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Abstract. In science education, drawing tables and graphics is a part of science
process skills, and preservice teachers are expected to have these skills. The aim of
this study is to examine the science process skills and create a graphic levels of
preservice science teachers based on a given problem scenario. In the research, the
survey method has been used. The research has been conducted with 87 preservice
teachers in total who receive their education at the third grade in The Department of
Science Education in a state university in Blacksea region. The worksheet which has
been developed by the expert researchers in their field has been used in order to
collect the data. 17 items and 3 aspects have been used in order that the data on this
activity worksheet has been evaluated. The exact statements which include the
scientific accuracy have been encoded as sufficient, the partly scientific accuracy
have been encoded as partially sufficient, and the incorrect statements and the
empty answers have been encoded as insufficient. According to the frequency
distribution table which has been made as a result of the data, it has been
determined that the preservice teachers are insufficient on the subjects of being able
to show the data of variables in the scenario on the ready figures, to position the
variables correctly onto the axes. According to the results obtained from the
research, it is thought that other studies can be conducted on the subjects that the
preservice teachers are partially sufficient and insufficient.
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1. INTRODUCTION

Many teaching contents such as concept cartoons, concept maps, problem-based
learning, project-based learning, brainstorming, puzzle and puzzle creation, open-ended
experiments, story writing, role-playing, creative drama, asking questions and scientific
discussions can be provided in research and inquiry-based learning philosophy, and
these kinds of learning experiences can have significant effects on science process skills
(Demir, 2014). Inquiry positively affects students’ academic success, problem-solving
skills, ability to organize and reflect learning and increases motivation (Medrano, 2012).
According to Werner (2007), a research-based learning approach consists of case study
activities, social activities, invention-based, project-based studies and problem-solving
studies. Observing and improving science process skills, especially with problem
scenarios, is a very effective method.

Considering the development of science process skills with inquiry-based learning, the
interaction between them is quite effective in science education (Sahin and Benzer,
2012). As a matter of fact, while Demir (2014) revealed in her study that research and
inquiry-based learning have a positive effect on science process skills, Anagiin and Yasar
(2009) concluded that the application of the constructivist approach based on the 5E
model is effective on the development of science process skills of fifth-grade students.
Similarly, Sensoy and Yildirim (2017) found that the inquiry-based learning approach
has a positive effect on students’ science process skill levels.

Ewers (2001) defines science process skills as observing, classifying, making inferences,
predicting, measuring and communicating and states that these skills are the basis for
developing scientific knowledge, but besides this, many science lessons do not include
the process of how knowledge is developed. Appropriate teaching methods should be
used to ensure that students have a positive attitude towards science and improve their
science process skills (Basdas, 2007). Ongowo and Indoshi (2013) stated that science
teachers should encourage the development of science process skills as these practices
lead students to investigate important issues in their environment. Tan and Temiz
(2003) in their research emphasized the importance of science process skills in science
teaching with the titles of problem-solving, contribution to mental development,
persistence in learning, contribution to scientific literacy, child-scientist similarity and
laboratory approach.

Science process skill is an approach that enables the organization of skills suitable for
different science disciplines (Karamustafaoglu and Yaman, 2006). Actually, science
process skills can be defined as the process of recognizing the science that is in life.
Based on this definition, the development of science process skill requires the habit of
looking at events from different perspectives.

In her study, Kemiksiz (2016) reached the conclusion that scenario-based learning
provides permanence on success and attitude towards science course. In addition,
Sezgin Selguk (2015), as a result of her research conducted with science teachers, stated
that the scenario is effective and useful and can be used during in-service teacher
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training. As can be seen from all these studies, problem scenarios constitute a very
effective environment for inquiry-based learning. With problem scenarios, students try
to find a solution to the problem in their mind and try to test the solutions by
experimenting or generating ideas. Thus, they can experience the process of obtaining a
scientific solution. One of the most important elements in raising individuals who can
produce independent ideas, make observations, be creative, problem-solving, researcher
and make interpretations is seen as experimenting especially in science lessons
(Yildirim and Tiirker Altan, 2017). As a matter of fact, Aydogdu (2009) in his study
which aims to examine the effects of research-based and open-ended experiment
techniques used in science and technology lessons on students' science process skills,
views on the nature of science and learning approaches stated that these variables affect
each other.

Drawing tables and graphics in science teaching is a part of science process skills, and
preservice teachers are expected to have these skills. In this context, it is thought that
the use of two-dimensional tools such as tables, graphs and figures are effective tools in
expressing the science process skills based on the scenario. A table or graph can
sometimes summarize a very long paragraph nicely and help students learn concretely
with the visual aids used. As a matter of fact, during the processing and interpretation of
the data, the students draw a graph on the vertical and horizontal axis of the data
obtained from the experiment, try to determine how the independent variable affects
the dependent variable by interpreting the graph (Kii¢likdzer, 2017). In this respect,
according to Talashoglu and Sahin (2018), graphs, which are sufficiently included in the
science education programme and have an effect on the development of students'
science process skills, appear as important educational tools that help concretize the
data. Creating graphs and interpreting the existing graphs can provide a very effective
learning process in science process skills, especially in terms of developing the analysis
step. At this point, the individual feels the need to evaluate his existing knowledge and
enters into structuring the knowledge as a scientific method in his mind.

As can be seen from all these literature reviews, problem scenarios, science process
skills and creating graphs seem to be important elements that complement each other.
Based on this point, it is thought that the development of science process skills and
graph creation skills are important for forming problem-based learning and inquiry-
based learning environments.

In this context, the aim of the study is to examine the science process skills and graph
creating levels of preservice science teachers based on a given problem scenario.

2. METHOD
Research Model

The research is a survey study, which aim to collect data to determine specific
characteristics of a group are called survey studies (Biiyiikoztiirk, Kilic Cakmak, Akgtin,
Karadeniz, & Demirel, 2008). Descriptive research is often used as a method to obtain

447 Sakarya University Journal of Education



Sibel DEMIR KACAN, Nisa YENIKALAYCI, Dilek GELIKLER

summary information about different phenomena and events that we want to study
(Biiytikoztiirk et al., 2008).

