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Developing Sample Activity Based on Prediction- Observation- Explanation
(POE) Teaching Method Supported by Concept Cartoons in Science
Teaching Laboratory Applications
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Abstract

This study aims to introduce sample activities based on the Prediction-Observation-Explanation (POE) teaching
method supported by concept cartoons developed for the teaching of biology subjects within the scope of science
teaching laboratory applications-Il course and to explain how the application is made. While developing the
activities, the document analysis method, one of the qualitative research designs, was used. The implementation
of the developed activities was carried out with 37 prospective science teachers who took the science teaching
laboratory applications-11 course at a state university. As a result of the study, sample activities based on the
Prediction-Observation-Explanation (POE) teaching method were developed for the teaching of biology subjects
within the scope of science teaching laboratory applications course-I1. While developing activities based on the
POE teaching method, concept cartoons can be used to provide discussion and motivation. In addition, students
can reach different results in POE teaching practices. Within the framework of the constructivist learning
approach, teachers can use the scaffolding techniques (question-answer, topic summaries, flow charts, etc.), both
verbally and in activities, to eliminate such conflicting situations.

Key Words: POE teaching method, Concept cartoon, Science teaching laboratory applications-11, Biology topics,
Developing sample activity.

Introduction

As in many global sociological events in the past, the Covid-19 pandemic process we are in has
once again shown the importance of the race in science and technology to the whole world. In
this challenging process and race, it is an inevitable fact that the most important need of our
country is trained manpower. Therefore, prospective science teachers, who are responsible for
raising future generations, should be equipped both in terms of subject area knowledge and in

terms of applying teaching methods and techniques. In terms of gaining these qualifications, it
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can be said that one of the most important courses in the undergraduate education of science
teaching is science teaching laboratory applications I-11. When the science teaching laboratory
applications I-11 course content in the teacher training undergraduate program of the Council of
Higher Education (CoHE, 2018) is examined, it is seen that it is aimed to gain the prospective
teachers the ability to design experiments with simple tools for the teaching of middle school
science course subjects by using different laboratory approaches. In this respect, it is considered
important to show prospective teachers different laboratory approaches and exemplary teaching
practices based on the constructivist learning approach within the scope of the science teaching

laboratory applications course.

Since science teaching laboratory applications course is related to middle school science
subjects in terms of content, it should be developed within the framework of constructivist
learning approach to be able to use sample teaching practices to be shown to prospective
teachers in the future. The constructivist learning approach, as in other laboratory approaches,
draws attention to the importance of experimental activities in science teaching, as well as to
gaining students the nature of science, scientific process, and life skills (Celik, 2018). This
integrative approach, which aims to teach science concepts together with these skills, is one of
the features that distinguishes the constructivist learning approach from other laboratory
approaches. The Ministry of National Education middle school science curriculum (MEB,
2005, 2013) aims to provide students with science literacy, the nature of science, scientific
process, and life skills. However, traditional teacher-centered teaching methods such as
lectures, note-taking, and verification-type laboratory activities are not effective in developing
these skills of students (MEB, 2005). Since the objectives of the MEB (2005, 2013) and the
characteristics of the constructivist laboratory approach are thought to be compatible with each
other, in this study, sample activities based on the POE teaching method based on the
constructivist learning approach were developed in the teaching of biology subjects within the

scope of science teaching laboratory applications-I1 course.

Shiland's (1999) study titled "Constructivism: The Implications for Laboratory Work™ draws
attention to the importance of designing the constructivist laboratory environment within the
framework of a student-centered understanding that will allow students to make predictions
before experimenting and to discuss the results obtained from the experiment with their
predictions. POE teaching method is based on the principle that students make observations
after explaining their predictions about the subject to be learned and discover the contradiction

between their predictions and observation results by questioning (Kearney & Treagust, 2001;
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Kose, Costu, & Keser, 2003; White & Gunstone, 1992). In this respect, it can be said that the
student is the center and the teacher is the guide in the teaching process. Considering these
features, it is thought that it is appropriate to develop the activities according to the POE
teaching method within the framework of the constructivist learning approach. POE teaching

method consists of three stages. These stages are:

Prediction Stage: At this stage, students can be given a demonstration experiment or a
case study related to the subject to be taught (Lagin Simsek, 2019). Various questions
are asked for students to explain their predictions and reasons for the results of the given
experiment and case study. Here, it is important to explain the reasons for their
predictions and to reveal and feel the misconceptions in the preliminary information that

make up the predictions.

