why there is no
voltage?

S17:When there is current, there should be
voltage also?

ppee the correct
simulation result
but cannot
nverbalize

Contradicting
guestions

Verbalize the
simulated
output

Deep
understanding

Sources of their alternative conception is soulghsed on conversation
shown in Table 5.22 as mentioned by S12 and S14emMmey cannot define the
number of branches in circuits, which will affebeir prediction of current flow in

the circuits.
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S12:Two branches

R: Look carefully... two only?
Sl4:Yes

R: Ok let us count.....
S14:000 yea three branches

Descriptive .
Sample Codes Categories
R: Can you define how many branches we hayJeDefine the numbef Circuits
in question 2. of branches in a | operation

circuit

One unexpected finding emerged during the intdiwensessions was that

students cannot verbalize their simulated outpuEventhough they saw the right

output, they face problem verbalizing their conaepunderstanding. Verbalization

can prevent students from copying the simulate@uiuight onto their answer sheet.

It will also enhance their deep understanding. sTimding shows that they have

surface understanding of the basic concept.

Asvshio Table 5.23, they were

worried about their non-lighted bulb instead of wyarg why they cannot explain the

output.

Table 5.23:Engage in

inquiry-based

S10:Is my circuit right? Why this bulb is not
light up?

Sample Deéc(:)rcljzt;ve Categories
R: What do you understand about your outputP Students ask Deep

guestion for
clarification

understanding

However, S10 felt comfortable in asking questiamsich shows that they are

comfortable with the inquiry-based approach.

Toirild enhance their surface

understanding. Table 5.24 below show how studsrBX and S16 can become a

good inquirer if they were given opportunity. Trdapability will diminish their

surface understanding and develop a deep

undensgand
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Table 5.24:Inquiry capabilities

Descriptive

Sample Codes Categories
R: How do you understand about your circuits| Current Circuit
with the bulb? distribution operation
S12:This bulb is brighter than the second one
R: Any reason for that? The effect of short| Short circuits
S16:Hmm, it cannot brighter? circuits

R: Look at your bulb circuits. Any current
flowing through 40 ohm?

S16:0 A.

S12:What does that mean?

S16:Means that no current at all through 40
ohm branch..understand?

Another finding emerged from the total resistaexercise. They were trying
to calculate manually based on their proceduraltedge from the previous course.
However, when faced with short circuits, many amrsweere given. Table 5.25
below shows that S18 assumed all resistors in ittegits were taking part in the

operation of the circuit regardless of its conratti

Table 5.25:Conception about resistance

Descriptive

Sample Codes Categories
R: Is this 40 ohm active in this circuit? Students ask Learning by
S18:000 we have to figure_ it that wa@bes question for inquiry
for total R we have to consider all R in the clarification

circuits?
R: Look back and try to figure out from your
simulated circuits.

Therefore, students again were requested to sienthair circuits to obtain
the value of total resistance. This part is img@atrtin Thevenin and Norton Theorem
as mentioned in section 1.3 and shown in AppendixTital resistance cannot be
calculated if students cannot figure out whichg®siis active and which is not in an
open or short circuit. Furthermore, where to pl#oe devices in the circuit is

important in measuring the desired value as shovaonversation in Table 5.26.
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Sample Deéc(:)rcljzt;ve Categories
R: Try to simulate on your own, once done we| Insist on Own the
will discuss together. individual work learning
S16: Where to connect the multimeter?
Students ask Learning by
guestion for inquiry
clarification

Another finding was students really depend on Ghbaw to predict circuits
operation, the same finding as obtained from inéevvsession. As shown in Table
5.27 below, S26 relied heavily on V=IR. By relying Ohm’s law will caused their
alternative conception on open and short circlwotscepts higher. This is the reason
why they cannot grasp open and short concept évangh this concept is a very

basic concept.

Table 5.27:Dependent upon Ohm'’s law

Descriptive

Sample Codes Categories
R: What is your conclusion about short circuits&tudents ask Learning by
S24:No resistance question for inquiry

S25:No voltage.

S24:Has current.

R: How about during open circuits?
S26:Short circuits...no voltage, because V=IR
because no I, so no R. But why here (short
circuits), no R but still got current?

clarification

There are cases when student know how to explatirisbnot confident in
doing so as shown in Table 5.28. S4 seems to iexplell but the final sentence

shows that she has only surface understanding.
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Table 5.28:Not confident to verbalize

Sample Deéc(:)rcljzt;ve Categories
R: Can you explain to me See the correct Verbalize the
S4: 0oopss why this bulb is not light up? simulation result | simulated

R: Try to figure it out.... And explain to me. output
S4: Current flows, not entering branch with
resistor, all go into short circuits

R: Are you sure?

S4:More or less...(not sure)

but not confident
to verbalize

Students can execute the POE tasks easily forclEeeB. This is because too
much time was spent on clarifying the POE task garéise 2. Furthermore, they

did not have any problem in observing and expl@rire open circuits operation.

5.4.3. POE Tasks on Discussion and Conclusion

Finally there was session for discussion and ecmn@h as shown in Table
5.29.

Table 5.29:Reflection for conclusion

Descriptive .
Sample Codes Categories

R: How to interpret the working of a circuit? | Insist on reflection| Deep

Try to reflect back what we have done and | for conclusion understanding
learned.

S8: Make sure the switch is closed. Doing reflection | Meaningful

R: For what purpose? learning

S8: Looking into the current in the circuits
R: Good...any other suggestion?
S14:Just imagine there is a current.

R: Great. Assume that there is a current
flow...especially when to measure R total.

After the simulation-supported approach interv@msession, there was clear
evidence that inquiry-based instruction, enricheithwomputer simulation and

collaboration, promoted students' conceptual unaeding of BEC concept and
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understandings of scientific inquiry. Studentslingly involved in inquiry learning
based on POE tasks. After the lab session, stadgmterstood the concept, and can

apply the concept as shown in the posttest datiessibed in sections 5.4.

The descriptive codes and categories were obtainsiohg constant
comparative methods by constantly comparing theoi¢sined. This topic will be
discussed in detail in Chapter 6.

55 Students’ Verbalizations

Fourty-seven (47) students attended the inquisetiasimulation-supported
approach intervention sessions. Students’ conttensa provided rich data for
analysis. Students’ conceptual understandings eramined through their verbal
responses during the intervention sessions andvietes. Only 6 students
participated in both interviews. Changes on sttglarerbalizations could only be
gathered from these 6 students. Data recordedddte3ent times during the study

was compared namely during:

I. interview after pretest;
i. intervention;

iii. interview after posttest.

5.5.1. Student S4

Table 5.30 shows S4 verbalization. S4 relied @ law and current as
the prime concept to formulate her own explanatidmsall three situations, S4 used
the concept of no voltage, no current. S4 wascoafident of her answer based on
this verbalization even after the intervention. owéver, S4 marks improved from
41% (pretest) to 66% (posttest). But this resalifcms that S4 can verbalize her
understanding.



128

Table 5.30:54 verbalization

Students’ Responses / Question

Data gathering Analysis

related
interview after pretest - How come has voltage if there
for Question 10 is no current?
during intervention for Can we measure V at a place WithUnderstood the

] application of
Exercise2* no R?
Ohm'’s law.

interview after posttest - Voltage is OV because not

for Question 10 measured at R.

* Exercise 2 is related to Question 10

5.5.2. Student S7

Table 5.31 shows S7 verbalization. Like S4, $0 aklied on Ohm’s law.
S7 also relied on Ohm’s law and the concept of otiage, no current. S7’'s
explanations did not show improvement from befarafter intervention. S7 was
not confident in the answers based on this veradiza even after the intervention.
However, S7 marks improved from 37% (pretest) t&o6ghosttest). This result
informed that she cannot verbalize her understgndin

Table 5.31:S7 verbalization

Data gathering Students’ Responses Analysis

_ _ | really don’t understand. Voltage
interview after pretest for o
between A-B(at open circuitp

Question 10 _
But there is no current...
The open circuit
during intervention for How come there is a voltagat open| concept is not
Exercise 2 circuit)? well understood

interview after posttest for Because there is no resistor, so thdre

Question 10 IS nothing to be measured.

* Exercise 2 is related to Question 10
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5.5.3. Student S8

Table 5.32 shows S8 verbalization. S8 showedfarent understanding of
concepts. S8 verbalized better than S4 or S7. edery S8 also rely on current as
the prime concept, where there is no voltage ifehe no current. S8 showed a little
confident in verbalizing the answers based on tkeesgersations. In addition, S8’s
marks improved from 58% to 66% pre to post test.

Table 5.32:S8 verbalization

Data gathering Students’ Responses Analysis
interview after pretest - Yes because (the current)has
for Question 3 been taken by the first R. Show

understanding
Because bulb 1 receive current first. | on distribution

during intervention for

Exercise 3
of current flow

: . in a circuit
interview after posttest - The more resistors will give lesser

for Question 3 current.

* Exercise 3 is related to Question 3

5.5.4. Student S10

Table 5.33 shows S10 verbalization. Conversatisits S10 showed that
S10 used inquiry learning frequently. S10 feelsfmstable in showing alternative
conceptions by inquiry. This will enhance S10’si@ept learning. S10 also rely on
Ohm’s law where there is no voltage if the ciragibpen. S10’s marks improved
slightly from 54% to 62% pre to post test.
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Table 5.33:510 verbalization

Data gathering Students’ Responses Analysis

interview after pretest for | (Less currentpecause the branch is

uestion 11
Q farthest from the source.

Understand

during intervention for When the voltage pass through resistqrabout parallel

Exercise 2 there is a voltage drop. L
circuit concept

interview after posttest for (The currentsyivided into all branches

Question 11 because the branch is in parallel.

* Exercise 2 is related to Question 11

5.5.5. Student S12

Table 5.34 shows S12 verbalization. S12 confess$éhaving alternative
conceptions rather than doing inquiry as S10 dithis method will not help S12’s
development of conceptual understanding. S12,dikers, also rely on Ohm’s law
where no current, no voltage. S12 had a lost orksnfaom 70% to 66% pre to post

test. It seems like the intervention did not Halp grasp the concept.

Table 5.34:S12 verbalization

Data gathering Students’ Responses Analysis

| am not confident with open and short.

interview after pretest .
My answer is A, because when therg

- for Question 10 _ Understand an
is no current, the voltage also zero.
open circuit

-

during intervention - | The circuit is not working because the
concept but

for Exercise 3 switch is open. )
cannot verbalizg

I know that there is a voltage at openI
clearly

—

interview after posttes o
circuits. But between A-Ran open

- for Question 10 . .
circuit)? | am not sure how to explain

* Exercise 3 is related to Question 10
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5.5.6. Student S14

Table 5.35 shows S14 verbalization. S14 was eenfident in verbalizing
her concepts. S14 conversed in long sentenceshbat S14 can verbalize concepts
very well. S14 showed improvement from 88% to 9@%he test. Based on pretest

marks, S14 had strong conceptual understanding.

Table 5.35:514 verbalization

Data gathering Students’ Responses Analysis

The current flow from bulb 1 then to
bulb 2, so they both have the

same brightness

interview after pretest
for Question 3
Understand the

—
—*

during intervention- Is my circuit right? Why this bulb is ng
_ i effect of a short
for Exercise 2 light up? o
circuit.

All current goes to short, means

interview after posttest|-  that no current at all through
for Question 8
40 ohm branch

* Exercise 2 is related to Question 3 and Question 8

Data from the intervention session shows thatesttelcan engage well in
inquiry-based teaching and learning activities. wideer, based on data from 6
students that were analyzed showed that their lreatian were still not concrete.
This is due to the fact that this is the only ingthased intervention class that they
have gone through. In addition their BEC cours®igedoes not insist on students’
verbalization. Students’ performance in inquiryowled that it can help their

conceptual understanding if lecturers incorporgiletd the course.



