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Abstract

The purpose of this study was to investigate the effect of concept cartoon worksheets, gender
and their interaction on pre-service science teachers’ conceptual understanding of geometrical
optics. Participants were 121 sophomore students from four intact classes. A quasi-experimental
design was used as the research method. The experimental group studied geometrical optics with
implementation of concept cartoon worksheets prepared in consideration with a constructivist view
of learning while the control group studied the lesson unit with traditional instruction. Students’
conceptual understandings of geometrical optics were measured by a tree-tier misconception test.
The main effects of treatment, gender and their interactions on post-test scores were examined via
ANCOVA test. The analysis yielded that the worksheets produced a statistically significant treatment
effect; however, gender and gender*treatment interaction effect on students’ post-test performances
were not significant.

Keywords: Concept cartoon worksheet, geometrical optics, conceptual understanding,
misconception

Oz

Bu calismanin amaci, yapilandirmact &grenme kuramma gore hazirlanmis kavram
karikatiirleri ile zenginlestirilmis calisma yapraklarinin, cinsiyetin ve her ikisinin birlikte fen
bilgisi 6gretmen adaylarmin geometrik optik konusundaki kavramsal anlamalarina etkilerini
arastirmaktir. Calismanim 6rneklemini ikinci sinifta 6grenim goren 4 farkh siiftan 121 6gretmen
aday1 olusturmaktadir. Calismada yar1 deneysel desen kullanilmis olup, geometrik optik konusu
deney grubunda ¢alisma yapraklari uygulamilarak, kontrol grubunda ise geleneksel 6gretim yontemi
kullanilarak islenmistir. Adaylarin geometrik optik konusundaki kavramsal anlamalari ii¢ asamali
kavram yanilgisi testi ile dl¢iilmiistiir. Calisma yapraklarinin, cinsiyetin ve bu iki faktoriin birlikte
sontest puanlar tizerindeki etkisi ANCOVA analizi ile test edilmistir. Analiz sonuclari, kavram
karikatiirleri ile zenginlestirilmis calisma yapraklarmin adaylarm geometrik optik konusundaki
kavramsal anlamalar iizerinde istatistiksel olarak anlamh etkilerinin oldugunu, cinsiyet ve ¢alisma
yapraklari etkilesiminin ise anlamli etkilerinin olmadigini gostermistir.

Anahtar Sozciikler: Calisma yapraklari, geometrik optik, kavramsal anlama, kavram yarulgisi.
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Introduction

Over the last decades, students” understandings of key concepts related to physics education
have been an interesting research area for researchers. Studies revealed that students come to
classes with conceptions most of which are different from scientific explanations (Driver, Guesne,
& Tiberghien, 1985; Hammer, 1996; Hestenes, Wells, & Swackhamer, 1992). Learners’ experiences
of the world, the influence of their peers, the media and previous instruction would lead them to
develop these conceptions (Chu, Treagust, & Chandrasegaran, 2009; Fetherstonhaugh & Treagust,
1992; Hestenes et al., 1992; Redish, Saul, & Steinberg, 1998). Often, students’ previous conceptions
interfere with the concepts that are being thought in physics courses and prevent them construct
scientific knowledge (Hammer, 1996; Redish et al., 1998).

These conceptions that contradict with scientific views are called misconceptions (Odom
& Barrow, 1995). Misconceptions are stable cognitive structures that change and affect students’
understanding of scientific concepts (Hammer, 1996). They act as filters and prevent permanent
and meaningful learning (Shunk, 2009). Hence, it is reported that traditional physics instruction
is ineffective in helping students develop a scientific view and their conceptual understandings
(Blizak, Chafigi, & Kendil, 2009). In general, the approaches encouraging active participation of
learners in learning environment are thought to help students construct knowledge meaningfully
(Powell & Kalina, 2009). There exist some alternative teaching strategies such as using worksheets
(Hand & Treagust, 1991), concept cartoons (Keogh & Naylor, 1999; Keogh, Naylor, & Wilson,
1998) and concept cartoon worksheets (Atasoy, 2008; Burhan 2008) to eliminate misconceptions
and promote conceptual understanding within constructivist approach.

