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Abstract: | n this study, t he effectiveness of concept C
misconeptions related to photosynthesis subject was examined. Firstly, the literature has been thoroughly examined
and misconceptions about photosynthesis subject have been listed and then grouped. Concept cartoons related to
these groups have been preparedwasrd introduced to the students in order to identify their misconceptions.
Similar misconceptions as in the literature have been found. Then, new concept cartoons addressing to elimination
of these misconceptions have been prepared and were usedistotsssrs. The excerpts from these discussions

and afterclass student interviews show that concept cartoons may be an efficient tool not only to identify student
misconceptions but also to overcome them. The compatibility of this method (utilizathwe @f cartootased

teaching) with constructivist approach was also discussed.
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INTRODUCTION have easy access. The portrayals of groups which are
composed of 3 to 5 students and have different
Cartoons and Education expressionsor explanations are embedded. These

student statements and dialogues, mostly in the form of

Upon examination of the place of cartoons in the, o6 hoxes, include misconceptions and/or
teaching and learning relditetature, various purpose lternative conceptions (Figure 1). One of the most

behind using them are noticed: Developing reading Sifli§,ant characteristics of concept cartoons is the fact

(Demetrulias, 1982), strengthening vocabulary repe”fﬂ' {t anongst many statements raised by students in the

(Goldstein, 1986), increasing problem solving abili ; -
(Jones, 1987), developing writing and thinking abilig%?toons existdonly one scientifically acceptable

: o - lanation. Other statementsvhile scientificall
(De Fren, 1988), enhancing motivation (Heintzm cg)rrectlb are not ri dli c uII (Ijlu syl y i mp
1989), resolving conflict (Naylor & McMurdo,199 'ased on studentso. iexqmsedrjenc
'19%19 n tdl If Yl nhg_ S It ude n_f'; sko | ié@t&p‘netnébﬁifv?larwit:kf)ZW(?z,rpﬁpl36§. fre SxBré?sﬁonse L

) and e 'C't'gg their implicit scient ICHd NOWIEGRG thoughts of interacting characters should be written
(Guttierrez & Og orn, 19923 are among theauving 55 ghort as, possible, As a result of the process outlined .
examined studentsd conc el tildutd bilafefhativi tonclp nk Sudéh§ | © N ¢
concepts, the researchers who use cartoons m% ab ho(ld aréonce Eentif'ed odeled in the
)

dOconcept cartoondé fr ame o NPl EaK be Stili u'l’?(ﬁgaaUt'Uhi
1978; Watts & Zylbersztajn, 1981; Nussbaum, 19 e?ed t(s)oeliminateeit/he?n. € HHIzEHIT class attivities

examine alternative conceptions in the pittfmien.
When literature is examined, it is seen that cartoons are Concept Cartoons and Science Education
utilized in various forms and structures, and teaching
and learning outcomes may be said to be qlm
successful.

We have defined concept cartoons as depiction of
Slogues in which 3 or more students are involved.
Each of the characters in the concept cartoons are
Concept Cartoons accompanied with dialogue boxes having different
erspectives and statements. One of the statements in

se dialogue boxes is the one which is accepted

endeaVOt_Jr_ toenlighten the _relationship betWee'%cientifically to be true; on the other hand, the mest a
constructivist approach and epistemology & classrqg&epted to be not trdevhile the students may think
applications (Keogh and Naylor, 1999). Exclud%gt her wi s e This situation is

humour and satire attributions of common cartoongy, cators and cognitive psychologists. In the literature
concept cartoons combine visual elements with the teXts o y ar e al so called as Opr e

written in he form of dialogues (Keogh and Naylor1 988/ as cited &rnaBaihvaer ,f r2a0n0e3w.

199.9)' Enriched with a §pecific science concept Biwer & Easley, 1978/as cited in Bahar, 2003). In this
subject, they are placed in the places where stud sy g y we preferred to use the

Concept cartoons were developed as a resultt)
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The block card
wil moke the
darkest shadow
it all depends on
how thick the
card is

Both shadows will
be the same The white card will
make the darkest
shadows

What do YOU think?