Resarch Group

The research has been conducted with 87 preservice teachers in total who receive their
education at the third grade in The Department of Science Education in a state university
in Blacksea region. In the research, the convenience sampling method was selected with
respect to easy access to sampling and implementation.

Collection Data Tools

The worksheet which has been developed by the expert researchers in their field has
been used in order to collect the data. In addition, preservice teachers applied the semi-
open-ended experiment activity developed by the researchers as well as the activity
sheet. The preservice teachers were taken to the laboratory for implementation in
rotation, and the activity lasted approximately 2 lesson hours for each group.

The scenario given to preservice science teachers through the activity sheet in the study
is as follows:

“One day, the teacher asks a question to three hardworking friends named Ayse, Mehmet
and Umay and says that he will award whoever answers the question correctly. The
question is as follows: “Let's put a 120 cm long rope through a cylinder with both ends open
and tie a 20 g mass to the end of the rope on the side that will make a circular motion.
Then, let's tie a 100 g mass to the other end of the rope in the vertical direction, put a mark
on the rope with a felt-tip pen every 10 cm. Then, taking these points as a reference, let's
turn them over our head to form circles with 10 cm, 30 cm and 50 cm radius. In which
mechanism do you think the time for the mass to reach the same position will be the
shortest?” The teacher gives the students 3 minutes to think and asks them to show their
answers on a piece of paper at the same time. The answers are quite different from each
other... "

The predictions of the three friends are given in Figure 1.

- -, -

Ayse (...) Mehmet (...)

Figure 1. Predictions of the three friends
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Semi-open-ended experiment process:

“As a result of these different answers, the teacher asks the students to carry out this
experiment. The students start measuring the times with a stopwatch by obtaining the
necessary materials and setting up the mechanism. Realizing that one full turn of the mass
that moves in a circular motion is very short and that it will be very difficult to measure
with a stopwatch, Mehmet suggests to his friends to measure the time that passes for 10
complete turns of the mass and from there to switch to period measurement. Umay, who
thinks that this idea will be good, states that they cannot get accurate results with a single
measurement and emphasizes the necessity of repeating the same operations 5 times for
each radius distance. Ayse also agrees with Mehmet and Umay friends, and they start to
obtain the data together.”

v’ First; the times elapsed for 10 complete turns of a 10 cm radius circle are 2.40 s; 2.42
S; 2.38s;2.435; 247 s

v Later; the times elapsed for 10 complete turns of a 30 cm circle are 2.85 s; 2.82 s;
2.96s; 2.79s; 2.93 s and

v" Then; the times elapsed for 10 complete turns of a 50 cm radius circle are 3.11 s;
3.14s;3.17s;3.14s; 3,20 s.

The ready-made shapes are given in Figure 2.

Figure 2. Ready-made shapes

Analysis of Data

The 17 evaluation criteria used for the evaluation of the data in the activity sheet were
created from the pool prepared by science expert researchers by creating various codes.
For the analysis of these evaluation criteria, 3 dimensions were determined as Likert
type, which includes sufficient, partially sufficient and insufficient options. Validity was
achieved by comparing the evaluation criteria and dimensions of the two researchers.
Descriptive analysis was used as a method of analyzing qualitative data in the study.
Yildirim and Simsek (2006) define descriptive analysis as summarizing and interpreting
data according to predetermined themes and data are placed according to the thematic
framework created based on the existing dimensions. Here, the findings are defined and
interpreted by providing direct quotations where necessary. Indeed, in research, the
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exact statements which include the scientific accuracy have been encoded as sufficient,
the partly scientific accuracy (if the number of correct numbers are more than the
number of errors) have been encoded as partially sufficient, and the incorrect statements
and the empty answers have been encoded as insufficient.

In order for a research to be considered as scientifically accurate, it should also be
examined by other researchers (Yildirim and Simsek, 2006; Yildirim, 2010). Therefore,
the percentage of agreement of two researchers was checked with the formula
[Agreement/(Disagreement + Agreement) x 100] (Miles and Huberman, 1994) and this
value was calculated as 90%.

3. FINDINGS

The findings regarding the preservice teachers’ skills of analyzing the problem scenario
before the graph creation process have been analyzed and presented. The evaluation of
the preservice teachers' ability to make predictions is given in Table 1.

Table 1

Evaluating the ability to make predictions

Evaluation Criteria Sufficient Parja:.;\lly Insufficient
Sufficient
Being able to make a prediction based 34 42 11

on the scenario and explain the reason

When Table 1 is examined, it is seen that the preservice teachers’ ability to make a
prediction based on the scenario and explain the reason is partially sufficient (f=42). The
evaluation of preservice teachers’ ability to record data on the shape is given in Table 2.

Table 2

Evaluation of the ability to record data on the shape

Evaluation Criteria Sufficient Partclz?lly Insufficient
Sufficient

Being able to show the data of the

variables in the scenario on the given 20 32 35

shapes
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When Table 2 is examined, it is seen that preservice teachers’ ability to show the data of
the variables in the scenario on the given shapes is insufficient (f=35). The evaluation of
preservice teachers’ ability to determine hypothesis and variables is given in Table 3.

Table 3

Evaluation of the ability to identify hypotheses and variables

Partially

Evaluation Criteria Sufficient .. Insufficient
Sufficient

Being able to determine an appropriate

. . 58 24 5
hypothesis for the scenario
BelTlg able to express the independent 38 20 29
variable
Belflg able to express the dependent 37 16 34
variable
Being able to express the controlled ) 75 12

(constant) variables

When Table 3 is examined, it is seen that preservice teachers’ ability to determine an
appropriate hypothesis for the scenario is sufficient (f=58), ability to express the
independent variable is sufficient (f=38), ability to express the dependent variable is
sufficient (f=37) and ability to express the controlled (constant) variables is partially
sufficient for (f=75). The evaluation of preservice teachers’ ability to create a table is
given in Table 4.