Worksheets

Worksheets are important educational tools that help them construct knowledge in their own
minds and encourage students to participate in classroom activities (Atasoy, 2008; Kuo, Chang, Ying
& Jia-Sheng, 2011). It was reported that worksheets draw students” attention to lessons and help
them gain conceptual understanding (Burhan, 2008; Costu & Unal, 2005). There exist studies about
worksheets in the literature. Hand and Treagust (1991) developed seven worksheets to encourage
conceptual conflict in acids and bases unit. They used worksheets in one of the two groups in
10 grade in 1986 and 1987. They reported that the group instructed with worksheets within
constructivist approach outperformed the other group in both years. Redfield (1981) investigated
the effects of different types of worksheets on fifth grade students’ achievement. The worksheets
were administered to the students at three different reading ability levels. The results suggested
that type of worksheet does not have immediate differential effect on students’ achievement. Rix
and McSorley (1999) designed a mini museum and explored how a school-based science center
can contribute to a child’s whole science education, to their knowledge that, how and why, to
their development of scientific skills and processes, and to their development of positive attitudes.
They used three groups of students; first group investigated the exhibit freely, the second group
completed worksheets during their visits and the third group, whose background knowledge was
different from others, experienced the museum as the first group. The authors reported that there
is no apparent difference between children who were not given worksheets and those who were, in
terms of their learning. Cahyadi (2004) investigated the effect of a teaching method consisting of peer
instruction, worksheet utilization, constructivist classroom dialogue and in-class demonstration.
She used worksheets that provide step-by-step guidance to solve physics problems. The results of
the study indicated that the conceptual understanding of students in the experimental group was
better. Atasoy and Akdeniz (2006) evaluated the implementation process of worksheets developed
according to constructivist view of learning in energy unit. The analyses of the lesson observations
and interviews showed that the worksheets were very useful for observing and obtaining expected
results, and made the learning fun. Demircioglu, Demircioglu and Ayas (2004) investigated the
effect of worksheets on remedying teacher candidates’ misconception in granular structure of
matter. The results denoted that the worksheets were effective in remedying misconceptions.
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Concept Cartoons

Concept cartoons were developed by Keogh and Naylor (1992) to propose an innovative
teaching and learning strategy through a constructivist view of learning in science (Keogh &
Naylor, 1999). Concept cartoons express scientific problems related to daily life via character
cartoons and present different views related to real life (Keogh et al., 1998). They can be prepared
as in both posters and worksheets and be used either as instructional material or teaching
method in science courses (Kabapinar, 2009). Two or more characters, who suggest different
explanations, discuss problems or express diverse opinions about the science (Stephenson &
Warwick, 2002). Keogh and others (1998) underlined that by considering these alternatives, the
instructor influences learners’ ideas. It is thought that the use of concept cartoon encourages
students inquire and discuss different opinions over daily life problems. Hence this approach is
a crucial leg of constructivist approach (Naylor & Keogh, 1999; Stephenson & Warwick, 2002).

In the literature, there exist studies about concept cartoons. Keogh and others (1998)
investigated the effectiveness of concept cartoons via classroom observations. They reported
that the use of concept cartoons is an effective approach for finding out pupils’ ideas and
provided a manageable way to promote pupils’ investigation. Keogh and Naylor (1999) studied
the effectiveness of concept cartoons according to the ideas of students, teachers and student
teachers. They reported that according to teachers and learners, the use of concept cartoons
was generally positive and appear to provide a powerful stimulus for learners to focus their
attention on constructing meaningful explanations. Stephenson and Warwick (2002) evaluated
the effectiveness of concept cartoons by investigating the changes in students’ ideas over the
instructions. They reported that the use of concept cartoons is seen as one way of supporting the
teacher attempting to adopt a constructivist approach. Kabapmar (2009) used concept cartoons
as a teaching learning approach and investigated the effectiveness of it on learning according
to students’ ideas. She proposed several ways of making concept cartoons effective. Findings
showed that the concept cartoons in the form of worksheets are effective as posters in remedying
students’ misconceptions. Birisci, Metin and Karakas (2010) investigated pre-service elementary
teachers’ views on concept cartoons. They reported that concept cartoons improved instruction
and made the lecture interesting and entertaining.

Concept Cartoon Worksheets

More recently, the worksheets were developed with concept cartoons. Concept cartoon
worksheets include concept cartoons and some instructional directions. Atasoy (2008)
developed nine concept cartoon worksheets to investigate the effect of them on remedying
freshmen science teacher students’” misconceptions of Newton’s Law of motion in General
Physics-I lesson. Findings showed that concept cartoon worksheets helped students construct
knowledge scientifically in their minds and students gained right interpretation skills.
Burhan (2008) developed five concept cartoon worksheets and investigated the effect of them
on 8" grade students’ understanding in acid and bases. She reported that the worksheets
significantly improved students’ understanding of the concepts and facilitated their conceptual
understanding. Ozmen and Yildirim (2005) developed three worksheets and investigated
the effect of them on 10" grade students’ achievement in acids and bases. They reported
that worksheets increased experimental group students’ achievement significantly. Giirses,
Akdeniz and Atasoy (2006) searched the effect of the concept cartoon worksheets on 6" grade
students’ achievement in electrostatics. The findings indicated that use of worksheets resulted
in increased students” achievements and scientific skills.

