VB; Online Science Education Journal
2020; 5(1):1 - 8.

http://dergipark.gov.tr/ofed

Effects of 3D Applications in Organic Chemistry Lessons on Preservice
Teachers’ Spatial Ability

Soner Yavuz*, Zonguldak Biilent Ecevit University, Eregli Faculty of Education
_ Cem Buyiikeksi, Zonguldak Biilent Ecevit University, Eregli Faculty of Education
Ozglir Murat Colakoglu, Zonguldak Biilent Ecevit University, Eregli Faculty of Education

*Corresponding Author: yavuz@beun.edu.tr

Yavuz, S., Biiyiikeksi, C. & Colakoglu, O. M. (2020). Effects of 3D applications in
organic chemistry lessons on students’ spatial ability. Online Science Education Journal,
5(1): 1-8.

To cite this article

Article Info

Abstract

Article History

Received:
31 December 2019

Accepted:
12 April 2020

Keywords

Spatial ability

3D pen

3D printer
Organic chemistry

Chemistry lessons, especially organic chemistry lessons, require basic skills to
imagine and mentally rotate 3D and 2D objects. These skills are related to spatial
ability. For meaningful learning, students should have enough spatial ability and
teachers should consider to develop students’ spatial ability. Spatial ability could
be developed permanently by activities and training. 3D printers and 3D pens
could be effectively used to design and apply such activities. This research is
conducted to analyze the effect of 3D applications on Elementary Science
Education students’ spatial ability in Organic Chemistry lessons. Organic
molecule models were designed and printed in 3D printers. The molecules were
used in Organic Chemistry lessons to show coordination of atoms. Also the
students draw 3D molecule structures by using a 3D pen. The Purdue
Visualization of Rotation Test was administered as pretest and posttest to analyze
spatial ability level of the students. The result of the study shows that; traditional
Organic Chemistry lessons have no significant effect on spatial ability

development; however, 3D applications have significant effect on spatial ability
development.

INTRODUCTION

Organic chemistry could be identified as the chemistry of carbon compounds and
carbon is an essential element for all living organisms on earth (Solomons, 1990).
Stereochemistry is a key element to comprehend organic compounds (Kurbanoglu &
Taskesengil, 2002). Difficulties in learning stereochemistry could become an obstacle in
organic chemistry education (Barta & Stille, 1994) and teachers should be aware of these
difficulties and should look for methods to overcome the difficulties.

Drawing molecule structures became very easy by the help of software such as ACD / Chem
Sketch (Akpolat & Kartal, 2009). Besides, virtual reality and online communication facilitate
people to create and share three dimensional (3D) objects (Hai, 2010). Technological
developments provide unlimited opportunities by distance education, simulations and
visualization of scientific phenomena. International educational institutions and educators
consider the potential of 3D virtual environments that support a place to work in a group
regardless of the location (Dalgarno & Lee, 2010). 3D simulations have positive effects;
however, it does not give tangible products. 3D printers close this gap. 3D printers convert
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virtual objects to real objects. Actually 3D printers not only print but also ‘make’ objects.
Products of 3D printers are just limited to imagination. All chemical molecules could be
constructed by 3D printers.

Chemistry deals with atoms, molecules and their orientation in space. For this reason, it is
inevitable to consider spatial ability for chemistry education. Spatial ability has an effect on
students’ organic chemistry achievement. Students, who have high spatial ability scores, are
more successful on complex multiple-step problems that require problem solving skills and
mental manipulation of objects, however, spatial ability has no significant effect on solving
some organic chemistry problems, which could be solved by a simple algorithm (Pribyl &
Bodner, 1987). Organic chemistry courses include spatial visualization processes, and
students, who have low spatial ability, may not able to perform such processes (Supasorns,
Suits, Jones & Vibuljan; 2008).

Spatial ability is a cognitive measure and could be examined by tests. Spatial ability tests
measure participant’s performance on the rotation of 2D objects and 3D objects in space.
These tests are mainly three types regarding test administration time. Power test measures
ability in enough time to complete, and speed test measures ability in a limited time. Third
type is speeded test is a kind of combination of power test and speed test and it is
administered in a limited time (Lu & Sireci, 2007).

Activities and training could help to improve spatial ability, and medium term applications
make this improvement permanent (Terlecki, Newcombe & Little, 2008). Technological
developments facilitate the use of beneficial activities. 3D printers and 3D pens are
technological tools to diversify learning environments. Teachers could utilize 3D printers and
3D pens for developing activities and students could make training by 3D objects to develop
spatial ability.

The main research question of this research is; “What is the effect of 3D applications on
students’ spatial ability?”. Beside that, another research question is posed as “Is there any
effect of organic chemistry lessons on students’ spatial ability?”.

The results of the study may highlight the importance of 3D applications and reveal the effect
of 3D applications on spatial ability development.

Methodology of Research

Quasi-experimental research with nonequivalent groups design was conducted to
examine the effect of 3D applications on students’ spatial ability. For this purpose, students
designed organic molecules, such as nitrobenzene, acetylsalicylic acid etc., and they draw by
using a 3D pen in one semester. Also fundamental organic molecule structures were
constructed by 3D printer and these molecules were used in Organic Chemistry lesson spring
semester in the 2016-2017 academic year.

Sample of Research

Sample of research is 80 2nd grade level Elementary Science Education students in
Eregli Faculty of Education, at Zonguldak Biilent Ecevit University. Only accessible and
available students participated in this study, so convenient sampling is used in the sampling
procedure. Data were collected in the 2015-2016 academic year and 2016-2017 academic
year. 40 2nd grade level Elementary Science Education students in the 2015-2016 academic
year were assigned as control group and 40 2nd grade level Elementary Science Education
students in the 2016-2017 academic year were assigned as experimental group. All students in



Yavuz, Biiylikeksi & Colakoglu, 2020

this study were assigned to Organic Chemistry lessons. The Purdue Visualization of Rotation
Test was administered to students at the beginning of the study. Spatial ability levels of the
experimental and control groups are not significantly different (Table 1.)

The experimental group and the control group did not practice in the same semester. Both the
control group and the experimental group members studied the same curriculum in a smiliar
context, so extraneous variables, such as context, effect of lecturer, effect of course loading,
were assumed identical.

Instrument and Procedures

Data collection instrument of the research is The Purdue Visualization of Rotation
Test. The test was developed by Guay (1976) and it was revised by Yoon (2011). Test has 30
items and it is aimed to measure spatial ability in 3D mental rotation in a limited time. Time
limit was 20 minutes for both pre-test and post-test application. In order to check internal
consistency, Kuder-Richardson reliability coefficient was calculated and found as 0,73.

The Purdue Visualization of Rotation Test was administered to both the control group and the
experimental group as pretest at the beginning of semester and posttest at the end of the
semester.

Picture 1. Balls and sticks model

Any special teaching method was not applied in the control group. The students in the control
group just used molecular model kits involving balls and sticks. The molecular model Kkit,
which consists of balls and sticks, is easy to operate and students do not need to spend a long
time constructing a molecule (Picture 1.). Besides this, the kit is limited to construct only
simple molecules.
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Picture 2. Molecule model constructed with 3D printer

Picture 3. Molecule model constructed with 3D pen

The control group lessons were supported by 3D printed organic molecules (Picture2.). They
designed and built organic molecules by using 3D pens (Picture3. and Picture 4.). They were

not familiar with 3D pens but it is easy to operate. The students were aware that unlimited
molecules could be constructed.
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Picture 4. Students are constructing molecule model with 3D pen

Data Analysis

Normality assumption of all pretest scores of control and experimental group were
analyzed with Kolmogorov-Smirnov test (p>0,05). Kolmogorov-Smirnov test checks scores
whether distribution of scores deviate from normal distribution (Field, 2013). According to
results, parametric statistics methods were conducted. Data were analyzed in SPSS package
program by independent t-test and paired t-test in 95% confidence interval.

RESULTS
An independent samples t-test was conducted to compare scores of the control group
and the experimental group. There is no significant difference in The Purdue Visualization of
Rotation scores of the experimental group (M=11,88, SD=4.58) and the control group
(M=12,38, SD=3,99), t(78)=0,52, p=0,60 (Table 1.).

Table 1. Independent t test scores of The Purdue Visualization of Rotation Test

N M S.D. df t p
Experimental Group 11,88 4.58

40 78 0,52 0,60
Control Group 12,38 3.99

Table 2. Paired t test scores of control group

N M S.D. df t p
Pre-test 12.38 3.99

40 39 0,94 0,35
Post-test 13.00 4,96

A paired-sample t-test was conducted to compare the control group’s pretest scores and
posttest scores. There is no significant difference between pre-test scores (M=12,38,
SD=3,99) and posttest (M=13,00, SD=4,96) scores; t(39)=0,94, p= 0,35 .
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Table 3. Paired t test scores of experimental group

N M S.D. df t p
Pre-test 11.88 458

40 39 2.92 0,01
Post-test 13.30 5.40

A paired-sample t-test was conducted to compare the experimental group’s pretest scores and
posttest scores. There is significant difference between pretest scores (M=11,88, SD=4,58)
and posttest (M=13,30, SD=5,40) scores; t(39)=2,92, p= 0,01 .

DISCUSSION AND CONCLUSION

The experimental group and the control group were assumed as identical because they
were studying at the same department and same grade level. Also spatial ability levels of the
experimental group and the control group were not significantly different (Table 1.). There
were two expected variables which affect spatial ability; Organic Chemistry lessons and 3D
applications. Analysis of the control group’s pretest and posttest scores (Table 2.) revealed the
effect of Organic Chemistry lessons on spatial ability. The control group’s spatial ability
scores had increased but there was no significant difference. So we argue that traditional
Organic Chemistry lessons performed by lecturing have no significant effect on spatial ability
development. Similarly, Salkind (1976) stated the deficiency of traditional teaching to
develop spatial ability. Organic chemistry course involves mental manipulation of 3D objects,
but this course is not enough to develop spatial ability without appropriate activities. 3D
diagrams are a part of Organic Chemistry lessons but as Huang & Lin (2017) stated; just
figuring 3D images in students’ minds has only a limited impact on spatial visualization.
Omar & Mozol (2020) have reported the positive effect of 3D applications in Chemistry
classes on spatial ability. They conducted an experimental study to test effectiveness of
technological aids and 3D materials. The results revealed the 3D materials’ superiority over
technological aids. We can conclude that 3D materials, rather than 3D images, could help to
improve spatial ability.

The main research question was tested by analyzing pretest scores and posttest scores of the
experimental group (Table 3.). This result reveals the positive effect of 3D applications on
students’ spatial ability. The control group had also used molecular models, but they did not
use their creativity and they did not spend a long time. Because molecular model sets are
limited to construct basic molecules and it is too easy. The Students, who are using 3D pens,
are not limited by tools. On the contrary, dealing with a 3D pen and spending time by creating
molecules motivates them. Molecular model sets are intended to create molecules without
error and it prevents the development of students’ spatial ability. On the other hand, students
creating molecules by 3D pen have the possibility to make errors. They could notice the error
and learn the cause of error.

Students should have accurate and realistic imagery to have a robust idea about visualization
(Olkun & Ugar, 2007). Molecular model sets provide accurate and realistic imagery, but it is
not sufficient to develop spatial ability. Activities based on spatial training help to develop
spatial ability (Owens & Clements, 1998), but appropriate materials should be used in such
activities (Olkun & Altun, 2003). Molecular model sets are not enough to develop spatial
skill, because these sets are designed to create just molecules. Students do not have to
manipulate figures. On the other hand, 3D pens are not designed to draw just specific objects.
Students have to design molecules mentally and give decisions about processes. So students
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engage more mentally active when building molecules with 3D pens, compared to building
molecules with molecular model sets.

Chemistry courses, especially organic chemistry, deal with atoms, molecules and their
orientation in space. Students should be able to imagine molecules orientation and also
rotations in space. Besides, chemistry includes concrete and abstract phenomena. Abstract
phenomena could be transformed into concrete phenomena by visualization. These facts
highlight the importance of spatial ability, so students’ spatial ability should be improved. 3D
applications have a positive effect on spatial ability development. 3D applications could be
integrated into the curriculum not only in Organic Chemistry but also other courses involving
models and figures. In order to improve spatial ability, activities with 3D materials are
superior over just dealing with images. Similarly, creating 3D objects is superior over
performing activities with pre-built 3D materials.
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In this study, it was aimed to determine the views of graduate students towards
the argumentation-based teaching approach. The study group of the research
consists of 15 graduate students in different branches. As a result of the research,
it was determined that the knowledge of the participants about the argumentation-
based teaching approach was not sufficient, while science and computer teachers
were more knowledgeable. In the study, participants agree that the argumentation-
based teaching approach has a positive effect on the learning process, conceptual
understanding and the nature of science. Participants report that the
argumentation-based  teaching  approach  develops critical  thinking,
communication, scientific thinking and permanent learning skills, while poor
class readiness, student readiness and time can negatively affect the learning
process.
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Bu aragtirmada yiiksek lisans Ogrencilerinin argiimantasyon temelli 6gretim
yaklagimina yonelik goriiglerinin  belirlenmesi amaglanmistir.  Arastirmanin
calisma grubu, farkli branglarda 15 yiiksek lisans 6grencisinden olugmaktadir.
Arastirma nitel bir arastirmadir. Arastirmada elde edilen verilerin analizinde
icerik analizi yontemi kullanilmistir. Arastirmanin  sonucunda, genelde
katilimcilarin argiimantasyon temelli 6gretim yaklasimi hakkindaki bilgilerinin
yeterli olmadig1 tespit edilirken fen bilgisi ve bilgisayar 6gretmenlerinin daha
bilgili olduklar1 belirlenmistir. Arastirmada katilimcilar argiimantasyon temelli
Ogretim yaklasgiminin 6grenme siirecine, kavramsal anlamaya ve bilimin dogasina
iligkin olumlu etki ettigini bildirmektedirler. Katilimcilar, argiimantasyon temelli
Ogretim yaklasiminin elestirel diisiinme, iletisim, bilimsel diisiinme ve kalici
O0grenme becerilerini gelistirirken, sinif mevcudu, 6grenci hazirbulunuslugunun
yetersiz olmasmin ve zamanin Ogrenme siirecini olumsuz etkileyebilecegini
bildirmektedirler.