132

5.6  Summary

This chapter reports and discussed data gath&®at students’ conceptual
learning obtained from qualitative and quantitativethods. Results were presented
and discussed in four parts;

I. Quantitative data from pretest and posttest
ii.  Qualitative data from interview
iii.  Qualitative data from intervention

iv. Students’ verbalization

Based on the discussion in this chapter, the teesand discussion were
organized according to the RQ of the study. Thest f RQ is concerned with
determining students’ conceptual understand of @mehshort circuits concepts. The
discussion data were from interview and the pretest posttest responses. The

findings showed that students hold many alternatoreceptions on both concepts.

The second RQ were finding whether students’ weeeg assisted in
conceptual learning. The discussions were fromirtegvention. The findings show
that students can engage in inquiry-based learnirtgey are willing to talk, discuss

and explain among their peers and also with theareber.

The final RQ were discussions on student’'s perémrce in pretest and
posttest. The findings showed a significant impnent of the concept test score on
complete, open and resistance. However, perforenant short circuits is not
significant. Data triangulation will be performéd generate finding as will be

discussed in Chapter 6.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction

This chapter will discuss conclusion for the reska Findings of the
research will be listed and conclusion made on fthdings to achieve all the
objectives of the research will also be discusde@dcommendation and contribution
of the research will also be provided. This iddaked bu the highlights on the
implications of the research for students’ concaptiearning. Lastly, the

recommendations for future research will also lseuised.

6.2  Conclusion on Research Findings

Investigation on alternative conceptions and apgnoto assist students
conceptual learning were conducted resulted in @auiry-based simulation-
supported approach being developed and implement&tdudents’ conceptions

obtained from different data gathering source ballpresented.
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6.2.1. Students’ Alternative Conceptions

Students’ thoughts and perspectives, as statdtiein own words can be
acquired through interviews (Punch, 2009; Rubin Rudbin, 2005). Based on the
qualitative analysis of pretest and posttest, uaetion and interviews, conclusions
can be drawn about students’ alternative concegtiofihe categories of students’
alternative conceptions as was discussed in sed&iBnwere obtained through
constant-comparative method of the interview sesaiter pretest and after posttest

as shown in Table 6.1.

Table 6.1:Students’ alternative conceptions from interviews

Current is consumed by resistor

Sources in series or parallel have the same effect

Current is the same in parallel circuits

The farther the element or branches from the sotiiedess current is obtained
Current is the prime concept

Neglect the effect of short circuits in circuitseoation

Confused about the effect of open circuits

Confused about the function of a switch

© © N o gk~ bR

Value of resistance depends on the voltage source

10. Confused about voltage in parallel circuits, andent in series circuits

These results show students’ hold alternative eptians regarding electric
circuits. These alternative conceptions are veagid and will hinder their
performance and attainment of advanced conceptionlaier subjects. The

conclusions for all the 10 alternative conceptiareselaborated as below.

1. Current is consumed by a resistor. As a resulctheent flow through later
devices is less. The correct concept is that aumsdl flow in a closed loop

circuit, and current will not sink across devicesomponents in the circuits.



135

The farther the element or branch is from the smutbe less current is
obtained. This strengthened their alternative eption as discussed in 1
above. Again, they thought that the current isscomed and sink along the
way the current travels, therefore the fartherttach, the less current it will

received at the end.

Sources in series or parallel have the same effeoe surface understanding
that students hold was that voltage is the sanpauallel circuits; and current
is the same in series circuits. However, they ewgthe effect of the

component, devices and branch exist in the circliteng operation.

Current is the same in a parallel circuit. Studahbught that when current
reach a node, the current will be divided equathoag the branches. They
neglect the effect of components in the branchgseaally when there is a

short circuits branch.

Voltage in a parallel circuit and current in a sesrtircuit cause confusion.
Students’ can memorize well about these cases,emmtage in parallel is

the same and current in series is the same. Bubl@em arises when it is
blatantly applied regardless of the type of theuwts, and the component or
devices in that circuit.

Current is the prime concept. There is a heavgireé on Ohm’s law, V=IR.
Therefore when there is no current, both V and Rheicome zero. This idea

is not always true especially when there are sbroopen circuit branches.

The value of voltage drop depends on the curremt.flStudents thought that
the value of voltage drop only exist if there isuarent flow. This conception
is not always right. There are conditions undeiictvithe voltage exists
though current does not, especially in an openuitirc This conception

confirms that the main equation applied to elegtrialways V=IR.
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8. The effect of short circuits is neglected when ¢ireuit is in operation. By
neglecting a short circuit effect, analysis of thy@eration of circuit will be
incorrect. Students must understand the effec¢tishexperienced by a circuit

that has a short circuit before doing any analysis.

9. The effect of an open circuit is confusing. Thitemoative conception was
mainly contributed to finding a total resistancénd again when they relied
heavily on V=IR, their finding will give the valuef resistance is zero in an
open circuits. They do not notice that resistasca passive element where

its value is not contributed by external factor.

10. The function of a switch causes confusion. Solelis not because of a
switch, but because of the open and short circwiteepts that was triggered
due to opening and closing of the switch. Therefdhis again confirmed

that students have alternative conceptions on apdrshort circuits concepts.

These alternative conceptions hold by studentgvstidhat they do not have
deep understanding in electrics courses that tlae taken in the first semester.
The findings showed that students have not undmisthe fact that electrical
element obey certain intact behavior when theycarmected in any circuits; similar
to finding by Rahman and Ogunfunmi (2010).

6.2.2. Students’ Learning

Investigations about students’ learning were gattheluring the intervention
given to students. The obtained data can be cdedlespecially during explanation
of their simulated output. The obtained data care gonclusion on students’

learning on basic electric circuits as defined elo
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Materials provided for instructional purposes skiollle given in steps,
starting with the very basic concepts. The latercepts should be built upon
the previous understood concepts. The inquirydbaseaulation-supported
approach was tailored to these steps by firstlyngsktudents to do simple

predictions on devices to be used in the circuits.

The concept should be the introduced first in amstructional approach.

Conceptual knowledge will allow students to linkokrledge to a bigger

perspective. When, where and how the concept dhoeiluse can generate
their deep understanding of the basic concepts.e prediction tasks

incorporated in the approach make students thirgkglobal perspective.

Once knowledge on any specific concepts is undedstthe instructional

approach to deliver procedural knowledge laterasiex. The conceptual
knowledge will assist the procedural knowledge lzrd are interrelated.
These methods was implemented in the approachlagjihs with concepts
of simple, open and short circuits first beforeiaglstudents to do procedural

thinking on how to obtained total resistance.

The topic of electricity is very abstract and hawternal operation of the
circuits cannot be visualized. Simulation will pedtudents to visualize the

internal working of the circuits which will assisteir understanding.

Furthermore, hands-on activities can assist stgdengrasp the knowledge
better as they can perform the drawing on their camad simulate the
operation of the circuits. Students will be thenewwho facilitates their own

learning.

Inquiry-based activities incorporated in the apptoaeally help students to
characterize their own alternative conceptions.e irtguiry-based approach
is defined by facilitating the questions rather nthgiving the answer.
Therefore student will have to think on their owsked questions. This will

make them evaluate and criticize their own thinking
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7.  Participation in inquiry-based instruction expestsdents to verbalize their
ideas. These will take away the students’ rolgassive listener into an
active participant. After the approach interventgession, all students seem
to enjoy the class where everybody has the chantak, communicate and
converse among themselves. This indeed aligneld thi¢ inquiry-based
process of learning that promotes the method oifgiiag the situation.

8. The POE tasks help students to enhance their chraidmowledge. Though
from the approach, the tasks do not flow smoothl)e do some side
verbalization that occurred due to clarifying sostedents’ mistaken thought
but this process actually assist students’ knowdethy rectifying their

alternative conceptions.

9. Reflection at the end of the approach intervensession helped students
gather all the knowledge learned and composes @ discussions and
conclusions. They showed confidents in doing o#ibes as they wrote their

answer in Bahasa Malaysia.

10. Social interaction during the POE tasks inquirydshsimulation approach
occurred nicely. They can interact well as theiens are from the same line
of study. And also the same alternative concept@iso held among their

peers.

11. Finally a small gift given at the end of the apmioéntervention session, after
interview, and after the test makes them feel protileir participation was
acknowledged by the researcher. The thought thatts.

Through inquiry-based teaching and learning, sitglscientific knowledge
is deepened as students developed understandioggthrobserving and connect
evidence to knowledge (National Research Coun€002. A key component of
inquiry-based instruction requires students taded results correct their alternative
conceptions (Prince and Vigeant, 2006). Sociaratdtions between students were

encouraged as they discuss their observation goldreation with others in the class.
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6.2.3. Students’ Achievement

The descriptive codes and categories obtained tlwmdata using constant

comparative methods by constantly comparing theomegirmed about students’

learning as discussed in section 6.2.2. As distlgs section 5.4, Table 5.17 until

Table 5.29 shows examples of descriptive codescategories obtained. All the

codes obtained were concluded in Table 6.2 below.

Table 6.2:Students’ alternative conception from intervengession

Categories Descriptive Codes of Students’ Alternate Conception
Current is the prime concept
Relies on formula V=IR
1. Concepts Understand basic concept but making wrong apptinati

Open and short circuits

Switch in the circuits

2. Inquiry-based
approach

Write and verbalize answer in Malay language

Insist on verbalizing the explanation

Insist on individual work

Students ask question for clarification

Insist to write answer in short and precise aftgbualize the resul

Insist on reflection for conclusion

3. Circuits
operation

Able to predict the apparatus to use

Able to connect components and devices to builidcait

Not able to connect meter to measure value

Not able to define the number of branch in a ctrcui

Not able to explain procedure needed to measuisedeslue

Neglect the effect of short circuits

Confuse the effect of open circuits

Not able to define the number of branch in a ctrcui

Not able to predict the current distribution
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Categories Descriptive Codes of Students’ Alternate Conception

Cannot verbalize the simulation output
4. Simulation

Not confident to verbalize the simulation output

The conclusion for each categories and codes @utaiere discussed as follows:

1. Concepts
Almost all of the alternative conceptions about acgpts mentioned in 6.2.1
emerged again during the approach interventionisess However, the
purpose of the approach intervention session iadsist students. The
conversation during the intervention as discusseddctions 5.3 and 5.4
showed how the researcher assisted students infyirggt alternative
conceptions.  Students’ also have alerted abouir tben alternative

conception once they indulged in inquiry-based aggin.

2. Inquiry-based approach
This method is confirmed to have positive effect stmdents’ learning.
Students were changed from being passive listetoegctive participants.
They show comfort when going through the inquirgd approach.
Furthermore being able to verbalize in Malay maktemm comfortable in

voicing out their ideas.

3. Circuits Operation
The exercises in the approach were organized iraaner that tackles the
concepts from a simpler to a higher level questidrhese orders do help
student visualize and verbalize the output. Tiseaecher acts as facilitator to
student in performing the POE task.

4.  Simulation
The output from simulated circuits triggered theudsints’ alternative
conceptions. By verbalizing students can enhahei tleep understanding.

Many questions were asked by students to clariéyr tbroblems. However,
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students or their peers have to answer and distuabeut their own

guestions. These inquiry methods enhanced thecegiual understanding.

This research demonstrated that the benefits tifesplanation can be
achieved with a relatively simple simulation apmivahat can be fit well to any
approach. By engaging in verbalize explanatiomjestits acquired better-integrated
visual and verbal conceptual knowledge. The affeness of the implementation of
the inquiry-based simulation-supported approach agasssed. It shows that student
achievement for simple circuit, open circuits, areistance were significantly
improved. However, achievement on short circuiés wot significantly improved.
Therefore, methods of teaching and learning insttnchave to be researched in

order to rectify this problem.