Keogh and others (1998) suggested using concept cartoons in physics education. In this
study, I aimed to investigate the effectiveness of concept cartoon worksheets on students’
conceptual understanding of geometrical optics. Students” understanding of geometrical optics
has been investigated in several studies (Bendall, Goldberg & Galili, 1993; Blizak et al., 2009;
Galili, Bendall & Goldberg, 1993; Langley, Ronen & Eylon, 1997). Langley et al. (1997) reported
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that students’ individual notions and the ideas of school optics interfere and this conflict can be
expected to emerge as a source of difficulty during and after formal instruction. Even after the
instructions, students have difficulties in integrating knowledge in certain optics concepts (Galili
et al., 1993). Similar misconceptions related to propagation of light, the vision, the reflection and
the refraction, exist among the students as in different countries (Bendall et al., 1993; Langley et
al., 1997).

In the literature, it was reported that one of the factors affecting students’ conceptual
understanding in science education is gender. Although some of the previous studies (Chu, 2009;
Wang & Andre, 1991) reported significant interaction between gender and treatment, some of
them (Ates, 2005; Chambers & Andre, 1997; Taslidere, 2007) reported insignificant interaction.
There was no consensus among the researchers about the effectiveness of gender on post-test
performances in science education (Ates, 2005). There is a gap about the effects of gender and
treatment on students’ post-test performances. Besides, while conceptual change approaches have
been advocated for helping students deal with misconceptions, hardly any of the research has
examined the effectiveness of concept cartoon worksheet and the relationship between concept
cartoon worksheet and gender for geometrical optics.

Previous studies also indicated that students’ pre-existing conceptions about the scientific
phenomena affect their learning of scientific concepts (Chambers & Andre, 1997; Sencar &
Eryilmaz, 2004). For this study, students’ pre-knowledge in geometrical optics was considered
as the potential confounding factor. Further, it was also considered that students” age and the
high school type, from which they graduated (Anatolian (AHS), General (GHS), Super (SHS),
Vocational (VHS) high schools), may affect students’ post-test performances. Hence, this study
aimed to investigate the effect of concept carton worksheets, gender, and their interaction on pre-
service science teachers’” post-test conceptual understanding scores in geometrical optics, when
their age, conceptual understanding of pre-test scores and school type are controlled.

Method

Purpose

The following research questions framed this study;

1. What is the effect of concept cartoon worksheets on pre-service science teachers’
conceptual understanding of post-test scores (PSTMT) in geometrical optics when their
age, conceptual understanding of pre-test scores (PREMT) and school type (STYP) are
controlled.

2. What is the effect of gender on the PSTMT when their age, the PREMT and STYP are
controlled?

3. Is there an interaction effect between concept cartoon worksheets and pre-service science
teachers’ gender when their age, the PREMT and STYP are controlled?

The variable age was the participants” age at the beginning of the study in terms of year.

Population and Sample

The population of the study consists of all 397 pre-service science teachers studying at
a state university in Turkey, 121 of which participated in the study. These 121 students were
sophomores, taking General Physics-1II lesson in the fall semester of 2010-2011. The students
were studying geometrical optics as a first time with General Physics-III lesson after high school.
Two classes (n,=63, female=39, male=24) were assigned randomly as experimental groups and the
remaining two (n,=58, female=35, male=23) were assigned as control groups, making the sample
30% of the population. Students” ages ranged from 18 to 24 and graduated from the AHS, GHS
and SHS. The number and percentage of students within study groups according to their gender,
age and the STYP are given in Table 1.



148 ERDAL TASLIDERE

An experienced researcher who holds Ph.D. degree in Physics Education conducted the
study. He taught the geometrical optics to both control and experimental groups. The researcher
has thirteen years of teaching experience in high school and university level physics courses.

Table 1.
Number and Percentage of Students within Groups According to Their Gender Age and STYP

Experimental Group

Gender Age STYP
Total
M F Below 20 20 21 Above 21 AHS GHS SHS
N 24 39 37 16 5 5 23 35 5 63
% 38.1 61.9 58.7 25.4 7.9 7.9 36.5 55.6 7.9 100
Control Group
Gender Age STYP
Total
M F Below 20 20 21 Above 21 AHS GHS SHS
N 23 35 23 20 11 4 17 28 13 58
% 39.7 60.3 39.7 345 19.0 6.8 29.3 48.3 224 100
Procedure

A quasi-experimental design was used in the study. The study began with the administration
of the measuring tool to all groups as pre-test. For the three-week treatment period, the
experimental group was instructed the application of concept cartoon worksheets and the control
group received traditional instruction. After the treatments, the same measuring tool was re-
administered as post-test to both groups. The raw data was inserted into the Excel and the SPSS
programs and then it was analyzed both descriptively and inferentially.

