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Ozet

Bu arastirma, 6gretmen adaylarinin biyoloji konusuna iliskin bir gizgi grafigi olusturma sirecini
aciklamak ve boylece gizdikleri grafikle ilgili yorumlarini anlamak amaciyla yapilmistir.Bu kapsamda arastirma
bir devlet Universitesinin ikinci sinifinda 6gretim goéren 2013-2014 gz doneminde 55, 2015-2016 giiz
déneminde 66 ve 2016-2017 giz doneminde 59 olmak lzere toplam 180 fen bilgisi 6gretmen adayi ile
yuratilmustdr. Arastirma dokiiman analizi cergevesinde yurutilmustir. Verilerin kaynagini Ug yil boyunca
toplanan genel biyoloji laboratuvar dersinin dénem sonu degerlendirme kagitlari olusturmaktadir.
Degerlendirilen agik uglu sorularda 6gretmen adaylarindan bir probleme yonelik gizgi grafik cizmeleri ve bu
grafigi yorumlayarak mantiksal ¢ikarim yapmalari beklenmistir. Fen bilgisi 6gretmen adaylarinin yanitlari gizgi
grafigini ¢izmedeki gorsel ve bilissel yapilandirmalarinin degerlendirilmesi gercevesinde yapilmistir. Elde
edilen bulgulara gore, 6gretmen adaylarinin gorsel ve bilissel yapilandirma becerilerinin  zayif oldugu,
grafikten mantiksal ¢ikarimlar yapabilmelerinin grafik ¢izme ve yorumlama becerilerine gore daha yetersiz
oldugu soylenebilir.

Anahtar Kelimeler: Bilissel yapilandirma, Gorsel yapilandirma, Gizgi Grafigi, Grafik Cizme

Abstract

This research was conducted in order to explain the process of creating a line graph on the subject
of biology by pre-service teachers and thus to understand their comments about the graph they drew. In this
context, the research was conducted with 180 pre-service science teachers, 55 in the 2013-2014 fall semester,
66 in the 2015-2016 fall semester, and 59 in the 2016-2017 fall semester, who were studying in the second
year of a state university. The research was carried out within the framework of document analysis. The data
source is the end-of-term evaluation form of the general biology laboratory course collected for three years
The answers of the pre-service science teachers were made within the framework of evaluating their visual
and cognitive construction in drawing the line graph. According to the findings, it can be stated that pre-
service teachers have poor visual construction skills and cognitive construction skills and their ability to make
logical inferences from a graph is less efficient when compared to graph drawing and interpretation skills.
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1. Introduction

In the information age, the understanding of new information discovered day by day creates
the need to interpret not only verbal but also numerical data and graphs correctly. The use of visual
elements in education has increased with printing technology and has allowed the use of more graphs
and pictures in textbooks (Landin, 2011). Glazer (2011) mentioned that reading a graph is a complex
activity even though it is a crucial skill to be literate in today’s information age. Berg and Smith (1994)
implied that graphs are widely used in newspapers, magazines and presidential press conferences
because of graph-illustrated concepts influencing people in daily life, such as population growth, the
spread of contagious diseases, and amounts of carbon dioxide. If we do not possess the ability to
interpret graphs or to recognize the mistake in the graph, we will be left with the interpretation or
accuracy of the person who presented the graph to us.

In scientific studies, data is initially collected in tables or databases and then displayed in graph
form to help scientists visualize and interpret their data to help make sense of numbers (Glazer, 2011).
According to Wavering (1985), graphing is a tool used in science to display data and aid in the analysis
of relationships between variables. In addition, he tried to demonstrate a relationship between
graphing and interpretation and the development of logical thinking. Similarly, Berg (1989)
investigated the connection between logical thinking abilities and the ability to construct and interpret
graphs. Shah (1997) emphasized that a graph model is unique and can be distinguished from partially
abstract diagrams because it represents some quantitative property of either concrete objects or
abstract concepts. She added that the relation between a represented concept and graph is based on
an analogy between quantitative scales and visual dimensions in which the visual dimensions are
usually analogue representations of this quantitative information. According to Cleveland and McGill
(1984), graphic perception is the visual decoding of the information process encoded in graphics. The
first part of the process is explained as a set of elementary perceptual tasks when people extract
guantitative information from graphs. The second process is ordering the tasks according to how
accurately they were done.

Glazer (2011) suggests that more studies be conducted on teaching graph knowledge and skills
in the context of science, as well as studies in the context of abstract or mathematics. Biology topics
have content based on making logical inferences. In fact, teachers often make use of graphs in
presenting the information. Graphs are frequently used as an explanatory and visualizing tool in
situations where logical inferences are required, such as evaluating respiratory and lung capacity or
explaining the mechanism in the secretion of hormones. In addition, McKenzie and Padilla (1986)
mentioned that graph construction and interpretation are essential skills in science and mathematics
education. Moreover, they emphasized that line graphs construction and interpretation are critical to
science instruction because of an integral part of experimentation, the heart of science. According to
Wavering (1985) line graphs display the relationship between two continuous variables in pictorial
form and, promote the communication of complex concepts and ideas. Besides, line graphs are used
to visualize the relationship between variables and allow logical inferences, it would help science
teachers to understand the logical reasoning processes students use when making graphs. Yayla and
Ozsevgec (2014) revealed in their study with 6,7, and 8-grade students that there is a relationship
between the ability to create and interpret line graphs. Incekabi et al. (2015) state that among the
graph drawing skills, reading, creating and interpreting skills are the most important. In the studies, it
is understood that students still have problems with reading and interpreting graphs and have some
misconceptions in the process from primary school to university (Aydan & Dénel Akgiil, 2021; Berg &
Smith, 1994; Erbilgin et al., 2015; Ercan et al., 2018; Kali, 2005; Kiranda & Akpinar, 2020; Wavering,
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1985; Yelken, 2020). Studies reveal that students have difficulties structuring and interpreting the line
graph, especially concerning its function (Dunham & Osborne, 1991, Diindar & Yaman, 2014; Ercan et
al., 2018; Aydan & Donel Akgiil, 2021). Graph competency includes both graph creation and graph
interpretation skills. These processes need to be handled simultaneously and complement each other
(Glazer 2011).

Erbilgin et al. (2015) consider the determination of students' ability to interpret and create line
graphs as one of the first steps to be taken in order to overcome the learning difficulties experienced
by students in this regard. In this respect, teachers are expected to be aware of the importance of
graphs and to include them in education. Kali (2005) pointed out that graphing skills seem to be very
difficult to master, and great care needs to be taken to design a package that effectively teaches these
skills. Berg (1994) remarks that open-ended graph problems will allow the understanding of the
underlying logic of the subject. Using open-ended problems and answers from the underlying logic of
the subject indicates that the subject can provide answers as to how the content affects the learning
process.

The current three-year-long study aims to explain pre-service teachers' process of constructing
a line chart related to biology subject, thus understanding their comments about the graph they draw.
For this purpose, the process of constructing a line graph of pre-service teachers and their logical
reasoning about the graph they drew were questioned.

2. Methods

2.1. Research Design

The research was examined within the framework of document analysis, a research design in
which the analysis of written materials containing information about the targeted phenomenon or
phenomena is conducted for the purpose of "examination”, "information development" and "making
meaning" (Bowen, 2009; Corbin & Strauss, 2008; Yildirm & Simsek, 2013). Document refers to any
kind of information that exists in some type of written or printed form (Bowen 2009; Fraenkel et al.,
2012). In this study, document analysis was carried out in order to obtain in-depth information about
pre-service teachers' skills in visual construction and cognitive construction of a graph. The document
of the research consisted of 180 pre-service science teacher’s answers: 55 (9 males and 46 females) in
the second year in the fall semester of 2013-2014, 66 (15 males and 51 females) in the fall semester of
2015-2016, and 59 (9 males and 50 females) in the fall semester of 2016-2017 of a state university in
the Marmara Region in Turkey. In this study, convenience (easily accessible) sampling, non-random
sampling, was used. A convenience sample is any group of individuals who are available for study
(Fraenkel et al., 2012).