GIRIiS

Fen bilimleri egitimi hizla degisen teknoloji ve bilime eslik etmeye calismaktadir. Bu
degisimlerden biride 6grencilerin yaparak yasayarak 6grendigi, 68renciyi merkeze alan eski
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bilgilerle yeni bilgileri yapilandiran yaklasim olan yapilandirmaci yaklasimdir (Giinel, Kingir
ve Geban, 2012). Yapilandirmaci yaklasimi i¢ine alan uygulama alanlarindan biride
argiimantasyon temelli &gretim yaklasimidir.  Ogrenme ortamlarinda, &grenci yasadig
olaylar1 aciklamali, argiiman olusturmali, 68retmen ise Ogrencinin kendini rahatca ifade
edebilecegi ortamlar1 hazirlamalidir. Ogretim siirecinde 6grenci fikirler olusturmal,
arastirmalar yapip farkl fikirleri veriler ve gerekgelerini agiklayarak ciiriitmeli 6gretmen
olusan tartisma siirecini yonlendirmeli ve bir rehber rolii tstlenmelidir (MEB, 2013). MEB
(2018) programinda argiiman; iddia, ¢iiriitme, karsit argiiman olusturma, bilimsel olgularin
yarar ve zararlari tartisan ortamlarin olusturulmasina vurgu yapilmistir (MEB, 2018). Fen
bilimleri dersinde onem kazanan argiimantasyon ilk olarak Toulmin (1958) ele almis ve
iddialar verilere dayandirarak uygun gerekgelere iligkilendirme siireci olarak tanimlamistir.
Bilim insanlarmin kullandig1 alt1 6geye argiiman ismini vermistir. Bu 6geler: iddia, veriler,
gerekeeler, destekler, cliriitme, niteleyiciler, karsit gorlislerdir (Erduran, Simon ve Osborne,
2004). Iddia, gdzlemler sonucunda ya da bir konu, olay sonrasi olusan goriisler, hipotezler;
veriler iddiay1 destekleyen bilimsel kanit ya da gerekgelerdir. Gerekgeler ise iddia ve veriler
sonucunda olusan bilimsel bulgulardir. Destekleyiciler daha 6nceden ispatlanmis, herkes
tarafindan kabul gormiis iddialarin dogrulugunu kuvvetlendiren kanitlardir. Ciirlitme farkl
iddialar1 gecersizligini; niteleyiciler her zaman, genellikle, nadiren gibi sinirliklar1 belirleyen
ifadelerdir (Apaydin, Peker ve Tas, 2012; Cepni, 2016; Toulmin, 2003; Tiimay ve Koseoglu,
2011).

Argiimantasyon, dersi verimli hale getiritken Ogrencilerdeki bilis ve iist bilisi harekete
gecirmekte, bilimsel akil ytiriitme ile kalic1 izli 6grenmelere neden olmakta, 6grencilerin derse
katilmasiyla beraber iletisim becerileri ve elestirel diistinme becerilerini gelistirmekte,
bilimsel okuryazarligi saglamakta ve bilimsel akil yiiriitmeyi artirmaktadir (Jiménez-
Aleixandre ve Erduran, 2007). Arglimantasyona dayali egitimin sinirliliklarindan bazilarinin
ise ogrenciler arasindaki diizey farki, konuya uyarlanabilmesi, zaman, konunun merkezinden
uzaklasma ve kalabalik gruplar olarak diistinliilmektedir. Argiimantasyonun bir¢ok uygulama
alam1 vardir. Kavram karikatiirleri, tahmin gozlem agiklama teknigi, siif i¢i sdylem, akil
yiriitme teknigi bunlara Ornek verilebilir. Arglimantasyon temelli 6gretim yaklagimi
matematikte kesinligi saglamak ve dogrulugu ispatlamak amaciyla kullanilir (Biilbiil ve
Urhan, 2016). Fen bilimlerinde ise iddialar, kanitlar, argiiman1 yapilandirma ve farkli iddialart
aciklamak i¢in kullamilir (Higde ve Aktamis, 2017). Kuhn (1991) problem ¢o6ziimii i¢in
argliman olusturulmasi ve degerlendirilmesi gerektiginden bahsetmistir. Bilimsel akil yliriitme
ve argiimantasyon delillere dayanarak ortaya koydugu diislinceler i¢in gerekceler sunmasi
bilimi diger disiplinlerden ayirmistir (Siegel, 1989).

Cesitli aragtirmacilar tarafindan O6gretmen adaylarinin argiimantasyon temelli 6grenme
yaklagimina yonelik goriisleri (Aktamis ve Atmaca, 2016; Aydemir, Karakaya Cirit, Kaya ve
Azger, 2018); bilimsel siire¢ becerilerine ve derse yonelik tutumuna etkisi (Aslan, 2016 );
fen ogretimi 6zyeterlik inancina etkisi (Eymur ve Cetin, 2017); basarilarina ve laboratuvara
yonelik tutumlarina etkisi (Erkol, Kisoglu ve Giil, 2017); argiimantasyon diizeyleri (Ozcan,
Aktamis ve Higde, 2018) arastirlmistir. Apaydin ve Kandemir (2018) Toulmin
arglimantasyon yonteminin sadece fen bilimlerinde degil, diger alanlarda da kullanilabilecegi
diisiincesini belirtmektedir. Aydin ve Kaptan (2014) argiimantasyon tabanli egitimi yalnizca
fen bilimlerinde degil biitiin derslerde (sinif, matematik, sosyal bilgiler gibi) kullanilabilen bir
bakis acgist olarak tanimlamiglardir. Aktamis ve Atmaca (2016), ilkdgretimden baslayarak
derslerde argiimantasyonun kullanilmasinin argiimantasyona dair olumsuz goriisleri azaltacagi
bildirmektedir.
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Arastirmanin Amaci

Bu arastirmada, yiliksek lisans oOgrencilerinin argiimantasyon temelli Ogretim
yaklagimimna iligkin goriislerinin  belirlenmesi amaclanmistir. Ayrica yiikksek lisans
Ogrencilerinin argiimantasyon temelli 68retim yaklasiminin 6gretim siireglerinde uygulamaya
gecirilmesi  hakkindaki gorlisleri degerlendirilerek argiimantasyon temelli §gretim
yaklasiminin avantaj ve dezavantajlari belirlenmeye ¢alisilmistir.

YONTEM

Arastirma Deseni

Aragtirma da yiiksek lisans 6grencilerinin argiimantasyon temelli 6gretim yaklagimina
yonelik goriislerini belirlemek amaciyla nitel arastirma yontemi kullanilmistir. Nitel arastirma
arastirmacilarin arastirilacak konular1 dogal ortaminda, insanlarin bakis agisindan olguyu
anlamlandirma ¢abasi i¢inde olduklart bir arastirma yontemidir (Denzin ve Lincoln, 1998)
Nitel arastirma yontemi “gbzlem, goriisme ve dokiiman analizi gibi nitel veri toplama
yontemlerinin kullanildigi, algilarin ve olaylarin dogal ortamda gergeke¢i ve biitiinciil bir
bicimde ortaya konmasina yonelik nitel bir siirecin izlendigi arastirmadir” (Yildirim ve
Simsek 1999). Nitel arastirma metodlar ortami etkilemeden sosyal olgularin agiklanmasina
calisan gesitli arastirma basamaklarini igerir (Merriam, 1998).

Calisma Grubu

Bu calisma, Devlet Universitelerinin Egitim Bilimleri Enstitiisiinde dgrenim goren
farkli branslardaki yiiksek lisans 6grencileri ile gerceklestirilmistir. Arastirmanin katilimci
grubu 15 kisiden olugsmaktadir. Katilimci grupta yer alan 15 6grencinin 12’1 kadin (%75), 3’1
erkek (%25) oOgrencilerden olusmaktadir. Calisma grubunun %6.66’sin1 miizik, %20’sini
matematik, %13.33’linli bilgisayar, %13.33’lini fizik, %6.66’sin1 smif ve %40’in1 da fen
bilgisi 6gretmenleri olusturmaktadir. Arastirmaya katilan katilimcilar K1°’den K15’e kadar
siralanmustir.

Veri Toplama Araclan

Arastirmada Timay (2008) tarafindan gelistirilen “Bilimde ve Bilim Egitiminde
Argiimantasyon Hakkinda Ag¢ik Ug¢lu Soru Formu” kullanilmistir. A¢ik ug¢lu soru formu
gegerliligi iic fen egitimcisi tarafindan kontrol edilerek, gerekli diizenlemelerden sonra
kullanilmistir (Tiimay, 2008). Arastirmada kullanilan soru formu ile katilimcilarin bilimde
argiimantasyonun rolii hakkindaki goriislerini belirlemek amaciyla veri- delil arasindaki
farklar; 6grenme yaklagimi olarak arglimantasyonun ogrencilerin 6grenmesini nasil etkiledigi
ve katilimcilarin argiimantasyon temelli 6gretim yaklagimi uygulamalar1 hakkindaki goriisleri
sorgulanmaktadir (Tiimay, 2008). Arastirmanin gecerlik ve glivenilirligini artirmak i¢in tiim
onlemler alinmistir (Tiimay, 2008).

Verilerin Analizi

Calisma da yiiksek lisans Ogrencilerinin  “Bilimde ve Bilim Egitiminde
Argiimantasyon” goriisme anketin sorularina verdikleri cevaplarin analizinde igerik analizi
yontemi kullanilmistir. Genel olarak toplanan verilerin ayrintili raportastirilmasi nitel
arastirmada gegerliligin 6nemli Olgiitleri olarak kabul edilmekte ve arastirma sonuglarinin
dogrulugunu konu edinmektedir (Yildirnm ve Simsek, 1999). Arastirma sonuglarinin
giivenilirligi ise baska arastirmacilarin benzer ortamlarda ayni verileri kullanarak ayni
sonuglara ulasabilmesi durumuyla iligkilidir (Yildirim ve Simsek, 1999). Nitel bir aragtirmada
giivenilirligi saglamanin bir yolu veri toplama ve veri analizinin birden fazla arstirmaci
tarafindan gerceklestirilmesidir. Arastirmada kullanilan 6lgme aracina verilen cevaplar iki
aragtirmaci tarafindan degerlendirilmistir.
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BULGULAR

Arastirmanin  bu boliimiinde farkli branslarda yiliksek lisans Ogrencilerinin
argiimantasyon temelli 68retim yaklasimina iliskin nitel verileri analiz edilip veriler tablolar
ve temalar halinde sunulmustur. Calisma kapsaminda elde edilen bulgular aragtirma sorulari
dogrultusunda verilmistir.

1. Katiimcilarin Bilimde Argiimantasyon Temeli Ogretim Yaklasim Hakkindaki

Anlayislar:

Bu arastirmada, katilimcilara yonlendirilen sorular ile katilimcilarin bilim ve
arglimantasyon hakkindaki anlayislar1 belirlenmeye caligilmistir. Arastirmada, arastirmacilar
tarafindan katilimcilarin argiimantasyon, bilimsel bilgi, bilimsel bilgi olusturma siireci,
bilimde argiimantasyonun onemi, bilim adamlar1 arasinda anlagmazliklar ve ¢6ziim yollart
gibi sorulara verdikleri cevaplar bulunmaya ¢alisilmstir.

v' Katilimcilar, arastirmada elde edilen verilere gore bilimsel bilgiyi, deney ve
gozlemlerle ispatlatlanan, dogrulugunun kanitlanan, tekrarlanabilen ve herkesin kabul
ettigi bilgi olarak belirtmislerdir. Biitiin branslar fikrinin belirtmis olup branslar
arasinda fark gozlenmemistir. Katilimcilarin bu konuda verdigi cevaplardan bazilari
sunlardir:

K5, “Bilimsel bilgi dogrulugu kanitlanmis bir¢ok arastirma sonucu elde edilen
bilgidir.”

K12, “Bilimsel temellere dayandirimis kanitlanabilir  bilgidir. Dogrulugu
kanitlanabilir, herkesce kabul gormiistiir”

K13; “Kamit ve argiimantasyona dayanan bilgidir. Tekrarlanabilir kanitlanabilir
olmasi gerekir.”

v' Arastirmada katilimcilar, bilimsel bilginin olusturma siirecini deneme yanilma,
kaynak arastirma, verilerin analizi, gozlem ve hipotez olarak belirtilmistir.
Katilimcilarin bazilarina ait bu konudaki goriisler asagida verilmistir.

K11; “Problemin taninmasi, veri toplanmasi, hipotez olusturulmasi, verilerin analizi,
uygulama, degerlendirme sonucu olusan bilgidir”
K12; “Deneme-yanilma, testler, hipotez”

v Katilmcilarin bilimde argiimantasyon temelli 6gretim yaklagimimin rolii hakkindaki
fikirleri incelendiginde ise fizik, bilgisayar, fen bilgisi 6gretmenleri bilim 6grenmede
argiimantasyonun rolii oldugunu belirtirken, miizik ve siif Ogretmenleri fikrini
belirtmemislerdir. ~ Katilimcilar ~ tarafindan  bilimde  farkli  diisiincelerin
degerlendirilmesi ile dogru sonug elde edilebilecegi, yeni fikirlerle ortaya ¢ikabilecek
yeni durumlardan, beyin firtinas1 ile konunun degisik acilardan ele alinmasinin
oneminden bahsedilmistir. Katilimcilar:

K3; “Bilimde argiimantasyonun vrolii vardir. Farkl diisiinceler goz oJniinde
bulundurularak daka dogru sonug elde edilebilir.”

K9, “Tartismalarin sonucunda varilan bilgi deneysel olarak test ediliyorsa tabi ki rolii
cok biiyiiktiir.”

K12; “Argiimantasyon konuyu bakis agisini genisleyip beyin firtinasi saglayarak
degisik acidan ele almayi saglar.” bigiminde cevap vermislerdir.

v Aragtirmada elde edilen verilere gore, arastirmalarla ilgili olarak katilimcilarin
%73.33’ii bilim adamlar1 arasinda anlasmazliklarin olabilecegini belirtirken,
%26.67’sini  fikirlerini  belirtmemislerdir. ~ Katilimcilar, soyut kavramlarda
anlasmazliklar  olabilecegini farkli bakis acilariyla bakarak  problemlerin
coziilebileceginden bahsetmislerdir. Katilimeilardan bazilart:
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K9; “Bilimin gelismesi bilim adamlarimin anlagmazlik sayesinde olmustur. Bilim
adamlart fikrini begenmeyip konu iizerinde diistiniip farkli deneyler yaparak yeni
bilgiye ulasilabilir.”