Measuring Tool

To measure students’ conceptual understanding of geometrical optics, a Tree-Tier Geometric
Optics Misconception Test (MT) was used. The test was developed by Kutluay (2005) and consists
of 16 questions, measuring 20 misconceptions in geometrical optics. The characteristic of the MT
is that, each item has tree-tiers; the first tier is a conventional multiple-choice question, the second
tier presents some reasons for the given answer to the first tier and the third tier examines if
students are confident about their answers for the previous two tiers (Kutluay, 2005). An example
question is given in Figure 1.
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13.1 A student is sitting in front of the plane

mirror and looking at the image of the peneil Flane myrror
as shown in the figure,

If the student sits on the lefl chair, does the

position of the image of the pencil change™?

i

I
a) Does not change Pencil )

b} Changes —— : ix
= !
=

Student

e

2 For the previous question, how can yon explain vour reasoning?

a) Since students’ sight of view changed, he sees the image of pencil on the right side of
the mirror.

b) Sinee the student moved towards left, the image at the back of the mirror also moves
towards left.

¢) Sinece the position of the pencil did not change, the position of image on the surface of
the mirror does not change

d) Sinee studemts” sight of view changed, he sees the image of pencil at the back. right
side of the murror.

¢) Since the position of the peneil did not change, the position of the image at the back of
the mirror does not change.

f) Sinee the smdent moved towards left. the image on the surface of mirror also moves
towwvards lefi.

13.3 Are you sure about your answers given to the previous twe questions?

a) Sure.
b Not sure

Figure 1. An example three tier item

Kutluay (2005) administered the test to 141 students, and collected the evidences for the
validity and reliability of the test. The validity of the test was estimated by three quantitative
techniques; checking the correlation between students’ scores according to first two tiers and the
confidence level, conducting factor analysis, and estimating the probabilities of false positives
and false negatives. Kutluay calculated the correlation coefficient significant as 0.33 and found
five factors. The proportions of false positives and negatives were estimated as 28.2% and 3.4%
respectively. The reliability coefficient of the Croanbach’s alpha was reported as 0.55. For the
current study, according to the results of post-test, the correlation coefficient was found significant
as 0.46 and reliability coefficient was found as 0.81. The factor analysis denoted five factors and
the proportions of false positives and negatives were calculated as 21.9% and 2.2% respectively.

Development of Concept Cartoon Worksheets

Related literature concerning geometrical optics was searched and students’ possible
misconceptions were determined. Seven concept cartoon worksheets were developed keeping
misconceptions of students in mind. The worksheets were developed by regarding the basics
features of concept cartoons suggested by Keogh and Naylor (1999).

Each worksheet includes title, context, discussion, and activity sections. The context presents
scientific problems related to daily life and at least two characters are discussing and offering
scientific and alternative answers to the question asked in the context. A blank area was placed
under characters for students to write their own ideas about why the character is likely true
before the discussion section. The main purpose of discussion section is to determine students’
pre-knowledge to a particular concept in depth. Finally there exist activity sections which allow
students to construct and test their hypothesis.

The developed worksheets were checked by one physics teacher, two instructors, and one
research assistance. Regarding their feedbacks, necessary adjustments were made. Then, the



150 ERDAL TASLIDERE

worksheets were applied in three different classes as pilot study. The deficiencies in worksheets

and in their application procedures were determined and relevant revisions were made. One of
them is given in Figure 2.

PLANE MIRROR & IMAGE FORMATION -1

In Figurz A, Sertag and Mshmet are sifting Plane mirror
ot the seats. The plane mirror and the
flaming candle are placed on the fable as
shown. Mehmet and flaming candle are
located outside of the front facade
boundaries of reflecting surface of the plane
mitror. Can Sertag and Mhmet 2z the

T,
image of the flaming candle formed by Candle ",
plane mirret? Determine which of the . J"u"“\
follewing charactsrs i3 true about this J5 ) \IH_
situation? 7 Figure & (L J

Mizhmet

zez it ze2 it e it

A"
2 2B 9

Cenk
Ahmet

*Explain vour reasening why the character vou determined s tue? Write your idez inte the area given below,

Neither of them can Only Mehmet caj Only Serfag can \jam can zes it

iscuss with your friends abowt your reasoning and try fo convince yowr friends about the correctness of

your opinion
Activity-1
The soldier within the submarine is lurking above the water surface with the
help of periscope as in Figure B. Can the soldier see the bee? Explain your Mrror — By
reazoning by drawing light ravs. P mi'
r 85 04 Mirror
N Figurs B
Soldier
Activity-2
Efe and Senay are positioned themselves in front of the reflecting
surface of the plane mitrer as in Figurs C. Plane
a- Can these students sz2 their own images through the mirror? miFrar
b- Can each student zee the other’s images through the mirror? Explain
and diseuss your answers with your friends. ?—'\ 1
I Vi
L lQ
)
Figurz C o

Figure 2. Concept cartoon worksheet-1
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Treatment