2.2. Data Collection

Data were collected through the researchers' documents. The source of the raw data is the
end-of-term evaluation form of the general biology laboratory course collected for three years. The
documents consist of the answers given to the same questions asked to the pre-service science
teachers participating in the general biology laboratory course every year about the experiment they
do in the laboratory. The documents were limited to three years due to the fact that the science
teaching Undergraduate program in our country was updated by the Higher Education Council in 2018,
and Biology laboratory lessons were removed. In the evaluated open-ended problem, pre-service
teachers are expected to draw a line graph for a problem representing the effect of the relationship
between surface area to volume ratio in the cells on substance transfer, and to interpret this graph
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and make logical inferences. The problem is a developed Turkish version of a problem in the Biology
for the IB diploma book (Clegg, 2010). After the problem developed, it was read to three students and
its intelligibility was checked. The problem posed to the pre-service teachers in the study is presented
in Figure 1.

Figure 1. The Problem Posed to The Pre-service Teachers

Slightly alkaline gelatine cubes containing an acid-alkali with different sizes are left in the
concentrate acid solution, and the colour change is observed. The colour change time in these cubes
is measured. (The acid-alkaline indicator is red in alkali but yellow in acid).

Dimension /mm Surface area/mm? Volume /mm? Time /minutes
10x10x10 600 1000 12

5%5%5 150 125 4,5

Axdx4 96 64 24,2

2x2x2 24 8 .

a. For each block, calculate the ratio of surface area to volume (SA/V). Then, plot a graph of the
time taken for the colour change against the SA/V ratio where the horizontal axis shows (Y axis)
the surface area/volume ratio and the vertical axis (X axis) shows the colour change time.
b. Explain why the colours change more quickly in some blocs than others.

This problem was selected because the questioning about the relationship between the
surface area/volume ratio enabled students to comprehend various subjects such as starting the cell
cycle, diffusion rate, balance of body temperature in the living organism at the poles, and expanding
some organs' surface area.

2.3. Data Analysis

In this study, the graphs drawn by the pre-service teachers were evaluated according to visual
and cognitive construction based on literature (Berg & Smith, 1994; Cleveland & McGill, 1984 and
1987; Glazer, 2011; Shah & Carpenter, 1995; Shah & Hoeffner, 2002). Graphs are accepted as an
essential tool in terms of visualizing the relationships between data and facilitating the understanding
of complex concepts and relationships (Berg & Smith, 1994). Cleveland and McGill (1984, 1987) have
developed a paradigm for graphical perception that begins with the isolation of elementary codes of
graphs. These are: positions along a common scale; positions along identical, nonaligned scales;
lengths; angles; slopes; areas; volumes; densities; colour saturations; colour hues.

According to researchers, visual perception is highly relevant to graphical perception.
Graphical perception is the visual decoding of information encoded on graphs. The graph is
constructed successfully only if our visual systems perform the graphical perception with accuracy and
efficiently. The graphical perception begins with elementary codes of graphs which are fundamental
geometric, colour and textural aspects that encode the quantitative information on a graph. The first
partis an identification of a set of elementary perceptual tasks that are carried out when people extract
guantitative information from graphs. Thus, highly cognitive tasks such as scale reading are not meant
to be addressed. This theory provides a guideline for graph construction.

Shah and Carpenter (1995) and Shah and Hoeffner (2002) identified three essential
components of graph comprehension that are particularly relevant to the interpretation of line graphs.
First, viewers must encode the visual patterns and identify the important visual features (such as
curved line). Second, viewers must relate the visual features to conceptual relations that are
represented by those features by encoding of visual features. Viewers might encode the relevant
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information accurately. However, their ability to map between different visual features and the
meaning of those features may differ as a function of experience. In some cases, viewers can derive
what a particular visual feature means through a simple pattern-matching process (for example, a
viewer knows that a curved line implies an accelerating relationship). The third component process of
graph comprehension is that viewers must determine the referent of the concepts being quantified
and associate those referents to the encoded functions.

Glazer (2011) implied that graphing competence includes both graph construction (creation)
and graph interpretation (analysis) skills. He suggested that they are inextricably linked and need to be
addressed simultaneously and in a complementary way. In the literature, we can identify two critical
attributes of graphing skills; the ability to visual construction and the ability to cognitive construction
of graphs. In these circumstances, we can presume that the visual construction of graphs is the mental
representation of the viewers' data set that involves the ability to convert quantitative information to
drawings. In addition, the cognitive construction of graphs involves logical meaning and interpretations
by decoding data in a graph. Themes and explanations of the categories related to the themes are
presented in Table 1.

Table 1. Graphic Evaluation Themes

Themes Categories Explanation

Visual construction of Dotting properly Considering the “y” and “x” axes
the graph data, dotting properly in the graph
Merging the dots. After dotting the data pairs, merge

the appropriate dots lines in the

graph.
[llustration of the endpoints of the Illustrate the endpoints of the line
line as inferred beyond the data or in
the graph.

Cognitive construction Calculation Use of mathematical operation skill

of the graph Scaling the graph axis Scaling the data pairs properly in

the graph axis according to
calculation results.

Interpretation Making interpretations in terms of
the relationships between the axes
in the graph.
Logical reasoning Making logical reasoning in

accordance with graphical variables
or problem variables.

The visual construction of the graphic was evaluated in the sub-categories of "dotting properly,
merge the dots, illustration of the endpoints of the line". The cognitive construction of the graphic was
evaluated according to the sub-categories of "calculation, scaling the axis, interpretations, logical
reasoning”. The graphics drawn by the pre-service teachers and their interpretations were analysed
separately, and the frequencies of the categories constituting the themes were calculated and
presented in tables.
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2.4 Ethical Consideration

In line with this paper's subject, ethical consideration issued by the Higher Education Council
was taken throughout the research.

2.5. Reliability

The necessary conditions have been provided to ensure the validity and reliability of the
research. The criteria of "credibility", "transferability"”, "consistency" and "confirmability" (Lincoln &
Guba, 1985; Merriam, 2009) were used to ensure the validity and reliability of the research. The
credibility of the research was obtained from the evaluation of the participants' problems, which were
answered individually in the research and the process was supervised by the researcher. The
researcher's diversity was achieved by the inclusion of more than one researcher in the data collection
process of the research and the analysis of the data. In order to ensure the transferability of the
research, data collection tools, data collection and analysis process are described in detail and
explained. In addition, detailed descriptions were made in the findings section, and direct quotations
from the documents were included. For the consistency of the study, the analysis of the data was
carried out by two researchers, and the consistency in the coding was tested by making a comparative
analysis. For the confirmability of the research, data sources, data collection tools, data acquisition
stages, and data interpretation stages were explained in detail. Confirmability was increased by
archiving all data collection tools and raw data. For the sake of research ethics and at the same time
to ensure impartiality in the analysis and reporting process, documents are coded in the form of D1,
D2, and D3.

3. Findings

Pre-service science teachers graphing drawing skills were evaluated as visual construction and
cognitive interpretation. These main skills are presented under two headings.

3.1. Findings Concerning the Visual Constructions of Pre-Service Teachers

The visual construction processes of the pre-service teachers were evaluated in three
categories as "Dotting properly", "Merging the dots" and "illustration of endpoints of the line". Firstly,
by considering the “y” and “x” axes data, the category of dotting properly was defined according to

the codes of "placing a dot on the line intersection", “placing a dot not using the line intersection”. The
findings are presented in Table 2.