Table 4

Evaluation of the ability to create a table

Partiall
Evaluation Criteria Sufficient ar. 13.1 y Insufficient
Sufficient
Being able to create an appropriate table
. 69 13 5
based on the scenario
Being able to organize the data in the 4 46 37
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scenario and record in the table

Being able to express the units and symbols
belonging to the variables correctly for the 36 39 12
table

When Table 4 is examined, preservice teachers’ ability to create an appropriate table
based on the scenario is sufficient (f=69), ability to organize the data in the scenario and
record in the table is partially sufficient (f=46) and ability to express the units and
symbols belonging to the variables correctly for the table is partially sufficient (f=39). An
example table created by preservice teachers is given in Figure 3.

T |ooLas O.z%sl O,sml

Figure 3. Example table

When Figure 3 is examined, it is seen that the preservice teachers used the period (T)
symbol for the time elapsed for (PT63w) 10 complete turns, but they did not express the
second (s) as the unit and did not express the radius variable on the table with a symbol
(r) and unit (cm or m). The evaluation of the graph drawing skills of the preservice
teachers is given in Table 5.

Table 5

Evaluation of the ability to create a table

Partially

Sufficient Insufficient

Evaluation Criteria Sufficient

Being able to create an appropriate graph

based on the data in the table 84 ) 3
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Being able to position variables accurately

40 4 43
on axes
Being able to express the units and symbols
belonging to the variables correctly for the 8 56 23
graph
Being able to place the data proportionally to 71 14 5
the axes
Being able to place the data correctly in the 7 73 7
table on graph paper
Being able to show the point of the data by
drawing a small circle around the specified 14 66 7
point
Being able to draw an appropriate 79 ) 3

line/curve covering the determined points

Being able to explain the similarities and
differences between initial prediction and 27 35 25
observation results

When Table 5 is examined, it is seen that preservice teachers’ ability to create an
appropriate graph based on the data in the table is sufficient (f=84), ability to position
variables accurately on axes is insufficient (f=43), ability to express the units and
symbols belonging to the variables correctly for the graph is partially sufficient (f=56),
ability to place the data proportionally to the axes is sufficient (f=71), ability to place the
data correctly in the table on graph paper is partially sufficient (f=73), ability to show
the point of the data by drawing a small circle around the specified point is partially
sufficient (f=66), ability to draw an appropriate line/curve covering the determined
points is sufficient (f=79) and ability to explain the similarities and differences between
initial prediction and observation results is partially sufficient (f=35).

An example graphic created by preservice teachers is given in Figure 4.
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Figure 4. Example graph

When Figure 3 is examined, it is seen that the preservice teachers (PT40w) could not
place dependent (period-T) and independent (radius-r) variables on the correct axes
according to the graph they drew and instead of period T(s), used t(s) for the time value
obtained for each measurement in the drawing.

4. CONCLUSION, DISCUSSION AND SUGGESTIONS

It has been determined that there are points where the science process skills of
preservice science teachers for a given problem scenario are insufficient, partially
sufficient and sufficient regarding recording data, using the data and creating a model
which are among the science process skills and creating tables and graphs which covers
data interpretation steps. The process of extracting and determining data obtained from
a scenario and transforming these data into graphs seems to be significantly related to
science process skills. The ability to identify and extract data from an existing situation,
create graphs from these data and interpret the graph can be expressed as a very
important situation in terms of science literacy. As a matter of fact, according to Yeh and
McTigue (2009), it is emphasized that visual literacy such as table and graphic reading
should be taught especially at an early age in order to raise individuals who can make
decisions in many areas. The most important person who can realize this situation in the
individual is seen as the science teachers.

When the results obtained from the study are examined, although the preservice science
teachers have at a sufficient level of determining an appropriate hypothesis belonging to
the scenario, expressing the dependent and independent variables, it is important to
state that they have partially sufficient level of making predictions based on the scenario
and explaining the reason, and expressing the controlled (constant) variables and they
have an insufficient level of showing the data of the variables in the scenario on the
given figures and positioning the variables correctly on the axes. At this point, it is seen
that preservice science teachers need a little more experience, especially in determining
variables.

While it was determined that preservice science teachers could create a table from the
scenario and an appropriate graph based on the data obtained from the table, the fact
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that they have an insufficient level of showing the data belonging to the variables
included in the scenario on the given figures indicates that this skill has not yet fully
developed in preservice teachers regarding the ability to extract and interpret the data
from the scenario. In the study conducted by Kozcu Cakir and Sarikaya (2018), it was
determined that the preservice teachers have good skills in such dimensions as
constructing and interpreting hypotheses, determining variables, reading and
interpreting the graph, designing an experiment and interpreting the results and
recording the data of the experiment with respect to their integrated process skills while
it was observed that they had difficulties in defining and determining dependent,
independent and controlled variables and in identifying and understanding science
process skills. As a matter of fact, when another study on science process sKkills is
examined, it is seen that students have deficiencies in interpreting data and graphics
(Bowen & Roth, 2005). Accordingly, Talaslioglu and Sahin (2018) emphasized that
sufficient importance should be given and supported to the graphic reading skill, which
is included in international exams, in order to create a difference in the perception of the
individual.

In the study conducted by Abdi (2014), it was determined that the inquiry-based
learning method had an effect on the academic achievement of the students in the
science course. According to Kaptan and Korkmaz (1999), science process skill develops
more than organizing observable information and using these skills in daily life and
having a more positive attitude towards science. As a result of the research conducted by
Unald1 (2012), it was determined that the science education practice based on science
process skills has positively changed students' attitudes towards science and technology
lesson and their science process skills. In addition, Meador (2003) emphasized that
thinking and discussing like a scientist are necessary for science process skills. Based on
all these literature and results, it is thought that it is necessary to focus more effectively
on these deficiencies existing in the teaching process in order for our students to reach a
point where they can compete at an international level and develop their skills. It is
thought that the experimental activities associated with the problem scenarios and
including the steps such as creating tables, graphs and figures are essential for the
students to develop their science process skills and to construct inquiry-based learning
more effectively.