Figure 1 An Example of Concept Cartoon from Naylor, Keogh and Wilson (1998)

and odalternative concept i onXKiéntificideavaredgplied in everyday wiiatiens, u d e n
problematic thought and inferences about a sciescethat learnerare challenged to make connections

concept or naturgphenomena. between the scientific and the everyday
There are varisuways of using concept cartoons  c. the alternative ideas put forward are based on
in science courses. K a braspakch a that ( Rldhtifiés) ,commono paceasi nojf t h a

concept cartoons may be used as instructional matemiainderstanding, so that learners are likely to see many
and teaching method in science courses, prepafdabe alternatives as credible
concept cartoons related to matter and heat subject a) asd. the scientifically acceptable viewpoint(s) will be
aninstucti onal materi al i n inctude@ améngst the alterhativésp o st er 6 and
oconcept cartoon wor ks he e e.dhe atérmatves it forvare al appear todbe ofl | &
practice questions b) as a teaching method; whicheapgal status, so that learners cannot work out which
then successfully used in class discussions. alternative is correct from the context. (Keogh, Naylor

Keogh, Naylor and Wilson (1998) argue thahd Wison, 1998).
concepts cartoenmay be utilized as a method to S . .
increase societyds intere SUphza?og%gopcc?%tCagto(:o?s‘énr]'%aghm% esides
utiized as an assessment strategy. There are alsoThe researchers who examine the contribution of
researchers who claim that cohaegrtoons may be concept cartoons to teaching and learning process find
efficient tools in order to identify studenthat they a) help in eliciting student misconceptions in a
mi sconceptions (knge-, shdetltirdetbyprovida shrticipatidhadmost al §iliéhts a n d
remedy them (Saka, et al, 2006). Concept cartognslass discussions, c) motivate and activate the students
which apparently seem to be easy to prepare and desigrder to advocate and support their arguments, and as
need to carry following charactéssin order to have a result d) eliminate their misconceptions (Keogh,
greater student success and maotivation: Naylor & Wilson, 1998; Keogh & Naylor, 1999; Naylor,

a. Minimal amounts of text, so that they akeogh, DeBo& Feasey, 2001; Stephenson & Warwick,
accessible and inviting to learners (of any age) W®02; as cited in Saka et al., 2006).
limited literacy skills It is projected that concept cartoons will increase

student motivation, focus their attention more on the

112
2007 by IJESE



International Journal of Environmental & Sciencdeducation, 2007, 2(4)1116 124

courses, and provide constructivist learning The concept cartoons in the literat were
environment where the studenwill participate in mostly prepared on large cardboards where the
classroom discussions comfortably and enjoyablyaracters in the cartoons express their ideas in the form
According to constructivist approach, the environmemisdialogues big enough to be seen form everywhere in
where individuals socially interact are to be providedha class (Stephenson & Warwick, 2002). The number of
order for meaningful and enduring learning. Especialyracters in them varies depandin the alternative

in science anddknology courses, the concept cartoonspnceptions the student may hold about the concept.
targeting active enrollment of students, provide thétducators who would like to use concept cartoons may,
social environment to express their ideas freely (Sakhesefore, utilize the literature about possible
al., 2006). misconceptions the students may possess. While in the

Dabell (2004) states the importance of socldérature, concept carte® are mostly prepared on
interaction and communication when concafgbons posters, it has been suggested that they may also be
are used cooperatively. Concept cartoons may alsphbee par ed as oOconcégKiabaaEnaon
used as a starting point to encourage students dufi®gbs).
class discussions and identify their prior knowledge
(Bing and Tam, 2003).

As an alternative to class discussions, The literature of last decades shows that students
homogeneous and heterogerse small group possess different beliefs about scientific concepts than
discussions are also presented as examples of dwentifically accepted ones. These different perceptions
concept cartoons are used in classlicaipns of concepts are mostly formed asesul t of st ud
(KabapEnar, 2005). Ka b a pdiynlife rexpapigncep. Treese cdandegtidns, whick arepfdva s e s
of concept <cartoon bas e dway from bding rsaentifics aredcalled miscsheeptibns o N 0
cartoonso, odi scussi on ¢Bhhary 2003¢c Griffith® & nPseston, 1992n Qaepolati g at i