Table 2. Percentage and Frequency Table of “Dotting Properly” Codes

Group 1 Group 2 Group 3 Total
f % f % f % f %

Placing a dot on the line 48 87.3 39 59.1 32 54.2 119 66.1
intersection.

Placing a dot, not using 3 5.5 21 31.8 27 45.8 51 28.3
the line intersection

No graph drawings 4 7.3 6 9.1 59 100.0 10 5.6

Total 55 100.0 66 100.0 27 45.8 180 100.0

It was observed that the pre-service science teachers place a dot on the line intersection using
the axes data at a total rate of 66.1% in their graphic drawings. Samples of students’ drawings about
placing a dot in the graph are given in Figure 2.
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Figure 2. Samples of Pre-Service Teachers “Dotting Properly” Choices in A Line Graph
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Note. A. Placing a dot on the line intersection, B. Placing a dot not using the line intersection

In Figure 2, in form B, it is seen that the pre-service teachers who prefer to create the points
visually without considering the axes line draw a graph that does not seem correct. However, in form
A, those who consider the axes line might draw correctly. After the pre-service teachers dotting the
data pairs in the graph, the category of their choice of merging the appropriate dots line under the
codes of drawing a "Curve function graph”, " Linear function graph” or Piecewise continuous line
graph”. The findings are presented in Table 3

Table 3. Frequency and Percentage Table of “Merging The Dots” Codes”

Group 1 Group 2 Group 3 Total

f % f % f % f %
Curve function graph 31 56.4 53 80.3 47 79,7 125 69,4
Linear function graph 17 30,9 6 9,1 8 13,6 39 21,7
Plecewlse continuous ) 36 1 15 i i 3 17
function graph
No drawing 5 9.1 6 9.1 4 6.8 13 7.2
Total 55 100.0 66 100.0 59 100.0 180 100.0

It is noticed that the pre-service teachers' choice of connecting the points is mostly (69.4%)
curved function graph. However, it is seen that 21.7% of the students also prefer the linear function
graph. Samples of student drawings about merging dots in the graph are given in Figure 3.
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Figure 3. Samples of Pre-service Teachers “Merging Dots” Choices in A Line Graph
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Note. Pre-service teachers' choice of connecting the points: A curved function graph, B line
function graph, C Piecewise continuous line graph.

In Figure 3, it is noticed that pre-service teachers made three different choices as "curved
function graph" in A drawing, "line function graph" in B drawing, and " piecewise continuous line graph
"in C drawing. The pre-service teachers' choices to continue the end points of the line in the graph
were evaluated under the codes of " Restricted ", "Extended" and "Discrete point", and the data
obtained are presented in Table 4.

Table 4. Frequency and Percentage Table of “lllustration of The End Points of The Line in The Graph”

Codes
Group 1 Group 2 Group 3 Total

f % f % f % f %
Restricted 20 36.4 33 50.0 22 37.3 75 41.7
Extended 28 50.9 26 39.4 35 59.3 89 49.4
Discrete point 2 3.6 1 1.5 - - 3 1.7
No drawing 5 9.1 6 9.1 2 34 13 7.2
Total 55 100.0 66 100.0 59 100.0 180 100.0

It is understood that the pre-service teachers' choice of continuing the points is 41.7% of the
restricted and 49.4% of the extended points. Samples of student drawings about the endpoints of the
line in the graph are given in Figure 4.
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Figure 4. Samples of Pre-service Teachers “lllustration of The End Points of The Line” Choices in A Line
Graph
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Note. A restricted, B extended, C discrete points

In Figure 4, the pre-service teachers did not continue the graphic drawing in the A drawing but
continued in the B drawing. In the C drawing, however, the student only identified the points and did
not connect them.

3.2. Findings on the cognitive configurations of pre-service teachers

The cognitive structuring processes of the pre-service teachers' graph were evaluated in four
categories as "calculation", "scaling the graph axis", "interpretation" and " logical reasoning". Pre-
service teachers' ability to calculate graphic data was evaluated under the codes of "accurate-
calculation, partially- calculation, miscalculation" and the findings regarding the data are presented in
Table 5.

Table 5. Frequency and Percentage Table of Calculation of Graph Data

Group 1 Group 2 Group 3 Total
f % f % f % f %
Accurate calculation 38 69.1 43 65.2 35 59.3 116 64.4
Partly calculation 9 16.4 10 15.2 15 25.4 34 18.9
Miscalculation 5 9.1 8 121 3 5.1 16 8.9
No response 3 5.5 5 7.6 6 10.2 14 7.8
Total 55 100.0 66 100.0 59 100.0 180 100.0

It is noticed that the pre-service teachers who make accurate calculations are similarly 69.1%,
65.2% and 59.3% in the three groups. It is understood that the pre-service teachers were successful in
calculating 64.4% in total. The scaling of the graph axis was defined according to the codes of "correct

scaling of both axes”, “wrong scaling of both axes”,” correct scaling of the x axis” and “correct scaling
of the y axis the findings are presented in Table 6.
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Table 6. Frequency and Percentage Table of Scaling The Graph Axis

Group 1 Group 2 Group 3 Total
f % f % f % f %

Correct scaling of both axes 4 7.3 27 409 21 35.6 52 28.9
Incorrect scaling of both axes 37 673 19 28.8 24 40.7 80 44 .4
Incorrect scaling of the X-axis 8 14.5 6 9.1 4 6.8 18 10.0
Incorrect scaling of the Y-axis 1 1.8 8 12.1 7 11.9 16 8.9
Both axes not scaled 5 9.1 6 9.1 3 5.1 14 7.8
Total 55 100.0 66 100.0 59 100.0 180 100.0

It is noted that pre-service teachers' ability to scale axes correctly is 7.3%, 40.9% and 35.6%,
and 28.9% in total. It is noticed that pre-service teachers make mistakes in the scaling of the x-axis, y-
axis or both axes. When the periods are examined, it is noticed that this situation is similar. Samples
of student drawings about scaling the axis in the line graph are given in Figure 5.

Figure 5. Samples of Pre-service Teachers “Scaling The Graph Axis” Choices in A Line Graph
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Note. A incorrect scaling, B incorrect scaling

In Figure 5, the effect of students' axis scaling errors on graphic drawings is noticed. In Figures
A and B, pre-service teachers made incorrect scaling on both the X and Y axis. Due to the scaling error,
the slope of the graph decreases linearly in drawing A, while the graph decreases linearly in drawing
B.