K12, “Bilimadamlari arasinda anlasmazlhiklar olabilir. Fikirler dinlenerek gerekli
arastirmalar yapiularak ulasilabilecek en dogru bilgiye ulagilmalidir.”

K15, “Aymi konuyu farkli bakis agilart ile bakarken anlasmazliklar olabilir. Empati ve
benzer kosullarin saglanmast ile ¢oziilebilir. ” seklinde fikir belirtmektedirler.

v' Arastirmada yer alan katilimcilar, arglimantasyonun bilimsel tartisma, tartisma,
dayanaklandirma, ispat, kanit olarak tanimlamislardir. Katilimcilardan miizik ve sinif
O0gretmenligi brasindakilerin fikir belirtmemis olduklar1 belirlenmistir. Katilimcilarin
verdigi cevaplar:

K1, “Argiimantasyon bilimsel tartismadir”
Kl11; “Argiimantasyon kanmitlara dayanacak sekilde arastirma yapma bilgileri
toplama”

K12, “Argiimantasyon bilimsel tartismalar ile ortaya konulan ispatlamalar, kanitlar”
seklindedir.

2. Argiimantasyon Temelli Ogretim Yaklasimmmin Uygulanmast Hakkindaki
Goriisler
Bu kategoride katilimcilara argiimantasyon temelli ogretim yaklagiminin
uygulanmasinda hangi derslerin uygun oldugu, derslerinde argiimantasyonu kullanip
kullanmadiklari, uygulamalarda dikkat ettikleri hususlar, 06grenim hayatlarinda
argiimantasyon temelli 6gretim yaklasimina yonelik dersler islendiyse bunlarin hangi dersler
olduklarina dair sorular yoneltilmistir.

v Argiimantasyon bilgisayar bransindaki bir katilimci temelli 6gretim yaklagiminin
biitiin derslerde uygulanabilecegini, miizik bransindaki bir katilimci ise  uygulamanin
daha cok sozel dersler i¢in uygun oldugunu belirtmistir. Katilimcilara tarafindan
verilen bazi ifadelere asagida yer verilmistir.:

v K9; “Argiimantasyon temelli ogretim yaklagimi sozel derslerde kullamilabilir”

K11, “Aslinda tiim derslerde uygulanabilir. Bilimsel dersler i¢in daha uygundur.”
K15; “Argiimantasyon temelli 6gretim yaklasimi fen bilimleri, matematik derslerinde
uygulanabilir”

v Aragtirmada, derslerinde argiimantasyon temelli 6gretim yaklagimini uygulayacagini
sOyleyen katilimcilar fen bilimleri, bilgisayar ve matematik branslari; problem ¢ézme,
farkli bakis acis1 kazandirma, sorgulama ve grencileri arastirmaya yonlendirdiginden
s0z etmislerdir. Arastirmada arglimantasyon temelli 6gretim yaklagimini uygulamay1
diistinmedigini belirten katilimecilarin fizik, miizik ve smif branglarindan oldugu
belirlenmigtir. Katilimcilar argiimantasyon temelli 6gretim yaklasim uygulamalari
hakkinda tam bilgiye sahip olmadiklarini, smif héakimiyetinde zorlanilacak bir
uygulama oldugunu ve zamaninin kisithiligi sebebiyle gerceklestiremeyeceklerini
belitmislerdir. Katilimcilar:

v’ K15; “Argiimantasyon iyi bir yontem olmasina ragmen swif hdkimiyetine ve
ogrencilerin hazir bulunus diizeyleri goz oniinde bulundurarak sinifa uygulanmasi ve
hakimiyet kurulmasi zor olur.”

K13; “Argiimantasyonu uygulamayt diistintiyorum. Ciinkii problem ¢ozme, farkl bakis
agisiyla bakma, dogru bilgiye dogru kaynaktan ulugabilmesi igin...”

K9; “Zamamn lkisith olmasi ve pek bir bilgimin olmamasi: sebebiyle Uygulamayt
diistinmiiyorum. ” seklinde fikir belirtmektedirler
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v' Arastirmada, siniflarinda argiimantasyon temelli 6gretim yaklagimini kendilerinin
uygulama sekilleri konusunda, katilimcilardan fen bilgisi ve bilgisayar branslarindan
olan katilimecilar bilimsel konularin tartisilmast tizerinde durmuslardir.

K12, “Bilimsel bir konu iizerinde tartismalarla kanitlart dayandirarak hipotez
kurdururdum.”
K13, “Deneylerle tartismalar sonucunda bilgiye ulastiririm.”

v Katilimeilarin - %66,67’si  6grenim hayatlarinda argiimantasyon temelli Ogretim
yaklagimi konusunda ders almadiklarini belirtmislerdir. Katilimer grubun %33,33 {inii
olusturan fen bilimleri, bilgisayar Ogretmenleri biitiin derslerinde argiimantasyon
temelli 6gretim yaklasiminin yer aldigindan bahsetmislerdir.

K12; “Yaklasik olarak tiim derslerimizde kullandik. Alanim dogrudan kanitlanabilir
bilgi iizerine kurulu oldugu icin genel olarak argiimantasyon temelli og¢gretim
vaklagimu ile isliyoruz.”

K13, “Fen bilimlerinin arastirma sorgulama yaklasimini temel alir argiimantasyonda
biitiin icerisindedir biitiin derslerimizde kullantyoruz.”

3. Argiimantasyon Temelli 6gretim Yaklasimmin Ogrenciye Katkilar1 Hakkindaki
Goriisler
Arastirmada, yiiksek lisansta 6grenim goren katilimcilarin arglimantasyon temelli
ogretim yaklagiminin 6grenme slireci igeresinde Ogrenciye katkilar1 hakkindaki goriisleri
Tablo 1°de sunulmustur.

Bu calisma ile arastirmaya katilan katilimcilar argiimantasyon temelli 6gretim yaklagiminin
ogrenciye katkilarinin oldugunu belirtmislerdir. Katilimcilar argiimantasyon temelli 6gretim
yaklagiminin 6grenme siirecinin kisileri arastirmaya yonlendirdiginden, farkli diisiinceleri
aciga cikararak bu diislincelerin paylasilmasinin sorgulayarak 6grenmeye katki sagladiginm
belirtmislerdir. Arastirmada yer alan katilimeilar argiimantaston temelli 6gretim yaklagiminin
kavramsal anlamaya etkileri oldugunu, anlamsal 6grenme, dogru bilgiye ulasma ve yanlis
kavramlar1 giderilmesinde olumlu etkisi olabilecegini bildirmektedirler. Baz1 katilimcilar,
arglimantasyon temelli oOgretim yaklasimmin Ogrencilerinin bilimin dogas1 ile ilgili
anlayislarimi olumlu etkilediginden bahsederken, katilimcilardan biri ise bu 0Ogretim
yaklagiminin bilimin dogasin1 anlasilir hale getireceginden bilime farkli bakis acilart
olusturabilecegini belirtmektedir. Arastirmada katilimcilar genel olarak arglimantasyon
temelli 6gretim yaklasiminin duyussal kazanimlar boyutunda derse kars1 tutumlar etkiledigini
ve derse ilgiy1 artiracagini bildirmektedirler.

Tablo 1. Arglimantasyon temelli 6gretim yaklagimin 68renim siirecinde 6grenciye katkilari

Kategori C;iegori Kod F  Betimsel ciimle
Arastirmaya 1 K12; ... fikirler 06grenciyi aragtirmaya
yonlendirme yonlendirir.
Farkli K8; “Konuya farkli diisiince ve

Oprenme  diistincelerin 10  goriislerden bakmis olunur.”
oy . siirecine aciga ¢ikmasi K15; “Farkl goriigler duymak...”
renciye o T - —

Kftkllar? etkileri Diisiincelerin Kul'at‘, ...'farkh diisiinceleri  6grenmek

paylasilmast diisiinceleri paylasmak”

Sorgulayarak K10; “Karsilasilan her bilginin dogru
O0grenme olmadigini sorgulanmasina fayda saglar.”

-

Kavramsal ~Anlayarak 2 K7; “Argiimantasyon sayesinde kavramlari
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anlamaya  6grenme yaparak yasayarak Ogrenerek anlaml
ogrenmeler gerceklesir.”
- o K12; “Kavramlarin anlamlari
Dogru  bilgiye . . <
arglimantasyon ile dogru kullanimini
ulagma < »
saglanir.
Yanls K8, ‘..’.’kavram yanilgisinin  gidermede
kavramlari ctkilidir.
. K5;  “...deneyler ile eski bilgiler
giderme ST
degisebilir.
Bilimin dogasmi K12; blhmln dogasgpn arglimantasyon ile
A daha 1iyi anlasilabilir ve kavramalarini
Bilimin anlarlar 9 ”
dogasi saglarlar.
Bilime farkli K7; “Farkli fikirlerin tartisiimasi bilimin
bakis agilari temelini olusturur.”
KS8; “...aktif katilim saglandig1 i¢in ders
Duyussal _ ilgi ¢ekici hale gelebilir.”
Derse ilgi 9 . s ..
kazanimlar K7; “... arglimantasyon ile Ogrencinin

derse olan ilgisi, isteginde artis olur.”

4. Argiimantasyon Temelli Ogretim Yaklasiminin Avantaj ve Dezavantajlar
Arastirmada katilimcilara ait arglimantasyon temelli 6gretim yaklasiminin avantajlari,
dezavantajlar1 hakkindaki goriislerinin frekans degerleri Tablo 2 ve Tablo 3’de sunulmustur.

Tablo 2. Argiimantasyon temelli 6gretim yaklagiminin avantajlari

Kategori Kod Frekans (f)
Elestirel diisiinme becerisi S
Argurgal}tfi syon Iletisim becerisi S
temelli 6gretim
yak1a§1'm Bilimsel diisiinme becerisi 1
avantajlar
2

Kalict 6grenme

Arastirmada katilimcilar, argiimantasyon temelli 6gretim yaklagiminin 6grencilere elestirel
diisiinme, iletisim becerileri kazandirma, bilimsel diisiinme becerisi ve kalici 6grenme
kazandirmak gibi avantajlar saglayabilecegini belirtmislerdir (Tablo 2).

Bu arastirmada katilimcilar, argiimantasyon temelli Ogretim yaklasiminin uygulanmasi
sirasinda sinif mevcudu, kalabalik siniflar, 6grenci hazirbulunuslugunun diisiik olmasi ve
zaman sikintisinin dezavantaj olusturabilecegini belirtmislerdir (Tablo3).

Tablo 3. Argiimantasyon temelli 6gretim yaklasiminin dezavantajlari

Kategori Kod Frekans (f)
Sinif mevcudu 3
Arglimantasyon temelli 1
ogretim yaklagimi Ogrenci hazirbulunuslugu
dezavantajlari 5

Zaman
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SONUC, TARTISMA VE ONERILER

Bu ¢aligma egitim bilimleri enstitiisiinde 6grenim goren farkli branslarda yiiksek lisans
Ogrencilerinin arglimantasyon temelli Ogretim yaklasimina dair bilgilerini belirlemek
amaciyla gergeklestirilmistir. Bu ¢alismada elde edilen bulgulardan yola ¢ikarak, arastirmada
yer alan biitlin branglardaki katilimcilarin bilimsel bilgi ve olusturma stireci hakkinda bilgi
diizeylerinin orta seviyede oldugu belirlenmistir. Arastirmada elde edilen verilere gore,
argiimantasyon ve bilimde argiimantasyon temelli 6gretim yaklasiminin rolii hakkinda, miizik
ve sinif 6gretmenlerinin diger branglara gore daha az bilgiye sahip olduklari, bilgisayar ve fen
bilimleri bragindaki 6gretmenlerinin ise daha fazla bilgiye sahibi olduklar1 belirlenmistir.
Calismanin bulgular1 Apaydin ve Kandemir (2018) tarafindan yapilan simif 6gretmenlerinin
argiimantasyon hakkindaki goriisleri calismasiyla benzerlik gézlenmistir.

Yapilan arastirmada bilgisayar bransinda bir katilimci arglimantasyon temelli 6gretim
yaklagiminin derslerde uygulanmasi konusunda, bu yaklagimin biitiin derslerde; miizik
bransindan bir katilimc1 bu yaklagimin sézel derslerde uygulanabilecegini belirtmistir. Diger
branglardaki katilimcilar ise argiimantasyon temelli 6gretim yaklagiminin fen bilimleri ve
matematik derslerinde uygulanabilecegini belirtmislerdir. Aydin ve Kaptan (2014) tarafindan
argiimantasyon tabanli egitimin yalnizca fen bilimlerinde degil biitiin derslerde de
kullanilabilen bir bakis agis1 olduguna deginilmistir. Elde edilen bulgulara gore, fen bilimleri,
bilgisayar ve matematik branslarindaki katilimcilar derslerinde argiimantasyon temelli
Ogretim yaklasiminin uygulanmasi asamasinda, bu yaklasimin 6grencileri problem ¢6zme,
farkl bakis agis1 kazandirma, sorgulama ve arastirmaya yonlendirdiginden bahsetmislerdir.
Arastirmada elde edilen verilere gore ozellikle sinif, fizik ve miizik bransindan katilimecilar
uygulamanin sinirhliklart oldugunu; bilgi eksikligi, zaman kisitliligi ve sinif hakimiyeti
konusunda sikintilar yasanabilecegini bildirmektedirler. Katilimcilar, argiimantasyon temelli
ogretim yaklasiminin bilimin dogasi iizerine, 6grenme slirecine, kavramaya ve duyussal
kazanimlara katki sagladigini belirtilmektedir. Arastirmanin bulgulari ele alindiginda s6zkonu
yaklagimin 68renim siirecine etkileri hakkinda biitiin branslarin ayni fikirlere sahip oldugu ve
arglimantasyonun 6grencilerin 6grenmelerinde farkli diisiinceleri agiga ¢ikardigi, arastirmaya
yonlendirdigi ve sorgulayarak 6grenmeye katki sagladigi ortaya ¢ikmistir. Calismada yer alan
fen bilimleri, matematik ve bilgisayar branslarinda yer alan katilimcilar, argiimantasyon
temelli 6gretim yaklasiminin kavramsal anlamayla ilgili olarak anlamsal 6grenme, dogru
bilgiye ulagma ve yanlis kavramlar1 giderilmesi gibi katkilar1 oldugunu belirtmektedirler.
Argiimantasyonun bilimin dogasma etkisi hakkinda fen bilimleri ve fizik branglarindan
katilimcilar cevap vermis olup diger branslardan katilimcilar yeterli bilgilerinin olmadigini
bildirmektedirler. Namdar ve Salih (2017) yaptiklar1 arastirmada argiimantasyon 6grenme
stirecine katkilari ile bilimin dogas1 dneminden bahsetmislerdir. Katilimcilar arglimantasyon
temelli 0gretim yaklasiminin 6grencilere elestirel diisiinme, iletisim, bilimsel diisiinme ve
kalic1 6grenme becerileri kazandirma gibi avantajlar1 oldugunu; sinif mevcutlarinin kalabalik
olmasi, 6grenci hazirbulunuslugunun yeterli olmamasi ve zaman kisitlmasinin ise dezavantaj
olarak ortaya ¢ikabilecegini belirtmiglerdir. Belirlenen bu bulgular, Aktamig ve Atmaca
(2016); Aydin ve Kaptan (2014); Higde ve Aktamis (2017) tarafindan yapilan ¢aligmalar ile
benzerlik gostermektedir. Fen bilgisi 6gretmen adaylar1 argiimantasyonun ¢ok zaman almasi,
uygulanmasinin zor olmasi, kolay kargasa olusmasi gibi dezavantajlar1 olabilecegi konusunda
fikir bildirmektedirler (Aydemir, Karakaya Cirit, Kaya ve Azger, 2018).