Observation Stage: In the second stage, which is the observation stage, if a
demonstration experiment is conducted during the prediction stage, it can be ensured
that students do the same experiment at this stage. If a case study is used in the prediction
stage, an experiment or activity for the target acquisition of the lesson can be made by
students during the observation stage (Lagin Simsek, 2019). During the observation

stage, students can work individually or in groups.

Explanation Stage: In the explanation stage, which is the last stage, students are asked
to explain if there are conflicting situations between their predictions and observations
(Lagin Simsek, 2019). For this, some techniques such as discussion, question, and

answer can be used.

The most important feature of the POE teaching method is that it allows students to make
predictions based on their prior knowledge and experiences (Kose et al., 2003). In this method,
since the students will try to discover the new information they will learn through their prior
knowledge, revealing and making the misconceptions of the students during the prediction stage
will increase their curiosity and increase their motivation for the lesson and learning (Liew &
Treagust, 1998; Tekin, 2008). Therefore, the prediction stage is the most important stage of the
POE teaching method in terms of the efficiency of the other stages. When the studies on POE
teaching practices are examined, it is seen that mostly traditional open-ended questions are used
in the prediction stage (Akgiin, Tokur, & Ozkara, 2013; Baladin Duman, 2019; Bolat &
Karamustafaoglu, 2021; Kose et al., 2003). Context-based open-ended questions were used in
the prediction stage of the activities developed within the scope of this study. Context-based

questions are questions that are not routine in our daily life, but are encountered or can be
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encountered, and require more reading and thinking (Kurnaz, 2013; Tekbiyik & Akdeniz,
2010). Considering the purposes of the prediction stage, such as identifying misconceptions and
prior knowledge, attracting attention, and providing focus, it is thought that it would be more
appropriate to use context-based open-ended questions at this stage. There are studies in the
related literature showing that context-based questions give more positive results in terms of
understanding, concreteness, and attracting attention than traditional questions (Park & Lee,
2004; Tekbiyik & Akdeniz, 2010). For this reason, context-based open-ended questions were
used in the prediction stage of the activities. However, one of the effective techniques in
identifying misconceptions is concept cartoons. In this study, in which activities based on the
POE teaching method were developed, concept cartoons were used together with context-based
open-ended questions in the prediction stage.

Concept cartoons are a concept learning and teaching technique developed by Brenda Keogh
and Stuart Naylor in 1991 (Keogh & Naylor, 1999). These are cartoons with no humor purpose,
in which the thoughts of two or more characters about the solution of a problem situation in
daily life. The general purpose of using concept cartoons in teaching is to create a scientific
discussion environment. For this reason, scientifically correct statements should be placed in
the thought bubble of a character in the cartoon, and misconceptions should be included in the
other thought bubbles. Kabapinar (2005) summarized the contribution of concept cartoons to

the teaching process as follows:
o It enables to reveal the misconceptions in the current knowledge of the students.
« Itallows students to discuss the reasons for their mistakes in the classroom environment.
e Itensures high participation in class discussions.

Since it is thought that the contribution of concept cartoons to teaching is suitable for the
prediction stage, concept cartoons were used together with context-based open-ended questions
in the prediction stage of this study, in which activities based on the POE teaching method were

developed.

In the observation stage of this study, in which activities based on the concept cartoon supported
POE teaching method were developed, experiments with simple and cheap equipment were
included. In many studies on laboratory applications in science education in our country, it is
stated that the reason for the inability to carry out laboratory studies effectively is the lack of
tools, equipment, materials, and physical environment (Béyuk, Demir, & Erol, 2010; Demir,
Boyiik, & Kog, 2011; Giines, Sener, Topal Germi, & Can, 2013; Orbay, Ozdogan, Oner, Kara,
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& Gumis, 2003; Sogukpinar & Giindogdu, 2020; Uluginar, Cansaran, & Karaca, 2004). To
eliminate this situation, it is thought that it is important to develop the ability of prospective
teachers to design experiments with simple tools. Therefore, the experiments presented in the
observation stage of this study, in which activities based on the POE teaching method were
developed, can be an example for teachers, prospective teachers, and researchers. In the
explanation stage, which is the last stage, the question-answer technique was used within the
framework of the constructivist learning approach to compare the prediction and observation

results.