Pre-service teachers' interpretations according to their use of the surface-volume relationship
in the graph were evaluated in two categories as "depending on the axis relationship and independent
from the axis relationship". The logical reasoning used by the pre-service teachers in explaining the
graph was evaluated based on "According to the graph drawing" and "According to the data of the
problem". The frequencies of the answers are presented in Table 7.
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Table 7. Frequency and Percentage Table of Pre-service Teachers Interpretation and Logical
Reasoning Skills
Drawing Interpretation Reasoning Group 1 Group 2 Group 3 Total

of axes
Correct Ability to Reasoning from 2.2% (n=4) 2.2% (n=4) 1.7% (n=3) 6.1% (n=11)
drawing interpret graph
53% (n=96)  28.9% (n=52) Reasoning from 1.7% (n=3) 3.9% (n=7) 2.8% (n=5) 8.3% (n=15)
variables
Incorrect reasoning 0.6% (n=1) 0.6% (n=1) - 1.1% (n=2)
from graph
Incorrect reasoning - - - -
from variables
Unrelated reasoning 5% (n=9) 4.4% (n=8) 3.9% (n=7) 13.3% (n=24)
Inability to Correct reasoning - - - -
interpret
1.1% (n=2) Incorrect reasoning - - 1.1% (n=2) 1.1% (n=2)
Unable to Correct reasoning 3.3% (n=6) 1.7% (n=3) 1.1% (n=2) 6.1% (n=11)
interpret Incorrect reasoning  0.6% (n=1) 2.8% (n=5) 1.7% (n=3) 5% (n=9)
11.1% (n=20)
Other 1.7% (n=3) 2.8% (n=5) 5% (n=9) 9.4% (n=17)
No respond - 1.7% (n=3) 1.1% (n=2) 2.8% (n=5)
Correct Ability to Reasoning from 1.7 %(n=3) - - 1.7% (n=3)
representati  interpret graph
on 11.7% (n=21) Reasoning from 0.6% (n=1) 1.1% (n=2) 0.6% (n=1) 2.2% (n=4)
22.3% (n=41) variables
Incorrect reasoning - - 0.6% (n=1) 0.6% (n=1)
from graph
Incorrect reasoning - - - -
from variables
Unrelated reasoning  1.1% (n=2) 2.8% (n=5) 3.3% (n=6) 7.2% (n=13)
Inability to Correct reasoning 0.6% (n=1) - - 0.6% (n=1)
interpret Incorrect reasoning  1.1% (n=2) 0.6% (n=1) - 1.7% (n=3)
2.2% (n=4)
Unable to Correct reasoning 0.6% (n=1) 1.7%(n=3) 1.1%(n=2) 3.3 %(n=6)
interpret Incorrect reasoning - 1.7% (n=3) - 1.7% (n=3)
5 (n=9)
Other 0.6% (n=1) - 1.7% (n=3) 2.2% (n=4)
No response - 1.7% (n=3) - 1.7 %(n=3)
Incorrect Ability to Reasoning from - - - -
Drawing interpret graph
16.7% 1.7% (n=3) Reasoning from - - 0.6% (n=1) 0.6% (n=1)
(n=30) variables
Incorrect reasoning - - - -
from graph
Incorrect reasoning - - - -
from variables
Unrelated reasoning 0.6% (n=1) 0.6% (n=1) - 1.1% (n=2)
Inability to Correct reasoning 0.6% (n=1) 0.6% (n=1) 1.1%(n=2) 2.2% (n=4)
interpret Incorrect reasoning - - 0.6% (n=1) 0.6% (n=1)
2.8% (n=5)
Unable to Correct reasoning 0.6% (n=1) 1.1%(n=2) 1.1%(n=2) 2.8% (n=5)
interpret Incorrect reasoning  0.6% (n=1) 1.1%(n=2) 0.6% (n=1) 2.2% (n=4)

5 (n=9)
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Drawing Interpretation Reasoning Group 1 Group 2 Group 3 Total
of axes

Other 2.8% (n=5) 0.6% (n=1) 2.2% (n=4) 5.6% (n=10)

No respond 1.1% (n=2) - 0.6% (n=1) 1.7% (n=3)
No drawing 3.3% (n=6) 3.3%(n=6) 0.6% (n=1) 7.2% (n=13)
7 % (n=13)
Total 30% (n=55) 26.7% 32.8% 100% (n=180)

(n=66) (n=59)

When Table 7 is evaluated, it is seen that 53% of the pre-service teachers can realize the
drawing correctly. Sample student response is presented in Figure 6.

Figure 6. Student Answer Accepted as Correct
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As shown in Figure 6, it was understood that the pre-service teachers who drew correctly
explained their graph information correctly and correctly associated this information with the
problem, with the answer that "as the surface area/volume ratio increases, the colour change time
decreases over time". It was understood that 6.1% of the students who drew and interpreted correctly
were able to make accurate judgments. Sample student answers from documents are presented
below.

“As the surface area/volume ratio increases, the amount of time taken for colour change
decreases. Because when large volumes have a small surface area, the time required for the reaction
to pass into the cube increases. Therefore, as the ratio increases, the colour change accelerates.” (D44)

“There is an inverse proportion. As the volume/surface increases, the time gets shorter. Since the
surface area is small, it takes less time for the brace to touch all surfaces.” (D140).

“The smaller the surface area/volume ratio, the greater the colour change duration. So, there is
a reverse link here. From here, as the surface area increases, the colour change time is less. The higher
the surface, the faster the reaction, that is, the colour change.” (D152).

It was noticed that 8.3% of the pre-service teachers who drew correctly could establish a
connection between the graph variables but made their judgments using the table's data in the
problem. Sample student answers are presented below.

“When we look at the table, the more the cube is in terms of size, surface area and volume,
according to the values given, the time becomes proportionally larger.” (D59)

It is seen that the pre-service teachers do not use graph data in their reasoning, but they can
make correct judgments from the data. Inferences based on the data presented in the problem were
also found among the pre-service teachers who could not draw the graph correctly (0.6%). It is noticed
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that the pre-service teachers' reasoning statements made from the data in the table in the problem
instead of the graph such as "because the dimensions of each gelatine cube are different", "the larger
the volume of the cube, the longer the colour change period".

It was understood that 14.4% of the pre-service teachers who drew correctly could establish a
correct relationship between the graph variables but made wrong or irrelevant reasoning while
explaining the reason.

Sample student answers from documents are presented below.

“As the surface area/volume ratio increases, the amount of time taken for colour change
decreases. Because when large volumes have a small surface area, the time required for the reaction
to pass into the cube increases. Therefore, the higher the ratio, the faster the colour change.” (D43)

“It has changed according to the durability of the cubes. Smaller objects are more durable, and
the less space they need to change, the less time it takes.” (D50)

“As the surface area/volume ratio increases, the colour change time decreases. Because the
smaller or thinner the substance is, the faster it is dyed.” (D58)

“As the surface area/volume ratio increases, the time taken for colour change decreases.
Because as the surface area/volume ratio increases, the substance reacts more quickly. Increasing the
surface area/volume ratio increases the reaction rate. Because the more extensive the surface
area/volume ratio, the faster the colour change. Because the space between the particles is large.”
(D61)

According to students’ explanations, it was noticed that the students' pre-service teachers
explained the reason for the colour speed with incorrect or irrelevant reasoning, such as the cube being
small and thin or the reaction speed in the given responses.

4, Discussion

When the findings of the visual construction of the research were evaluated, it was determined
that 66.1% of the pre-service teachers made a proper doting the data pairs in the graph. This result
shows that comprehension of dotting the data pairs is above the average. It has been observed that
69.4% of pre-service teachers preferred merging the dots as a curve function graph. However, the
other pre-service teachers' preference of linear and piecewise continuous line graphs made us assume
that they could not develop a complete comprehension of the graph type. When the line continuance
choices in the graph were evaluated, it was determined that 41.7% of the line continence was partial
construction, and 49.4% of them was open construction. Hence, it was observed that the continuance
of the graph drawing merging the dots could not be comprehended entirely as a visual construction of
the graph. Bayazit (2011) emphasized that, according to the studies in the literature, the difficulties
and misconceptions about graph drawing are related to three main areas. These are; reading and
interpreting graphs, drawing graphs and understanding the semantic relationship between graphs and
other representations and being able to switch back and forth between these representations. It was
noticed that at the very beginning of the misconceptions about graph drawings, pre-service teachers
were inclined to draw linear graphs. Ercan et al. (2018) emphasizes that if the merging of the dots
appropriate lines is not done correctly, the tendency of the graph cannot be determined precisely, and
it may cause a great mistake. Therefore, in this study, it was seen that this mistake emerged as an error
in interpreting the graph. Similarly, Glazer (2011) summarized the difficulties with graph drawing as
follows; confusing the slop and the high, conceiving a graph as a constructed of discrete points,
conceive considering a graph as a picture or map, Adams and Shrum (1988) found that college-level
students performing biology experiments did not label the graph axes exactly. They also found that
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these students rarely pointed the dots and stated that they did not find it necessary to complete the
line graph. Ercan et al. (2018) stated that pre-service science teachers were similarly weak in
presenting the expected performance in the criteria of axis scaling, correct placement of data pairs on
the axis, and bounding the points in their study with pre-service science teachers. Yayla and Ozsevgeg
(2014) found a positive relationship between students' drawing and interpretation of graphs in their
study with secondary school (6,7, and 8th grade) students. The students stated that they had the most
difficulty in bounding points and labelling axis, creating curves or lines by connecting points, and
determining the place of dependent and independent variables. Observing similar results at the
primary education level suggests that it is important to gain graph drawing skills at an early age.