Elestirel diistinmek, ise yarar ve dogru ¢oziimler bulmaya ¢alismak, uygun bilgileri bir araya

getirip bilgileri yorumlarken hem saglam deliller aramay1r hemde soyut fikirleri etkin bir
sekilde kullanmay1 gerekli kilmaktadir (Paul ve Elder, 2008). Elestirel diistinmeyi basarmak
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icin alternatif fikirleri belirleme, fikirlerin dayanaklarini, sonuglarini belirlemek
gerekmektedir (Facione 1998; Cevizci, 2012). Elestirel diistinmenin bu kriterler bakimindan
incelenmesi durumunda argiimantasyonla baglantili olabilecegi belirtilmektedir (Braund,
Scholtz, Sadeck ve Koopman, 2013). Argiimantastona dayali uygulamalarda hem sorgulama
hemde arastirma siirecleri aktif olarak kulanilmaktadir (Hohenshell, 2004). Ogrenciler
argiimantasyon temeli 6gretim ortalamalarinda elestirel, problem ¢6zme, yaratici diisiinme
becerilerini kazanmaktadirlar (Erduran, Arday ve Giizel 2006; Demir ve Isleyen, 2015).

Argiimantasyon temelli 6gretim yaklagimiin pek ¢ok arastirma sonuglarma gére kavramsal
anlamay1 artirdigi (Tiimay, 2008; Okumus ve Unal 2012; Yalgm Celik ve Kilig, 2014),
ogrencide merak uyandirdigi, bilimsel akil yiirlitmeyi sagladigi (Ttimay, 2008), bilimsel siire¢
becerilerini gelistirdigi (Cinar, 2013; Gtltepe, 2011), akademik basarilar1 artirdigi (Okumus
ve Unal, 2012; Ogreten ve Uluginar Sagir, 2014), fen basarilarm artirdig (Hasangebi, 2014;
Yesildag, Giinel ve Yilmaz, 2010) bildirilmektedir. Arglimantasyon temelli Ogretim
yaklagiminin tiim 6grencilerin aktif katiliminin saglandigi bir 6grenme ortami olusturulmasi
sebebiyle Ogrenciler arasinda sosyal etkilesimin arttigi ve fikirlerini rahatca ifade etme
durumundan dolay1 derse aktif katilim saglayip 6grenmeyi anlamli ve kalic1 hale getirdigi
(Ogreten ve Uluginar Sagir, 2014; Yal¢in Celik ve Kilig, 2014; Hakyolu, 2010) bilinmektedir.
Arglimantasyon temelli Ogrenme yaklagimmin kullanilmas1 6grencilerin derse olan
tutumlarin1 olumlu yonde gelistirmek, birbirini anlayan bireyler yetistirmek icin Onem
arzetmektedir (Aktamis ve Atmaca, 2016).

Bu caligma sonucunda elde edilen bulgularin incelenmesi ile genel olarak branslardaki
katilimcilarin, argiimantasyon hakkindaki bilgilerinin yeterli olmadig1 tespit edilirken fen
bilimleri ve bilgisayar 6gretmenlerinin ortaya seviyede bilgileri oldugu gézlenmistir. Fizik ve
matematik Ogretmenlerinin argiimantasyon temelli 6gretim yaklasimi hakkinda bilgileri
olmasina ragmen, yaklasimin uygulanmasi hakkinda yeterli bilgiye sahip olmadiklar
belirlenmistir. Argiimantasyon temelli 6gretim yaklasimin biitiin brans bazlarinda hizmet
oncesi ve hizmet i¢i egitimlerle tanitilmasi1 gerekmektedir.
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EXTENDED ABSTRACT
Purpose and Significance
Science education is trying to accompany rapidly changing technology and science.
One of these changes is the constructivist approach, which is the approach that the students
learn by living and construct the new information with the old information centering the
student. One of the application areas which includes constructivist approach is argumentation-
based learning approach.

It will help to eliminate the disadvantages of the argumentation-based teaching approach by
evaluating the opinions of the graduate students about the implementation of the
argumentation-based learning approach in the teaching processes. It will reveal the awareness
that it can be used in different areas.

Methodology

In this research, case study was used in qualitative research methods in order to
determine the opinions of graduate students towards argumentation-based education and to
reveal the differences between branches. This study was conducted with graduate students at
different educational institutions at a public university. The participants of the study consisted
of 15 people.

“Argumentation in Science and Science Education” semi-structured interview questionnaire
developed by Tiimay (2008) was used in this study.

Results

In this part of the research, the qualitative data were analyzed and presented in tables
and themes. The findings obtained within the scope of the study were given in line with the
research questions.

In this research, the questions directed to the participants were tried to determine their
understanding of science and argumentation. Argumentation, scientific knowledge, scientific
knowledge creation process, the importance of argumentation in science, disagreements
among scientists and solutions to the questions such as the answers of the participants were
given.

Graduate students stated that argumentation contributed to the student with this study. As
they are directed to research the effects of learning process, they have revealed that they
contribute to learning by revealing different thoughts and sharing and questioning these
thoughts. It was mentioned that argumentation had a positive effect on students' conceptual
understanding and some participants did not express their opinions about their effects.
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Discussion and Conclusion

As a result of this study, it was found out that the knowledge of the branches about
argumentation was not sufficient, and it was observed that science and computer teachers had
an advanced level of knowledge. Although physics and mathematics teachers have ideas
about argumentation, they do not have enough information about their applications and music
and classroom teachers do not have any knowledge about argumentation-based education.

Argumentation-based training should be introduced through pre-service and in-service
trainings on all branch bases. The study can be applied to all branches. In this study, there are
not enough people to make generalizations to the branches and the number of people can be
increased. The fact that the questions used in the study consisted of open-ended and multiple
questions led the participants to refuse to do so, and some questions were not answered. The
number of questions should be reduced and corrected.
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INTRODUCTION

The rapid advancements of teaching technologies have caused a change in the social
structure and it has become inevitable for individuals to follow and adapt themselves to the
technological inventions. The increase in the volume of the knowledge and the population of
learners has raised various problems. Classes have become crowded and inadequate hardware.
In addition, the number of teachers is insufficient and classes cannot use the advantages of
developing technologies. It has become imperative to use the technology, especially the
instructional technologies in order to solve such problems in teaching environments. The
technology has been evolved as of 1926 when the idea of a machine was found to test the
learning level of students. Pressey's teaching machines were developed later by Skinner and
they have become an inseparable part of the classes with the effect of different learning
theories (Burton, Moore, & Magliaro, 2003).

Although the use of technology has been increasing in educational environments, it is clear
that individuals who have the required level of knowledge by the age cannot be raised without
technology today. How these technologies could be used pedagogically in teaching
environments has always been the subject of discussion. Thus, there has always been the need
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for developing new methods and new educational software. The enrichment of teaching
environments is enabled by such initiatives. The enrichment of educational environments also
resulted in the formation of efficient educational environments. Technological developments
in teaching environments established the need for the preparation of new programs and new
educational materials. The computer technologies used in the classrooms have facilitated the
preparation of enriched educational environments. Teaching materials are used to support
multiple environments. Therefore, students can access different teaching contents, and
uninterrupted learning has been realized because these contents attract the attention of more
than one sense of the learners at a time. However, the physical availability of the technology
in classrooms cannot be the solution for effective, efficient and engaging learning.

One of the technologies found in most of the learning environments is digital boards called
either interactive boards or smart boards. Interactive boards were first designed and
manufactured in the 1990s. It has been used in classroom environments since the 1990s.
While it is a technology enabling the content of the computer to be projected on a flat surface
with the projection and using the content interactively, it has replaced the chalkboards in class
environments with its compact computer system design. These smartboards have an operating
system including hardware such as processor and memory with a touch screen. The
smartboard industry reached a market of $1 billion in 2008 in the world (interactive board,
2000). It is observed that many countries have invested significantly on interactive boards
(Ekici & Yilmaz, 2013). The UK comes first among these countries. It has been noted that all
primary schools have interactive boards. It has also been stated that not only primary
education but almost most of secondary education uses interactive boards. The UK is not the
only country investing in interactive boards. Two other important countries investing in
interactive board applications are the US and Australia (Zengin, Kirilmazkaya, & Kegeci,
2012).

Turkey has applied some projects to use developing technologies effectively in classrooms.
Initially, the project called "The Movement to Increase Opportunities to Improve
Technology" in education, known as FATIH, has been carried out. The project was
announced to the public in November 2010, and the Ministry of National Education explained
its purposes as a transition from computers to the availability of computers in every
classroom. Thus, students would reach the information in a shorter time and much more
easily. The interactive board is similar to the classical board physically. However, what makes
it different compared to the classical board is that it provides interaction via its touch screen.
Moreover, it has various advantages such as being able to update its content easily and
quickly. This was expected to lead to a result of interactive boards replacing the regular
normal textbooks. Some other properties of interactive boards are as follows: making
presentations, giving academic lectures including advanced content interaction and increased
audience engagement, sharing and storing of presentation file, and interaction with network
computers and peripherals.

It could be noted that the interactive board is more advantageous compared to the computers
in classrooms. The advantages of the interactive board over the computers are as follows: it
can attract more attention, the teacher can record what he/she notes on the board and view
them later, the teacher can share them with students. The disabled students can participate in
the activities as seated and different learning activities can be performed. The aim of
interactive whiteboards in classrooms is make learning effective, efficient, and engaging. It is
clear that teachers can use the content on these interactive boards compatible with their
curriculum and the content.
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The Ministry of National Education has focused on e-content development for its investments.
Education Information Network (EBA), which is an online platform for the e-content
developed by the Ministry of National Education, has been offered to the service of teachers
and students. It constitutes one of the important pillars of the FATIH project, the major
education technology investment of the EBA Students have the opportunity to perform
continuous learning with different activities through EBA. All these developments have once
again revealed the importance of technology in the field of education. Due to the rapid
increase of information and the population of learners, it is necessary to use technology and
digital learning materials to teach more to a higher number of participants. It is believed that
technology should be used efficiently to achieve effective learning in crowded classrooms.
However, many technological learning tools cannot be used effectively because they do not
allow teachers to organize and change the content according to their classroom settings. The
major advantage of this study is that it allows the content to be prepared quickly by the
researcher. In addition, the ability to make changes in the content can be shown as another
advantage of the study. It is seen that the educational software which is a one-to-one
educational software is difficult to apply in learning environments (classes of 30 people). It is
believed that the problem can be solved by allowing teachers to organize the content
according to their learning environment. Furthermore, thanks to the content making the
student interact, the learners interact with the content to show that effective learning can be
achieved. When the disadvantages of instructional software are examined, one of the major
drawbacks is seen as the license fee. Mouse Mischief used completely free of charge by
Microsoft Windows was used in the study. PowerPoint presentations are undoubtedly one of
the most used technological programs in education. However, it is noteworthy that teachers do
not pay attention to the techniques of preparing them and could not leave the traditional
method where the teacher is at the center. The aim of the study was to present the importance
of content preparation for teachers according to their class level free of charge, to use
technology effectively, and to be at the center of learning together with the students actively
participating. For the 6th grade students, the aim was to address the science lesson including
abstract concepts and experiences and to increase the attitudes towards the lesson with the
increase of academic success. The students were enabled to adapt the lesson by understanding
the relationship between the subjects and the concepts of daily life. Another significance of
the present study is to make the course more enjoyable by using interactive presentations for
students having difficulty in learning the subjects of the science lesson. It is important for
students to enjoy the course in terms of their academic success and attitudes. In this study, it is
thought that students' use of technology more actively in the lesson will contribute to them in
terms of being science literate. When the literature review was conducted, no study was found
investigating the effect of 6th-grade students ‘interactive PowerPoint presentation on learners'
academic achievement and attitudes towards science lessons. For this reason, this research is
expected to guide future studies on students' academic achievement and attitudes towards the
lesson.

METHOD

Research method, data collection tools, application process are presented in this
section.

Research Method

The study used semi-experimental research design. Semi-experimental design, one of
the quantitative research methods, is a commonly used research method, especially in studies
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on education, when there is no random selection and it is possible to control all the variables
(Cohen, Manion & Marrison, 2000). In semi-experimental designs with unsynchronized
control groups, the method of selecting the control group is conducted by neutral assignment.
Moreover, the fact that the groups are similar as much as possible is considered. There is no
special attention given for the selection of the groups (Karasar, 2003). The experimental
model of the research is given in Table 1.