When the literature is examined, there are many studies on the POE teaching method. (Akgin
et al., 2013; Bilen & Aydogdu, 2012; Bilen & Kose; 2012; Bilen, Kose,& Usak, 2011; Oner
Stinkiir & Aribas, 2020; Tokur, 2011). However, it is seen that the studies in which sample
activities related to POE teaching practices are presented are relatively less than other studies.
(Ergiil, Saritas, & Ozcan, 2020; Kdse et al., 2003; Yildirim & Maseroglu, 2020). In addition, it
has been seen that most of the studies on POE teaching methods are for general laboratory
(physics, chemistry, and biology) courses. (Ayvact & Durmus, 2016; Giingér, 2016; Karatekin
& Oztiirk, 2012; Kozcu Cakir, Giiven & Ozdemir, 2017). On the other hand, in the related
literature, in a study carried out with biology teacher candidates by Giilesir, Aydemir, Kus,
Uzel, and Gl (2020), the POE teaching method was used in teaching physiology subjects
within the scope of Special Teaching Methods-II course. Giilesir et al. (2020), as a result of the
study, it was stated that the POE worksheets answered by the students during the teaching are
an alternative assessment method to evaluate the teaching results. In this study carried out
within the scope of science teaching laboratory applications-I1 course, it is thought that it is
important for prospective teachers to see how they can be used by integrating concept cartoons
with the POE teaching method. Therefore, this study aims to introduce sample activities based
on the concept cartoon supported POE teaching method developed for the teaching of biology
subjects within the scope of science teaching laboratory applications-11 course and to explain
how the application is made.

Method

While developing activities based on concept cartoon supported POE teaching method,
document analysis method, one of the qualitative research designs, was used. Document
analysis is a qualitative research method in which written and electronic documents are

analyzed and interpreted to create empirical knowledge and understanding about a subject
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(Corbin & Strauss, 2008). To create valid and reliable information with this method, it is

necessary to systematically examine all documents related to the subject (Kiral, 2020).

Therefore, in this study, national and international studies on concept cartoons and POE

teaching practices were examined while the activities were being developed.

Research Process

The development process of the concept cartoon supported activities based on the POE teaching

method is summarized below:

1.

CoHE (2007) Science teaching laboratory applications-Il course content examination
and listing the seventh and eighth-grade biology topics in the MoNE (2013) middle

school science curriculum.

Determining the middle school seventh and eighth-grade biology subjects that students
have the most misconceptions and difficulties in understanding by scanning national

and international literature.

Writing new metacognitive gains for prospective teachers based on the gains of the
MoNE (2013) middle school science curriculum related to the determined middle school
seventh and eighth-grade subjects and developing concept cartoon supported activities

based on the POE teaching method for these gains.

After the activities are developed, the activities are finalized by making evaluations and
necessary arrangements with two faculty members who teach science teaching

laboratory applications-11I.

Determining the third-grade prospective science teacher who will take the science
teaching laboratory applications-11 course for the implementation of the developed

activities.
Creating a work plan for the implementation of the activities.

Implementation of the activities developed in the determined third-grade science

teaching branch.

The activities were developed taking into account the course content of the CoHE
(2007) teacher training undergraduate program and the MoNE (2013) middle school
science curriculum. However, in 2018, the CoHE teacher training degree program and
the MoNE middle school science curriculum were updated. For this reason, the
suitability of the developed activities to the updated CoHE (2018) and MoNE (2018)
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programs was examined by two faculty members teaching science teaching laboratory
applications-11 courses and a science education expert. It has been observed that there
IS no change in the science teaching laboratory applications-11 course content, the
number of lesson hours, the class level, and gains of determining topics. For this reason,

no adjustments were made in the activities developed.
Implementation of Activities

The implementation of the concept cartoon-supported activities based on the POE teaching
method was carried out with 37 prospective science teachers. Developed activities are related
to biology subjects of science teaching laboratory applications-11 course. During the teaching
process of science teaching laboratory-I1 course in education faculties in our country, teacher
candidates generally study in physics, chemistry, and biology laboratories for 4 weeks to
experience the teaching practices of middle school physics, chemistry and biology subjects. For
this reason, prospective teachers were divided into three groups. The implementation of the
activities took 12 lesson hours (4 weeks) in each group. It was completed in 36-course hours
(12 weeks) in total.