The result of pre-service teachers’ mathematical calculation success rate was found 66.4%.
However, it was determined that they could only use the results they found as correct scaling in both
axes at a rate of 28.9%. Giiltepe (2016) found that 11*" grade students have problems transferring
mathematics formulas into a line graph. The fact that they are wrong in scaling not only in particular
axes but also in both axes reveals their inadequacy in comprehending this situation. According to Kali
(2005), scaling axes are problematic for students, and they have problems with answering questions
requiring multiple skills, including variables. In addition, it was noticed that the pre-service teachers'
graph drawings were not correct. Therefore, it is clear that this situation might affect their
misinterpretations. This situation was observed as only 1.7% of the 16.7% pre-service who drew
incorrectly could make a correct interpretation. In addition, it was observed that the correct
interpretation rate was 11.7% for the 22.3% of students with correct graph representation and 28,9 %
for the 53,0% of students with correct drawing. ilkériici-Gé¢mencelebi and Tapan (2010) mentioned
that the structure of the concept might be visually drawn correctly, as had been taught in the lesson
as visual iconic. Therefore, Cleveland and McGill (1987) suggested that the direct purpose of the chart
is not to show data to as many decimal places as possible. The goal is to see patterns in the data and
understand the overall behaviour. But the more accurately the data is visually decoded, the better our
chances of detecting and properly understanding the patterns and behaviour of the data.

When the pre-service teachers’ reasoning in the graph they correctly drew was examined, it
was seen that the pre-service teachers answered, "The time taken for the colour change in the gelatine
cubes becomes longer as the surface to volume ratio gets decreases". Hence, based in the graph, they
could make a correct interpretation in terms of the large surface area compared to the volume.

Pre-service teachers were expected to be logical, and the reasoning statement was, "When the
surface area to volume ratio is large, the colour change will be observed in a shorter time because the
surface area is larger than the volume. In this respect, the acid will affect and disperse more on the
surface and allow us to observe quick colour change". However, it was noted that their answers were
associated with table data, irrelevant biology information, or different answers. It was understood
from the pre-service teachers' drawing graphs that they were inefficient in constructing logical
reasoning.

Glazer (2011) emphasized that interpreting graphs is not an easy task and reading a graph is a
complex activity even though it is a crucial skill to be literate in today’s information. He added that
graph interpretation competence is affected by many factors, including aspects of graph characteristics
that are format, type and visual features, aspect ratio, scale and legend/labels), the viewer’s
expectations about, or familiarity with, the graph’s content and their prior knowledge. He noted that
the use and transparent data as a visual presentation help readers to understand the meaning of the
visual message. According to Glazer, the display format affects viewers’ ability to describe and explain
guantitative relations within data. Different ways of presenting data affect what is easy to recall and,
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therefore, what viewers are likely to comprehend. If the data is not displayed properly, this might lead
to misinterpretation, failure to see trends or to inefficient reasoning. In addition, it is understood that
the students had difficulties in drawing the graph of the diffusion experiment that was conducted and
making inferences from the graph. Students' inadequate ability to draw the graph may have affected
this situation.

However, it is seen that students who draw the graph correctly cannot make acceptable
reasoning. Therefore, it can be said that the reasoning skills with the help of graphics are different, and
the relationship between them is poor. In the study of Batur et al. (2019) with 223 university students
studying in the fields of social and science, it is revealed that they tend to read the data presented in
the graph clearly, but they do not have sufficient skills to critically look at the data and make inferences.
Dindar and Yaman's study with 220 classroom teachers revealed that students with high mathematical
reasoning skills have high graph interpretation performance. However, in this study, it was noticed
that pre-service teachers were inefficient in making logical reasoning from the graph, although their
mathematical reasoning, which they used to solve problems in cognitive construction, conducted an
above-average performance. According to the reasoning skills mentioned by Lithner (2006), the pre-
service teacher may have made the preference of strategy in reasoning in solving the problem as
memorized reasoning by remembering an answer in his memory, or as algorithmic reasoning by
remembering the given rule for the solution. In this respect, it is crucial to evaluate problem-solving
skills as mathematical reasoning in terms of making inferences from a problem as logical reasoning.

5. Conclusions

As a result, we can say that drawing a line graph is as difficult as the cognitive construction of
this graph. It was understood that while the pre-service teachers misinterpreted the graphs due to the
x and y axes being scaled in different ways, some of them made mistakes because they tried to answer
the problems without considering the scale of the graph. Besides, some of them do not have adequate
skills in drawing graphs, and they were not even able to draw graphs. Therefore, this situation was also
effective in the fact that they could not correctly interpret the surface area to volume ratio relationship
related to the problem. Furthermore, we noted that the logical reasoning skills related to the problem
remained inefficient in the pre-service teachers who interpreted the graph data relation correctly.
Shah and Hoeffner (2002) highlighted the importance of graph comprehension as a science or social
science reasoning. They emphasized that when interpreting graphs, expert graph readers might foster
students’ ability to explain information and asked to draw graphs predicting results based on specific
theories may promote their later ability to explain data and relate data to theories and hypotheses. In
addition, this research verity suggests that interpretation of graph information may be due to cognitive
recall of visual information. In this circumstance, the situation can be considered as visual
memorization. Therefore, visually structured information may not be learned meaningfully. In this
respect, it is important to evaluate their logical reasoning.

6. Implications and Recommendations

In this research we argued pre-service science teachers’ ability to construct a line graph in terms
of visual and cognitive construction. Although graph construction and interpretation are recognized as
valuable skills (Berg & Smith, 1994; Cleveland & McGill, 1987; Glazer, 2011; McKenzie & Padilla, 1986;
Shah & Carpenter, 1995; Wavering 1985) in this research indicate that many students have still not
acquired these skills. In Aydan and Dénel Akgiin's (2021) research, pre-service science teachers who
took the courses "General Biology 1 and 2 laboratories still have problems reading, interpreting and
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drawing related to a line graph, including biology subjects. The results of the research provide
perspective for teachers not only to help their students to draw correct graphs but also to make
necessary interventions so that they can reason logically for their future drawings. According to the
findings, we might say that pre-service teachers’ visual construction skills and cognitive construction
skills can give information about their graph drawing skills. Moreover, their ability to make logical
inferences from a graph is rather inefficient compared to graph drawing and interpretation skills.
Therefore, a student's drawing correctly shows that they can make correct logical inferences and that
an incorrect drawing can cause them to make an incorrect interpretation. For this reason, students'
cognitive construction, especially graph interpretation and logical reasoning skills, should be examined
through open-ended evaluation.