In this context, it is thought that such practices should be adapted to different subjects,
contents and acquisitions, and similar situations should be presented more to the
preservice teachers.
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1. GIRIS

Arastirma ve sorgulamaya dayali 6grenme felsefesinde kavram karikatiirleri, kavram
haritalari, probleme dayali 6grenme, projeye dayali 6grenme, beyin firtinasi, bulmaca ve
puzzle olusturma, acik uglu deneyler, hikdye yazma, rol oynama, yaratici drama, soru
sorma ve bilimsel tartisma gibi bircok 6gretim icerigi sunulabilmekte ve bu tiir 6grenme
yasantilari bilimsel stlire¢ becerileri tizerinde oldukca 6nemli etkiler olusturabilmektedir
(Demir, 2014). Sorgulama, 6grencinin akademik basarisini, problem ¢dzme becerisini,
O6grenmeyi diizenleme ve yansitma becerisini olumlu yonde etkilemekte ve motivasyonu
arttirmaktadir (Medrano, 2012). Werner'a (2007) gore arastirmaya dayali 68renme
yaklasimi; vaka ¢alismasi etkinlikleri, toplumsal igerikli etkinlikler, bulus temelli, proje
tabanl ¢alismalar ve problem ¢6zme c¢alismalarindan olusmaktadir. Ozellikle problem
senaryolari ile bilimsel siire¢ becerilerini gézlemleyebilmek ve gelistirebilmek oldukca
etkin bir yontem olarak karsimiza ¢cikmaktadir.

Arastirma tabanli 6grenmeyle bilimsel siire¢ becerilerinin gelistirilmesi g6z 6niinde
bulunduruldugunda, her ikisinin birbiriyle olan etkilesimi fen egitiminde oldukg¢a
etkilidir (Sahin ve Benzer, 2012). Nitekim Demir (2014) yapmis oldugu calismada
arastirma ve sorgulamaya dayali 6grenmenin bilimsel siire¢ becerileri {izerinde olumlu
etkisi oldugunu ortaya koyarken; Anagiin ve Yasar (2009), yapilandirmaci yaklasimin 5E
modeline dayal olarak uygulanmasi ile ilkdgretim besinci siif 6grencilerinin bilimsel
sure¢ becerilerinin gelisimi tizerinde etkili oldugu sonucuna ulasmislardir. Benzer
sekilde Sensoy ve Yildirim (2017), arastirma sorusturma tabanl 6grenme yaklasiminin
ogrencilerin bilimsel siire¢ beceri diizeylerine olumlu etkide bulundugu sonucuna
ulasmislardir.

Ewers (2001) bilimsel siire¢ becerilerini; gozlem yapma, simiflandirma, ¢ikarimda
bulunma, tahmin yapma, 6l¢gme ve iletisim kurma olarak betimlerken; bu becerilerin
bilimsel bilgiyi gelistirmek icin temel olusturdugunu ancak bunun yani sira, birgok fen
dersinin bilginin nasil gelistirildigi silirecini icermedigini de ifade etmektedir.
Ogrencilerin bilime karsi olumlu tutum olusturmalarim saglamak, bilimsel siireg
becerilerini gelistirmek i¢in uygun 6gretim yontemlerinin kullanilmasi gerekmektedir
(Basdas, 2007). Ongowo ve Indoshi (2013) ise, Fen Bilgisi 6gretmenlerinin bilimsel
stire¢ becerileri gelisimini tesvik etmesi gerektigini belirtirken; bu uygulamalarin
ogrencilerin ¢evrelerindeki o6nemli konular1 arastirmalarina neden oldugunu
belirtmislerdir. Tan ve Temiz (2003) yaptiklar1 arastirmalarinda; bilimsel siireg¢
becerilerinin fen o6gretimindeki 6nemini, problem ¢o6zme, zihinsel gelisime katki,
ogrenmede kalicilik, bilimsel okuryazarhiga katki, cocuk-bilim adami benzerligi ve
laboratuvar yaklasimi basliklariyla vurgulamislardir.

Bilimsel stire¢ becerileri, farkli fen disiplinlerine uygun yeteneklerin diizenlenmesini
saglayan bir yaklasimdir (Karamustafaoglu ve Yaman, 2006). Bilimsel siire¢ becerileri,
aslinda yasamin icerisinde olan bilimi fark edebilme siireci olarak tanimlanabilmektedir.
Bu tanimdan da yola c¢ikarak, bilimsel silire¢ becerisinin gelisimi, olaylara farkh
pencerelerden bakabilme aliskanligi gerektirmektedir.
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Kemiksiz (2016) yaptig1 calismada, senaryo temelli 6grenmenin fen bilimleri ders
basarisi ve tutum lizerinde kalicilig1 sagladig1 sonucuna ulasmistir. Ayrica Sezgin Selguk
(2015), Fen Bilgisi 6gretmenleri ile yapmis oldugu arastirmasi sonucunda, senaryonun
etkili ve faydali oldugunu, hizmet ici 6gretmen egitimi sirasinda kullanilabilecegini ifade
etmistir. Tim bu arastirmalardan da goriilecegi iizere, problem senaryolari sorgulamaya
dayali 6grenme icin olduk¢a etkin bir ortam olusturmaktadir. Problem senaryolar ile
6grenci zihninde, soruna iliskin bir ¢6zlim arama ¢abasi igerisinde bulunmakta ve ¢6ziim
yollarini deney yaparak ya da fikir lireterek deneme sinama yoluna gitmektedir. Boylece
bilimsel bir ¢6ziim elde etme siirecini yasayabilmektedir. Bagimsiz fikir iliretebilen,
gozlem yapan, yaratici, problem ¢o6zen, arastirmacit ve yorum yapabilen bireylerin
yetistirilmesinde en 6nemli unsurlardan biri de 6zellikle fen derslerinde deney yapmak
olarak goriilmektedir (Yildirim ve Tiirker Altan, 2017). Nitekim Aydogdu (2009), fen ve
teknoloji dersinde kullanilan arastirmaya dayali ve agik uc¢lu deney tekniklerinin
ogrencilerin bilimsel slre¢ becerilerine, bilimin dogasina yonelik goriislerine ve
o6grenme yaklasimlarina etkilerini incelemeyi amacladigi arastirmasinda bu
degiskenlerin birbirini etkiledigini ifade etmistir.