The gradual improvement in students' knowledgeverbalizing and their
positive attitude towards the simulation with ingdbased teaching and learning
approach may indicate that the instructional apgroshould be developed and
implemented more widely in undergraduate studiEactors that stimulate a good
question and answer are engaging problems, andilitater at hand to answer

guestions, to give instant feedback and to disaitsthe students.

After students have gone through an inquiry-basgproach, the findings
show that they have tried to evaluate the cirdirigs by verbalizing it before trying
to find mathematical solutions. As what was alsond by Getty (2009) that state
that student should be encouraged to develop dityatn qualitatively evaluate
electric circuits. Therefore, the implementatidnaa inquiry-based approach with
simulation-supported approach has proved to befgignt in improving students’
verbalization ability. In addition the use of thienulation helped students visualize
the operation of the electric which are very alustma nature. Seeing the bulbs light
has rectify their alternative conceptions on theki of the circuits. As a result,
the integration of simulation activities into théassroom provide an innovative
learning environment that allows more interactivel affective applications for

students to gain valuable experiences through loand-
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6.3 Conclusion

The objective of the research is to determine asxist students’ conceptual
understanding of basic electric circuits. The expe alternative conceptions
encountered by students were also investigatede ddnclusions are presented

according to the research objectives as statedhapter 1.

The findings from the research state that theradtesze conceptions reported
in the literature were found among students’ a thcal public university. Results
showed that the implemented inquiry-based, simaasupported approach was
successful in enhancing students' conceptual utashelisg of open and short circuits
concepts. However, findings from students’ vedatlons indicate that changes in
teaching and learning approaches are required tterbsupport learners in
developing scientific inquiry that enable learnimg the intended conceptual

knowledge.

6.3.1. Conceptual Understanding

Pretest and posttest comparisons indicated signifipositive improvement
in students’ conceptual knowledge scores, but isistent performance on an
individual basis. As the treatment includes ingdoased learning opportunities in
addition to computer simulations, the findings endents’ experiences do support

the improvement on verbalization of conceptual ustadings.

There are four concepts tested in the pretestoapp and posttest. These
four concepts were probed during the interviewsgton in-depth information
regarding students’ alternative conceptions. Thdirig from the data gathered can
be grouped into two categories: local reasoning seguential reasoning. The

explanations are as below:
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1. Local reasoning is indicated when students belibet current divides into

two equal parts at every node regardless of whhgpgpening elsewhere in

the electric circuits (En

gelhardt and Beichner,£00

2. Sequential reasoning is indicated when studentgusekhat current travels

around an electric circuit and is influenced by heagement as it is

encountered, and a change made at a particulat doegs not affect the

current until it reaches

that point (Engelhardt 8eithner, 2004).

Data obtained from interviews and interventions tafsulated in these two

categories as shown in Table

6.3.

Table 6.3:Students’ Alternative Conceptions

Categories

Students’ Alternative Conception

Local Reasoning (Engelhard
and Beichner, 2004; Smagt
al., 2011; Streveleet al,
2008)

Ignore the effect of a short circuits

I Ignore the effect of an open circuits

Make wrong application of understood conceptq
like voltage in parallel are the same; and curien
series are the same.

I

Sequential Reasoning
(Engelhardt and Beichner,
2004; Smaillet al, 2011;
Streveleret al, 2008)

Current is consumed

Rely on Ohm’s law, V=IR

Confuse about switch

Current is the prime concept

Changing the circuits will only affect the later
component

It is concluded that students really have altéveaiconceptions of the

concepts tested which relate to open and shontitstc Students make mistakes in

the analysis of open and short circuits especialhen current and voltage are

required to be determined (Duit and Rhoneck, 199B)ere found to hinder their

conceptual understanding. This shows that studestiacking a deep understanding

of fundamental concepts in their field (Millet al, 2004; Streveleet al, 2006).
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Therefore, their surface understanding of conceptslimit their ability to
build knowledge of electric circuits. To understahe concepts learned, they must
have the ability to predict how circuits opera#en inability to prediction will cause
students to be unable to apply concepts. Surfaderatanding held by students will

limit their further trying to understand the deepencept in later courses.

As proven by this research, verbalization willfhetudents enhance their
deep understanding. By enhancing their deep utaseli®lg, meaningful learning
will take place. However, students’ perceptionslaigined in part of the unexpected

finding will contribute to their capabilities ofdening concepts.

6.3.2. Teaching and Learning Activities

The findings show that when appropriately strustilinquiry-based teaching
and learning activities can help students develofical scientific-inquiry skills.
This suggests that inquiry-based learning is esdefar teaching concepts at the

university level.

Students’ conceptual understanding was signiflgarthanced by the use of
an inquiry-based simulation-supported approache tite of simulation-supported
together with inquiry-based should be encourageddsist students to enhance
conceptual understanding. Students were begintingsk scientific question

regarding the topics which will further deepeneeiticonceptual learning.

Electronic simulations may increase student acteksboratory experiences.
However, simulation alone will only produce correesults without helping students
to understand the working of the circuits. Therefan inquiry-based approach into
simulation will enhance their understanding througgrbalizing and reasoning
session. Linking the simulation to the inquiry-edsapproach does help students

visualize how electric circuits work because itldra students to see the abstraction.
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The simulation packaged together with the inqbiaged approach enhanced
students’ conceptual learning through verbalizihgirt conceptual understandings.

Furthermore, the incorporation of POE tasks cathéuraid the understanding.

6.3.3. Conceptual Learning

Students can verbalize better on the concept gluhe simulation session.
Their written answers show that they can explaia torrect situation. The
interviews suggested that students have a strodgrsianding of basic concepts
related to series and parallel circuits, have somaerstanding of the relationship
between current flow and resistance, but strugglaterpret a circuit with a switch.
The findings also indicate that students can gcaspplete circuits, open circuits and
resistance; however they have trouble grasping slirouits concepts. The findings
suggest that these students were able to be sfudbessvolved in appropriate

inquiry practices.

6.4 Contribution

This study has met the objectives of the reseaftte finding of this research
contributes to the body of knowledge on how to ewkaelectrical engineering
students’ conceptual learning of BEC. The developejuiry-based simulation-
supported approach can be used with modificatiosthier courses that are similar in

nature.

This research revealed that students held maagnalive conceptions about
short circuits and open circuit concepts. The e inquiry-based simulation-
supported approach assisted in developing studesdateptual understanding
especially when students willing take part in inguearning. Therefore, lecturers
should adapt inquiry approaches. Students’ veratiin of concepts must be

encouraged as verbalizing is an approach to enfigustiidents’ deep understanding.
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Implications

Teaching and learning strategies must be adoptsadtisfy different students’
needs. With the proper alignment of content, gedacal design, tasks,
assessment strategies, and lecturer and studest ablthe university level,
inquiry-based learning environments can be createdhich students are
able to successfully develop skills in scientiffiquiry as well as content
knowledge. (Apedoet al, 2006).

Having a valid and reliable instrument to measutedent conceptual
understanding of concepts taught is important. hatit good
instrumentation, it is impossible to demonstrateandes in student
understanding as a result of instruction (Vigeantl, 2009) be it in any

course or with any concepts.

Replication of this research to other universibesnstitutions as suggested
by this research validator as shown in Appendixwould be possible to
determine open and short concept conception by sthdents and justify the
depth of the effectiveness of the approach. Sasnpl®sen should come
from different universities be it local or privateiversities, therefore the
representative can contribute to general populgt@yunfunmi and Rahman,
2010). This is in line with suggestions by Smatilal. (2011) which states
that misconceptions of DC circuits theory is evidemrross institutional and

national boundaries.

Recommendations for Future Work

As a suggestion, it is beneficial for lecturersdumange their pedagogical

approach from a teacher-centered textbook-drivgeraaeh to a student-centered

inquiry-based approach. This approach is a powaraan of teaching and learning

for BEC classesUsing simulation in a BEC course, which is the cosenponent of
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undergraduate curricula in electrical engineeriragpams, will also help monitor the
effectiveness of teaching and learning approachtegher the students are learning
the basic concepts in the course. Teaching amdihgpstrategies should shift from
lecture and textbook towards student-centered rdetral incorporate POE tasks

where applicable to assist learning.

The application of this simulation-supported witiquiry-based approach
provides a more learner-focused approach to asgessieaching activity, which
provides more detail about the relevant cognitirecpsses used by the student and is
a better guide for improving the learning activityhis is inline with the finding by
Princeet al. (2009b) that suggest inquiry-based activities loarused to help repair
persistent engineering misconception held by urddigate engineering students.
The findings of this research suggest that veraatm procedures help students
recognizing their own alternative conceptions. dmagement should be made to
allow students verbalize their understanding.

Faculty should place greater emphasis on the rfod¢ractured knowledge in
their discipline as a powerful framework for design course curriculum,
instruction, and assessment. The faculty shoudeuslicit techniques to emphasize
the overall conceptual structure of the disciple@ng taught throughout the course
rather than focusing on topics, concept sequenges;ommon misconceptions.
Lecturers should have proper training of how toagout implementing the inquiry-
based teaching and learning activities. Textbooks be used wisely to enable
structured knowledge building. Number of semestergears student in university
was not a good predictor of their academic perforweaespecially on alternative

conceptions in electric circuits (Getty, 2009).

6.7 Concluding Remarks

This chapter presents conclusions according tadbearch objectives. The
main objective of this research was to investigatielents’ conceptual understanding
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of BEC. Students were found to have alternativeceptions of open and short
circuits concepts. They also hold alternative emtions of circuits with a switch.

This research concludes that the inquiry-basedlation-supported approach
assisted students’ learning. The proposed tea@mddearning instruction was able

to assist students’ conceptual learning.

The recommendations for improving students’ cohe@punderstanding and
for future research were also elaborated. Thiptemalso highlights the importance
of teaching and learning approaches to assist stsidenderstanding. Merely
depending on students’ written tests and exam papelab reports is inadequate to
make them verbalize more about the concepts lear@dm the results obtained,
lecturers can find better method of teaching arainieg that can assist students’

conceptual learning.
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DDE1103 Edition 1 (2007-2008)
UNIVERSITI TEKNOLOGI MALAYSIA
COLLEGE OF SCIENCE & TECHNOLOGY
(salinan pelajar / pensyarah)
Department Eletrical Engineering Department Pages : &

College of Science and Technology
UTM City Campus

Course & Code
Pre — requisite
Total / Contact Hours

Electric Circuits (DDE 1103) Semester : |

Academic Year : 1
3 hours X 14 weeks

Lectures : 3hrs  Tutorial : 1hr Lab : Nil

Objectives In this course student will :
1. Understand the fundamental electric circuits, laws and theorems.
2. Use circuit laws and thecrems to analyze de electric circuit.
3. Learn to simulate electric circuit using Electronic Workbench software and verify
analysis,
Synopsis This course is designed to introduce the students to the fundamentals of electric

circuits, laws and theorems. It will emphasize on the concepts of electric charge,
current, voltage, energy and power. Laws and theorems that will be covered in
series, parallel and series-parallel circuits includes Ohm’s Law, Kirchhoff Voltage
Law and Kirchhoff Current Law, voltage and current divider rule. Network
Theorems includes source conversions, superposition, maximum power transfer,
Thevenin’'s and Norton’s theorem. It will guide the students to analyze transients
in capacitive and inductive networks including initial and steacy-state conditions.
The course will also provide practice in using Electronic Workbench software to
simulate electric circuits and verify analysis. At the end of the course, students
should be able to apply the laws and theorems to analyze and solve problems in
de electric circuits.