This study can contribute to researchers’ comprehension of where pre-service teachers who
draw line graphs can make mistakes and evaluate their logical reasoning in a graph. In this context, it
is recommended to include more graph drawings in the pre-service science course content in the
teaching of biology subjects, and to support them to interpret the graph correctly and make logical
inferences by providing discussion environments.
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Genis Ozet

Giris

GUnumuz bilgi caginda her gecen gin kesfedilen yeni bilgilerin anlasiimasi sadece s6zel degil,
ayni zamanda sayisal veriler ve grafiklerin dogru yorumlanmasi ihtiyacini yaratmaktadir. Egitimde
gorsel 6gelerin kullanimi baski teknolojisi ile artmis ve ders kitaplarinda daha fazla grafik ve resim
kullanilmasina imkan saglamistir (Landin, 2011). Glazer (2011), bir grafigin okunmasinin karmasik bir
etkinlik oldugunu ve glinimiz bilgi caginin okuryazari olmak i¢in cok dnemli bir beceri oldugunu
belirtmektedir. Berg ve Smith (1994), grafiklerin, 6zellikle dergilerde, resmi yayinlarda, gazetelerde ve
konferanslarda yaygin olarak kullaniimakta oldugunu, bu grafikleri yorumlama veya grafikteki hatayi
tanima yetenegine sahip olmazsak, bunlari sunan kisilerin yorumuna veya dogruluguna sahip
olacagimizi belirtmektedir. Shah (1997), bir grafik modelinin benzersiz oldugunu, somut nesnelerin
veya soyut kavramlarin bazi nicel 6zelliklerini temsil etmesi nedeniyle kismen soyut diyagramlardan
ayirt edilebilecegini vurgulamaktadir. Temsil edilen bir kavram ile grafik arasindaki iliskiyi, nicel 6lgekler
ve bu nicel bilginin esdeger temsilleri olan gorsel boyutlarin arasindaki benzerlige dayandigini
eklemektedir. Cleveland ve McGill'e (1984) gore grafik algisi, grafiklerde kodlanmis bilgi slrecinin
gorsel olarak ¢ozllmesidir. Strecin ilk kismi, insanlar grafiklerden nicel bilgi ¢cikardiginda bir dizi temel
algisal gérev olarak aciklanir. ikinci siireg, gérevlerin ne kadar dogru yapildigina goére siralanmasidir.

Biyoloji konulari mantiksal ¢cikarimlarin yapiimasini temel alan bir icerige sahiptir. Nitekim 6gretmenler

bilgilerin sunulmasinda grafiklerden sik sik yararlanmaktadir. Ornegin solunum ve akciger kapasitesinin

degerlendirilmesi veya hormonlarin salgilanmasindaki mekanizmanin aciklanmasi gibi mantiksal
¢ikarim gerektiren durumlarda grafiklere, aciklayici ve durumu gorsellestiren bir arag olarak sik sik yer
verilmektedir. Wavering'e (1985) gore bir cizgi grafigi, verilerin gdriinlir olmasini saglayan, degiskenler
arasindaki iliskilerin analizine yardimci olmak icin bilimde kullanilan bir arag olarak tanimlanmaktadir.

Calismalardailkogretimden Gniversiteye kadar olan slirecte 6grencilerin grafik okuma ve yorumlamada

sorun yasadiklari ve bazi kavram yanilgilarina sahip olduklari anlasiimaktadir (Aydan & Doénel Akgdl

2021; Berg & Smith 1994; Erbilgin vd., 2015; Ercan vd., 2018; Kali 2005; Kiranda & Akpinar 2020;

Wavering 1985; Yelken 2020). Yayla ve incikabi vd. (2015), grafik cizme becerileri arasinda okuma,

olusturma ve yorumlama becerilerinin en 6nemlisi oldugunu belirtmektedirler. Erbilgin vd., (2015),

ogrencilerin ¢izgi grafigi yorumlama ve olusturma becerilerinin belirlenmesinin bu konuda 6grencilerin

yasadig 6grenme gliclUklerinin giderilmesi adina atilacak ilk adimlardan birisi olarak ele almaktadirlar.

Bu agidan 6gretmenlerin grafiklerin neminin farkinda olmasi ve egitimde yer vermesi beklenmektedir.

Bu Ug yillik arastirma, 6gretmen adaylarinin biyoloji konusuna iliskin bir ¢izgi grafigi olusturma siirecini

actklamak ve boylece cizdikleri grafikle ilgili yorumlarini anlamak amaciyla yapiimistir. Bu amagla

O0gretmen adaylarinin gizgi grafiklerini yapilandirma asamalari ve c¢izdikleri grafige iliskin mantiksal
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muhakemeleri tanimlanmaya c¢alisilmistir.

Yontem

Arastirma nitel arastirma yontemlerinden dokiman analizi c¢ergevesinde incelenmistir.
Dokiiman analizi, “inceleme”, “bilgi gelistirme” ve “anlam ¢ikarma” amaciyla hedeflenen olgu veya
olgular hakkinda bilgi iceren yazili materyallerin analiz edilmesidir (Bowen, 2009; Corbin & Strauss,
2008; Yildirim & Simsek, 2011). Arastirmanin dokiimanlarini Bursa’da bir devlet Universitesinin ikinci
sinifinda 2013-2014 giliz déneminde 6grenim goéren 55 (9 erkek ve 46 kiz), 2015-2016 gliz doneminde
O0grenim goren 66 (15 erkek ve 51 kiz) ve 2016-2017 gliz doneminde 6grenim goren 59 (9 erkek ve 50
kiz) olmak Uzere toplam 180 fen bilgisi 6gretmen adayinin dénem sonu degerlendirme kagitlari
olusturmaktadir.

Ham verilerin kaynagini ti¢ yil siiresince toplanan genel biyoloji laboratuvar dersinin donem sonu
sinav kagitlari olusturmaktadir. Degerlendirilen acik uclu soru ile 6gretmen adaylarindan hiicrelerdeki
ylzey alani ve hacim orani iliskisinin madde gegisine etkisini temsil eden bir probleme yonelik cizgi
grafik cizmeleri ve bu grafigi yorumlayarak mantiksal ¢cikarim yapmalari beklenmektedir. Bu soruda yer
alan yuzey alani/hacim orani arasindaki iliski, hiicre boélinmesinin baslatilmasi, difizyon hiz,
kutuplarda yasayan canlilarda viicut isisinin korunmasi ve bazi organlarda yiizey alaninin arttiriimasi
gibi cesitli konularda 6grencilerin yararlandigi bir bilgi olmasi nedeniyle tercih edilmistir.

Ogretmen adaylarinin gizdikleri grafikler gérsel ve bilissel yapilanmaya gére degerlendirilmistir.
Temalar ve temalara iliskin kategorilerin olusturulmasinda literatiirden yararlaniimistir (Cleveland &
McGill 1984 and 1987; Berg & Smith, 1994; Shah & Carpenter 1995; Shah & Hoeffner 2002; Glazer
2011). Grafigin gorsel yapilanmasi, “y” eksenindeki veriler ile “x” eksenindeki veriler dogru kesistirmesi
ve birlestirmesine gore “iki veri arasinda iliski kurarak nokta olusturma”, verileri grafikte isaretledikten
sonra noktalarin birlestirilmesine gore “noktalari birbiriyle birlestirme”, verilerin 6tesinin ¢cikarimina
yonelik grafigin sirdirilmesine gore “birlestirilen noktalari devam ettirme” kategorilerin gore
degerlendirilmistir. Grafigin bilissel yapilanmasi matematiksel islem becerisinin kullanilmasina gore
“hesaplama yapma”, hesaplama sonuglarina gore veri ciftlerini grafik ekseninde uygun sekilde
Olceklendirmesine gore “grafik ekseni 6lgeklendirme”, grafikteki eksenler arasindaki iliskilere bagli
olarak yorum yapabilmesine gére “yorumlama”, grafik degiskenlere veya problem degiskenlerine bagh
muhakeme yapmasina gore “mantiksal ¢ikarim yapma” kategorilerine gére degerlendirilmistir.