Table 1. Pretest — posttest quasi-experimental method with control group model design

Groups Pretest Application Posttest
. . Achievement test Achievement test
Student interactive . . Four weeks x . .
. . Attitude towards science Attitude towards science
PowerPoint presentation four hour
lesson scale lesson scale
Achievement test Four weeks x Achievement test
PowerPoint presentation  Attitude towards science four hour Attitude towards science
lesson scale lesson scale

The study group consisted of a total of 65 students studying in the 6th grade in a secondary
school in Seydiler district of Kastamonu province in the 2015-2016 academic year. Two
groups were identified in order to make the two groups similar as much as possible. One of
these classes (6-B) was selected as the experimental group (N = 34), and the other (6-A) was
identified as the control group (N = 31) to receive the lesson according to the 2005 Science
Program with the Student Interactive PowerPoint presentation. The number of students in
each class is given in Table 2.

Table 2. Experiment and control groups information

Groups Class Female Male n
Experiment 6-B 17 17 34
Control 6-A 16 15 31
Total 33 32 65

Data Collection Tools
A 20-items academic achievement test, and the 22-items Science Attitude Scale were
used for data collection.

Achievement test

The achievement test (Annex-1) developed by Giirbiiz (2012) was used as test
questions. In the first stage, the academic achievement test consisting of 30 items has been
reorganized as 27 questions by correcting three items required to be fixed in line with the
expert opinions and three questions stated to be inappropriate. Before conducting the
reliability studies of the test, forms for expert opinion were created according to the relevant
student acquisition, and scientific process skills of each question, and a pilot application was
carried out. A classification table was prepared according to the scientific process dimension
and knowledge accumulation of each item and answer in the test. Experts checked the validity
of the developed test, and the reliability of the test was found to be a2 = 0.79.

Attitude towards science lesson scale

As another tool of data collection, the attitude scale developed by Sasmaz Oren and
Tezcan (2009) was used to measure students’ attitudes towards science lessons. The reliability
coefficient of this scale, measuring the attitude towards science lessons was Alpha = 0.93. For
the scale validity consisting of 22 items, the opinions of five experts were received. One of
the experts was specialized in science education, one in evaluation and assessment, two in
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language education, and the other in educational sciences. The scale is a five-point Likert-type
scale. Some of the items in the scale are positive (13 items), and some are negative (9 items).
For each item, answers can reflect the students' opinions as "I totally agree”, "I agree"”, "l am
indecisive", "l disagree”, and "l totally disagree”. The scale was applied to all of the students
in both groups as pretest and posttest.

Application process and lesson processing

In the control group and experimental group, lessons were taught using PowerPoint
presentations. The PowerPoint presentation about "Electricity Transmission” unit was
displayed on the smartboard and explained following the curricula. The implementation
period for both groups was planned as 20 lessons and four weeks. In the control group, the
lessons were taught through non-interactive PowerPoint presentations whereas the lessons are
taught by making the student interact in the experimental group. The student interactive
PowerPoint presentation prepared by Mouse Mischief after taking an expert opinion was
developed and implemented as follows:

The Mouse Mischief program and the Unifying program were installed on interactive boards
used in the classes within the scope of the FATIH project. Thanks to the Unifying program, it
was possible to connect up to 10 wireless microphones to a wireless mouse receiver. Thus, it
became a mouse for each group to interact with the board. Students interacted with the
presentation using the mouse.

Each group interacted with the presentation on the smartboard and carried out activities using
their mouse. Some examples of student interactive presentations were given below. They
carried out activities such as drawing, marking items, and answering the questions with the
mouse cursor. A timer was placed, and the activities of each group can be followed. Some
examples of student interactive PowerPoint presentations and classroom application were
presented in Figure 1.
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RESULTS

The academic achievement and attitude scale were tested at .05 significance level
using independent sample t-test analysis using the SPSS 20 program. It was decided to use the
independent sample t-test after investigating that the data showed normal distribution. One of
the indicators showing the data is normally distributed is skewness and kurtosis (kurtosis).
When these values are between -1.5 and +1.5, it could be noted that our data show a normal
distribution (Tabachnick & Fidell, 2013). In Table 3, the results of the analysis where the data
are normally distributed are given in Table 3.

Table 3. Normal distribution of the data

Scales Pretest Posttest
Skewness Kurtosis Skewness Kurtosis

Attitude Scale -0,737 -0,227 -0.825 0,640

Achievement Test -0,394 -0,474 -0,422 -0,889

The results of the attitude scale and academic achievement scale applied to the control and
experimental groups before and after the application were analyzed with the 'independent
groups t-test' analysis, and the results of the pretest, posttest mean scores, standard deviations
(S.D.) and a p-value of both groups were given in Tables. In order to examine whether there is
a statistically significant difference between two groups, level of significance alpha was set at
the 0.05 level to achieve statistical significance for all analyses.
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The comparison of the experimental group and the control group students' academic success
was carried out before and after the application:

While examining the academic success of the groups before application, the results of the
implementation of the same test as a pretest are given in Table 4. There was no difference
between the pretest results of the groups. In this case, it can be said that the groups had similar
characteristics.

Table 4. Comparison of the pretest of achievement test scores

Groups N X SD t p
Experiment 34 11,00 3,339 0.875 0.385
Control 31 10,29 3,185 ' '

While examining the academic success of the groups after application, the results of the
implementation of the same test as a pretest are given in Table 5.

Table 5. Comparison of the posttest of achievement test scores

Group N X SD t 0
Experiment 34 16,35 2,922
Control 31 12,71 3,090 4,885 0,000

The 34 participants in the experimental group (M = 16,35 SD = 2.92) compared to the 31
participants in the control group (M = 12,71, SD = 3,090) demonstrated significantly better
posttest of achievement test scores, t(63) = 4.88 , p = .00. It was found that there was a
statistically significant difference between the achievement test scores of the two groups.
Accordingly, it could be noted that the instruction with the student interactive PowerPoint
presentations used in the experimental group increased the success compared to that of the
student non-interactive PowerPoint presentations applied to the control group.

The comparison of the experimental group and the control group students' attitudes towards
science was carried out before and after the application. The results of the application of the
same test as a pretest are given in Table 6.

Table 6. Comparison of the pretest of attitude toward science course

Group N X sSD t 0
Experiment 34 38,88 16,272
Control 31 38,61 12.646 0,074 0,941

When the data in Table 6 are examined, it is seen that there is no significant difference among
the groups. This result shows that there is no significant difference in the attitudes of the
experimental and control groups towards the pre-applied science lesson.

Table 7. Comparison of the posttest of attitude toward science course

Group N X SD t p
Experiment 34 38,88 11,092 0,738 0,463
Control 31 40,03 17,143
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Experiment group (M = 38,88 SD = 11,092) compared to the control group (M = 40,03, SD =
17,143) demonstrated no significantly difference in the posttest of attitude toward science
course scores, t(63) = -0,738 , p = ,463. Accordingly, it could be noted that the lessons
supported by the student interactive PowerPoint presentation in the experimental group did
not cause any change in the attitudes towards the science lesson according to the Science
Education Program applied to the control group.

DISCUSSION AND CONCLUSION

The study was conducted to examine how students ‘interactive PowerPoint
presentations in the 6th-grade "Electricity Transmission” unit were affected by students'
academic achievement and attitudes towards the lesson compared to student non-interactive
PowerPoint presentations. The study was carried out in a public school in Kastamonu
province where Class 6-B was selected as the experimental group and the lessons were taught
with interactive PowerPoint presentations. Class 6-A was selected as the control group, and
the lessons were taught with non-interactive PowerPoint presentations. The t-test was used to
test the hypotheses of the research. When the posttest scores of the two groups did not differ
significantly, no significant difference was found between students’ attitudes towards science
lessons. On the other hand, a significant difference was found in favor of the experimental
group for their academic achievements. Lessons were conducted by the researcher in both
groups. Prior to the study, the pre-test applied to assess the preliminary information of both
groups was used as the posttest after the application was completed. At the end of the study, it
was seen that both groups improved their performance throughout acquisition. However, the
academic success of the experimental group was higher than that of the control group. These
results have revealed that the use of interactive PowerPoint presentations contribute to
learning in science classes. According to these results, it is seen that the use of student
interactive PowerPoint presentations in science teaching positively affects students' academic
success.

As a conclusion, it was observed that interactive PowerPoint presentations had no impact on
students' attitudes, and learning took place in both groups. The academic achievement average
of the experimental group was found to be higher than that of the control group. However, it
was observed that there was no significant effect on their attitudes towards the lesson.

In a study carried out by Cepni, Ayvaci, and Bacanak (2004), it has been noted that computer
technology can be used as a tool in order to facilitate students' learning as well as providing
meaningful and permanent learning.

In a study conducted by Hallet and Faria (2006), the effects of multimedia and PowerPoint
presentations on learning were investigated. Multimedia environments include sound, video,
animation, graphics, and tests. The study has revealed that the information learned in multiple
learning environments is easier to remember than traditional lessons with PowerPoint slides
(Hallett & Faria, 2006).

When we examine various studies on PowerPoint presentations, it can be seen that the studies
have presented that these presentations are predominant with positive results. However, some
studies have shown that PowerPoint presentations also have some negative aspects
(Apperson, Laws, and Scepansky, 2006). As a result of all these studies, it has been revealed
that computers have become a part of education. In some studies, it has been stated that it
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should be seen as an aid for computer-based education systems (Geban, & Demircioglu, 2003;
Seferoglu, 1996).

In some studies, students' attitudes towards lecture presentations were investigated, and
positive results were obtained regarding the effectiveness of PowerPoint presentations. In a
study, comparing the effect of teaching via PowerPoint presentation in higher education, it has
been stated that PowerPoint presentations cannot replace the blackboards, and they will be
auxiliary tools improving learning. Moreover, it has been highlighted that the use of
PowerPoint does not result in very high academic success of students. it is more useful in
teaching specific subjects, rather than using it throughout the entire lesson. Furthermore, it
facilitates to remember what is learnt through animated models, animations, and key concepts
(Szabo & Hastings, 2000).

In another study conducted on PowerPoint presentations, it was observed that the PowerPoint
presentations provided a significant increase in students' level of knowledge (Bastiirk, 2008).
In a study on teaching English courses in Higher Education Program, the effect of teaching
with traditional teaching methods and computer-aided PowerPoint presentation on students'
access was investigated. In the research, using pretest and posttest, experiment and control
groups were compared. According to this research, a significant difference was found in favor
of the experimental group, where PowerPoint-supported teaching was conducted (Akdag,
2008). Accordingly, it could be noted that the computer-aided teaching method positively
affects students' academic success (Giiven & Siiliin, 2012).

In some other studies, it has been revealed that the presentations made by students improve
their teaching and organizational skills (Susskind, 2005). In a study on the use of computers
explaining the subject of photosynthesis in the field of biology, it was found that Computer
Assisted Instruction (CAI) materials were effective for the understanding and application
levels of students' learning. It was seen that CAl materials were effective in terms of
increasing students ‘achievements. However, the same effect could not be seen in terms of
improving students' attitudes. This has been related to the difficult development of attitudes in
a short time (Cepni, Tas, & Kose, 2006). The effect of overhead slides on learning with
PowerPoint has been investigated in certain learning areas (nursing education, educational
sciences, social psychology, commerce) with specific course hours and term studies. In these
studies, different results were obtained regarding the students' performances. In the
presentations made as PowerPoint, it was stated that there was an increase in students 'self-
confidence and positive attitudes, and the increase in students' success was based on the
support given to them by means of other methods and techniques (Savoy, Proctor &
Salvendy, 2009).

Kaya and Aydin (2011) stated that the students understood the lesson better, they did not get
bored in the lesson and their interest in the lesson increased with the use of smart boards in
the social studies lesson.

Emre, Kaya, Ozdemir, and Kaya, (2011) have not found a significant difference in favor of
smartboard for academic success in their studies where they investigated the effects of the use
of Smart Board on the success of science and technology teacher candidates studying on the
structure of the cell membrane and their attitudes towards information technologies. As a
result of a computer-aided study on the granular structure unit of the class it was observed that
there was a significant difference between the posttest scores of the experimental group using

29



Acet & Akyiiz, 2020

the computer-assisted teaching method and the posttest scores of the control group using the
traditional teaching methods. This differentiation was in favor of the experimental group.
Another study showed that there was a negative correlation between students' use of
PowerPoint presentations and their exam scores (Sugahara & Boland, 2006). This was not in
consistency with the results of the present study. The reason could be the difference in the
effectiveness of the PowerPoint presentations used in the classroom.

Similar results were obtained in terms of academic success compared to the above studies.
However, different results were found in students' attitudes towards the course. It can be
stated that the application in the experimental group was limited to four weeks, and this
period was insufficient for students to develop an attitude towards the lesson. Further studies
can be conducted on the long-term.

It should be taken into consideration that the ability of researchers to conduct such studies to
use the properties of interactive boards is important for the results of the research. The
implementation period of the research covers four hours of lectures per week for four weeks.
Research can be done with the study carried out in a longer interval. This research, which is
applied in the 6th grades of secondary school, can also be applied to other classes.
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Aromatic compounds are one of the fundamental topics in Organic Chemistry.
For this reason, creating learning environments that will contribute to pre-service
teachers’ meaningful understanding of aromatic compounds is of importance. The
purpose of this study was to explore whether argumentation-based instruction has
an effect on the conceptual understanding of pre-service science teachers in the
topic of aromatic compounds. In pursuit of this aim, the study was conducted in
quasi-experimental, pre-test/post-test and control group design during the 2016-
2017 academic year at the Science Education Division of a state university in
Turkey. Two classes were randomly selected as an experimental group (N=30)
and a control group (N=35). The data collection instruments used in the study
were pre- and post-tests, consisting of 10 open-ended questions. Following the
application of the pre-test, the topic of aromatic compounds was taught in the
control group in the line of the current teaching programwhile the experimental
group was taught using the argumentation-based instruction. The instruction in
the experimental group was carried out with 6 argumentation activities under the
headings of “conditions of aromaticity,” “properties of aromatic hydrocarbons,”
and “naming aromatic compounds.” The independent samples t-test showed that
the pre-test scores of the experimental and control groups had no significant
difference between them, but that the experimental group presented a difference
as opposed to the other group in the post-test. These findings showed that the pre-
service science teachers receiving argumentation-based instruction were more
successful in their conceptual understanding of the topic of aromatic compounds
than the control group.