Learning Outcome

{Overall for the course )

After completing this course, students should be able to :

1.

illustrate laws and theorems which include Ohm's Law, Kirchhoff Voltage Law,
Kirchhoff Current Law, voltage divider rule, current divider rule, superposition
theorem, Thevenin's Theorem and Norton’s Theorem.

apply laws and theorems to calculate the resistance, current and voltage in series,
parallel and series-parallel circuits.

solve problems in electric circuits using network theorems which include source
conversions, bridge networks, Dalta-to-VWye and Wye-to-Delta conversions.
identify the initial conditions, steady-state conditions and energy stored in the
capacitor and inductor

analyze transients in capacitive networks: charging phase, discharging phase and
instantaneous values

analyze transients in inductive networks: storage phase, release phase and
instantaneous values.

use Electronic Workbench software to simulate electric circuits and verify analysis.
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DDE1103 Edition 1 (2007-2008)
Topic Learning Outcomes ( For the topics)
1. INTRODUCTION Hours : 2 NOSS-MLVK : - N/A

1.1
1.2
13
14

Units of Measurement
Systems of Units
Powers of Ten

Conversion Between Levels of Powers of
Ten

Student will be able to:

i.  specify the basic electric quantities and the units for each
quantity.

i. identify the SI system of units.

iii. perform all the basic algebraic operations with numbers
using the power-often notation.

27
2.8

Semiconductors

Ammeters and Voltmeters

1.5 Conversion Between Systems of Units
iv. convert numbers between levels of powers of ten

1.6 Symbols ]
v. change numbers from one unit of measurement to another.
vi. identify symbols used for basic quantities.

2. CURRENT AND VOLTAGE Hours : 2 NOSS-NMLVK : - N/A

2.1 Atoms and Their Structure Student will be able to:

2.2 Voltage i. define electric charge, current and voltage

2.3 Current ii. identify different types of voltage sources

2.4 Voltage Sources iii. use the ampere-hour rating of a battery to calculate its

expected life.
2.5 Ampere-Hour Rating ] ] P ) )
58 Conductors and Insulators iv. differentiate  between conductors, insulators and

semiconductors.

v. use ammeter and a voltmeter correctly to measure a
circuit’s current and voltage.

3.1
3.2
3.3

34

35

386
3.7
38

RESISTANCE

Resistance

Wire Tables

Temperature Effects
3.3.1 Conductors
3.3.2 Semiconductors
3.3.3 Insulators

Types of Resistors
3.4.1

3.4.2 Variable Resistors

Fixed Resistors

Color Coding and Standard Resistors
Values

Conductance

Ohmmeters

Application

Hours : 3 NOSS-NLVK : - N/A

Student will be able to:
i. determine resistance of an element and use wire tables

ii. identify the effect of temperature on conductors, insulators,
and semiconductors.

iii. identify the variety of fixed and variable resistors.
iv. determine the resistance using the standard color code

v. explain the
resistance.

relationship between conductance and

vi. use ohmmeter to measure resistance.
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DOE1103 Edition 1 (2007-2008)
Topic Learning Outcomes { For the topics)
L)

4. OHWM'S LAW, POWER AND ENERGY Hours : 3 NOSS-MLVK - - N/&
4.1 Chm's Law
42 Power Student will be able to:
43 Energy i. define and apply Ohm's Law to a simple electric circuit.
44 Efficiency ii. differentiate energy, power and efficiency of operation.
45 Plotting Ohm’ Law iii. plot Ohm's Law define factors in the graph.
4.6 Circuit Breakers, GFCls and Fuses identify the general characteristics of fuses and circuit breakers
4.7 Application
4.8 Introduction to Electronic Workbench

(EWB) Software
5. SERIES DC CIRCUITS Hours : 5 NOSS-MLVK : - N/A
51 Series Resistors Student will be able to:
5.2 Series Circuits i. identify the characteristics of a series circuit and solve for
5.3 Power Distribution in a Series Circuits voltage or current in circuits
54 Voltage Sources in Series i. define Fhe Klrchhpﬁ”s_ vo!tage law (KVL) and use it in on the

analysis of electric circuits.
55  Kirchhoffs Voltage Law iii. explain how the applied voltage divides in a series circuit
5.6 Voltage Division in a Series Circuit and apply voltage divider rule effectively.
- Voltage Divider Rule (VDR) iv. identify the loading effects of applying meters to a circuit.

57 \Voltage Regulation and the Internal | v. explain how the series configuration can be used effectively

Resistance of \oltage Sources in everyday applications
5.8 Loading Effects of Instruments vi. use EWB software to solve for the quantities of interest in

- an electrical circuits.
59 Application
5.10 Measurement and Troubleshooting using
EWB Software

6. PARALLEL DC CIRCUITS Hours : 6 NOSS-MLVK : - N/A
6.1 Parallel Resistors Student will be able to:
6.2 Parallel Circuits i. identify the characteristics of a series circuit and solve for
6.3 Power Distribution in a Parallel Circuit voltage or current in circuit.

) ii. definethe Kirchhoffs voltage law (KCL) and useitin on the
84 Kirchhoffs Current Law analysis of electric circuits.
6.5 Current Divider Rule iii. apply ohmmeter, voltmeter and ammeter to measure
6.6 “oltage Sources in Parallel quantities in a parallel circuits.
6.7 “oltmeter Loading Effects iv. identify the loading effects of voltmeters to a circuit.
6.8 Application iv. explain how the parallel configuration can be used
6.9 Measurement and Troubleshooting using effectively in everyday applications.

EWB Software v. use EWB software to solve for the quantities of interest in

an electrical circuits.
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Topic Learning Outcomes ( For the topics)
7. SERIES-PARALLEL CIRCUITS Hour: 7 NOSS-MLVK : N/A
7.1 Series-Parallel Networks Student will be able to:
7.2  Analysis of Series-Parallel Circuits i. dentify the characteristics of a series-parallel circuit and
73 Ladder Networks solve for voltage or current in circuits
7.4 \oltage Divider Supply (Unloaded and ii. apply the reduce and return approach
Loaded) iii. apply the special notation for voltage sources.
7.5 Potentiometer Loading iv. use double and single subseript notation.
7.6 Open And Short Circuits v. use potentiometer to control the voltage across any given
7.7 Application Measurement and load.
Troubleshooting using EWB Software vi. analyse shorts and open circuits.
vii. use EWB software to solve for the quantities of interest in a
series-parallel circuits.
8. NETWORK THEOREMS Hour: 8 NOSS-MLVK : N/A
B4 Current Sources Student will be able to:
. i. identify the characteristic of a current source and analyse
8.2 Source Conversions P
circuits with current source.
8.3 Current Sources in Parallel i. convert from a voltage source to a current source, and vice
8.4 Bridge Networks versa.
8.5 Delta-to-Wye and Wye-to-Delta ii. perform a Delta-to-Wye and Wye-to- Delta Conversions and

8.6
8.7
8.8
8.9

Conversions

Superposition Theorem

Thevenin's Theorem

Maximum Power Transfer Thearem

Morton's Theorem

8.10 Application
8.11 Electronics Workbench Applications in

Circuit Theorems

use conversion effectively in a network analysis.

iv. use Superposition Theorem to solve for voltage or current
in a circuit.

v. apply Thevenin’s Theorem to reduce any series-parallel
network to a single voltage source and series resistor.

vi. apply maximum power transfer theorem to determine the
maximum power to a load.

vii.

apply Norton's Theorem to reduce any series-parallel
network to a single current source and parallel resistor.

viii.use computer methods to determine the parameters of
Thevenin or Norton equivalent circuit.
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Topic

Learning Outcomes ( For the topics)

9.1
92
93
94

9. CAPACITORS

The Electric Field

Capacitance

Capacitors

Transients In Capacitive Networks.
9.4 .1 The Charging Phase

9.4 .2 The Discharging Phase

Hour: 3
Student will be able to:

iii. plot the transient response of a capacitor voltage and current.

NOSS-MLVK : N/A

calculate the capacitance of a capacitor and understand the
impact of each parameter.

identify various types of capacitors and determine their value
and rating from the provided labeling.

({TK 454 B68 2003)

2. Thomas L Floyd, (2003), Principles of Electric Circuits — Conventional Current
Version, 7" Edition, Prentice Hall. (TK 454 F56 2003)

3. John P Bonmis, (2000), Electric Circuits Using Electronics Workbench — Hardware
and Simulation Exercises, 2™ Edition, Prentice Hall. (TK 7867 B67 2000)

iv. incorporate initial values for the voltage of a capacitor in the
9.5 Initial Conditions transient analysis
9.6 Instantaneous Values v. combine capacitors in series and parallel.
9.7 Capacitors in Series and in Parallel
9.8 Energy Stored by a Capacitor
10. INDUCTORS Hour: 3 NOSS-MLVK : N/A
10.1 The Magnetic Field Student will be able to:
10.2 Inductance i. calculate the inductance of an inductor and understand the
10.3 R-L Transients: The Storage Phase impact of each parameter.
104 Initial Conditions ii. identify various types of inductors and determine their value
’ and rating from the provided labeling.

10.5 R-L Transients: The Release Phase . .

iii. plot the transient response of a inductor current and voltage.
106 Instantanecus Values iv. incorporate initial values for the current of an inductor in the
10.7 Inductors in Series and in Parallel transient analysis
10.8 Steady-State Conditions v. combine inductors in series and parallel.
10.9 Energy Stored by an Inductor
10.10 Application
Generic Skills Addressed 1. Problem Solving

2. Team Working

3. Lifelong Learning

4. Ethics
Text Book Robent L Boylestad, Essentials of Circuit Analysis, 1% Edition, Pearson Prentice Hall,

2004. (TK 7867 B69 2004)

References 1. Robert L Boylestad, Introductory Circut Analysis, 10" Edition, Prentice Hall, 2003.
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DDE 2113 versi — 2 (0B07-2)
S
S
UNIVERSIT TEKNOLOGI MALAYSIA
COLLEGE OF SCIENCE & TECHNOLOGY
(salinan pelajar / pensyarah)
Department Engineering Department

College of Science and Technology Pages : 5
UTM City Campus

Course & Code
Pre — requisite
Total / Contact Hours

Circuit Theory 1 ( DDE 2113) Semester : |l
Electric Circuits (DDE 1103) Academic Year : 2
3 hours ¥ 14 weeks

Lectures : 3hrs Tutorial : 1hr Lab : Nil

Objectives In this course student will :
Understand laws and theorems of electric circuits.
Differentiate direct current (dc) theory and alternating current (ac) theory.
Understand circuit theorems and analysis techniques to analyze dc and ac
electric circuits.
4. Use Electronic Werkbench te simulate electric circuits and verify analysis.
Synopsis This subject is designed to expose students to the fundamental of electric

circuits, laws and theorems and make them able to analyze basic electric
circuits. It will emphasize on circuits having resistors, capacitors and inductors
only with dc or ac supply of voltages or currents. At the end of the course,
students should be able to understand laws and theorems of electric circuits
involving de and ac sources. The students should also be able to apply circuit
theorems and analysis techniques to analyze dc and ac electric circuits. They
should also be able to use Electronic Workbench to simulate electric circuits
and verify analysis.

DC circuit analysis — mesh, node, applications to Thevenin's and Noron's
theorem.

AC waveforms — sinusoidal wave and phasor diagram: polar and rectangular
form.

AC circuits — series, parallel and series-parallel of RL, RC and ELC.

AC circuit analysis — source conversion, mesh, node, superposition, Thevenin,
Norton, maximum power transfer.