Fen 6gretiminde tablo ve grafik cizme bilimsel siire¢ becerilerinin bir parcasi olup,
O6gretmen adaylarinin bu becerilere sahip olmasi beklenmektedir. Bu kapsamda tablo,
grafik, sekil gibi iki boyutlu araglarin kullaniminin, senaryoya dayali bilimsel siirec¢
becerilerini ifade etmede etkili birer ara¢ olduklar1 diistiniilmektedir. Bir tablo veya
grafik bazen ¢ok uzun bir paragrafi giizel bir sekilde 6zetleyebilmekte ve kullanilan
gorsellik ile o6grencilerin somut o6grenmelerine yardimci olabilmektedir. Nitekim
ogrenciler verilerin islenmesi ve yorumlanmasi asamasinda, deneyden elde ettikleri
verileri, diisey ve yatay eksende olmak lizere bir grafik ¢izerler; grafigi yorumlayarak
bagimsiz degiskenin bagimli degiskeni nasil etkiledigini belirlemeye calisirlar
(Kiigiikozer, 2017). Bu acidan Talaslioglu ve Sahin’e (2018) gore, fen egitim 6gretim
programinda yeterince yer verilen ve 0Ogrencilerin bilimsel siire¢ becerilerinin
gelismesinde etkisi olan grafikler, verileri somutlastirmaya yardimci olan énemli egitim
araclar1 olarak karsimiza c¢ikmaktadir. Grafik olusturma ve mevcut olan grafigi
yorumlama, bilimsel siire¢ becerilerinde 6zellikle analiz basamagi islem siire¢lerini
gelistirme agisindan olduk¢a etkin bir 0grenme siirecinin  yasanmasini
saglayabilmektedir. Bu noktada birey var olan bilgisini yordama ihtiyaci hissetmekte ve
zihninde bilimsel siire¢ olarak yapilandirma igerisine girmektedir.

Tiim bu alan yazin arastirmalarindan da goriildiigii iizere problem senaryolari, bilimsel
sliire¢ becerileri ve grafik olusturma birbirini tamamlayan 6nemli unsurlar olarak
karsimiza cikmaktadir. Bu noktadan yola ¢ikarak bilimsel siire¢ becerileri ve grafik
olusturabilme becerilerinin gelisiminin probleme dayali 6grenme ve sorgulamaya dayal
O6grenme ortamlarinin olusturulabilmesi icin 6nemli oldugu dusiiniilmektedir.

Bu kapsamda yapilan arastirmanin amaci, Fen Bilgisi 68retmen adaylarinin, verilen bir
problem senaryosundan yola ¢ikarak bilimsel silire¢ becerilerinin ve grafik
olusturabilme diizeylerinin incelenmesi olarak belirlenmistir.

447 Sakarya University Journal of Education



Sibel DEMIR KACAN, Nisa YENIKALAYCI, Dilek CELIKLER

2. YONTEM
Arastirma Modeli

Arastirma, bir tarama ¢alismasi olup; bir grubun belirli 6zelliklerini belirlemek adina
verilerin toplanmasini amaclayan c¢alismalara tarama arastirmasi denilmektedir
(Biiytikoztiirk, Kilig Cakmak, Akgiin, Karadeniz ve Demirel, 2008). Betimsel aragstimalar,
calismak istenilen farkli olgu ve olaylar hakkinda 6zet bilgi elde edebilmede genellikle
basvurulan bir yontem olarak karsimiza c¢ikmaktadir (Biiylkoztirk ve arkadaslari,
2008).

Calisma Grubu

Arastirma, Karadeniz bolgesinde bulunan bir devlet tlniversitesinin Fen Bilgisi Egitimi
programi 3. sinifinda Ogrenim gormekte olan toplam 87 0&gretmen adayr ile
yuritiilmistiir. Aragtirmada, o6rnekleme kolay ulasabilme ve uygulama yapabilme
bakimindan uygun érnekleme yontemi segilmistir.

Verilerin Toplanmasi

Arastirmada verilerin toplanmasi amaciyla arastirmay1 yapan; fen egitiminde alan
uzmani ve fen bilim uzman arastirmacilar tarafindan gelistirilen etkinlik kagidi
kullanilmistir. Ayrica etkinlik kdgidi ile birlikte 6gretmen adaylarinin arastirmacilar
tarafindan gelistirilen yar1 acik uclu deney etkinligini uygulamalar1 saglanmistir.
Ogretmen adaylar1 uygulama icin laboratuvara doniisiimlii olarak alinmis olup her grup
icin etkinlik yaklasik 2 ders saati stirmustiir.

Arastirmada etkinlik kagidi ile Fen Bilgisi 0gretmen adaylarina verilen senaryo su
sekildedir:

“Bir giin 6gretmen; Ayse, Mehmet ve Umay isimli li¢c caliskan arkadagsa su sekilde bir soru
yéneltir ve soruyu kim dogru bilirse onu édiillendirecegini séyler. Soru su sekildedir: “Iki
ucu acik bir silindir icerisinden 120 cm uzunlugunda bir ip gecirelim. Ipin dairesel hareket
yapacak olan taraftaki ucuna 20 g’lik bir kiitle baglayalim. Sonra ipin diisey dogrultudaki
diger ucuna 100 g’hk kiitle baglayalim. Ip iizerine her 10 cm’de bir keceli kalem ile isaret
koyalim. Daha sonra bu noktalari referans alarak 10 cm, 30 cm ve 50 cm yarigaph daireler
olusturacak sekilde basimizin iizerinde cevirelim. Sizce hangi diizenekteki kiitlenin ayni
konumuna gelme siiresi en kisa olur?” Ogretmen dgrencilere diisiinmeleri igin 3 dakika
stire verir ve onlardan yanitlarini bir kdgida yazarak ayni anda géstermelerini ister. Gelen
yanitlar birbirinden oldukg¢a farklidir...”

Ug arkadasin tahminleri Sekil 1'de verilmistir.
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Mehmet (...)