The study was conducted over three-week treatment period within the context of General
Physics-III Lesson. It consists of the chapters of thermodynamics, geometrical optics, wave
optics, optical instruments, wave motion, alternating current circuits, electromagnetic waves and
particle physics. The topics related to geometrical optics were covered as part of regular classroom
curriculum. Geometrical optics includes the topics of the structure and velocity of light, reflection
and mirrors, refraction and lenses. Students in both groups were exposed to the same content for
the same duration. Students in the experimental groups studied their lessons via concept cartoon
worksheets in line with the Keogh and Naylor’s (1999) suggestions;

* a brief introduction to the activity,

* aninvitation to the learners to reflect on the concept cartoons and to discuss in groups what
they think and why,

* interaction and intervention by the teacher as appropriate during the teaching session,

* practical investigation or research-based activity to follow up the learners’ ideas as
appropriate, encouraged and supported by the teacher as necessary,

* whole class plenary to share and challenge ideas.

The worksheets were distributed to the students and then students were told to read the
context and the question. Meanwhile the worksheet was projected to the screen via projection
equipment. Then, students were encouraged to predict the correct answer by encircling the
character. Each character presents possible scientific or alternative answers in shortly rather than
expressing the underlying reasons in detail. After then, students were asked to write why the
selected character is likely true into the blank area. Upon completing their writings, students
were told to express and discuss their ideas within classroom environment and tried to convince
their friends. Finally, the instructor provided activities to resolve confusion and remediate
misconceptions.

The application of “Image formation by plane mirror-2” worksheet, given in Figure 3, was
presented briefly. The worksheets were distributed to the students. Uponreading the statementand
the question in the context, each student selected their character. For three minutes, the instructor
requested them write why the selected character is likely true and what is the underlying idea?
Students wrote their reasoning and then instructor asked them to advocate their ideas. Some of
them stated that “both characters see the image at different locations as Cenk expressed. Since
line of sights of Ali and Ayse are different, both observe in different positions”. Some presented
that “both characters observe the image at the same location as Ahmet expressed, because the
image is symmetric with respect to object”. Various ideas, like the ones above, were obtained
during discussions; meanwhile most of students were confused. Then, the instructor introduced
the activity section. A similar set up given in the context was constructed and one student (S1)
was sat on the seat as in Ayse’s position. The remaining students were positioned behind the
S1 and enabled to observe the pencil and its’ image through the mirror. Later, the instructor
asked S1 identify the position of the image of the pencil. S1 identified position as behind the
mirror, symmetric with respect to pencil. At that moment, instructor positioned himself behind
the mirror and held 1 m stick ruler above the mirror horizontally in such a way that the ruler
directed from over the head of S1, the pencil and the mirror as in Figure 4.

After that, instructor asked S1: do you see the image of the pencil at any position under the
alignment of the ruler?

S1 answered: no

Then, instructor told Slrechange his position by sitting on the next seat as in Ali’s position
and redefine the position of the image of the pencil. S1 defined it as symmetric with respect to
the pencil, behind the mirror. Later, the instructor repositioned himself rightward and held the
ruler horizontally as directing from the above of the head of S1, the pencil and mirror in diagonal
position compared to previous position.
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Instructor asked S1 again: do you see the image of the pencil at any position under the
alignment of the ruler?

S1 answered: no

Upon this, instructor asked S1 stand up from the seat, look at the image of the pencil and
then move towards the next seat by staring at the image. S1 completed the trip.

After that, instructor asked S1: during your movement, did the location of the image change?

S1 answered: no.
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IMAGE FORMATION BY PLANE MIRROR -2

Flanemirror
In Figurz D, on the table, a pencil i= placed in front of 2 plane mirror i
vertically. Both Ali and Ayze sit on the seats side by side and are T
locking at the reflecting surface of the plane mirror. Where do Al
and Axyze see the image of pencil formed by the plane mirror? At the rt
same location or different locations? Determine which of the
following characters is true about the sitwation? !

Both Ali and Ayzesee the image Eoth Ali and Aygeses the image of
of pencil at the =ame location. pencil at different locations.

! e
L \

Ahmet

*Explam vour rezsoning why the character vou determimed 15 true? Write vour idea mto the arez given below,

Discuss with your friends about your reasoning and try to comvince your friends abowt the correctness of

your opinicn

Activity -1

Step 1: Prepare 2 set up similar to the one given m Figure D

Step 20 Sit on the sezt placed on the right side, m Avyse’s position, and try to observe the mmage of the pencil
formed by the plane mirror.

Question 1: Where do vou see the mmags?