Two-port networks — T and [] networks, parameters Z, Y, h and ABCD,
interconnection series, parallel and cascade for de circuit, termination.
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Learning Outcome

{Overall for the
course )

After completing this course, students should be ableto :

solve circuits with independent and dependent dc and ac sources using mesh
analysis, node analysis, superposition theorem, Thevenin's theorem and
Norton’s theorem.

illustrate the characteristics of a sinuscidal waveform and define important
parameters and characteristics of a sine wave.

represent sinusoidal waveform into phasor and vice versa.
identify the characteristics and function of RLC in ac circuits.

apply basic laws and analysis methods to solve problems in series, parallel and
series-parallel ac circuits.

illustrate the frequency response of a series resonant circuit.

demonstrate the phase relationship between two or more voltages or currents in
a series, parallel or series-parallel circuits.

identify common two port networks (T and T

identify the parameters (Z, Y, h, ABCD) that can be used to describe two port
networks.

produce a set of equations for each parameter that relates the variables of the
two port network

calculate the equivalent parameters for interconnected networks (series, parallel
and cascade interconnections).

produce current-voltage relationships for the termination eircuits and determine
variables of the terminated two port networks.

use Electronic Workbench software to simulate electric circuits and wverify
analysis.

Subject Mapping LO1-a, LO2-a, LO3-b, LO4-2, LO5-2, LOG-1
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Topic

Learning Outcomes { For the fopics)

1.

DC CIRCUIT ANALY SIS

Hours : 10

NOSS-MLVK : -N/A

Student will be able to:

1.1 Introduction to independent and
dependent sources i. solve circuits with independent dec voltage and current

sources using mesh analysis.

1.2  Mesh analysis
1.2.1  Cireuits with independent ii. solve circuits with dependent dc voltage and current

sources sources using mesh analysis.
1.2.2 Circuits with dependent

sources ii. solve circuits with independent dc voltage and current
123 Supermesh sources using node analysis.

1.3  Node analysis iv. solve circuits with dependent dc voltage and current

1.3.1  Circuits with independent sources using node analysis.
sources
1.3.2 Circuits with dependent v. usingvarious methods in solving simultaneous equations.
sources
13.3 Supernode vi. become familiar with Thevenin’'s theorem and Norton's
theorem.

14 Application of mesh and node . . L .
analysis in solving Thevenin's vii. apply mesh analysis and node analysis in solving
voltage and Norton’s current Thevenin’s voltage and Norton’s current.

15  Electronic Workbench applications viii. use Electronic Workbench software to simulate electric
in DC Circuits Analysis circuits and verify analysis.

Hour: 6 NOSS-MLVK : N/A
2. AC WAVEFORMS
Student will be able to:

21 The SineWave i. identify a sinusoidal waveform.

22  Sinusoidal Voltage Sources ii. illustrate the characteristics of a sinusoidal waveform.

23 \Voltage and Current Values of Sine | . L .

ii. define important parameters and characteristics of a sine
Wave wave.
2.3.1 Characteristics of sinusoidal | ., . \ .
wave iv. use a phasor to represent sinusoidal waveform and vice
2.3.2 Phase angle of a sinusoidal versa.
wave v. learn how to apply the phasor format to add and substract
2.3.3 Average and RMS value sinusoidal waveforms.

24  SineWaveform in Phasor Form . . . .

vi. determine the phase relationship between two or more

25 The Complex Number System and sinusoidal waveforms ofthe same frequency.

Mathematical Operations vii. understand how to calculate the average and effective

26 Superimposed DC and AC Voltages values of a sinusoidal waveform.

27 Basic Nonsinusoidal Waveforms — | jji, use complex humber to express phasor quantities.
square, triangular, sawtocth, ramp ix. become proficient in the use of calculators to support the

analysis of ac networks.

x. determine the total voltages that have both ac and dc
components.

xi. identify the characteristics of basic nonsinuscidal

waveforms.
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Topic

Learning Qutcomes { For the topics)

2. AC CIRCUITS

Hour :

10 NOSS-MLVK :N/A

4.1
4.2

4.3

44
4.5

46

47
48

Introduction to Source Conversion

Mesh Analysis - Circuit  with
independent sources
Node Analysis - Circuit with

independent sources

The Superposition Theorem
Thevenin's Theorem — using KCL,
KWL and supetposition only

Norton’s Theorem —using KCL, KVL
and superposition only

Maximum Power Transfer Theorem
Electronic Workbench applications

in AC circuits

3.1 Introduction to R, L, C and
Impedance triangle in AC circuits. Student will be able to:
32  Series Circuits i. identify the characteristics and function of RLC in ac circuits.
gg; E(L: ii. identify the response of a resistor, inductor and capacitor to
3'2'3 RLC and Series Resonant the application of a sinusoidal voltage or current.
Circuit iii. find the total impedance of any ac network and sketch the
impedance diagram.
a3 :I;’a;ra1llel g'[cu'ts iv. apply basic laws (KVL, KCL, voltage divider rule and current
3'3'2 RC divider rule) to solve problems in series, parallel and series-
3.3.3 RLC and Parallel Resonant parallel ac circuits.
Circuit V. illustrate the frequency response of a series resonant circuit.
44 Series Parallel Circuits vi. demonstrate the phase relationship between two or more
341 RL voltages or currents in a series, parallel or seties-parallel
3'4'2 RC circuits.
343 RLC vii. use Electronic Workbench software to simulate electric
35  Electronic Workbench applications in circuits and verify analysis.
AC Circuits
4. AC CIRCUITS ANALYSIS Hour: 8 NOSS-MLVK : N/A

Student will be able to:

convert between voltage and current sources and vice
versa in the ac domain.

i. solve circuits with independent ac sources using mesh

analysis, node analysis, superposition theorem, Thevenin's
theorem and Norton's theorem.

identify the conditions that must e met for maximum power
transfer toa load in an ac network.

. use Electronic Workbench software to simulate electric

circuits and verify analysis.
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Topic

Learning Outcomes ({ For the topics)

5.1

5.2
5.3

54
55

5. TWO PORT NETWORKS

Introduction to Single-Port and Two-Port
Networks
T and II networks

Two port network parameters

5.3.1 Impedance parameters, Z

53.2 Admittance parameters, Y
5.3.3 Hybrid parameters, h

534 Transmission parameters, ABCD

Termination of two-port network

Interconnection of two-port network

54.1 Series connection
54.2 Parallel Connection
54.3 Cascade Connection

Hour: 8

NOSS-MLVK : N/A

Student will be able to:

i,

identify common two port networks (T and IT).

identify the parameters (Z, ¥, h, ABCD) that can be used
to describe two port networks.

produce a set of equations for each parameter that
relates the variables of the two port network.

. calculate the equivalent parameters for interconnected

networks (series, parallel and cascade interconnections).

produce current-voltage relationships for the termination
circuits and determine variables of the terminated two
port networks.

use Electronic Workbench software to simulate electric
circuits and verify analysis.

2004. (TK 7867 B89 2004)

Generic Skills Addressed 1. Problem So_lvmg
2. Team Working
3. Lifelong Learning
4. Ethics
Text Book Kamilah Radin Salim, Moor Hamizah Hussain, Norlela Tahir & Putri Zalila Yaacob. (2003),
‘Teaching Module . Circuit Theory I', Program Pengajian Diploma, UTM.
References 1. Robert L Boylestad, Essentials of Circuit Analysis, 1% Edition, Pearson Prentice Hall,

2. Robert L Boylestad, /ntroductory Circuit Analysis, 10" Edition, Prentice Hall, 2003. (TK

454 B68 2003)

3. Thomas L Floyd, (2003), Principles of Electric Circuits — Conventional Current Version,
7" Edition, Prentice Hall. (TK 454 F56 2003)

4, David E Johnson, John L Hilburn, Johnny R Johnson & Peter D. Scott, Basic Electric
Circuit Analysis, (1995), 5th Edition, Prentice Hall. (TK 454 J64 1995)

5. Alexander Sadiku, (2000), Fundamentals of Electric Circuits, McGraw Hill. (TK 454 A43

2000)

6. John P Borris, (2000), Electric Circuits Using Electronics Workbench — Hardware and
Simulation Exercises, 2" Edition, Prentice Hall. (TK 7867 B67 2000)

7. Johd Adams, (2001), Mastering Electronics Workbench — Version 5 & Multisim -
Version 6, Prentice Hall. (TK 7887 A33 2001)
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DDE 2123 Semester 2(2008-2009)

" reons

UNIVERSITI TEKNOLOGI MALAYSIA
COLLEGE OF SCIENCE 8 TECHNOLOGY

{salinan pelajar/ pensyarah)

Department : Electrical Engineering Department
College of Science and Technology Pages : 4
UTM City Campus

Course & Code : Gircuit Theory Il { DDE 2123} Semester : |V
Pre — requisite . Circuit Theory | ( DDE 2113) Academic Year : 2
Total / Contact Hours : 3 hours x 14 weeks

Lectures: 3 hrs Tutorial Thr Lab : Nil

Objectives In this course student will :
1. use differential equations to analyze transient response of linear circuits.

2. analyze transient response of linear circuits using Laplace transformation method.

3. apply circuit rules to obtain transfer function of various linear circuits.
analyze the frequency response for frequency selective circuits.
5. apply calculus to evaluate the coefficients of Fourier series for various periodic

waveforms.

Sypnosis This subject consists of introduction to first order differential equation, natural
response, steady state response, initial condition, and complete response of RL and
RC circuits. Second order differential equation, natural response, steady state
response, initial condition and complete response of RLC circuits. Definition,
properties, inverse Laplace transform, partial fraction expansion, application of
Laplace transform. Transfer function in frequency domain, passive filter, decibels (cB),
and Bode plot. Periodic function, harmonics, trigonometric Fourier series, exponential

Fourier series, and frequency spectrum.

Learning Qutcome({Cverall After completing this course, students should be able to :
for the course ) 1. analyze various circuits using basic circuit concept

2. analyze the response of linear circuits in time domain and frequency domain
3. identify the simplest method to ease circuit analysis

4. determine infinite Fourier series for non-sinusoidal inputs
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Topic Leaming Qutcomes { For the topics)

1. FIRST ORDER TRANSIENT CIRCUITS. Hours : 7 NOSS-MLVK : - N/A

Student will be able to:

1.1. Circuit with first order differential .
i, Define transient response and steady state response
equation. . i . . L.
i.  Obtain first order differential equation for RL and RC circuit
1.2. Natural response of first order circuit. . . .
ii. Determine the transient response of RL and RC circuit
1.3. Forced response of first order circuit to | . L
. Plot the transient response of RL and RC circuit
various types of forcing function. . . . . . .
v. Identify the time domain equation for various types of forcing
14. Initial condition and complete funchi

nction

response. vi. Identify the steady state assumed solution for various types of

forcing function

vii. Obtain the steady state response for various types of forcing
function

viii. Obtain the initial current through inductor and the initial voltage
across the capacitor

ix. Determine the complete response of the first order RL and RC
circuits.

2. SECOND ORDER TRANSIENT CIRCUITS. | Hour: 10 NOSS-MLVK : N/A

2.1. Gircuit with second order differential | Student will be able to :

equation. i obtain second order differential equation for RLC circuit

2.2. Behaviour of second order circuit; . - . . .
* i, clagsify the circuits behaviour either critically damped,

overdamped critically damped, overdamped, underdamped or undamped.

underdamped and undamped ii. determine the natural response of RLC circuit

2.3. Natural response of second order circuit. \ 1 Lo
P iv. determine the transient response of RLC circuit

24. F d f d order circuit.
oreedresponse of second order cireu! v.  obtain the steady state response for various types of forcing

2.5. Initial condition and complete response. function
vi.  obtain the initial current through inductor and its derivative
vii. obtain the initial voltage across the capacitor and its derivative
viii. determine the complete response of the second order RLC

circuit.
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Topic

Leaming Outcomes ( For the topics)

3. LAPLACE TRANSFORM

3.1. Definition and Properties of Laplace

Hour: 10 NOSS-MLVK : N/A
Student will be able to :

i. tell Laplace transform properties

transform. - . . . .
i. obtain partial fraction expansion

3.2. Inverse Laplace transform using partial ii. apply the Laplace transform properties and partial fraction

fraction expansion. - L .
expansion in second order circuit analysis

33. Application of Laplace transform in v. obtain the circuit transfer function in s-domain using Laplace
circuit analysis transform.