Sekil 1. U¢ arkadasin tahminleri

Yar1 agik uc¢lu deney siireci:

“Gelen bu farkli yanitlar sonucunda o6gretmen bu deneyi égrencilerden yapmalarini ister.
Ogrenciler, gerekli malzemeleri temin ederek diizenegi kurup, siireleri kronometre ile
6lcmeye baglarlar. Dairesel hareket yapan kiitlenin bir tam turunun ¢ok kisa oldugunu ve
kronometre ile 6lcmenin ¢ok zor olacagini fark eden Mehmet arkadagslarina, kiitlenin 10
tam turu igin gegen siireleri dlgme ve buradan periyot dlgctimiine gegme dnerisinde bulunur.
Bu fikrin giizel olacagini diistinen Umay, tek bir élciimle dogru sonuglar elde
edemeyeceklerini belirterek, her yaricap mesafesi icin ayni islemlerin birden fazla érnegin
5’er kez tekrarlanmasinin gerekliligini vurgular. Ayse de Mehmet ve Umay arkadaglarinin
fikirlerine katilir ve birlikte verileri almaya koyulurlar.”

v Once; 10 cm yarigaph bir dairenin 10 tam turu icin gecen siireleri 2,40 s; 2,42 s; 2,38
s; 2,43s; 2,47 s

v Sonra; 30 cm yarigapli bir dairenin 10 tam turu i¢in gecen stireleri 2,85 s; 2,82 s; 2,96
S;2,79s; 2,93 sve

v" Daha sonra; 50 cm yarigapli bir dairenin 10 tam turu i¢in gegen stireleri 3,11 s; 3,14
s; 3,17 s; 3,14 s; 3,20 s olarak kigida not alirlar.

Hazir olarak verilen sekiller Sekil 2’de verilmistir.

Sekil 2. Hazir olarak verilen sekiller
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Verilerin Analizi

Etkinlik kdgidinda yer alan verilerin degerlendirilmesi i¢in kullanilan 17 degerlendirme
kriteri, fen alan uzmani ve bilim uzmani arastirmacilar tarafindan cesitli kodlamalar
olusturularak hazirlanan havuzdan olusturulmustur. Bu degerlendirme kriterlerinin
analizi icin ise likert tipi yeterli, kismen yeterli ve yetersiz olmak iizere 3 boyut
belirlenmigtir. iki arastirmacinin degerlendirme kriterleri ve boyutlar1 karsilastirilarak
gecerlilik saglanmistir. Arastirmada nitel verileri analiz etme ydntemi olarak betimsel
analiz kullanilmistir. Yildirim ve Simsek (2006) betimsel analizi; verilerin 6nceden
belirlenen temalara gore oOzetlenip yorumlanmasi olarak tanimlarken; var olan
boyutlardan yola ¢ikarak olusturulan tematik ¢erceveye gore veriler yerlestirilmektedir.
Burada bulgular tanimlanarak gerekli yerlerde ise dogrudan alintilar sunularak
yorumlanmaya gidilmektedir. Nitekim s6z konusu arastirmada da bilimsel dogruluk
iceren tam ifadeler yeterli, kismen bilimsel dogruluk iceren ifadeler (dogru sayis1 yanls
sayisindan fazla ise) kismen yeterli ve hatal ifadelerin fazla olmasi (yanlis sayis1 dogru
sayisindan fazla ise) ve bos yanitlar yetersiz olarak kodlanmistir.

Bir arastirmanin bilimsel olarak dogru degerlendirilmesi icin baska arastirmacilar
tarafindan da incelenmesi gerekmektedir (Yildirim ve Simsek, 2006; Yildirim, 2010). Bu
nedenle ¢alismada iki arastirmacinin; [Goriis Birligi/(Goris Ayriligi + Goris Birligi) x
100] formiilii ile uyusum yiizdesine (Miles ve Huberman, 1994) bakilmis ve bu deger
%90 olarak hesaplanmistir.

3. BULGULAR

Ogretmen adaylarinin grafik olusturma siireci éncesinde problem senaryosunu analiz
etme becerilerine iliskin bulgular analiz edilerek sunulmustur. Ogretmen adaylarinin
tahminde bulunma becerisinin degerlendirilmesi Tablo 1’de verilmistir.

Tablo 1

Tahminde bulunma becerisinin degerlendirilmesi

K
Degerlendirme Kriteri Yeterli 1smeT1 Yetersiz
yeterli
I1 bir tahmi 1
Senaryoya dayali bir tahminde bulunma ve 34 42 11

sebebini agiklayabilme

Tablo 1 incelendiginde 6gretmen adaylarinin; senaryoya dayali bir tahminde bulunma
ve sebebini agiklayabilme becerisi icin kismen yeterli (f=42) olduklar1 goriilmektedir.
Ogretmen adaylarinin sekil iizerine veri kaydetme becerisinin degerlendirilmesi Tablo
2’de verilmistir.
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Tablo 2

Sekil tizerine veri kaydetme becerisinin degerlendirilmesi

K

Degerlendirme Kriteri Yeterli 1smeT1 Yetersiz
yeterli

Senaryo icerisinde gecen degiskenlere ait

verileri, hazir olarak verilen seKiller iizerinde 20 32 35

gosterebilme

Tablo 2 incelendiginde 6gretmen adaylarinin; senaryo icerisinde gecen degiskenlere ait
verileri, hazir olarak verilen sekiller iizerinde gosterebilme becerisi icin yetersiz (f=35)
olduklar1 goriilmektedir. Ogretmen adaylarimin hipotez ve degiskenleri belirleme
becerisinin degerlendirilmesi Tablo 3’te verilmistir.