Step 3: Then, sit on the seat placed on the left side, and try to observe the mage of the pencil formed by plane
oL,
Question 2: Whers do you se= the mage at this tmeT

Activity - 2

Step 1: First sit on the seat placed on the left side, m Ali's pesition. By starmg at the mage of the pencil, stand
up, walk towsards the seat placed on the right, and then sit on it Durmg this trip, don’t leave vour eves from the
mmage of the pencil formed by the plane mirror.

Question 3: Durimg this trip, did the lecation of mage formed by the plane mirror change? Write your answer
and reasonig m the blank siven below:

Figure 3. Concept Cartoon Worksheet-2
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Most of the students tried this activity which enabled them discover the fact that,
“the position of image is independent of the position of the observer”. After all, students
were asked to explain why the position of image is independent of observer. Some of them
presented their ideas. Later, the instructor asked one student draw the formation of image of
pencil, given in Figure 3, by drawing light rays on the board. After drawing, a figure similar
to Figure 5 was obtained.

InStrusctor

Figure 4. The set up used in the activity section.

Finally, the instructor explained that; billions of the light rays, coming from each point
of the pencil, reach the reflecting surface of the mirror and reflected obeying the laws of
reflection as in Figure 5. It does not matter where the location of the observer is. Wherever
the observer looks at the mirror, he always observes the image of that point at a position
where the extensions of the reflected rays intersect behind the mirror. As the reflected rays
reach our eyes, we always observe the image of pencil at a location which is symmetric to the
pencil. During the study, 5 more worksheets were used like the worksheets given in Figure
3 and Figure 4.

plane mirror

| g

i
i
‘ |
I
—,
! D)
Pt k] L [
e P
f-._ — T - Ls,
==l
o 1 ¢
— I .

Figure 5. Formation of the image of pencil by plane mirror using light rays.

On the other hand, the control groups received traditional instruction which relied
on instructors’ explanations with no consideration of the students’” misconceptions. The
instructor used overhead projector to show the definitions of concepts, explained the facts,
solved the questions, meanwhile students took notes through the lessons. Students mainly
focused on concepts related to the subject that require less conceptual restructuring. Neither
of the activities developed for experimental groups was used in the control groups.
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Results

Students’ Conceptual Understanding Scores about Geometrical Optics

Students’ test scores were calculated according to the correctness of each item regarding all
tires. If students’ answers for the first two tiers are correct and student is sure about the correctness
of the previous two selections at the third tier, then the item was scored as 1 point. Otherwise, if
one of the first two tiers was wrong or the student was unconfident about his/her pre-selections
at the third tier, then the item was scored as 0 point. Total score was calculated by summing the
scores of each item.

Scores could range from 0 to 16 points; in which higher score denotes higher conceptual
understanding and lower score denotes less conceptual understanding in geometrical optics.
Table 2 shows the descriptive results. As seen, the experimental group gained a mean increase of
5.9 points and the control group gained a mean increase of 0.7 points from the PREMT to PSTMT.
In the experimental group, the males and females increased their average means by 5.1 and 6.5
points respectively. In the control group, the males and females increased their average means by
0.6 and 0.9 points respectively.

Table 2.
Descriptive Statistics Results for the PREMT and PSTMT by Treatment and Gender
PREMT PSTMT
Treatments Gender N Mean SD Mean* SD
Experiment Male 24 2.7 2.1 7.8 2.7
Female 39 1.9 1.6 8.4 3.2
Total 63 2.2 19 8.1 3.0
Control Male 23 2.7 21 3.3 2.4
Female 35 1.5 14 24 1.4
Total 58 2.0 1.8 2.7 2.0
Total Male 47 2.7 2.1 5.8 3.4
Female 74 1.7 1.6 5.4 4.0
Total 121 2.1 1.8 5.5 3.7

Mean*: Adjusted post-test mean scores evaluated at covariate appeared in the model pre-test=2.1

Kutluay (2005) reported the items collected under factors. Items 13, 15, 3, 2 and 1 are only one
members of first, second, third, fourth and fifth factors respectively. The number and percentages
of both experimental and control group students who selected the correct answers of above items
were also investigated. Table 3 denotes the contents of items, the number and percentages of
students having correct answers for both groups before and after instructions. For example, Item
13, given in Figure 1, asks whether the image position of any object in a plane mirror depends
on the observers’ position or not. The analysis denoted that 4 students in the experimental group
(6.3%) and 3 students in the control group (5.2%) selected the correct answer before instructions.
But after instructions, 22 students in the experimental (34.9%) and 4 students in the control group
(6.9%) selected the correct answer. The similar increases in the number and percentages of students
having correct answers can be seen in other items also. As seen from Table 3, experimental group
students gained more conceptual understanding than those of control group.
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Table 3.