INTRODUCTION

The content of organic chemistry covers many interconnected concepts, molecules and
reactions. This nature of organic chemistry makes it necessary for learners to not only
understand and interpret the concepts, molecules and reactions, but also to question the
changes in molecules and explore what these changes lead to (Graulich, 2015). In particular,
students taking General Chemistry course, which has more of a concentration of quantitative
aspects to it, may have difficulty in adapting to lessons in Organic Chemistry, which is based
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on the relationship between structure and reactivity. Indeed, it was reported in a study
conducted by Anderson and Bodner (2008) that many students who were successful in their
general chemistry course had trouble achieving the same success when they transitioned into
their organic chemistry classes. Additionally, the results of many studies indicate that there is
a high percentage of failure in organic chemistry classes, evidencing that this course is
difficult for students (Ratcliffe, 2002; Johnstone, 2006; Grove, Hershberger & Bretz, 2008;
Eastwood, 2013; Flynn, 2015; O'Dwyer & Childs, 2017). Ellis (1994) has pointed out that the
reason why organic chemistry classes are considered difficult by students is that the course
requires three-dimensional thinking, using a new language that is specific to the subject
matter, with no problem-solving algorithm available to guide the student. Because of the
requirements of organic chemistry, students tend to memorize instead of learn concepts and as
a result, they find themselves struggling with unrelated clusters of knowledge that make up
the content of organic chemistry (Anderson & Bodner, 2008; Anzovino & Bretz, 2015;
Galloway, Stoyanovich & Flynn, 2017; Caspari, Weinrich, Sevian, & Graulich, 2018).
Consequently, it is important, to create learning environments that can contribute to students’
meaningful learning instead of having them memorize their organic chemistry lessons.

When we look into the content of organic chemistry, we see that the topic of aromatic
compounds takes up a good portion of the subject. Basically, the topic of aromatic compounds
includes aromatic substitution reactions that are unique to this class of molecules, and multi-
step synthetic reactions that make it possible to form more comprehensive relationships
between different molecular classes. All of these factors that have made this topic a central
element in organic chemistry (Balaban, Oniciu & Katritzky. 2004; Krygowski & Cyranski
2001). Because of this, when students can first identify aromatic compounds correctly, this
will help them to distinguish between and name other organic molecules, aiding them also to
accurately make associations between other topics in organic chemistry. If this cannot be
achieved, not only will the desired level of learning that is targeted with respect to aromatic
compounds not be accomplished, but it will be more difficult to prevent the adoption of
alternative conceptions. For example, a student who interprets the aromatic compound
benzene to be an alkene because of its C=C bond may think that benzene will have a tendency
to show an addition reaction like other alkenes. A student who misinterprets this may find it
difficult to form a relationship between the electrophilic aromatic substitution reaction unique
to aromatic compounds and the synthesis of different organic molecules. Lying at the
foundation of such incorrect interpretations is the inability of students to differentiate between
aromatic compounds and alkenes and their failure to completely understand the conditions of
aromaticity. Indeed, in some studies that have been conducted, it has been concluded that
students can interpret reactions incorrectly as a result of their incorrect classification of
organic molecules (Sendur & Toprak, 2013; Ealy, 2018).

In studies related to aromatic compounds, it has been shown that students have conceptual
difficulties in this topic, leading them to adopt alternative conceptions. One of these studies is
the study by Ealy and Hermanson (2006) that was conducted with science undergraduate
students. The researchers reported that the students had trouble identifying aromatic
molecules and that the main reason for this was that they focused on the Octet Rule and
certain atoms, ignoring electron delocalization. Omwirhiren and Ubanwa (2016) established
in their study with high school students that students had particular difficulty with identifying
aromatic compounds according to their structural formulas. In a study by Topal, Oral and
Ozden (2007), the researchers examined the levels of success high school students and
chemistry undergraduates (1st and 3" grades) had with the concept of aromatics as well as
their alternative conceptions. The study indicated that 3" year undergraduate students had the
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highest success in the topics of aromatic compound reactions, Huckel’s Rule, conjugation,
planarity and the properties of cyclic in aromatic compounds; high school students, however,
were the least successful in these topics. Another striking finding in the study was that both
high school and undergraduate students commonly resorted to the alternative conceptions of
“all molecules with rings are aromatic.” Another important finding of the study was that in a
question where Huckel’s Rule was to be applied to identify the aromatic ion, only a very few
of both 3" year and 1st year undergraduate students were able to respond correctly. These
results indicate that the concept of aromatics is still not adequately understood even at the
undergraduate level.

Another study on aromatics is by Rushton, Hardy, Gwaltney and Lewis (2008), who
conducted their research with 4" year chemistry undergraduates. The researchers reported that
students associated the property of being aromatic with molecules that had hexagonal bond-
line formulas, which is actually in reality just the opposite. For example, while some of the
students identified molecules such as cyclohexane, cyclohexene and cyclohexadiene as
aromatic, another group of students wrongly identified a six-carbon arene as cyclohexane or
an alkene. Similar findings have been reported in various other studies (Domin, al-Masum &
Mensah, 2008; Sendur, 2020). Duffy (2006) conducted a study with undergraduates and found
that in identifying aromatic compounds, students usually focused on Huckel’s Rule, cyclic
structures and conjugated systems and did not adequately consider sp? hybridization or the
stability of p orbitals.

It can be understood from all of these studies that the concept of having an aromatic property
gives students from high school to the university level conceptual difficulties and is a topic for
which alternative conceptions have been adopted. When the basic rules involved in the
concept of aromaticity are considered, it can be seen that it is very difficult to handle the topic
with experimental activities. From this perspective, it has been suggested that students instead
can interact with their classmates and have evidence-based discussions, supported by a
teaching program that introduces argumentation in a collaborative learning setting to promote
agreement and learning.

Argumentation can be described as a form of study in which students use reasoning based on
evidence, justification and warrants (Erduran, 2019). This nature of argumentation occupies a
place in the methods by which students carry out scientific reasoning and develop conceptual
understanding. It can be said in other words that argumentation is at the center of science
instruction and learning (Msimanga & Mudadigwa, 2019). Indeed, studies have indicated that
argumentation-based instruction on the secondary school and university level has a positive
effect on conceptual understanding among chemistry students (Aydeniz & Dogan, 2016;
Sekerci & Canpolat, 2014; Kaya, 2013). On the other hand, studies in this context in the field
of organic chemistry have remained too limited. In some studies, argumentation is presented
not as a teaching strategy but as a tool with which strategies for students’ reasoning can be
determined. As an example, de Arellano and Towns (2014) examined students’ responses to
questions on alkyl halide reactions according to the Argumentation model. Similarly, Hand
and Choi (2010) looked at students’ written arguments after completing a series of activities
in the organic chemistry laboratory on the basis of how they used multi-model
representations. A teaching activity for argumentation used in organic chemistry was created
by Pabug¢cu and Erduran (2017). In this study with pre-service science teachers, the
researchers tried to determine the degree of conceptual understanding the pre-service teachers
had gained from their arguments regarding the conformational analysis of butane.
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As can be seen from these studies, there is a need for further in-depth research into the effect
argumentation-based instruction in organic chemistry has on students’ conceptual
understanding. At the same time, in view of the importance of the topic of aromatic
compounds in organic chemistry and the existence of alternative conceptions in this area, it is
believed that this study on the effect on students’ conceptual understanding and conceptual
change of argumentation-based instruction in the topic of aromatic compounds will fill an
important gap in the literature.

The Purpose of Study

The aim of this study was to analyze the effect of argumentation-based instruction on
elimination of the alternative conceptions pre-service teachers have about aromatic
compounds and whether or not this instruction is effective in terms of developing conceptual
understanding.

For this purpose, answers were sought to the following sub-problems in this study:
1) Is there a significant difference between the mean scores of the experimental and
control groups of pre-service teachers on the pre-test?
2) Is there a significant difference between the mean scores of the experimental and
control groups of pre-service teachers on the post-test?
3) How effective is argumentation-based instruction compared to current program based-
teaching in achieving conceptual change?

METHOD

Study Design

The study was conducted using a pre-test-post-test, control group, quasi-experimental
design. This type of design is appropriate for situations where the participants cannot be
randomly assigned to experimental and control groups but in which the experiment can be
randomly assigned to groups (Hinkle, Wiersma, & Jurs, 1998; Gravetter & Wallnau, 2002).
Accordingly, one of the classes in this study was randomly chosen as the experimental group
(n=30), another as a control group (n=35). Lessons in the experimental group were taught
with argumentation-based instruction; the control group was taught according to the current
program.

Participants

The participants in the study consisted of 65 pre-service teachers enrolled in the
second-year class of the Science Education Department of a state university in Turkey’s
Aegean region during the spring term of the 2016-2017 academic year. All of the pre-service
teachers had voluntarily consented to participate. The pre-service teachers in the study had
received similar scores on the university entrance examination, been accepted at the university
and took the same courses leading up to their second year. From this perspective, it can be
said that the randomly selected experimental and control groups of pre-service teachers had
similar backgrounds.

Data Collection Tools

Ten open-ended questions related to aromatic compounds were used in the study as
data collection tools. Five of the questions were related to the conditions of aromaticity. The
students were given 1,3-Cyclopentadiene, furan, 1,3,5-Cycloheptatriene molecules and 1,3,5-
Cycloheptatrienyl cations and 1,3,5-Cycloheptatrienyl anions and asked whether or not these
were aromatic and for an explanation as to why they are or are not. In the other five questions,
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the structural formulas of aromatic compounds were given (4-Chloroaniline, 2-Bromo-5-
chlorotoluene; 2-Bromobenzoic acid, 4-Bromobenzyl alcohol and 3-Butylphenol) and the
students were asked to name these according to IUPAC. Two members of the chemistry
education departments were consulted as these open-ended questions were prepared and in
addition, a pilot study was conducted with another group of pre-service teachers who had
studied the topic of aromatic compounds. The final form of the questions was applied to the
experimental and control groups as a pre-test 2 weeks before the actual instruction, and then a
post-test was simultaneously administered a week following the instruction. Two open-ended
questions were presented in Figure 1.

1) Please state whether the compounds below are aromatic and explain why they are or are not.

a) T e A TS ARSI Please explain, with reasons

2) Please name the compounds according to IUPAC. Please explain why you identified it in this way.

HO

Figure 1. Sample open-ended questions

The Instruction Process

The argumentation-based instruction on the subject of aromatic compounds was
completed in the experimental group in 3 weeks. Training was provided to the pre-service
science teachers in the experimental group one week before the instruction. The elements of
argumentation according to Toulmin’s argumentation model were explained in this training
and the students were encouraged to practice writing out arguments. In the next week, 7
groups of 4-5 individuals were created from among the pre-service teachers, after which the
argumentation-based activities were launched. In total, 6 activities were organized, two to be
carried out each week in 2 class hours, for a duration of 3 weeks. The group activities were
executed with the techniques of “pairs to fours technique” and “envoys' arrangement” and the
groups first discussed their own claims, evidence, and warrants, then wrote up their
arguments. The group spokespeople presented these written arguments to the class for

36



Sendur, Kurt & Hekimoglu, 2020

classroom discussion. Table 1 shows the activities carried out in the experimental group as
well as the group techniques and argumentation strategies these activities were based on.

Table 1. Activities carried out in the experimental group

Activity No. Name of Activity Strategy Group
Technique
Activity 1. Properties ~ of  aromatic  Constructing an Pairs to fours
hydrocarbons argument technique
Activity 2. Is cyclobutadiene aromatic? Competing Envoys'
Theories with  arrangement
Concept Cartoons
Activity 3. I Can Identify Aromatic Clue Cards Envoys'
Compounds arrangement
Activity 4. My  Concept Map of Constructing a Pairs to fours
Aromatic Compounds concept map technique
Activity 5. Let’s  Name Aromatic  Table of Statements  Envoys'
Compounds + clue cards arrangement
Activity 6. Let’s find the mistakes we  Scenario-based task  Pairs to fours

made in naming the Aromatic
Compounds

technique

The two faculty members in the organic chemistry department were consulted in setting up
the 6 activities in the experimental group and the worksheets were applied as a pilot study to
another group of pre-service teachers who had learned the topic. Examples of the worksheets
used in the study can be seen in Figure 2 and Figure 3.

The same subjects were covered in the control group in the same period of 3 weeks but the
instruction consisted of the teaching by lecturing and using the question-and-answer
technique. The same instructor conducted the lessons in both the experimental and control

groups.
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~

Inci chose the topic of aromatic compounds for her project assignment in organic
chemistry. She was very careful in naming the aromatic compounds and researching
their areas of utilization. After she handed in her assignment however, her teacher told
her that she had made a mistake and gave her the paper back so she could correct the
error. Inci was sorry she had made a mistake and immediately started to look for where
she had gone wrong. Looking over the assignment, Inci thought she may have made a
mistake in the 4 examples she gave in the naming section but realized that she was
unable to find the mistake by herself. That is why she is asking you to help her. Where
do you think Inci made the mistake?

o
" H Gl A~ CHa
N |
m-Chlorobenzaldehyde 1,3-dichloro-2-methylbenzene
CH,CHy
HaC Cl CH2CH3
4-Bromo-3-chlorotoluene 1,3-Diethylbenzene

I think that:

This evidence supports my idea because:

Arguments against my idea:

How can you convince someone who doesn’t believe you?

Figure 2. Worksheets used in activity 6
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Is cyclobutadiene aromatic?

The molecule cyclobutadiene is
aromatic becuse it has a ring structure.

The molecule cyclobutadiene is The molecule cyclobutadiene
ic becuse this is not aromatic, but is an alke!
is conjugated. Because it has a cyclic and

conjugated structure, but
it does not obey Huckel's rul

A

The concept cartoon above discusses whether cyclobutadiene is aromatic or not. Accordingly, Whose
thought do you think right? Mark the box you think is right with v

Nihat : |:| Selim :

1 think that:

This evidence supports my idea because:

Arguments against my idea:

I:I Ayse: I:I

How can you convince someone who doesn’t believe you?

Figure 3. Worksheets used in activity 2

Data Analysis
The open-ended questions in the study were analyzed under the categories of “sound

understanding,

2 ¢

partial understanding,

99 ¢C

partial understanding with alternative conception,”

“alternative conception,” and “no understanding” Abraham et al. (1992), Calik (2005) and Unal et
al. (2010) used similar categories, containing the following:
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e Sound Understanding (SU): This involves responses and explanations that are
scientifically accepted as true.

e Partial Understanding (PU): This involves some responses and explanations that are
scientifically accepted as true.

e Partial Understanding with Alternative Conception (PUAC): This refers to responses
accepted as scientifically true, but which are false.

e Alternative Conception (AC): This refers to responses and explanations that are not
completely accepted as scientifically true.