Findings

While developing concept cartoon-supported activities, the POE teaching method based on the
constructivist learning approach was taken as a basis. The activities developed concept cartoon
supported based on the POE teaching method are related to the biology topics of the science
teaching laboratory applications-11 course. According to CoHE (2007; 2018), in Science
Teaching Laboratory Applications-11 course, planning, conducting, and reporting experiments
based on different laboratory approaches for the subjects in the middle school seventh and
eighth-grade science curriculum; in experiments, approaches that can be applied in the
evaluation of student performance should be adopted. Therefore, within the scope of this course,
middle school seventh and eighth-grade biology topics in Table 1 were determined and concept
cartoon-supported activities were developed based on the POE teaching method, which is
frequently used in the teaching of laboratory courses.

Table 1. Middle School Seventh and Eighth-Grade Biology Topics Determined within the
Scope of Science Teaching Laboratory Applications-11

Weeks Topics Number  Of
Activities

First Week  Sense Organs (Eye, Ear, Skin, Nose, Tongue) 5

Second Week Acid Rain, Greenhouse Effect, DNA, Urinary System 4

Third Week  Photosynthesis, Blood Type Determination, Blood Pressure 3
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Fourth Week Substances Through the Cell Membrane, Cellular Respiration,3
Germination
TOTAL 15

A total of 15 concept cartoon-supported activities were developed for the biology subjects
determined within the scope of science teaching laboratory applications-11 course. MoNE
(2013) middle school science curriculum and science teaching laboratory applications-11 course
are related in terms of content. For this reason, while developing concept cartoon-supported
activities for the subjects in Table 1, the achievements in the MoNE (2013) science curriculum
were taken into account. When the achievements in the MoNE (2013) science curriculum are
examined, it is seen that they are related to metacognitive skills regardless of grade level. For
this reason, while developing concept cartoon-supported activities, new metacognitive gains
for prospective teachers were written based on the gains of middle school seventh and eighth-
grade biology subjects in the MoNE (2013) science curriculum. However, in 2018, some
updates were made to the CoHE teacher training undergraduate program and the MoNE middle
school science curriculum. For this reason, the updated curriculums were re-examined and
comparisons were made. When CoHE (2018) and CoHE (2013) teacher training programs were
compared, it was determined that there was no change in terms of the purpose of science
teaching laboratory applications-I1I, course content, and the number of the lesson hours. In
addition, it was seen that the determined biology subjects were suitable for the MoNE (2018)
middle school science curriculum in terms of grade level and gains. For this reason, no changes
were made in terms of content in the activities developed based on the concept cartoon
supported POE teaching method.

Concept cartoon-supported activities were applied to prospective teachers in the form of
worksheets arranged according to the POE teaching method. Open-ended questions are
generally used in the prediction stage of the courses conducted with the POE teaching method.
However, in the prediction stage of the activities carried out in this study, concept cartoons
were used together with context-based open-ended questions to reveal the pre-knowledge of
prospective teachers and improve their prediction skills about problem situations. In addition,
it is thought that the different ideas in the speech bubbles of the characters in the concept
cartoons will support the scientific discussions that are desired to occur in the classroom
environment. In the observation stage, there are experiments to be carried out by the prospective
teachers in groups or individually to solve the problem situation in the concept cartoon. As a