Content of Items, and Number and Percentage of Students Having Correct Answers

Experimental Group Control Group

PREMT PSTMT PREMT PSTMT

Items and their contents

N N N N
(%) (%) (%) (%)
Item 13 asks whether the image position of any
bject in a plane mirror depends on the observers’ y 2 5 y
object in a plane mirror depends on the observers 6.3 349 52 6.9
position or not
Item 15 asks whether an observer can see image of
. . - . . 8 41 8 9
any object that is not inside the front region straight
. 12.7 65.1 13.8 15.5
ahead of the mirror.
Item 3 asks what would happen to the shadow of
. . . e 5 36 6 10
any object when the illuminant position is changed
. . . . 7.9 57.1 10.3 17.2
or different sizes of illuminants are used.
Item 2 asks whether the speed of light changes 13 52 10 10
during day and night. 20.6 82.5 17.2 17.2
Item 1 asks whether the objects are seen in the total 8 47 4 10
darkness. 12.3 74.6 6.9 17.2

For the current study, the PREMT, age and STYP was pre-determined as potential
confounding factors. Hence, these variables were correlated with the dependent variable of the
PSTMT. Table 4 denotes the significance test of correlations between the independent variables
and the PSTMT. As seen from Table 4, the PREMT significantly correlated with the PSTMT.
Hence, the PREMT was determined as covariate of the study.

Table 4.

Correlations between Dependent and Independent Variables

Correlation coefficients

Variables

PSTMT
PREMT 246%*
Age A1
STYP -11

**Correlation is significant at least 0.01 level (2-tailed)

The major purpose of this study was to determine the effects of the concept cartoon
worksheets, gender and treatment*gender interaction on pre-service science teachers” conceptual
understanding of geometrical optics. Hence, the statistical analysis of ANCOVA was conducted
by considering the PREMT as covariate. During analyses, the probability of rejecting true null
hypothesis (Type 1-error) was set to 0.05 as a priori to hypothesis testing. The effect size was
set to large value (0.8 for mean difference and 0.33 for variance). All of the assumptions for
the ANCOVA were tested and verified. The results of the ANCOVA denoted that, there was a
statistically significant main effect of treatment on the PSTMT (F (1, 116) = 129.5, p= .000). On
the other hand the main effect of gender (F (1, 116) = 0.100, p= .824) and the interaction effect of
treatment *gender (F (1, 116) = 3.00, p=.088) were insignificant on the PSTMT. Table 5 shows the
ANCOVA results.
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Table 5.

ANCOVA Tauble for the PSTMT Means Scores by Treatments and Gender
Source SS Df MS F P ES OP
Corrected Model 975.0 4 243.7 41.3 .000 .59 1.00
Intercept 995.4 1 995.4 168.5 .000 .59 1.00
PREMT 55.3 1 55.3 9.4 .003 .08 0.86
Treatment 764.9 1 764.9 129.5 .000 .53 1.00
Gender 0.3 1 0.3 0.1 .824 .00 0.06
Treatment*Gender 17.5 1 17.5 3.0 .088 .03 0.40
Error 685.1 116 5.9
Total 5370.0 121
Corrected Total 1660.1 120

R Squared = .587 (Adjusted R Squared = .573)

Discussion

The current study investigated the effects of concept cartoon worksheets, gender and their
interaction on pre-service science teachers’ conceptual understanding of geometrical optics. The
study also presents development of concept cartoon worksheets and practical application of
them in constructivist classroom environment. The effect size was preset to a large value (0.33 for
variance) and the SPSS calculated it 0.53 (Eta Squared), which corresponds to large value (Cohen
& Cohen, 1983). The observed statistical power was calculated as 1.00. These evidences denote
that the current study has practical significance as well as statistical significance.

The outcomes of the study indicated that the group instructed through the concept cartoon
worksheets significantly outperformed the students instructed with traditional instruction
in understanding key concepts involved in geometrical optics. The results are consistent with
those of the previous studies (Atasoy, 2008; Birisci et al., 2010; Burhan, 2008; Cahyadi, 2004;
Costu et al.,, 2003; Demircioglu et al., 2004; Giirses et al., 2006; Ozmen & Yildirim, 2003). This
expected success can be attributed to the active participation of experimental group students
into the teaching learning activities. According to the constructivism, students actively engage
in the development of their own ideas, be guided and supported by the instructor and their
peers (Powell & Kalina, 2009). For the current study, as constructivist approach implied, students
were active both socially and cognitively throughout the study. Students had enough time to
identify and express their pre-conceptions, examine their usefulness and apply them in context.
Students read the context, the focus question and then found themselves in discussions over the
characters. With discussions, students’ pre-conceptions were activated and shared with others.
It was observed that most of the students were influenced from each other and confused about
the correctness of their ideas. After discussions, conduction of activities enabled them examine
the adequacy of their pre-conceptions and forced them argue about their pre-knowledge. During
activities, students were encouraged to generate, test and accept or reject their hypotheses. This
led to disequilibrium when predictions based on prior beliefs are contradicted and provided the
opportunity to construct scientific concepts. As previous studies (Birisci et al., 2010; Keogh et al.,
1998; Keogh & Naylor, 1999) reported, students participated actively in all phases of the study.