¢ No Understanding (NU): this category involves irrelevant answers. Also, pre-service
science teachers could leave the question empty.

The total scores of the pre-service teachers based on their responses to the open-ended questions
were calculated in the analysis in terms of a score of 4 for the category of Sound Understanding
(SU), 3 for Partial Understanding (PU), 2 for Partial Understanding with alternative
conceptions(PUAC), 1 for Alternative Conception (AC), and 0 for No understanding (NU) on both
the pre- and post-tests. The maximum possible score that the pre-service teachers could achieve in
their responses to the open-ended questions was 16. The SPSS 15.0 program was used in the
statistical analysis of the data and the first step was to find out whether the data showed normal
distribution. After the results of the Kolmogorov-Smirnov and Shapiro-Wilks tests indicated
normal distribution, the pre- and post-test scores of the experimental and control groups were then
compared with the independent samples t-test. The pre-service teachers’ responses to the questions
by category was evaluated in both the experimental and control groups and percentages were
calculated (Table 4 and Table 5). Lastly, in order to clearly set forth the conceptual change
displayed by both groups, the percentages of alternative conceptions found in the pre- and post-
tests were determined and the differences between these were defined as the percentage of
conceptual change (Table 6).

FINDINGS
In line with sub-problems 1 and 2, the independent samples t-test was used to compare the
pre- and post-test scores of the experimental and control groups. Table 2 displays the results of the

analysis for the pre-test, Table 3 the results of the analysis for the post-test.

Table 2. Results of the independent samples t-test for pre-test scores

Group n X S t df p
Experimental 30 135667 5.84680
Pre-test .329 63 .743
Control 35 131429 453835

The results of the independent samples t-test in Table 2 show that there was no significant
difference between the pre-test scores of the experimental and control groups (p>.05). This
indicates that the mean scores of the experimental and control groups were very close to each
other before the instruction. In other words, the experimental and control groups were similar
to each other in terms of their prior knowledge.

Table 3. Results of the independent samples t-test for the post-test scores

Group n X S t df p
Experimental 30 335000 2.56972
Post-test 9.204 45.078 .000
Control 35 22.2000 6.71171

40



Sendur, Kurt & Hekimoglu, 2020

Table 3 shows that there was a statistically significant difference between the post-test scores
of the pre-service teachers in both the experimental and control groups (t=9.204; p<.05). The
results of the analysis indicate that when the mean scores of the experimental and control
groups after the instruction are compared, there is a difference in favor of the experimental
group. This reveals that in these two groups that did not have significant differences between
them on the pre-test, the pre-service teachers in the experimental group exhibited a higher
level of conceptual improvement in understanding after the instruction compared to the
control group.

In order to examine in more depth how the conceptual understanding levels of the
experimental and control groups in the study changed from their understanding level after the
instruction, the distribution of the responses of the pre-service teachers on the pre- and post-
tests were calculated by categories and are shown in Tables 4 and 5.

Table 4. Percentages of responses of the experimental group on the pre- and post-tests, by
category

Question Experimental Group
Pre-test Post-test
SU(%) PU(%) PUAC(%) AC(%) NU(%) SU(%) PU(%) PUAC(%) AC(%) NU(%)

1 0.0 133 33.3 43.3 10.0 63.3 3.3 33.3 0.0 0.0
2 00 367 10.0 26.7 26.7 83.3 0.0 16.7 0.0 0.0
3 0.0 16.7 6.7 46.7 30.0 86.7 0.0 10.0 0.0 3.3
4 00 16.7 13.3 40.0 30.0 33.3 3.3 56.7 6.7 0.0
5 0.0 46.7 13.3 10.0 30.0 90.0 10.0 0.0 0.0 0.0
6 233 00 46.7 20.0 10.0 100.0 0.0 0.0 0.0 0.0
7 0.0 0.0 73.3 20.0 6.7 90.0 0.0 10.0 0.0 0.0
8 3.3 0.0 43.3 16.7 36.7 46.7 16.7 23.3 6.7 6.7
9 100 0.0 30.0 0.0 60.0 90.0 6.7 0.0 0.0 3.3
10 0.0 0.0 16.7 23.3 60.0 33.3 3.3 13.3 13.3 36.7

It can be seen in the distribution of the experimental group’s responses on the pre- and post-
test in Table 4 that in particular, no response was given to the question on the properties of
being aromatic (Q1, 2, 3, 4, 5) that fell in the category of SU. In the post-test however, there
was a noticeably increase in the responses falling into the SU category, and in fact, outside of
Q4, the percentage indicated for the rest of the questions was over 50%. In Q4 on the
molecule furan, 33.3% of the preservice teachers were able to explain all of the conditions of
aromaticity. It was found that in the case of the heterocyclic aromatic molecule foran, the
preservice teachers could not explain this molecule’s aromaticity because they did not
consider that one of the lone pairs of electrons on the oxygen atom is delocalized into the ring.
When compared with the alternative conception percentages on the pre- and post-test in these
questions, it was observed that the percentage on the post-test was slower than on the pre-test
and in fact, outside of Q4, the other four responses did not reveal any alternative conceptions
in the post-test.

The questions related to the naming of aromatic compounds (Q6, 7, 8, 9 and 10), the
examination of the understanding level percentages showed that sound understanding was
very low on the pre-test and in fact, there were no responses to Qs 7 and 10 that fell into the
sound understanding category. In the post-test, it was seen that the responses in this category
had noticeably increased and in fact, Q6 received a 100% response from the pre-service
teachers in the experimental group while this rate in Qs 7 and 9 was 90%. The lowest sound
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understanding percentage of the pre-service teachers was Q10, which was on 4-bromobenzyl
alcohol. It was seen here in particular that the pre-service teachers had trouble with naming
the benzyl structure. In the examination of the percentages of alternative conceptions related
to naming compounds in the experimental group, it was seen that there were no alternative
conceptions for Q9 on the pre- or post-test, but the percentages on the post-test were lower
than on the pre-test for the other questions. In fact, Qs 6 and 7 exhibited no alternative
conceptions at pos-test.

A review of Table 5, which shows the response percentages on the pre- and post-test of the
pre-service teachers in the control group, indicates that, as in the experimental group, none of
the responses to the questions on aromaticity fell into the SU category. An examination of the
sound understanding percentages for the same questions on the post-test shows that although
there are responses that fall into this category, the percentage of this is negligible. For
example, only one pre-service teacher was able to fully explain that the molecule 1,3,5-
cycloheptatriene was not aromatic (Q1). Similarly, only 8.6% of the pre-service teachers were
able to fully explain that the molecule 1,3-cyclopentadiene was not aromatic (Q5). In the
control group, it was found that the sound understanding percentage in these questions
remained lower when compared with the experimental group.

Table 5. Percentages of responses of the control group on the pre- and post-tests, by category
Control Group

Pre-test Post-test
Question SU(%) PU(%) PUAC(%) AC(%) NU(%) SU(%) PU(%) PUAC(%) AC(%) NU(%)
1 0.0 143 42.9 37.1 5.7 2.9 8.6 28.6 60.0 0.0
2 0.0 143 25.7 229 371 111 257 20.0 34.3 2.9
3 0.0 14.3 2.9 486 343 143 286 17.1 40.0 0.0
4 0.0 143 2.9 629 200 171 114 11.4 60.0 0.0
5 0.0 34.3 37.1 8.6 20.0 8.6 54.3 28.6 8.6 0.0
6 28.6 2.9 34.3 28.6 5.7 54.3 2.9 14.3 14.3 14.3
7 8.6 0.0 60.0 25.7 5.7 60.0 0.0 114 20.0 8.6
8 0.0 0.0 37.1 229 400 143 114 28.6 22.9 22.9
9 0.0 0.0 34.3 114 543 629 2.9 8.6 17.1 8.6
10 0.0 0.0 28.6 114 600 229 2.9 5.7 28.6  40.0

In the review of the alternative conception percentages of the pre-service teachers in the
control group for the same questions, various striking points were seen. While the alternative
conception percentages of the pre-service teachers did not change for Q5, the percentages in
Qs 3 and 4 declined somewhat. On the other hand, in Qs 1 and 2, the percentages of
alternative conceptions increased in the post-test. This shows that the system of instruction in
the control group was not as effective in eliminating alternative conceptions when identifying
aromatic compounds as the argumentation-based instruction applied to the experimental

group.

As shown in Table 5, it can be seen from a review of the levels of understanding of the pre-
service teachers in the control group regarding naming of aromatic compounds, that no
response falling into the sound understanding category was given to Qs 8, 9 and 10 on the
pre-test and that in Qs 6 and 7, there only a few responses that fell into this category. In the
post-test, it was observed that the responses to all 5 questions displayed an increase in the SU
category as compared to the pre-test. On the other hand, when these SU categories were
examined, it was understood that the percentages were not as high as in the experimental
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group. In the review of the percentages in the alternative conception categories, it was seen
that the percentages on the pre- and post-tests for Q8 did not change, but that in Qs 9 and 10,
there was an increase on the post-test. These results make it evident that the instruction
carried out in the control group was not effective in eliminating alternative conceptions with
regard to naming of aromatic compounds.

In the context of the third sub-problem of the study, a comparison was made of the conceptual
changes occurring in the experimental and control groups. The pre-service teachers’
percentages of alternative conceptions on the pre- and post-tests were calculated and are
displayed in Table 6. Table 6 also shows the percentage of conceptual change occurring for
each alternative conception.

Table 6. Percentages of pre-service science teachers’ alternative conceptions

Q. Alternative Conceptions Experimental Group Control Group
Pre-  Post- cc Pre-  Post- cC
test test test test
Q-1 1 The 1,35-cycloheptatriene molecule is 23.3 - +233 171 229 -5,8
aromatic because it has a ring structure.
Q-1 2 The 1,35-cycloheptatriene molecule is 10.0 - +10.0 114 143 -2.9
aromatic because it contains 3 double bonds.
Q-1 3 The 1,35-cycloheptatriene molecule is 10.0 - +10.0 29 5,7 -2,8

aromatic because it only contains carbon and
hydrogen atoms.

Q-1 4 The 1,3,5-cycloheptatriene molecule is - - - 2.9 114 -8,5
aromatic because it contains unsaturated
carbon atoms.

Q-1 5 The 1,3,5-cycloheptatriene molecule is - - - 2.9 5.7 -2,8
aromatic because all of the carbon atoms
form four bonds.

Q-2 6  The 1,3,5-cycloheptatrienyl anion is 13.3 - +13.3 171 114 457
aromatic because it has a ring structure.

Q-2 7 The 135-cycloheptatrienyl anion is 13.3 - +13.3 57 14.3 -8.6
aromatic because it only contains carbon and
hydrogen atoms.

Q-2 8 The 1,3,5-cycloheptatrienyl anion is - - - - 8.6 -8.6
aromatic because it contains 3 double bonds.
Q-3 9 The 1,3,5-cycloheptatrienyl cation is not 13.3 - +13.3 114 - +11.4

aromatic because it lacks a hydrogen atom
bonded to a carbon atom.

Q-3 10 The 1,3,5-cycloheptatrienyl cation is not 10.0 - +10.0 114 - +11.4
aromatic because the carbon atom has not
completed its number of bonds and has
formed 3 bonds.

Q-3 11 The 1,3,5-cycloheptatrienyl cation is not 10.0 - +10.0 8.6 2.9 +5.7
aromatic because it is not hexagonal.

Q-3 12 The 1,3,5-cycloheptatrienyl cation is not 3,3 - +3,3 8.6 2.9 +5.7
aromatic because it is charged (+).

Q-3 13 The 1,3,5-cycloheptatrienyl cation is not 10.0 - +10.0 8.6 2.9 +5.7
aromatic because it has 7 carbons.

Q-3 14 The 1,3,5-cycloheptatrienyl cation is not - - - - 171 -171

aromatic because it does not comply with
Huckel’s rule.

Q-3 15 The 1,3,5-cycloheptatrienyl cation is not - - - - 8.6 -8.6
aromatic because it does not contain a p
orbital.

Q-3 16 The 1,3,5-cycloheptatrienyl cation is not - - - - 5.7 -5,7
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aromatic because it does not contain a
conjugated system.

Q-4 17 The furan molecule is not aromatic because  10.0 - +10.0 114 17.1 -5,7
it does not have the C¢Hs molecular formula.

Q. Alternative Conceptions Experimental Group Control Group

Pre- Post- CcC Pre- Post- CcC

test test test test
Q-4 18 The furan molecule is not aromatic because  10.0 - +10.0 114 114 -
the structure of furan contains the oxygen
atom.
Q-4 19 The furan molecule is not aromatic because  10.0 - +10.0 171 114 457

does not contain 6 carbon atoms.
Q-4 20 The furan molecule is not aromatic because 6.7 3.3 +3.4 8.6 114 -2.8
it has lone-pair electrons

Q-4 21 The furan molecule is not aromatic because 3.3 3.3 - 8.6 2.9 +5.7
it does not contain 3 7 bonds.

Q-4 22 The furan molecule is not aromatic because - - - 5.7 5.7 -
not all the atoms in the rink contain a =
bond.

Q-5 23 The 1,3-cyclopentadiene molecule is 6.7 - +6.7 5.7 5.7 -

aromatic because it contains carbon and
hydrogen atoms.

Q-5 24 The 1,3-cyclopentadiene molecule is 3.3 - +3.3 2.9 2.9 -
aromatic because it has a ring structure.

Q-6 25 When naming aromatic compounds, 30.0 - +30.0 429 86 +143

Q-7 molecules are classified as alkenes

according to the double bond in the ring and
in alphabetical order.

Q-6 Aromatic compounds are named 50.0 200 +30.0 571 743 -17.2
Q-7 26 alphabetically and the prefix “cyclo” is used

Q-8 when a molecule has rings.