Misconceptions in Science Education

about ideas i n -intbrgretaton oft 2006 s 6 and oOr e

the ideas in the cartoons taking the investigation In the literature we can see that these conceptions
findings into ac c o udalassd are alfohrefered u aalsi tyal pér niani ve fr a
di scussions, student s0 &HBrpiocksuonn,t yl19t8o3) commparieor t teinr
ideas with the ones in the cartoons and the role ®Mmi t h , 1987; Has hweh, 1988) ,
teacher during these processes are the factors thtfander s e e, Mintzes & Novak

influence the success ofhcept cartoofbased teaching.k nowl edged ( Pines & West, 1¢
Naylor and Keogh (1999) argue thas c i e n beet,dVatf &0shorne, 1982)

constructivist approach brings a need for new teaching Misconceptions are quite resistant to change
and learning methods and exhibit concerns abgBischer, 1985). Therefore, it is quite difficult to remedy
teachersd and student sd them sadditd brevide meanirmful algaming dy cugigr d st
innovations. Contrary to theiconcerns, concept traditional teaching methods. For that reason,
cartoonbased teaching method gave promising resuiigernative teachingmethe by means of what
85 prospective science teachers were enrolled inthgiridr knowledge are identified and their misconceptions
year longerm study. Opportunities for evaluating thare remedied are preferred. Concepts cartoons are
use of concept cartoons were provided and studeniongst these alternative teaching methods, which
teachers were givehances to reflectively think abouhighlight visuality.
how concept cartoons might have been utilized in Examination of the literature shows that students
constructivist  learning environment. Prospectiave a large number of misconceptions about
teachers, in their study, found concept cartoons usghbtosynthesis (Bell, 1985; Wondersee, 1985; Anderson,
in identifying student s $8heldon& Dubay, X090pMakon & Bascola; 2000¢ Ayaksy a g i |
them in condcting investigations and implementatiok® se and Tal, 2002; Kensoy et
of a constructivisamoted teaching and learning. Bal ¢ E, 2003) . These bhaveudi es s
misconceptions about definition and purpose of
photosynthesis, nutrition of plants, chlorophyll, and the

Keogh and Naylor (1997) argue that conceplace of water.
cartoons may be used as an efficient tool for
identification of misconceptis by teachers and
students themselves during the instruction and pre The Purpose of the Study

instruction. KabapEnar (2005) qhe ur 056 OPthIS studhCie
cartoons may lessen negative effects of student anX|ety purp y

about o6giving incorrect,. d,spv\c;geptéhe e,‘j‘ch%v%agsf cqnqept qargoonsn ° t th
student but the character in the cartoon who first ral§| stut
the thought similar to his/her one. According tother, ¢ Subject of photosynthe3|s .

student is not the one who expresses the erroneous i ea") to examlne _the ro!e of concept cartoons in the

but s/he is the one who only supports it; therefore, s/fémination of identified misconceptions.

will be able to participate in the activities mo[)as iii) to explore student views about concept cartoon

comfortably and express his/her ideas more freely. e_?ﬁ:%ﬁ;;ﬁﬁrgae;tzdof the Study

Utilization of Concept Cartoons in Assessment

The Purpose @ the Study and Its Significance

oncept
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Literature survey shows that photosynthesis igeason. Especially the students who advalteteative
concept that elementary students have difficultiescanceptions have been directed folipnwguestions in
comprehending and it is a concept about what they haitder to probe their conceptual frameworks in more
many misconceptions. Therefore, identifying addet ai | . Studentsd misconcepti
remedying these misconceptions have been aintexbn presented in the Findings part.
Concept cartoons, being an efficient tool to overcome After the analysis of student -jmeerviews,
student misconceptions, and change public perceptaentified misconceptions have been listed (Table 2). In
of science and attitudes of students, assumed to theesecond step of the study, new concept cartoons have
positive rol e in r e masd ybéen presestéduaddzessing ® misconseptions disted tni o
about photosynthesis concept. As a result, this sttldg table. These new concept cartoons have been
will provide contributions to literature in terms gbresented to students by means of a qiovjén order
providing instructional materials about photosynthebigter to provide opportunity for class discussion. All

subject and i dent i fyi n gtudeats, dwho ohawe r nciscanéeptigns o tnotd banet s 6
misconceptions about photosynthesis. participated in these discussions. This provided students
opportunity t o hear their f
METHOD question their own opinions.