The results of the statistical analyses denoted that the use of concept cartoon worksheets
increased experimental group students’ conceptual understanding in key concepts more
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than that of control group. For example, students in both groups were confusing whether the
image position of any object in a plane mirror depends on the observers’ position or not. After
instruction, 28.6% in the experimental and 1.7% in the control group did better at the post-test
than the pre-test. Students were also having difficulties in determining whether an observer can
see the image of any object that is not inside the front region straight ahead of the mirror or not?
After instruction, 52.4% in the experimental and again only 1.7% in the control group students
did better at the post-test. Another weakness of students was that they were confusing image
formation with shadow formation. They were not able to explain what would happen to the
shadow of any object when the illuminant position is changed or different sizes of illuminant are
used. After treatment, 41.3% in the experimental and 1.8% in the control group did better at the
post-test. In high school geometrical optics lessons, the speed of light, its” value and dependency
of medium are always studied. But unfortunately most of the students presented that the speed
of light differs according to day time and night time at the pre-test. After instruction, 61.9% in
the experimental group selected the correct answer compared to the pre-test. On the other hand,
no gain was observed in control group students. Another important weakness of students was
that most of them were confusing luminous and nonluminous objects. They were considering
that all white objects emit their lights and can be seen in a completely dark room. Students were
confusing the fact of “white objects can reflect the light well” with “all white objects emit their
own light”. But after instruction, 62.3% in the experimental group and 10.3% in the control group
realized this difference and did better at the post-test.

On the other hand, the students in the control group just followed the lectures and solved the
questions. Students were just passive listeners following the instructor. Hence, they did not apply
their pre-conceptions to different context offered as in concept cartoon worksheets and did not
discuss their ideas to influence each other. They mainly focused on concepts related to the subject
that require less conceptual restructuring. Since they have no experienced the activities, they
were not able to generate and test their hypotheses and no conceptual restructuring happened in
their minds. Although in control group, neither of the activities developed for the experimental
group was conducted, their average achievement means slightly increased. This increase in the
mean score of achievement has resulted from normal traditional instruction, because traditional
instruction also aimed to success the objectives of the course. The content of the unit was explained
verbally over power point, blackboard, and the related questions were solved without applying
concept cartoon worksheets, conducting classroom discussions and encouraging conceptual
restructuring.

Gender is a potential factor which is likely to affect students’ post-test performances in science
education. However, the current study denoted no significant effect of gender and gender*treatment
interaction on students’ post-test performances like the previous studies (Ates, 2005; Chambers
& Andre, 1997; Tashidere, 2007). The results showed that when the PREMT was controlled, the
application of the concept cartoon worksheet was found to be equally effective in teaching
geometrical optics for both females and males. In the literature, there is a gap about the effects of
gender and treatment*gender interaction on students’ post-test performances and no theoretical
explanation is available for the topic of geometrical optics. Wang and Andre (1991) reported that
the instructional manipulations may have different effects for the males and females because of
differential motivation. During the conduction of the current study, the instructor observed that
males and females’ motivation were almost equal and high. Both were actively participated in
the study, took part in discussions and activities. This may have led to the insignificant effect of
gender and treatment*gender interaction.

Beyond these, the effects of students” age and STYP on the PSTMT were also investigated.
But, no statistically significant results were found. Findings indicated that although the ages of
the participants were 18 to 24 years, and they were graduated from different types of high schools,
all have benefited equally from the application of concept cartoon worksheets.



THE EFFECT OF CONCEPT CARTOON WORKSHEETS ON
STUDENTS’ CONCEPTUAL UNDERSTANDINGS OF GEOMETRICAL 1
OPTICS

Conclusion and Suggestion

The results of the current study indicated that the use of concept cartoon worksheet was
beneficial for pre-service science teachers’ conceptual understanding of geometrical optics
regardless of their gender, age and high school type. The applications of concept cartoon
worksheet helped them overcome common learning difficulties and construct key concepts in
geometrical optics. Hence, the use of concept cartoon worksheet in science education may be of
particular value to the pre-service science teachers. It could be used in all grade levels and other
subject matters.

Efforts to increase future science teachers’ conceptual understanding by concept cartoon
worksheets are of particular importance in that they may result in effective science instruction
which affects large numbers of future science learners. Taking consideration that the participants
will be science teacher in the future, this study enables them define the development and practical
application of concept cartoon worksheets and compare it with other alternative teaching
methods. Physics teachers or instructors may develop concept cartoon worksheets and use them
in their lessons. A similar study can be conducted with other units of physics lessons or other
disciplines and the results can be compared with the results of current study.
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