3.4. Transfer function in s-domain.

4. FREQUENCY RESPONSE Hour: 7 NOSS-HLVK : N/A

4.1. The transfer function H{jm)

4.2. Passive filter networks and application;
low pass, high pass and band pass
filters

4.3. Resonance circuits and applications.

4.4. Bode magnitude and phase plots.

Student will be able to :

i.  determine the transfer function in frequency domain H{jw)
i.  differentiate the response of low pass, high pass and band pass
RC and RL fiter.

ii. determine the transfer function of a low pass, high pass and band
pass RC and RL filter.

v. obtain the cut-off frequency of a low pass, high pass and band
pass RC andRL filter.

v.  sketch the frequency response of a low pass, high pass and band
pass RC and RL filter.

vi. construct a band pass filter using low pass and high pass filter

vii. analyze circuit at resonance.

viii. convert the transfer function into decibel (dB) scale

sketch the Bode plot of a frequency response on a semilog scale.
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Topic Leaming Outcomes ( For the topics)

5. FOURIER SERIES Hour: 8 NOSS-MLVK : N/A

Student will be able to :
5.1. Periodic function and harmonics

5.2. Trigonometric Fourier series; waveform i. examine sinusoid of multiple frequencies (harmonic)
symmetry, Fourier coefficients. ii. produce analytical equation for various non-sinusoid periodic
waveform

5.3. BExponential Fourier series

ii. perform evaluation integral for determination of the Fourier

54. Frequency spectrum; Amplitude and coefficients

phase iv. identify waveform syrmmetry to ease evaluation of the Fourier
coefficients
v. represent the non-sinusoid periodic waveform as an infinite
trigonometric Fourier series
vi. represent non-sinusoid periodic waveform as an exponential
Fourier series
vii. sketch the magnitude and phase spectrum of the Fourier series
Generic Skills Addressed ) 1. Team Working (Mapping : LO ...... )
2. Problem Solving
3. Life Long Learning
4. Ethics
Text Book
1. David Irwin, Basic Engineering Circuit Analysis, gh Ed., Wiley, 2005, TK 454 [78
References
2005 G
2. Boylestad, Introduction Circuit Analysis 10" Edition, Prentice Hall, 2002, TK 454
B68 2002.
3. R.C Dorf & J.A Svoboda, Introduction to Electric Circuits, 6" Edition, Wiley, 2004,
TK 454 DB7Y.

David E. Johnson, Electric Circuit Analysis, TK 454 E43.
Charles J.Morrier, Electric Circuit Analysis, Prentice Hall, TK 454 M&6 2000.
William D.Stanley, Network Analysis with Applications, 4" Ed., Prentice Hall, 2001,
TK 454.2.573 2001.

7. Alexander Sadiku, Fundamentals of Electric Circuits, Mc Graw Hill, TK 454 A43
2000.
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APPENDIX D: Electric Circuits Grade for 2005/2006-1

Electric Circuits DDE1103

Section 0

Grade
|

6

1 11

113

1 17

] 13
No of students

Electric Circuits DDE1103

Section 0

Grade
(9

9

4
12
2
114

=4

/3 6

B- mm6

] 24

16

A- B 6

— . ¥}
No of students

Electric Circuits DDE1103
Section 07

Grade

8

] 112
__ 15
113

I g
—6
——18
o g

117

No of students

Electric Circuits DDE1103
Section 10

Grade

————10
I 5

/1 10
No of students




Electric Circuits DDE1103
Section 11

Grade

118

—
15

———8
10
e 10
|
—e
—15
. 5
—

No of students

Electric Circuits DDE1103
Section 14

Grade

) 11
. 6
4
=13
13

1 40

No of students
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Electric Circuits DDE1103
Section 12

1 17

I —

| 12

| 1 12
E—— 17
=10
I 13
—4

2

=

No of students

Electric Circuits DDE1103
Section 15

Grade

4
_:IQ
2

1 15

1]

117
| 115
I 13

113

No of students
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APPENDIX E: Thevenin and Norton Theorems

THEVENIN THEOREM

A method of determining the Thevenin EquivalentcGits: The Thevenin equivalent
circuit for any linear network at a given pair efrhinals consists of a voltage source
V14 in series with a resistortR The voltage Yy and resistance {8 can be
obtained as follows:

1. V14 can be found by calculating or measuring the apenits voltage at
the designated terminal pair on the original nekwor

2. Ry can be found by calculating or measuring the ta&st® of the open-
circuits network seen from the designated ternmpaad whit all independent
sources internal to the network set to zero. Thatith independent voltage
sources replaced with short circuits, and indepeincarent source replaced
with open circuits. (Dependent sources must leri&dct)

NORTON THEOREM

A method of determining the Norton Equivalent CitsuThe Norton equivalent
circuit for any linear network at a given pair efrninals consists of a current source
In in parallel with a resistor\® The currenty and resistance\Rcan be obtained as

follows:

1. Iy can be found by applying a short at terminal paiminal pair on the
original network and calculating or measuring therent through the short
circuits.

2. Ry can be found in the same manner ag Bat is by calculating or
measuring the resistance of the open-circuits mitwseen from the
designated terminal pair with all independent sesiiaternal to the network
set to zero; that is, with independent voltage sesireplaced with short
circuits, and independent current source replaceth wpen circuits.
(Dependent sources must be left intact)

Adopted from (Agarwal and Lang, 2005; Boylestad)2(Dorf and Svoboda, 2004; Irwin, 2002).
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APPENDIX F: Preliminary Test

Basic Electric Circuits Concepts Test

Instructions:

Answer each question as accurately as you can.

Below are the symbols used / to be used on this tes

o-00-® .

Ammeter Voltmeter Light Bulb Switch open Switdosed

Test Begins:

Q1. A simple DC circuit in Figure 1 is referred.

+
10V<_> 10 Q

Figure 1

a. Redraw the circuitin Figure 1 to showwho measure theoltage drop acros
10 Q resistor.

b. Name laws, rules or theorems that can be tsedlculate the voltage dropacros
10 Q resistor.

C. Redraw the circuit in Figure 1 to showwh to measure theurrent flows
through 10Q resistor.

d. Name laws, rules or theorems that can be tsedalculate the current through

10 Q resistor



Q2. Referring to Figure 2;

—/

-+
10V<_> 10Q

181

Figure 2
a. Circle the answer for the voltage drop acros® t€sistor.
i. 0 V because of open circuit
il 10 V by using KVL or Ohm’s Law
Explain your answer :
b. Circle the answer for the current flowing throu Q resistor.
i. 0 A because of open circuit
ii. 1 A by using KCL or Ohm’s Law
Explain your answer :
Q3. Referring to Figure 3;
10Q
AM—e o
10V <+> 100
Figure 3
a. Calculate the total resistance of the circuiemthe switch is opened.

b. Calculatethe total resistancof the circuitwhen the switch is clos.
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APPENDIX G: Concept Test

BASIC ELECTRIC CIRCUIT CONCEPTS TEST

Mobile Number

Email Address

INSTRUCTIONS :

1. This test consists of 12 questions that examine ynderstanding of electrical circuits.

2.

3.

4.

5.

Each questions has multiple choice answers.
Please answer the question to your best ability.
If you are not sure, try to guess.

Do not leave any question unanswered.

REMINDER :

Battery

Resi Switch Ammeter
esistor
—||‘|— —AMAN— —@— —A'X:— . @

b

# All resistors, batteries and light bulbs are idesitunless you are told otherwise.

# The battery is ideal with a negligible internalis¢éance.

¥

# |n addition, the wires have a negligible resistatom.

4 Below is a key to some symbols used in this test:

Light Bulb  Variable Resistor
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1. Compare the current at point 1 with the currenpant 2. Which point has a lar¢
current?
R
o A
a. Point 1. VW
b. Point 2. — oV R R
C. They are the same "
Reason:
a. Current travels in two directions around the circui
b. Current from the battery goes to the circuit arehtbomes back to the battery.
C. The resistors use up a little of the current.

d. Others (Please specify):

)

2. Compare the brightness of the bulb in Circuwith that in Circuit2. Which bulb i
brighter?
—_— 12V
@ —— 2V —— 12V
— 12V
Circuit 1 Circuit 2
a. The bulb in Circuit 1.
b. The bulb in Circuit 2.
C. They are the same
Reason:
a. Because two batteries in the Circuit 1 provide maitage.

b. Because two batteries in the Circuit 2 provide maitage.
C. Because 24 V is applied across the bulb in eachitir

d. Others (Please specify):
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3. Compare the brightness of Bulb 1 and Bulb Ais tircuit, which one is brighter?
Bulb 1
a. Bulb 1.
b. Bulb2. Bulb 2
) 2v
C. They are the same. -
Reason:
a. Because the bulbs are connected in parallel.
b. Because no current will pass through Bulb 1.
C. Because no current will pass through Bulb 2.
d. Others (Please specify):

4, Compare the resistance of Branch 1 with that ohBna2 where point A and B are 0|
terminals. The resistance of Branch 1 is the resistance
Branch 2.

R
4'A'A%
R R
A —AANN— NN—>8 A i R [—B
Branch 1 AN
Branch 2
a. Four times
b. Double
C. The same as
d. Half

Reason:

a. The total resistance of each branch equals theaduine two resistors.
b. Because the total resistance equals zero in opeuitsi

C. Adding a resistor to any circuit will increase thwerall resistance.

d. Others (Please specify):




a.

b.

Reason:

Reason:
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How does the resistance between the terminal ABaclsthnge when the switch is closed?

Increase by R/2 R
Increase by R R Switch

Stay the same Ae—MN— — B
Decrease by R/2 A ARA

Decrease by R

Closing the switch will add a resistor in series.
The circuit is not affected after closing the sWwitc
Adding a resistance in parallel to any branch desge its total resistance.

Others (Please specify):

After the switch is opened, what happens to te&stance of resistor R?

R Switch
A
Increases. VW

Stay the same.

Goes to zero. ——

The value of resistance depends on the appliedgmlt

Since there is no current, the resistance of tsistar will go to zero.
The electrical resistance does not depend on duremltage.
Since there is no current, the resistance of tsistae will increase.

Others (Please specify):
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7. If you increase th resistance of Resistor C, what happens to thyhtbess of bulbs

and B?

a. A and B increase.

b. A stay the same, but B decrease. @ A£ ,

A ResistZr C
C. A and B decrease. @
d. A and B remain the same. v
| I |
I |

Reason:

a. The battery supplies a constant current to theuitirc

b. Increasing Resistor C will decrease the circuitentr

C. Because Resistor C consumed some current.

d. Others (Please specify):
8. What is the total resistance of the circuit whes $witch is closed?

AM—e o
10Q
10V 40 Q

a. 50Q

b. 10Q

C. 8Q

d. 0Q
Reason:

a. The total resistance is the sum of the two resistor

b. Only the 10Q resistor operates in the circuit.

C. The two resistors are in parallel.

d. Because the total resistance equals zero in acctosmuit.

e. Others (Please specify):
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9. What will happen to the voltage between pointsd B if the switch is closed?
Switch
2R
W_
a. Increase
A R B
b. Decrease V\V
C. Stay the same I i
I I !
12V
Reason:
a. The voltage source will be distributed betweenrdsistors based on thvalue o

the resistance.

b. Closing the switch will increase the total resis&nf the circuit.