Theresearchers, sitting at the back side of the class,
passively observed the classroom activities and
This study has been conducted at an elementdisgussions and took notes about stuskewtent,
school in Ankara, in the second semester of 26 studentteacher dialogues. They have not involved in
schoolyear. The participants are 24 volunteer 8th grauhy classroom activities, and have not made aay verb
students since the subject of photosynthesis iriteraction with students and teachers. The students,
implemented in this grade level. according to their teachers, were already familiar with
discussion method. We think that this experience may
have also influenced active participation of the students

The activities, in the format of a regular scieneclass discussions.
course, have been conducted under the responsibility of After theg classroom discussions, the students
a science teacher during aftess hours. Literature hagvho have misconceptions (SWHM) have been
been thoroughly surveyed in order to lidaterviewed about their pidentified misconceptions
misconceptions abt photosynthesis subject, whictand the classroom discussions they have involved in.
have then been used by the researchers in the desigi@fdetails of this interview have also been presented in
concept cartoons by following steps outlined by Keodli¢ Findingpart.
Tz;ylor and Wilson (1998) we mentioned in the section Analysis of the Data

The concept cartoons a dhe rdats i thig study stemg {rame siuden
misconeptions, then, have been presented to studeinterviews about the thoughts of the characters in the
and their ideas are questioned. In thesetoemee concepts cartoons during the -giscussion period,
interviews, the students have mentioned about whick sear cher sd observation duri
ideas in the cartoons they are in favor of and detailedtitslent interviews durinifpje postdiscussion period.

Table 1.Misconceptions Gathered from the Literature
Subject Misconceptions Gathered from the Literature

Sampling

Imp lementation and Data Gathering

of

1.Food

Sources
Plants

1. 6. Pl ant doesnd6t need any fo
2.1. Itis respiration of plants.

2.3. Plants convert water and carbon dioxide into oxygen by means
photosynthesis.

2.6 I't is plantsd producti on
drinks water and eats the food.

2.7. Carbon dioxide and chlorophyll are prodatctt end of
photosynthesis.

2. 9. Phot osynt hesi s isshy gilizagcarsot

2. Definition of Photosynthesis
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2.10. Only green plants make photosynthesis.
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The students who have misconceptions are labeled asSWHM 6: | think two persons are right here.. May
SWHMs (students who have misconceptions) and theielect two persons? If then, | think A and E are right,
ideas are presented in the Findings part. By meanbegfiuse the plants cannot live without sun, water and
this type of codification and classification, we fousdil; all of them is necessary. méhey die if there is
opportunity tocompare student ideas before, duringamdo Sun ener gy, i f we dondt we
after the discussion (Table 2). The data obtained fribiam apart from the soil.
the interviews have been interpreted by presenting their 6 of the students who were interviewed have
relation to concept cartoons about photosynthesis. misconceptions as can be inferred from the statements
above. It seems that the students who interpret their
daily life experiences arrive at misconceptions that the
Analysis of the data shows that elemestadgnts plants get their food from environment as the animals
in our sample have various misconceptions abdat SWHM 3 and SWHM 4 argue that the plants get
photosynthesis. These misconceptions are similar tothigér food from soil. These misconceptions prevent
ones that exist in the literature. The misconceptions ttadents from comprehending that the plantivame-
have been found in the literature and the ones thatheéngs that produce their own food.
obtained from our study areepented below. In this first step, it has been observed that usage of
concept cartoons provided students comfortable
environment to express them. One of the reasons, and
we think the strongest one, of it is the student
Literature has been surveyed before the conductigiceptin that they advocate the expressions of the
of the study. The misconceptions obtained from tiiBaracters in the cartoons, not their own ones. Another

survey have been classified into wams as presented hoticeable conclusion of this first step is the similarity
in the table 1 between the misconceptions in the literature and the

. __— ones we found by means of concept cartided
Interview Findings about Food Sources of jhterviews.

Plants

Findings

Student Misconceptions about Photosynthesis
in the Literature

) Interview Findings about the Definition of
In the excerpts below can be seen student 'd%tosynthesis

which have been obtained during-tmene student

interviews (preliscussion period interviews) aided by Since the misconceptions in Table 1 outnumber

the concept cartoons designed to address Food Soufte<haracters in a recommended concept cartoon, we

of Plants. (R: Researcher; T: Teacher; SC: Student islggsified misconceptions about the definition of

class; SWHM: Student who have misconception)  photosynthesis into two grougsRe s pi rati on and

SWHM 1: | think A is right Exchangedé and O0Food and Produ:

R: Why:

SWHM 1: well... if the plants are waterless, {8
leaves wrinkle and then desiccate.. my mom used to
place the flowers ifiont of windows which face the These misconceptions are numbered as 2.1., 2.3,,
sun and say that they n2bed9 anH &1l0simthe Tablefl. These goncepitonsd t ¢
enough sunlight they will get sick and wither even if igtated to definition ofphotosynthesis imply that