Arastirmanin gegerlik ve giivenirliginin saglanmasinda “inandiricilik”, “aktarilabilirlik”, “tutarlik”
ve “teyit edilebilirlik” dlgttleri (Merriam, 2009; Lincoln & Guba, 1985) temel alinmistir. Arastirma etigi
geregi ve ayni zamanda analiz ve raporlama slrecinde tarafsizlik saglamak amaciyla 6gretmen
adaylarina 01,02,03... biciminde kodlar verilmistir.

Bulgular

Ogretmen adalarinin grafik cizimleri gérsel yapilandirma ve biligsel yapilandirma olarak iki
asamada degerlendirilmistir.

Ogretmen adaylarinin gérsel yapilandirmalarina iliskin bulgulari; ilk olarak iki veri arasinda iliski
kurarak nokta olusturma segimleri kategorisi “nokta olusturma yok, nokta olusturma var” kodlarina
gore tanimlanmistir. Ogretmen adaylarinin grafik cizimlerinde toplamda %66,1 oraninda eksenleri
kullanarak nokta olusturduklari gorilmistiir. Ogretmen adaylarinin elde ettikleri verileri grafikte
isaretledikten sonra noktalari birebirleriyle birlestirme secimleri kategorisi “Diizglin sirekli dogru
¢izme”, “Dlizglin pargali dogru cizme”, “Sirekli egri ¢cizme” ve” Parcall egri ¢izme” kodlar altinda
degerlendirilmistir. Ogretmen adaylarinin noktalari birlestirme segimlerinin daha ¢ok (%69,4) egri
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fonksiyon grafigi oldugu fark edilmektedir. Ancak %21,7 oraninda 6grencilerin dogrusal fonksiyon
grafigini de tercih ettikleri anlasiimaktadir. Ogretmen adaylarinin birlestirilen noktalari devam ettirme
secimleri “parcgali yapilandirma” ve “agik ara yapilandirma” ve “grafik c¢izgisi yok” kodlari altinda
degerlendirilmis Ogretmen adaylarinin noktalari devam ettirme secimlerinin %41,7, parcali
yapilandirma, %49,,4 olarak acik ara yapilandirma oldugu anlasiimaktadir.

Ogretmen adaylarinin bilissel yapilandirmalarina iliskin bulgular; Ogretmen adaylarinin grafik
verilerini hesaplama becerileri “dogru hesaplama, kismen dogru hesaplama, yanlis hesaplama” kodlari
altinda degerlendirilmistir. Dogru hesaplama yapan 6gretmen adaylarinin lg¢ grupta benzer olarak
%69,1, %65,2 ve %59,3 oraninda oldugu fark edilmektedir. Ogretmen adaylarinin toplamda %64,4
oraninda hesaplamada basarili oldugu anlasiimaktadir. Grafik ekseni 6lceklendirme secimleri kategorisi
“iki eksenin dogru olarak olgeklendirilmesi, iki eksenin yanlis 6lceklendirilmesi, x ekseninin dogru
Olgeklendirilmesi, y ekseninin dogru olgeklendirilmesi ve iki eksenin 6lgeklendiriimemesi” kodlarina
gore tanimlanmistir. Ogretmen adaylarinin eksenleri dogru 6lgeklendirme becerilerinin %7,3, %40,9 ve
%35,6 oldugu, toplamda ise %28,9 diizeyinde oldugu dikkat cekmektedir. Ogretmen adaylarinin x
ekseninde, y ekseninde ya da iki eksenin Olceklendirmesinde hata yaptiklari fark edilmektedir.
Ogretmen adaylarinin grafikte yiizey hacim iliskisini kullanmalarina gére yorumlamalari “eksen
iliskisine bagl ve eksen iliskisinden bagimsiz” olarak iki kategoride degerlendirilmistir. Adaylarin grafigi
actklamada kullandiklari mantiksal muhakemeleri “Grafik gizimine gére” ve “Problemin verilerine gore”
olmasi temel alinarak degerlendirilmistir. Dogru ¢izim yapan 6gretmen adaylarinin “yiizey alani/hacim
orani arttikca zamanla renk degisim siiresinin azaldigr” cevabi ile grafik bilgilerini dogru agikladiklari ve
bu bilgilerini problem ile dogru iliskilendirdikleri anlasilmistir. Dogru ¢izim yapan ve dogru yorumlayan
Ogrencilerin ise %6,1'i dogru muhakeme yapabildigi anlasiimistir. Dogru ¢izim yapan 6gretmen
adaylarinin % 8,3’linin grafik degiskenleri arasinda baglanti kurabildigi ancak sorudaki tablonun
verilerinden vyararlanarak muhakeme vyaptigi fark edilmistir. Ogretmen adaylarinin yaptigi
muhakemede grafik verilerini kullanmadigi ancak tablo verilerden dogru muhakeme yapabildigi
gorulmektedir. Grafigi dogru cizemeyen (%0,6) 6gretmen adaylarinda da problemde sunulan tablo
verilerini temel alarak yapilan gikarimlara rastlanmis, 6gretmen adaylarinin bununla ilgili olarak “glinku
her bir jelatin kliptin boyutlar farklidir.”, “ktiptin hacmi ne kadar fazla ise renk degisim siresi o kadar
uzun strmistir” gibi grafik yerine sorudaki tablodaki verilerinden yapilan muhakeme ifadeleri fark
edilmistir. Dogru gizim yapan 6gretmen adaylarinin %14,4’tn{in grafik degiskenleri arasinda dogru iligki
kurabildigi ancak nedenini agiklarken yanlis veya ilgisiz muhakeme yaptigi anlasilmistir. Ornek 6grenci
cevaplari asagida sunulmustur. Verilen cevaplarda 6gretmen adaylarinin renk degisim hizi ile ilgili
nedeni, kiipilin kiiglik olmasi ve ince olmasi veya reaksiyon hizi gibi yanlis veya ilgisiz muhakeme ile
acikladiklar fark edilmistir.