Tablo 3

Hipotez ve degiskenleri belirleme becerisinin degerlendirilmesi

Degerlendirme Kriterleri Yeterli I;ftr:;? Yetersiz
Senaryoya ait uygun bir hipotez belirleyebilme 58 24 5
Bagimsiz degiskeni ifade edebilme 38 20 29
Bagiml degiskeni ifade edebilme 37 16 34
Kontrol edilen (sabit) degiskenleri ifade ] 75 12

edebilme

Tablo 3 incelendiginde Ogretmen adaylarinin; senaryoya ait uygun bir hipotez
belirleyebilme becerisi i¢in yeterli (f=58), bagimsiz degiskeni ifade edebilme becerisi
icin yeterli (f=38), bagimli degiskeni ifade edebilme becerisi i¢in yeterli (f=37) ve
kontrol edilen (sabit) degiskenleri ifade edebilme becerisi icin kismen yeterli (f=75)
olduklar1 goériilmektedir. Ogretmen adaylarinin tablo olusturabilme becerisinin
degerlendirilmesi Tablo 4’te verilmistir.
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Tablo 4

Tablo olusturabilme becerisinin degerlendirilmesi

K
Degerlendirme Kriterleri Yeterli 1smer.1 Yetersiz
yeterli
Senaryoya dayanarak uygun bir tablo olusturabilme 69 13 5
Senaryod:?lkl verileri diizenleyerek tabloya 4 46 37
kaydedebilme
Tablo i¢cin degiskenlere ait birim ve sembolleri 36 39 12

dogru ifade edebilme

Tablo 4 incelendiginde 6gretmen adaylarinin; senaryoya dayanarak uygun bir tablo
olusturabilme becerisi icin yeterli (f=69), senaryodaki verileri diizenleyerek tabloya
kaydedebilme becerisi icin kismen yeterli (f=46) ve tablo icin degiskenlere ait birim ve
sembolleri dogru ifade edebilme becerisi icin kismen yeterli (f=39) olduklari
goriilmektedir. Ogretmen adaylan tarafindan olusturulan érnek bir tablo, Sekil 3’te
verilmistir.

(o aon ! 5o
'[_‘;\““ mrrrn i n.%5 | 3\ /

= ol | 2% | 3

T ooy |2oe |
203 | one L oal |
-\'S ’Q\Hq“ 2\33 l 3‘20

T o 0,7_%51 o,3|¢;1

Sekil 3. Ornek tablo

Sekil 3 incelendiginde, 6gretmen adaymin (063k) 10 tam tur icin gecen siireler icin de
periyot (T) sembolinii kullandig1 fakat birim olarak saniyeyi (s) ifade etmedigi ve
yarigap degiskenini tablo iizerinde sembol (r) ve birimle (cm veya m) ifade etmedigi
goriilmektedir. Ogretmen adaylarinin grafik cizme becerisinin degerlendirilmesi Tablo
5’te verilmistir.

Cilt: 10  Say1: 3 » Aralik 2020 452



Bilimsel Siire¢ Becerileri ve Grafik Olusturabilme Diizeylerinin incelenmesi: Fen Bilgisi Ogretmen ...

Tablo 5

Grafik cizme becerisinin degerlendirilmesi

Kismen

Degerlendirme Kriterleri Yeterli _ Yetersiz
yeterli

Tablodaki verilere dayanarak uygun bir grafik 84 3
olusturabilme
Degiskenleri ek_senler lizerinde dogru 40 4 43
konumlandirabilme
Grafik icin degiskenlere ait birim ve sembolleri dogru
. . 8 56 23
ifade edebilme
Verileri eksenlere orantil bir sekilde yerlestirebilme 71 14 2
Tablodaki verileri milimetrik kagit iizerinde dogru 7 73 7
yerlestirebilme
Belirlenen noktanin etrafinda kii¢tik bir cember 14 66 7
cizerek veriye ait noktay1 gosterebilme
Belirlenen noktalar:1 kapsayan uygun bir dogru/egri 79 8
cizebilme
Basl ki tahmin ile gozl 1 ki

aslangictaki tahmin ile gdzlem sonuglar1 arasindaki 97 35 55

benzerlik ve farkliliklari agiklayabilme

Tablo 5 incelendiginde 6gretmen adaylarinin; tablodaki verilere dayanarak uygun bir
grafik olusturabilme becerisi icin yeterli (f=84), degiskenleri eksenler ilizerinde dogru
konumlandirabilme becerisi icin yetersiz (f=43), grafik icin degiskenlere ait birim ve
sembolleri dogru ifade edebilme becerisi i¢in kismen yeterli (f=56), verileri eksenlere
orantili bir sekilde yerlestirebilme becerisi i¢in yeterli (f=71), tablodaki verileri
milimetrik kagit lizerinde dogru yerlestirebilme becerisi icin kismen yeterli (f=73),
belirlenen noktanin etrafinda kii¢iik bir cember cizerek veriye ait noktay1 gosterebilme
becerisi icin kismen yeterli (f=66), belirlenen noktalar1 kapsayan uygun bir dogru/egri
cizebilme becerisi icin yeterli (f=79) ve baslangictaki tahmin ile gozlem sonuclari
arasindaki benzerlik ve farklhiliklar1 agiklayabilme becerisi icin kismen yeterli (f=35)
olduklar: gortulmektedir.

Ogretmen adaylarn tarafindan olusturulan érnek bir grafik, Sekil 4’'te verilmistir.
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Sekil 4. Ornek grafik

Sekil 3 incelendiginde, 6gretmen adaymn (040k) c¢izmis oldugu grafige gore bagimh
(periyot-T) ve bagimsiz (yaricap-r) degiskenleri dogru eksenlere yerlestiremedigi ve
periyot T(s) yerine her bir ol¢lim icin elde edilen siire degeri icin kullanilan t(s)’ye
¢iziminde yer verdigi goriilmektedir.

4, SONUC, TARTISMA VE ONERILER

Bilimsel siire¢ becerilerinden verileri kaydetme, verileri kullanma ve model olusturma,
verileri yorumlama basamaklarini kapsayan tablo ve grafik olusturma ile ilgili olarak
Fen Bilgisi 6gretmen adaylarinin, verilen bir problem senaryosuna iliskin bilimsel stire¢
becerilerinin tablo ve grafik olusturabilme diizeylerinin yetersiz, kismen yeterli ve
yeterli oldugu noktalarin bulundugu tespit edilmistir. Bir senaryodan elde edilen
verilerin 0zlimsenip belirlenmesi ve bu verilerin grafige doniistiiriilme siireci bilimsel
slire¢ becerileri ile oldukea iliskili olarak goriilmektedir. Mevcut bir durumdan verileri
belirleyip cikarabilme, bu verilerden grafik olusturabilme ve grafigi yorumlayabilme
becerisi, bilim okuryazarhigi bakimindan olduk¢a 6nemli bir durum olarak ifade
edilebilir. Nitekim Yeh ve McTigue’e gore (2009), bircok alanda karar verebilecek
bireylerin yetistirilebilmesi icin tablo ve grafik okuma gibi gorsel okuryazarligin
ozellikle erken yaslarda 6gretilmesi gerektigi vurgulanmaktadir. S6z konusu bu durumu
bireyde gergeklestirebilecek en énemli kisi ise 6zellikle Fen Bilgisi 6gretmenleri olarak
gorilmektedir.