Misconceptions and Concept Cartoons about
piration and Gas Exchange

water them... photosynthesis may be understood as a respiration and
SWHM 2: | think A is right... gas exchange. The Concept Car
R: Why? Photosynthesiso (1) has been

SWHM 2: The leaves of trees get desiccate andnfdgiconceptions into account (Figure 3)
inthewnt er since they dondét SSWHM tlhe Esurs enhghgle. The
clouds hide the sun; the sun heats less. Therefore, if R: Why~..
there is no Sun, then theSWHMnnlt:s Ictanibs @egaesnexghan
stay dry until the summer. The flowers at our homaben photosynthesis occurring, the plants take carbon
dondt get desi cc a tnights ardé cdoxids.ewhite latenigidhe pppositethay take oxygen
is like the Sun. and release carbon dioxide from their leaves.

SWHM 3: 1 think if there were no soil, then the SWHM 3: By means of photosynthesis, the plants
plants would not get any food. If we take flowers apa@nve t wat er and carbon dioxid
from the plants, they will eventually die even if we plateans of that, green plants produce oxygen which is
them into water. necessary for humans and animals.

SWHM 4: My mother added vitamins since the SWHM 6: The plants inhale and exhale by means
flower was foodless; | think plants take their food froph photosynthesis. During the day they take carbon
the saoil. dioxide and release oxygend /At night they use up

SWHM 5: I dondt thinkoxydeat plants need any food.
Because they dondt move aBSWHMhei:ir Prhodtoss yanrt éh etsii esd itso p
[i mplying that they dondusingnagbendliofideeod because they get

food from soil]. Soil is nessary for them. And they SWHM 8: It i s plantsd proce
also die if we dondt wa tdoxide tintoeaxygen. That means it is a kind of
115
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Figure 2. Food Sources of Plants (1) Concept Cartoon

respiration. Oh, there should also be sunlight; | mean it Misconceptions and Concept Cartoons about
happens during the day. Food and Products

SWHM 9: It is exchange of carbon dioxide and
oxygen which is done by only green plants. Green pI%n
take carbon dioxide and release oxygen...then we ¢an

These misconceptions are numbered as 2.2, 2.4.,
2.7. and 2.8 in Table 1. The Concept Cartoon

breathe as well I"fabel ed as 0 Wh at i s Phot osyr
Some of the students who have been identifiedagys'gned by taking these misconceptions into account
have misaoceptions during the interviews about Foo 'gure 4).

Sources of Plants have also been identified to have zVXqHéM Z:tl ;c]hgk th: 2Iaentrs convertothfe sugllah':]... into
misconceptions during this interview aided by conc i . 9y .
cartoons about definition of photosynthesis: Tigxotosynthe&s. Thus, green plants produce their foods

a

students SWHM 1, SWHM 6 and SWHM 7 may be s dsustain their lives by using carbioxide in the air.
to perceivethe process as a gas exchange in t SWHM 5: Photosynthesis is a procedure by means

interviews about the definition of photosynthesis. TR what plants produpe energy. By means of sunlight,

mi sconceptions similar Carbo.? %|0X|de B H'\é'dgdemt.o |tsFr‘@0{?ch_lr%sq Lrgesm a
misconceptions (respiration and gas exchange) haver%'\%?'on occurs and energy is released. That happens in

been stated by some students who had said that plm eé?/\\l/zsm 10° Phassvnthesis is th duci f

had synthéged their own foods themselves. Combinin .b ynthesis 1s the pfro uc |(?n 0 t s B
these apparently conflict, we may infer that sorcgé( ygen y means o pltantso S
students have just memorized the formula far bon : dioxideé that means A
photosynthesis without understanding the fundamen aIQ ere is effect of sun as wel

- L necessary for us is produced.
of it; and they confused the role of carbon dioxide, JUR SWHM 11 |t i s b tagbont s orC

light, water and oxygen during the process Iv(afd oxide and chlorophyll é eer

photosynthesis. The students SWHM 2 and SWH Ists but by means of photosynthesis more of them are
tried to define photosynthesis themselves and % y . P y
geoducede then plants convert

possess misconception in this concept as well. Sinc Sen...and then give it out.

think that their statements are more about Food a Some of the students who have been identified to

Products, thy have been mentioned in the foIIowinH : X duri he i : b d

part. ave miscoreptions during the interviews about Foo
Sources of Plants have also been identified to have
misconceptions during this second interview about
definition of photosynthesis aided by concept cartoons.
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