C. Adding 2R will decrease both the voltage acrossnd the current flowing
through R.

d. Adding 2R resistor affects the battery current only

e. Others (Please specify):

10 What is the voltage between points A and B?

R R
a. ov —e—AAN,
A Switch B

b. 12V
C. Less than 12 V 12V

| | |

| |

Reason:

a. There is no voltage since there is no current fhawi
b. Because some of the voltage of a battery has ddopg®ss the resistors.
C. If there is no resistance, there will be no voltdgepped.

d. Others (Please specify):
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11. At which branch the magnitude of current is thedet?

Reason:

——\VW—"VWNV— VN
1 2 R R
—t— A \WN— N/
2
1 R
3 MV
They are the same v |

Because the farthest away the branch from battérget the least current.
Because the current will be divided equally betwsenbranches.
Because more current will pass through the lowstasce branch.

Others (Please specify):

12. Compare the readings of Ammeter 1 and AmmetertRercircuits shown below, whi

one has higher reading?

Reason:

NNV
R
Ammeter 1. — Ammeter 1
- 12V
Ammeter 2. T
They are the same. AN
2R
— 12V Ammeter 2

Because the voltage is the same in both circuits.

Because the greater the resistance, the lower thent for the sameoltage
source.

Because the resistance does not affect the current.

Others (Please specify):
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APPENDIX H: Lesson Plan

OUTY emmwrrrrammn OUTM SEmrTTI

Puan Noor Hamizah Hussain z - v Eead
Learning Basic Concepts.tf’f
of
SRS Electrical Circuits
hamizah@ic.utm.my - - L&_ -
CwW 104 -
L e

OUIV e OV ey

Construct this circuit using Multisim
1. Short Circuit

2. Open Circuit

3. Total Resistance

4. Interpretation of Circuit Diagram 1oV 0o

OVl emmrrrmmm OUTV emmcTrrimmm

a. Can this circuit works? b. Give reasons.
If NO, Why?
If YES, How?

OUTY emmrrrimmm OUTM emmrrimms

¢. What devices can you use to
Now turn on the switch make sure that the circuit really

works?

How many methods that you have?

8

7
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OV e OUTM o

Devices:
Voltmeter d. Construct and simulate the circuit
Ammeter using ALL the devices that you
Light Bulb have mentioned to get the result.

OUlY e VTV emmrrrrimmm

Answer Question 4 e. Explain the working of each

in the answer sheet., circuit.

OUTY

Voltmeter MUST be connected in parallel Save you file now as Circuit1
Ammeter MUST be connected in series
Light Bulb MUST be connected in series

OV emmrrryamm OUTM ey

Construct this circuit using Multisim

Create new file, called Circuit2 00

Copy Circuit1 and Paste onto Circuit2

" >
10V wa S
>




191

OUTY emmrrymmm OUT qmmErrram

a. Can this circuit works? b. Give reasons.
If NO, Why?
If YES, How?

c. What devices can you use to

Now turn on the switch make sure that the circuit really

works?

How many methods that you have?

d. Construct and simulate the circuit Answer Question 4

using ALL the devices that you in the answer sheet.

have mentioned to get the result.

OU euurrryamm OV ey

How much is the current flow

Answer the rest of the thmugh each branch?
questions in the

answer sheet. e. Explain the value of current

flow through each branch

23 24
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OUTV qumrrrymmm OUTY ey

How much is the voltage drop Is the bulbs light up

across each resistor? for each branch?

g. Explain the working of the circuit

f. Explain the value of voltage . .
according to the bulbs lighted.
drop across each resistor.

OV omrrryamm OUTM oumeeraams

h. Explain the steps needed to i. Whatis the total resistance of

measure the total resistance the circuit?

. Exercise 3

QU

Save you file now as Circuit2 Create new file, called Circuit3

Copy Circuit2 and Paste onto Circuit3

Exercise 3

OUTY emrrramy OUIM

Construct this circuit using Multisim

na 500 a. Can this circuit works?
—_—W—

>
0y 0o S
>

31



193

OUTM ouurmrramn OUIM ey

b. Give reasons. Now turn on the switch
If NO, Why?
If YES, How?

33 34

OUIN ouurrramm OUTY quurrrram

c. What devices can you use to
make sure that the circuit d. Construct and simulate the circuit

really works? using ALL the devices that you

have mentioned to get the result.

How many methods that you have?

35 35

OUIM

Answer Question 4 Answer the rest of the

in the answer sheet. questions in the

answer sheet.

AR OUTM gumyreramm

How much is the current flow How much is the voltage drop
through each resistor? across each resistor?
e. Explain the value of current f. Explain the value of voltage
flow through each resistor drop across each resistor.

39 40
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WM Exercise 3

Is the bulbs light up
for each branch? h. Explain the steps needed to

measure the total resistance
g. Explain the working of the circuit

according to the bulbs lighted.

41 42

OUIN =y

i. What is the total resistance of Save you file now as Circuit3

the circuit?

43 44

Discussions &
©UTM OUTM T

Recall back :
1. Short Circuit Answer the rest of the

2. Open Circuit questions in the

3. Total Resistance answer sheet.

4, Interpretation of Circuit Diagram

45 48

Discussions & Discussions &
LU Conciusions [0 LN Conclusions

1. Whatare the behaviors of a 2. Whatare the behaviors of an
Short Circuit? Open Circuit?
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Discussions & UTM Discussions &
Conclusions @,.m.mm Conclusions

3. Whatare the methods of 4. How tointerpretthe

measuring Total Resistance? working of a circuit?

Thank You
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APPENDIX I: Answer Sheet

Tutorial Answer Sheet

Learning Basic Concepts of Electrical Circuits

Name

Mobile Number

Email Address

Instructions:

Answer each exercise as elaborately as you can.

Below are the symbols used / to be used in thisceses

oO--0- @

Ammeter Voltmeter Light Bulb Switch open Switdoged
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Exercise 1:
+
10V (_) 100
1. Can this circuit works?
2. Give reasons to your answer in 1.
3. Now turn on the switch.

What devices can you use to make sure that theitcreally works?
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4. Draw all circuits containing the devices as ricared in 3.

5. Explain the working of each circuit as drawrtin
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Exercise 2:
10 Q /
4'A'A% ®
10V 40 Q §
1. Can this circuit works?
2. Give reasons to your answer in 1.
3. Now turn on the switch.

What devices can you use to make sure that thigitieally works?
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4. Draw all circuits containing the devices as riteted in 3.

5. Explain the value of current flow through eaehistor.

6. Explain the value of voltage drop across easisi@a.
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7. Explain the working of the circuit accordingthe bulbs lighted.

8. Explain the steps needed to measure the tciataace.

9. What is the total resistance of the circuit?



Exercise 3:

10Q / 50 Q
$'A'A ® MNV
lov <+> 400 g
1. Can this circuit works?
2. Give reasons to your answer in 1.
3. Now turn on the switch.

What devices can you use to make sure that thdsitieally works?

202
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4. Draw all circuits containing the devices as riteted in 3.

5. Explain the value of current flow through eaehistor.

6. Explain the value of voltage drop across easisia.
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7. Explain the working of the circuit accordingtbe bulbs lighted

8. Explain the steps needed to measure the tciataace.

9. What is the total resistance of the circuit?
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Discussions and Conclusions:

1. What are the behaviors of a short circuit?
2. What are the behaviors of an open circuit?
3. What are the methods of measuring total resistan

4. How to interpret the working of a circuit?
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APPENDIX J: Multisim Simulated Outputs

Exercise 1

B simulation 1% e



Exercise 2
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o t 1

Ammeter! -

- DC 100090 -

N V) I
=1V

Bulb3 -

@5\.‘_1“1 :

@ Simulation 2 *



Exercise 3
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|

1

o

a2

- Bulb3- - -

@ Simulation 3 * I

<L



Resistances for Exercise 2 and 3

209

Multimeter-.

N )
: = =

D

[y sirmulation 4 * !
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APPENDIX K: Explanatory Statement and Consent Form

EXPLANATORY STATEMENT

Learning Basic Concepts of Electric Circuit Using Titorial Module

The objective of this study is to produce one tiatanodule based on inquiry-based learning and
using the simulation software with an aim for studdo master difficult concepts in basic electric
circuit.

CONSENT FORM

| agree to take part in the above Universiti TekgoMalaysia research project. | have had the
research explained to me, and | have read thisaBgpbry Statement. | understand that agreeing to
take part means thaPlease tick the appropriate bpx

| am willing to participate in the researcher’siates.

| allow the activities to be taped using voice reles and video camera.

I am willing to be interviewed by the researcher.

| allow the interview to be voice recorded.

[ I I O O A

| will make myself available for a further actis, if it is required.

| also understand that my participation is voluptarhich means | can
] choose not to participate in part or all of theesgsh and that | can withdraw
at any stage of the research.

Name

Email address :

Mobile number :

This consent form is a totally confidential docutneh will be stored in UTM International
Campus, Jalan Semarak, Kuala Lumpur and used fothew purposes except as part of UTM'’s
internal requirements which are designed to prdtextonfidentiality and interests of the persons
assisting with this research.

Name of researcher: NOOR HAMIZAH HUSSAIN



APPENDIX L: Content Validation by Expert

ey UNIVLRSILY O

¥ FLORIDA

Department of Materials Science and Engineering 1004 Fhines Hall
PO Box 116400

Gainesville FL 32611-6400

(352) 346-2836

Fax (352) 392-7219

edougsmse ufl edu

Apnl 10, 2012

=

P

To Whom It May Concem:

I am an expert on guded mquiry leamimg,. 1 have developed guided mguiry materials for a one semester
course in Introduction to Materials, I serve on the Steering Committee of POGIL, Inc., which conducts
workshops and other activities on gmded inguiry, and am the sole suthor of Materials Science and
Engmeering: A Guided Inquiry, which is scheduled to be published in January, 2013. My research is in
the areas of understanding student leaming i gmded inquiry classes, how faculty implement gmded
muymry, crtical thinking and problem-solving n engineering, and the use of qualitative methodologies in
engineering education research.

I have examined the PhD thesis of Noor Hamizah Hussain. She appropriately uses the principles of guided
mgury in the simulation exercises that she developed for her research.

Sincerely,

FE
P

Elliot P. Douglas, PhD.
Aszociate Chair and Azsociate Profassor

Distinguished Teaching Scholar
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Instrument Validation by Expert

Title of Research:

Overcoming Learning Difficulties about Short-Circuit and Open-Circuit : Technology-

Supported Inquiry-Based Approach

I hereby acknowledge that the instrument adapted by Noor Hamizah Hussain from Universiti
Teknologi Malaysia International campus has been checked. The outcome lS as follows: (Please
|

tick) |

1. | The objective of the instrument is understood eed modification

!

Z
c
Z

2. | The instrument format is appropriate. No Need modification

The instructions are within the scope of the

(o)
[
o
©
Z.
<

d

. eed modification
research questions.

|
|
|
|
i
|
|

The instructions are relevant to the concepts

4. Yes No i i
that are difficult for students to grasp. Need modification

The instructions are relevant to the content of

€ {eed modification

L

Z

)
=z

basic electric circuit subjects.

The instructions are direct and clear. Students

6. Yes No : :
can understand the instructions easily. Need modification

The content of concept-test is relevant to the

-
Z
=]

Need modification
concepts asked. |

The inquiry-based teaching and learning has

=)
Z.
o]

been implemented thoroughly. I‘Heed modification

212
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Other comments related to the content and instructions:

Instrument Validation by Expert

I hereby acknowledge that the instruments designed and adapted by Noor Hamizah Hussain
from Universiti Teknologi Malaysia International campus has been checked and ready for
validation. Thank you.

Signature . ’Vb/lﬁ—;w
-

Full Name : Neracluwdnt, M 4 Dun
Designation : Hoad d;f P&p (2
Years of Experience in Teaching : 18 jm .