Arastirmadan elde edilen sonuglar incelendiginde, Fen Bilgisi 6gretmen adaylarinin
senaryoya ait uygun bir hipotez belirleyebilme, bagimli ve bagimsiz degiskenleri ifade
edebilme konularinda yeterli diizeyde bulunmalarina karsin, senaryoya dayali tahminde
bulunma ve sebebini aciklayabilme, kontrol edilen (sabit) degiskenleri ifade edebilme
konularinda kismen yeterli olmalari; senaryo icerisinde gecen degiskenlere ait verileri
hazir olarak verilen sekiller iizerinde gosterebilme, degiskenleri eksenler tlizerinde
dogru konumlandirabilme konularinda ise yetersiz olmalari dikkat ¢ekici durumlar
olarak karsimiza ¢ikmaktadir. Bu noktada 6zellikle degisken belirlemede Fen Bilgisi
O0gretmen adaylarinin biraz daha deneyime ihtiya¢ duyduklar: goriilmektedir.
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Yine Fen Bilgisi 6gretmen adaylarinin senaryodan bir tablo ve tablodan verilere
dayanarak uygun bir grafik olusturabildikleri belirlenirken; senaryo icerisinde gecen
degiskenlere ait verileri hazir olarak verilen sekiller iizerinde gésterebilme konusunda
ise yetersiz olmalari senaryodan verileri ¢cikarabilme ve yorumlayabilme ile ilgili olarak
O6gretmen adaylarinda heniiz bu becerinin tam olarak gelismedigini gosterir niteliktedir.
Kozcu Cakir ve Sarikaya'min (2018) yapmis olduklari ¢alismada da, 6gretmen
adaylarinin biitlinlestirilmis siire¢ becerilerine iliskin; hipotez kurma ve yorumlama,
degiskenleri belirleme, grafigi okuma ve yorumlama, deney tasarlama ve sonuglarini
yorumlama, deney verilerini kaydetme gibi boyutlarda iyi diizeyde beceriye sahip
olduklar1 belirlenirken; bagimli, bagimsiz ve kontrol edilen degiskenlerin
tanimlanmasinda ve belirlenmesinde, bilimsel siire¢ becerilerini tanimlamada ve
kavramada ise sikint1 yasadiklar1 goriilmiistiir. Nitekim bilimsel siire¢ becerileri ile ilgili
yapilan bir diger arastirma incelendiginde, 68rencilerin verileri ve grafigi yorumlamada
eksiklikleri oldugu goriilmektedir (Bowen ve Roth, 2005). Bu dogrultuda Talashoglu ve
Sahin (2018), bireyin algilarinda farklilik olusturulmasi adina, uluslararasi sinavlarda
yer verilen grafik okuma becerisine yeterli 6nemin verilmesi ve desteklenmesi
gerektigini vurgulamigslardir.

Abdi (2014) tarafindan yapilan calismada, arastirmaya dayali 6grenme ydnteminin
ogrencilerin fen bilimleri dersindeki akademik basarilarina etkisi oldugu belirlenmistir.
Kaptan ve Korkmaz'a (1999) gore bilimsel siire¢ becerisi; gozlemlenebilir bilgileri
organize etmekten daha fazlasini ve bu becerileri kazanarak giinliik yasamda kullanmay1
ve fen bilimlerine karsi daha olumlu tutum sahibi olmay: gelistirmektedir. Unald1 (2012)
tarafindan yapilan arastirma sonucunda, bilimsel siire¢ becerilerini temel alan fen
egitimi uygulamasinin o6grencilerin fen ve teknoloji dersine iliskin tutumlarimi ve
bilimsel siire¢ becerilerini olumlu sekilde degistirmis oldugu belirlenmigtir. Oyle ki
Meador (2003), bir bilim insani1 gibi diisiinmenin ve tartismanin bilimsel siire¢ becerileri
icin gerekli oldugu tlizerinde durmustur. Tiim bu literatiir ve sonuclardan yola ¢ikarak
ozellikle uluslararasi1 diizeyde o6grencilerimizin rekabet edebilir ve bu diizeylerde
becerilerini gelistirebilir bir noktaya gelebilmeleri adina 6gretim stirecindeki var olan bu
eksiklikler ile daha etkin olarak calisilmas1 gerektigi diisiiniilmektedir. Problem
senaryolari ile iliskilendirilmis ve tablo, grafik, sekil olusturma gibi basamaklar1 iceren
deneysel aktivitelerin, o6grencilerin bilimsel siire¢ becerilerini gelistirmesi ve
sorgulamaya dayali 6grenmenin daha etkin olarak yapilandirilabilmesi adina énemli
oldugu diisiiniilmektedir.

Bu baglamda, bu tir uygulamalarin farkl konu, icerik ve kazanimlara uyarlanarak
O0gretmen adaylarinin benzer durumlar ile daha fazla karsilastirilmasi gerektigi
diistiniilmektedir.
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“Bilimsel Siire¢ Becerileri ve Grafik Olusturabilme Diizeylerinin incelenmesi: Fen Bilgisi
Ogretmen Adaylar Ornegi” bashikli calismanin yazim siirecinde bilimsel, etik ve alint1 kurallarina
uyulmus; toplanan veriler lizerinde herhangi bir tahrifat yapilmamis, karsilasilacak tim etik
ihlallerde “Sakarya University Journal of Education Dergisi ve Editoriiniin” hicbir
sorumlulugunun olmadigi, tiim sorumlulugun yazarlara ait oldugu ve ¢alismanin herhangi baska
bir akademik yayin ortamina degerlendirme i¢in génderilmemis oldugu bu ¢alismanin yazarlari
tarafindan taahhtit edilmistir.
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