Q-9

Q10

Table 6 reflects a review of alternative conceptions by question, showing that there were
prominent differences in conceptual change between the experimental and control groups. In
the experimental group, only one alternative conception (21st) percentage was the same on
both the pre- and post-test, while the percentage of alternative conceptions diminished in the
post-test. We can say therefore that a positive conceptual change was seen. On the other hand,
the same thing cannot be said of the control group. In the control group, only 9 alternative
conceptions (6, 9, 10, 11, 12, 13, 19, 21 and 25) showed positive conceptual change; 4
(alternative conceptions 18, 22, 23 and 24) displayed no change, and 13 (alternative
conceptions 1, 2, 3, 4, 5, 7, 8, 14, 15, 16, 17, 20 and 26) displayed a negative conceptual
change. These findings indicate that argumentation-based instruction in the topic of aromatic
compounds was much more effective in achieving conceptual change compared to current
program based-teaching and that it was not feasible to expect an elimination of alternative
conceptions using the current program based-teaching. It was seen in fact, that this teaching
was responsible for creating an increase of alternative conceptions. Indeed, it has been
reported in various research articles that it is difficult to achieve the desired level of
conceptual change using traditional teaching methods (Bodner, 1991; Westbrook & Marek,
1991; Hesse & Anderson, 1992; Treagust & Duit, 2008).

In a review of the alternative conceptions presented in Table 6, it can be seen that in Q1, the
alternative conception, “The 1,3,5-cycloheptatriene molecule is aromatic because it has a ring
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structure” Was expressed in both the experimental and control groups on the pre-test. The
underlying thought in this alternative conception may be that the pre-service teachers believed
that the condition of having a ring structure was sufficient for aromaticity. In the post-test, it
was seen that in the experimental group, this alternative conception was not expressed; it was
just the opposite in the control group however; in this group, the percentage of alternative
conceptions increased among the pre-service teachers. Regarding the alternative conceptions
related to this question, namely “The 1,3,5-cycloheptatriene molecule is aromatic because it
contains 3 double bonds” and “The 1,3,5-cycloheptatriene molecule is aromatic because it
only contains carbon and hydrogen atoms,” these were not encountered in the experimental
group on the post-test but were seen at a higher percentage in the control group following the
instruction. The reason that these two alternative conceptions appeared could be because the
pre-service teachers were more accustomed to encountering the example of benzene in the
topic of aromatic compounds and therefore applied the number of double bonds in benzene
and its atoms to the other molecules. In the control group, unlike the experimental group,
there were 2 alternative conceptions on the pre-test. These alternative conceptions were, “The
1,3,5-cycloheptatriene molecule is aromatic because it contains unsaturated carbon atoms”
and “The 1,3,5-cycloheptatriene molecule is aromatic because all of the carbon atoms form
four bonds,” which displayed a higher percentage on the post-test as compared to the pre-test.

As in Q1, there were both experimental and control group pre-service teachers who displayed
their belief in Q2 that a ringed structure was a sufficient condition for aromaticity on the pre-
test. In the post-test, while the alternative conception “The 1,3,5-cycloheptatrienyl anion is
aromatic because it has a ring structure” did not appear in the experimental group; this was
seen at 11.4% in the control group. Another alternative conception, “The 1,3,5-
cycloheptatrienyl anion is aromatic because it only contains carbon and hydrogen atoms”
was not encountered in the experimental group on the post-test, but in the control group, no
change of percentage was seen from the pre- to the post-test. Another alternative conception
in Q2 (8th) did not appear in the experimental group on the pre- or post-test, but did appear in
only the post-test in the control group, exhibiting a negative conceptual change. The fact that
this alternative conception appeared on the post-test in the control group indicates that the
pre-service teachers in the control group had not fully understood the conditions of
aromaticity. It was seen that Q3 about the 1,3,5-cycloheptatrienyl cation had the most number
of alternative conceptions in both the experimental and control groups. Eight alternative
conceptions were found related to this question and 5 of these (9, 10, 11, 12 and 13) were seen
on the pre-test in both groups while 3 alternative conceptions (14, 15, 16) were observed only
in the control group on the post-test, and indicated a negative conceptual change. In the 9th
and 10th alternative conceptions among these, it was observed that the pre-service teachers in
the experimental and control groups interpreted aromaticity on the pre-test as related to the
number of bonds formed by the carbon atom. In the post-test however, this alternative
conception was not encountered in either the experiment or the control group, indicating a
positive conceptual change. In the 11th and 13th alternative conceptions related to this
question, it was seen that the pre-service teachers in both the experimental and the control
group believed that the 1,3,5-cycloheptatrienyl cation could not be an aromatic compound
because it had 7 carbons or because it was not hexagonal. This belief may possibly have been
based on the fact that the pre-service teachers were accustomed to dealing mostly with the
benzene molecule as an aromatic compound. The post-tests did not contain these alternative
conceptions in the experimental group, while a few were noted in the control group. Similarly,
in the 12th alternative conception, both the experimental and the control group indicated on
the pre-test that the 1,3,5-cycloheptatrienyl cation could not be an aromatic compound since it
was charged (+). The main reason the pre-service teachers had this alternative conception was
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possibly that they associated aromaticity with neutral molecules such as benzene. On the post-
test however, this alternative conception appeared less in both groups, indicating a positive
conceptual change. In Q3, differing from the experimental group, only the control group
displayed three of the alternative conceptions appearing on the post-test. A review of these
alternative conceptions shows that all of them are related to the conditions for aromaticity. In
other words, the pre-service teachers in the control group showed a lack of understanding of
the conditions of aromaticity, specifically those of “being in a conjugated system,” “fitting
Huckel’s Rule,” and “each atom in a ring containing a p orbital perpendicular to the plane of
the ring.”

Another question that yielded many alternative conceptions in both the experimental and
control groups was Q4 on the aromaticity of the furan molecule. In this question, the
alternative conceptions appearing on the pre-test were consistent with those that were seen in
the first three questions. For example, in both the experimental and control groups, the
alternative conception that “The furan molecule is not aromatic because it does not have the
CeHs molecular formula” showed that the pre-service teachers’ knowledge of aromatic
compounds was limited to what they knew about benzene. Similarly, the pre-service teachers’
conception that “The furan molecule is not aromatic because the structure of furan contains
the oxygen atom.” may have stemmed from their not having previously encountered a
heterocyclic aromatic compound. The other alternative conceptions, namely “The furan
molecule is not aromatic because does not contain 6 carbon atoms” “The furan molecule is
not aromatic because it does not contain 3 7z bonds” and “The furan molecule is not aromatic
because it has lone-pair electrons” showed that the pre-service teachers thought about
aromaticity on the basis of what they knew about benzene. In the post-tests, most of these
alternative conceptions were lesser in the experimental group, indicating a positive conceptual
change. In the control group however, some conceptions (19th and 20th) were less, the
percentage of some did not change (18th alternative conception), while the percentage of
some increased (17th and 20th alternative conceptions), indicating a negative conceptual
change. Differing from the experimental group, the control group displayed no conceptual
change from the pre- to the post-test in the alternative conception of “The furan molecule is
not aromatic because not all the atoms in the rink contain a 7 bond”.

In the last question on aromaticity, Q5, it was seen that the pre-service teachers had fewer
alternative conceptions compared to the other four questions. It can be understood from a
look at these alternative conceptions that the pre-service teachers in the experimental and
control groups, as in Q1, thought that the molecule 1,3-cyclopentadiene was an aromatic
compound because it has a ring structure and it contains carbon and hydrogen atoms. In the
post-tests, it was observed that these two alternative conceptions did not appear in the
experimental group but their percentages in the control group were the same as in the pre-test.

In the questions on naming aromatic compounds, it was seen that there were mainly two
alternative conceptions in both the experimental and control groups. The first of these was
“When naming aromatic compounds, molecules are classified as alkenes according to the
double bond in the ring and in alphabetical order.” These alternative conceptions were found
in both the experimental and control groups on the pre-test, in both Q6 and Q7. The pre-
service teachers’ naming an aromatic compound as they would an alkene shows that they are
not able to differentiate aromatic compounds from alkenes. Another striking point in their
responses was that they made their classification as they would a straight chain. In the post-
tests, there were no alternative conceptions in the experimental group but in the control group,
the percentage of 28.6% showed a slight decline but was still significant. The second
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alternative conception related to naming aromatic compound was “Aromatic compounds are
named alphabetically and the prefix ‘cyclo’ is used when a molecule has rings” The
percentage of this alternative conception declined in the experimental group on the post-test,
but showed an increase in the control group. Table 7 displays examples of the responses of
both experimental and control group pre-service teachers that can be categorized within the
scope of these two alternative conceptions.

Table 7. Responses of the experimental and control group pre-service science teachers
containing alternative conceptions

Alternative Conception Question Pre-service Science Teachers’ Response
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DISCUSSION, CONCLUSION AND SUGGESTIONS

In this study, where the effect of argumentation-based instruction in the topic of
aromatic compounds on the conceptual understanding and conceptual change of pre-service
science teachers was compared with the effect of the current program based-teaching, the
results of the independent samples t-test (Table 2 and Table 3) showed that argumentation-
based instruction was much more effective in achieving conceptual understanding among the
pre-service teachers. Similarly, it was found in the analysis of the responses of the pre-service
teachers on the pre- and post-tests in terms of their level of understanding that in both groups,
the percentage of sound understanding was very low in the pre-tests. In the post-tests,
however, the sound understanding percentage in the experimental group was much higher
than in the control group. Another important finding in the analysis was related to percentages
of alternative conceptions. In the experimental group, it was seen that the percentage of
alternative conceptions in all of the questions declined from the pre-test to the post-test and in
fact, in some of the questions (Q1, 2, 3, 5, 6, 7 and 9), no response containing an alternative
conception was seen in the post-test. The situation was different in the control group. The
percentage of alternative conceptions in four questions in the control group declined from the
pre-test to the post-test, but did not change in two questions, in fact showing an increase in
four other questions (Table 6). These results indicate that argumentation-based instruction
was more effective in improving the pre-service science teachers’ level of understanding of
the topic of aromatic compounds and was more useful in eliminating their alternative
conceptions as compared to the current program based-teaching. Indeed, these results are
consistent with those reported in the field literature (Aydeniz & Dogan, 2016; Sekerci &
Canpolat, 2014; Kaya, 2013). Moreover, the way in which alternative conceptions showed an
increase in some of the questions after the instruction in the control group was evidence that
this teaching not only failed to achieve the desired level of understanding but also was not
very effective in achieving conceptual change. Various study results support this finding
(Wandersee et al. 1994; Ozkan & Selguk, 2012).  The instruction given in the experimental
and control groups was analyzed in terms of the percentage of conceptual change achieved for
each alternative conception in order to be able to more clearly evidence the effect of the
respective teaching methods on conceptual change. The analysis results shown in Table 6
indicate that a positive conceptual change was achieved in almost all of the alternative
conceptions in the experimental group while in the control group, where the current program
based-teaching was employed, negative changes were in the majority. This supports the
conclusion that argumentation-supported instruction is much more effective in eliminating
alternative conceptions as compared to current program based-teaching. The underlying factor
playing a role in this is the fact that the pre-service teachers were able to discuss their claims,
data, supporting arguments and reasoning in the instruction process, thus becoming aware of
any alternative conceptions and being helped to dispel these (Cross, Taasoobshirazi,
Hendricks & Hickey, 2008). Also, as Venville and Dawson (2010) have pointed out, the
writing frames that are used in argumentation-based instruction supported and contributed to
the decision-making and learning process.

Another important finding of the study was related to the alternative conceptions that were
discovered. Most of the alternative conceptions that had to do with aromaticity showed that
the pre-service teachers thought that aromatic compounds were all benzenes and treated the
topic according to this premise. For example, the alternative conceptions “The 1,3,5-
cycloheptatriene molecule is aromatic because it contains 3 double bonds,” “The 1,3,5-
cycloheptatrienyl cation is not aromatic because it is not hexagonal,” “The furan molecule is
not aromatic because it does not have the CsHs molecular formula,” “The furan molecule is
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not aromatic because the structure of furan contains the oxygen atom.,” and “The 1,3-
cyclopentatiene molecule is aromatic because it contains carbon and hydrogen atoms” show
that the pre-service teachers accepted only benzene as an aromatic compound. The main
reason for this could be that especially in secondary school chemistry lessons, benzene and its
derivatives are usually provided as examples of aromatic compounds and it is not generally
pointed out that a heterocyclic molecule or an ion can be classified as an aromatic compound.
Another point that arose in the responses of the pre-service teachers was that they considered
it sufficient for a compound to be aromatic if it had a ring structure. Domin, Al-Masum and
Mensah (2008) explained this by stating that students perceived aromaticity as a structural
concept rather than a functional one. Rushton et al. (2008) suggested in this context that
students usually classify molecules with hexagonal bond-line formulas in the same molecular
category. Researchers have emphasized that to avoid this, it would be necessary to review the
various molecules with hexagonal bond-line formulas and clarify the differences between
them. Still another important finding in the study regarding aromaticity was witnessed in the
control group. It was seen that when the pre-service teachers were applying the properties of
being aromatic to molecules or ions, instead of taking all of the rules into consideration, their
interpretations were focused on only a few of these rules. One of these rules was Huckel’s
Rule. When the pre-service teachers in the control group were applying Huckel’s Rule in
particular after the instruction, they took into consideration only the = electrons in the ring,
meaning that they did not take into account the electrons that did not participate in the bond
but were a part of the = system in the ring. This may have been because the pre-service
teachers could not fully identify the hybrid type of atoms in the ring. Indeed, Duffy (2006)
reported that because students were wrong in identifying the hybrid types of atoms in
aromatic compounds, they made a mistake in calculating the number of electrons according to
Huckel’s Rule and consequently could not identify the aromatic compounds correctly. This
points to the importance of making sure that hybridization and types of hybrids are
sufficiently learned before introducing the concept of aromaticity. It was observed from the
alternative conceptions related to naming aromatic compounds that the pre-service teachers
accepted aromatic compounds to be alkenes. This indicates that organic chemistry lessons
need to emphasize the differences between aromatic compounds and alkenes.

The recommendation to be made in the light of all of the findings in the study is that
researchers involved in education, especially in the field of organic chemistry, should conduct
further studies argumentation-based instruction in different topics of organic chemistry in a
continued effort to investigate the effect of this mode of teaching on learning outcomes. At
the same time, although the present study was an attempt to explore the level of conceptual
understanding and conceptual change among preservice science teachers using pre- and post-
tests, a retention test was not employed and therefore the extent of retention gained by the
application could not be determined. Because of this, it is also recommended that a retention
test is explored in future studies.
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