Name and Address of Employer : Uiniversah’ O\Mﬁk Nagrtnad '
Tadasn 1kRAM- UN TEN ), 43000 Koyand

Assoc.me.lr.Dr.Norashidah Md.Din

g::of Electronics & Communication
College of Engineening
Universiti Tenaga Nasional

Stamp of Employer




Instrument Validation by Expert

Title of Research:

Overcoming Learning Difficulties about Short-Circuit and Open-Circpit : Technology-

Supported Inquiry-Based Approach

I hereby acknowledge that the instrument adapted by Noor Hamizah Hussain from Universiti
Teknologi Malaysia International campus has been checked. The outcome isias follows: (Please

tick)

1. | The objective of the instrument is understood No Need modification

2. | The instrument format is appropriate. No Need modification

The instructions are within the scope of the

. No Need modification
research questions.

The instructions are relevant to the concepts

that are difficult for students to grasp. eed modification

The instructions are relevant to the content of

. L . No Need modification
basic electric circuit subjects.

The instructions are direct and clear. Students

NO N . .
. . . ed modification
can understand the instructions easily. N

The content of concept-test is relevant to the
No | Need modification
concepts asked.

The inquiry-based teaching and learning has

No i eat]
been implemented thoroughly. Need modification

® D06 ®Q
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Other comments related to the content and instructions:

[ TiHle Q%ru(cwc/v 0 E«V\W A

gucd, ot
Eecprcal Circnts - T‘M"W -

s One o e meain flons of Hhe v
' faolantls y
Ao m/[nove,/t/\k‘? "’7"'\/67

andepreieg bagic electread D eied

3. m %MM o Cﬂ"ﬂc,&f‘/( Td"f

y i Ao ddress
ALy opprpriote ’
Regearcls Quaxhons
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Instrument Validation by Expert
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I hereby acknowledge that the instruments designed and adapted by Noor Hamizah Hussain

from Universiti Teknologi Malaysia International campus has been chec

validation. Thank you.

Signature

Full Name

Designation

Years of Experience in Teaching :

Name and Address of Employer :

Stamp of Employer

it

ked and ready for

[/'V

DR . YAemiN  HAmum MD

[HAY008

SEMOR  LecTuger

(1 Years

COLLEGE OF ENGINEERING
UNWVERSITI  TENAGH NAS
JALAN  [KRAM~ N |TEN

42009  KpATANG ,
SELavGOR

Dr. Yasmin Hanum Md Thayooo
Senior Lecturer
Department of Etectrical Power Engineersing
College of Engineering
Universiti Tenaga Nasional

r/
pNAL,




Instrument Validation by Expert

Title of Research:

Overcoming Learning Difficulties about Short-Circuit and Open-Circpit : Technology-

Supported Inquiry-Based Approach

I hereby acknowledge that the instrument adapted by Noor Hamizah Huss

ain from Universiti

Teknologi Malaysia International campus has been checked. The outcome isias follows: (Please

tick)

1. | The objective of the instrument is understood \Y;é’ No Need modification

2. | The instrument format is appropriate. Y No Need modification

The instructions are within the scope of the

research questions.

The instructions are relevant to the concepts

that are difficult for students to grasp.

The instructions are relevant to the content of

basic electric circuit subjects.

wn

b

Z.
]
Z

3. \}93 No Need modification

4. &Qﬂ’ No Need modification

eed modification

The instructions are direct and clear. Students

can understand the instructions easily.

The content of concept-test is relevant to the
concepts asked.

The inquiry-based teaching and learning has

been implemented thoroughly.

~J
IR K
i [

Z

=]

z

[¢]

(4

o

=

(=]

2

o]

©

=3

=]

No Need modification

No Need modification
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Other comments related to the content and instructions: i
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Haop Hese insPurmensts ore :«.Ml-ﬁv
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Instrument Validation by Expert
|
I hereby acknowledge that the instruments designed and adapted by Noor Hamizah Hussain
from Universiti Teknologi Malaysia International campus has been checked and ready for

validation. Thank you.

Signature : ; ;omki k
oI =

Full Name : RosiLAH HASSA

PEVSYARAN NI UGRAITI 0SSy

Designation

Years of Experience in Teaching : /13 yenks

PUSAT PENCARAN Sx EavfuTeR
FAEULT) TEENOLSGr o SANS MALUMAT
UnivER3(M KEBANGSAAN fpfipvnl
¢3600 Wk BANSE

sEeAVGOK

Name and Address of Employer :

e el pployer : PROF. MADYA DR, ROSILAH HASSTQ';
PUSAT PENGAJIAN SA|N$ KOMPU R
Fakult Teknolog! dan Sains Makh:ma !
Universiti Kebangsaan N!alays a
43600 UKM Bang!
Selangor



APPENDIX M: Translation Validation by Expert

Translation Validation by Expert

I herely acknowledge that the trenslation of the interview transcripts (from Bahasa Malaysia to
English) for the related concepts that have been identified in this study have been read and

wheck.

Signature : M%i‘

Pull Name : kkAn [ILAH BINTI RADIN SALIAN
Yesignation/Experiise ; ENGINEERING EDUCATION - OBE
Years of Experience in Teaching - 22 Hears

Mame and Address of Emplover

LTI RAZAM Seheal of Enginoesing wnd Advanced Technology
Urietsid Toknologi Malaysin Intemational Campus

Jalsn SmaTae /
La 7400 Fusts Lumpar

Tol: 030815 4FTAE00 Fax: 03-2633 4844
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Translation Validation by Expert

I hereby acknowledge that the transkation of the interview transcripts (from Bahasa Malaysia to
English) for the related econcepis that have been identified in this study have been read and

check,

Signature

Full Mame

Designation/Expertise :

Years of Experience in Teaching :

Name and Address of Emplover

e

Pepb'ial (NN

Evl G (METRIN (6 COMURNICRTION.

4 YEper

ARBATAH BINTI tNN
Moad Dopanmend of Jaint Programme
Cowire for Diploma Studies UTMESACE
UTH Internationad Campus
Jafan Semank
54700 Huale Lumour
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APPENDIX N: Flow of Research Activities

FLOW OF RESEARCH ACTIVITIES

To brief on the flow of activities, conduct Pre-Tasd to

Pre-test session: solicit volunteers for the tutorial session.

Time : First week of semester

Venue : Classroom

1 Ice-breaking session 4 Distribute souvenirs
2 Assign volunteers to the tutorial session accgrtiinaboratory time slot

3 Conduct pre-test 5  Exit speech

To gain information on the students cognitive lexfel

Interview after pre-test: concepts understanding

Time : After the pre-test and before the tutorial session
Venue : Instructors' room
1 Welcome wishes and built rappo 4 Distribute souenir
2 Have students sign the consent form 5 Closing resnark
3 Conduct interview

To implement the simulation tutorial module withquiry-

Tutorial session: based approach.

Time : During semester
Venue : Computer laboratory

Have the checklist ready.
Get the attendance of the students according tagsigned time slot
Guide students to their workstation. 6  Studentafilthe tutorial answer sheet

Students fill up the consent form. 7  Studentaifilthe exit survey.

a A W N

Instructor starts the tutorial 8 Distribute souvenir

Post-test session To conduct Post-Test.

Time : Final week of the semester
Venue : Classroom
1 Welcome wishes and build rappo 3 Give souvenirs

2 Post-test 4 Exit wishes

To conduct interview to determine students' cogaiti

Interview after post-test: conflict and enhancement.

Time : After the post-test
Venue : Instructors' room
1  Welcome wishes and built rappo 4  Distribute souenir

2 Have students sign the consent form 5  Closing resnark
3 Conduct interview



APPENDIX O: Checklist during Intervention

Checklist during tutorial session

BEFORE STUDENTS ARRIVE

223

Ensure computer laboratory is properly set up

Turn on all computers

Turn on all voice recorder and video camera

Ready with name list of students assigned for lihte s

Ensure tutorial answer sheets are ready at thestaiibin

Ensure consent form ready at the workstation

Ensure souvenirs are ready on the registratioe tabl

AT THE BEGINNING OF TUTORIAL SESSION

Welcome all participants

Ensure participants are sitting at the allocatetkstation

Request participants to think-aloud

Request participants to complete tutorial answeesh

Solicit for questions

AT THE END OF TUTORIAL SESSION

Thank participants for their support

Distribute souvenirs to participants

Show their way out

AFTER STUDENTS LEAVE

Save and turn off the voice recorder and video came

Turn off all computers

Close and lock the computer laboratory




APPENDIX P: Assessing Reliability and Normality

Cronbach Alpha coefficient for Concept Test

Case Processing Summary

N %
Cases Valid 86 100.0
Excluded? 0 .0
Total 86 100.0

a. Listwise deletion based on all
variables in the procedure.

Reliability Statistics

Cronbach's
Alpha N of Items
721 24
1. Pilot Test Normality
Histogram

12.5

10.0

7.5

Frequency
|
|

2.5

Mean =15.47
Std. Dev. =3.429
N =86
T

0.0 T T
10 15 20

Total_Marks
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2.

Pretest Normality

Histogram

61

Frequency

1

7.50

T
10.00

3.  Posttest Normality

T
12.50 15.00 17.50
Pretest_score

Histogram

T
20.00

10

Frequency

T
12.00

T
14.00

T T
16.00 18.00
Posttest_score

T
20.00

22.00

Mean =14.26
Std. Dev. =3.529
N =47

Mean =16.70
Std. Dev. =2.527
=47
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APPENDIX Q: Paired-Sample T-Test
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1. Posttest and Pretest
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair Posttest_score 16.7021 47 2.52737 .36865
1 Pretest_score 14.2553 47 3.52918 51478
Paired Samples Test
Paired Difference!
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair Posttest_score
1 - Pretesi_score 2.44681 3.05606 44577 1.54952 3.34410 5.489 46 .000
2. Complete Circuits
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair Post_Complete_circuit 8.4681 47 2.09400 .30544
1 Pre_Complete_Circuit 7.1702 47 1.88032 27427
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
i _ Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
i’a" g?jt-ci?n";’f:;e-ccl'rf:': 1.29787 297025 | 43326 | 42577 | 2.16997 2.996 46 004
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3.  Open Circuits
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair Post_Open_Circuit 3.6170 a7 .87360 12743
1 Pre_Open_circuit 1.0851 47 .92853 .13544
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair Post_Open_Circuit
1 - Pre_ Open,_circuit 2.53191 1.31630 .19200 2.14543 2.91840 13.187 46 .000
4.  Short Circuits
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair Post_Short_circuit 2.8723 47 1.45389 .21207
1 Pre_Short_Circuit 2.4681 47 1.03946 .15162
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair Post_Short_circuit -
1 Pre__Short_E:ircuit 40426 1.72777 .25202 -.10304 91155 1.604 46 116




5.
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Resistance
Paired Samples Statistics
Std. Error
Mean Std. Deviation Mean
Pair Post_Resistance 3.2553 47 .82008 .11962
1 Pre_Resistance 1.8936 47 1.14653 16724
Paired Samples Test
Paired Difference:
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair Post_Resistance

1 - Pre_Resistance 1.36170 1.16890 .17050 1.01850 1.70490 7.986 46 .000
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APPENDIX R: Deleted Question

OUlM emrramy ©UIM

Construct this circuit using Multisim

a. Can this circuit works?

1y 10Q

OUTM eumr-mmm OUTN guuy-eamm

¢. What devices can you use
b. Give reasons. to make sure that the
If NO, Why? circuit really works?
If YES, How?

How many methods that you have?

Ol euurrimmm OUTV qumeErrrymmm

d. Construct and simulate ALL e. Explain the working of
the methods that you have each circuit.

to get the result.
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