Sonug ve Tartisma

Bu calismada fen bilgisi 6gretmen adaylarinin gizgi grafigi gorsel ve biligsel yapilandirmalarinin
degerlendirilmesi  yapilmistir. Yapilan arastirmanin gorsel yapilandirmalarinin  bulgular
degerlendirildiginde, 6gretmen adaylarinin iki veri arasinda nokta olusturan 6gretmen adaylarinin
%66,1 oldugu tespit edilmistir. Bu durum noktasal kavramanin ortalamanin Ustlinde oldugunu
gostermektedir. Ogretmen adaylarinin noktalari birlestirme segimlerinin %69,4’oraninda  egri
fonksiyonu oldugu gorilmistir. Ancak diger 6gretmen adaylarinin dogrusal ve parcal siirekli dogru
grafigi secimleri, grafik cesidi ile ilgili tam bir kavrama gelistiremediklerini dislindirmustir. Grafik
gizimlerinde nokta devam ettirme secimleri degerlendirildiginde %41,7 olarak pargall yapilandirma,
%49,4 olarak acik ara yapilandirma olarak ¢izim yaptiklari tespit edilmistir. Grafigin gorsel yapilanmasi
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olarak grafigin ciziminin noktalara bagh olarak devam ettirme durumunun tam olarak anlasiimadigi
gorilmistir. Ogretmen adaylarinin matematiksel hesaplamada %66,4 oraninda basari gosterdigi
bulunmustur. Ancak bulduklari sonuglari ancak %28,9 oraninda iki eksende dogru 6lgeklendirme olarak
kullanabildikleri tespit edilmistir. Olceklendirmede &zellikle belirli eksenlerde degil iki eksende de hatali
olmalari bu durumdaki yetersizliklerini ortaya koymaktadir. Buna ek olarak adaylarin grafiklerinin
yanlis olmasina sebep oldugu fark edilmistir. Dolayisiyla bu durumun yanls yorumlar yapmalarini
etkileyecegi aciktir. Ogretmen adaylarinin gizdikleri grafikte yaptiklari muhakemeleri incelendiginde,
dogru cizdikleri grafige dayanarak “Yuzey/hacim orani kiglldikge renk degisimi icin zaman uzar”
olarak dogru yorumlayabilen %28,9 (n=52) 6gretmen adayi, bunun nedeni olarak madde gegisinde
hacme gore ylizey alaninin blyik olmasina yonelik dogru mantiksal muhakeme yapabilmistir. Ancak
beklenen “Yiizey alani hacim orani bliyiik oldugunda, renk daha kisa siirede gézlenecektir, ¢clinkii yiizey
alani hacme gére bliyiik oldugu icin asit daha fazla ylizeye etki edip dagilacak ve hizli renk degisiminin
go6zlenmesini saglayacaktir” mantiksal muhakeme iceren ifadelerin kullanilamadigi cevaplarini tablo
verileri ile, ilgisiz biyoloji bilgileri veya farkli cevaplarla iliskilendirdikleri dikkat cekmistir. Ogretmen
adaylari gizdikleri grafikten muhakeme yapmada zayif kaldiklari anlasiimistir. Bunun yaninda, 6gretmen
adaylarinin bilissel yapilandirmada problem ¢6zmede basvurduklari matematiksel muhakemeleri
ortalamanin Gstiinde bir performans géstermesine ragmen grafikten mantiksal muhakeme yapmada
zayIf olduklari fark edilmistir. Lithner (2006) belittigi akil ylirlitme becerilerine gére, 6gretmen adayi
problemi ¢o6ziimindeki akil yiritmesindeki srateji secimini hafizasindaki bir cevap lzerinden
hatirlayarak ezbere dayali muhakeme olarak (memorised reasoning) veya ¢6ziim yolunu verilen kurali
hatirlayarak algoritmaya dayali matematiksel akil ylrtime (algoritmic reasoning) olarak yapmis
olabilir. Bu agidan matematiksel bir muhakeme olarak problemi ¢ézme becerilerinin mantiksal
muhakeme olarak bir problemden c¢ikarim yapma agisindan degerlendirilmesi 6nemlidir.

Sonug olarak 6gretmen adaylarinin x ve y eksenlerinin farkl sekillerde 6lgeklendirilmesinden
dolayi grafikleri yanls yorumlarken kimileri de grafigin olcegini dikkate almadan sorulari yanitlamaya
cahstiklari icin hata yaptiklari anlasilmistir. Bazi 6gretmen adaylarinin grafik cizimiyle ilgili yeterli
beceriye sahip olmadiklari, hatta grafik ¢cizemedikleri gérilmustir. Dolayisiyla bu durumun 6gretmen
adaylarinin probleme iliskin yltizey alani/hacim orani iliskisini dogru yorumlayamamalarinda da etkili
oldugu anlasiimigtir. Bunun yaninda grafik iliskisini dogru yorumlayan 6gretmen adaylarinda probleme
iliskin mantiksal muhakeme becerilerinin zayif kaldigi dikkat ¢ekmistir. Bu durum grafigi yorumlama
bilgilerinin gorsel bilgiyi bilissel olarak hatirlamalarindan kaynaklanabilecegini dislindiirmektedir. Bu
durum gorsel bir ezber olarak degerlendirilebilir. Dolayisiyla gorsel olarak yapilandirilan bir bilgi anlamh
olarak 6grenilmis olmayabilir, mantiksal muhakemelerinin degerlendirilmesi bu agidan énemlidir.
Arastirma sonuglari, 6gretmenlerin sadece 6grencilerinin dogru grafik ¢izmelerine yardimci olmakla
kalmayacak ayni zamanda gelecekte yapacaklari gizimler i¢in de mantiksal akil yiritebilmeleri igin
gerekli midahaleleri yapabilmeleri icin bakis agisi saglamaktadir. Bulgulara gére 6gretmen adaylarinin
gorsel ve bilissel vyapilandirma becerilerinin  zayif oldugu, grafikten mantiksal g¢ikarimlar
yapabilmelerinin grafik cizme ve yorumlama becerilerine gére daha yetersiz oldugu séylenebilir. Bunun
yaninda, ¢alisma dogru bir ¢izgi grafiginin, dogru mantiksal ¢ikarima, yanlis bir ¢iziminde yanlis yorum
yapilmasina neden olabildigini géstermektedir. Bu nedenle 6grencilerin acgik uglu degerlendirme
yoluyla bilissel yapilandirmalari 6zellikle grafigi yorumlama ve mantiksal muhakeme bilgisi
yoklanmalidir. Yapilan bu galisma, arastirmacilarin ¢izgi grafigi ¢izen 6gretmen adaylarinin nerelerde
hata yapabileceklerini fark etmelerine, bir grafikte 6gretmen adaylarinin mantiksal muhakemelerini
degerlendirmelerine katki saglayabilir. Biyoloji konularinin 6gretiminde, 6gretmenlerin grafik gizimine
onem vermesi, 6grencilerin daha fazla mantiksal ¢ikarim 6grenmelerine katki saglayabilecektir. Bu
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baglamda biyoloji konularinin 6gretiminde grafik cizimlerine ders iceriginde daha ¢ok yer verilmesi,
tartisma ortamlari saglanarak 6grencilerin grafigi dogru yorumlamalariyla birlikte bunailiskin mantiksal
¢ikarim yapmalarinin desteklenmesi 6nerilmektedir.

Yayin Etigi Beyani

Arastirma verileri 2013-2017 yillari arasinda toplanan dokiimanlarin analizi oldugu i¢in etik kurul
raporu bulunmamaktadir. Bu arastirmanin planlanmasindan, uygulanmasina, verilerin toplanmasindan
verilerin analizine kadar olan tiim slrecte “Yiiksekdgretim Kurumlari Bilimsel Arastirma ve Yayin Etigi
Yonergesi” kapsaminda uyulmasi belirtilen tim kurallara uyulmustur. Yonergenin ikinci b6limi olan
“Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemler” bashgi altinda belirtilen eylemlerden higbiri
gerceklestirilmemistir. Bu arastirmanin yazim siirecinde bilimsel, etik ve alinti kurallarina uyulmus;
toplanan veriler lzerinde herhangi bir tahrifat yapilmamistir. Bu ¢alisma herhangi baska bir akademik
yayin ortamina degerlendirme igin gonderilmemistir.

Arastirmacilarin Katki Orani Beyani

Birinci Yazar %50 ve ikinci Yazar %50 oraninda katki saglamistir.
Destek ve Tesekkiir

Yazarlar olarak, arastirmanin gerceklestirilmesi slrecine yonelik herhangi bir destek ya da
tesekkir beyanimiz bulunmamaktadir.

Catisma Beyani

Yayina kabul edilen yukarida bashg, yazarlari, yayin etigi beyani ve katki orani bilgileri bulunan
bu arastirma, alan editori olarak gorev yaptigimiz dergide yayina kabul edilmistir. Tim degerlendirme
slrecinin bas editor tarafindan kor hakemlik ile yiritilmis oldugunu ve siirece sadece yazar olarak
midahil oldugumuzu beyan ederiz. Ayrica arastirmanin yazarlari olarak c¢alisma kapsaminda
raporlanan arastirma sonuglarinda dolayli/dolaysiz herhangi bir gikar/catisma beyanimiz olmadigini
ifade ederiz.