result of the experiment, the obtained data and results are discussed and compared by the
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prospective teachers. Thus, within the framework of the constructivist learning approach, it is
aimed that the prospective teachers reach generalizations for the solution of the problem
situation that is the subject of the experiment and the concept cartoon. After the observation
stage, there is the explanation stage. In the explanation stage, verbal questions are asked to the
prospective teachers to compare the prediction and observation results. In this way, by creating
an in-class discussion environment, the compatibility of the conflicting situations between the
prediction and observation results of the prospective teachers and the thought that occurs
throughout the class is checked for the target gain of the activity. If there is no consensus, the
groups are asked scaffolding questions about how the experiment was conducted, what the data
were and how they interpreted the data, allowing the prospective teachers to discover the
sources of different ideas. Afterwards a worksheet with a visual-enriched subject summary and
open-ended evaluation questions is distributed to the prospective teachers. In this section, the
subject is summarized by the researcher who conducts the lesson, and which of the characters
in the concept cartoon is telling the truth, along with the reason, briefly repeats the information
discovered by the prospective teachers within the scope of the lesson. In the last stage, open-
ended questions are included to evaluate the prospective teachers' ability to use the information
they obtained from the activity in new problem situations related to the subject. Since the target
gains of the activities are aimed at metacognitive skills, open-ended questions were preferred
in the evaluation part to encourage prospective teachers to think more and to express their
thoughts independently with their own words. The reason for including subject summaries
enriched with various visuals in the worksheet at the explanation stage is to provide a
scaffolding for prospective teachers to answer the evaluation questions on metacognitive skills

given in this section.

Three of the activities developed within the scope of the study are presented in detail below as

an example:

Activity 1

Part I: Formal Part
Subject: Sense Organs (Eye)
Duration: 25'

Student gain: Explains the process of receiving a warning and responding insight, respectively.
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Teaching strategies, methods, and techniques: Constructivist teaching strategy, POE
teaching method, question-answer technique, discussion, concept cartoon, experiment,

brainstorming.

Instructional technologies, tools, and materials: Worksheets, fine-tipped spirit pen, ruler,

round pieces of paper protruding from the punch hole.
Part 11: Learning-teaching activities
Activity Name: Eye

Prediction Stage: In this section, prospective teachers are asked to answer the context-based
open-ended question in Figure 1 and the concept cartoon in Figure 2 on the worksheet to draw
their attention to the subject. The URL-1 internet resource was used while preparing the
context-based open-ended question in figure 1.

From Eye to Camera: The Technology of Seeing

Inspired by the eve, scientists have developed many technological tools such as camera, microscope, telescope, etc.
For the camera, whichis one of these technological tools, Phil Gates in his book Wild Technology explains that cameras
are a simple model that imitates the eve:

“Cameras are a primitive, mechanical version of vertebrate eves. These machines are actually boxes, just like the eyes,
that do not let light through except for the opening in front of them. They project the image onto a film rather than the
retina. Focusing the image in the eyes is achieved by changing the shape af the lens. In cameras, this is done by changing
the distance of the lens from the film. "~

.

++ What are the differences between the image formed by the human eye and the camera? Please explain.

Figure 1. A Context-Based Open-Ended Question at the Prediction Stage Prepared for
the Sight (URL-1)


http://sorularlaevrim.blogspot.com/2009/10/amerikadaki-ulusal-sandia-laboratuvar.html?m=1
http://sorularlaevrim.blogspot.com/2009/10/amerikadaki-ulusal-sandia-laboratuvar.html?m=1
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' \\hcn Ali takes aim with one eve closed while playing darts, he can hit the target more easily. However, when
| Ali closes one eye and tries to insert the needle into the hole of the thread, he is unsuccessful. How is it thathe |
1 can aim and hit the target with one eye closed, but not aim at the eye of the needle and thread the thread? Let's

| hdp him understand this situation.

ﬁt;mk the reason why Ali is \

more successful in darts when he
takes aim with one eye closed is
because the target board is far
away. We can shoot distant
objects more casily with one cye.

( No, I don't agree with you, \

Scrhat. | think the reason why
Ali couldnt thread the thread
into the cye of the needle is
because he can't see far better.

So Ali might be hyperopic.

YOU

Friends, Ali necds to look with
both eyes in order to pass the
thread into the hole of the needle,
because when we look with both
cyes, we sce the objects in more

detail.

SERHAT

OMER

Figure 2. Concept Cartoon at the Prediction Stage Prepared for the Sight

After answering the question in Figure 1 and the concept cartoon in Figure 2, the volunteer
prospective teachers are asked to share their predictions about the open-ended question and the
problem situation in the concept cartoon, together with their reasons. While the expression in
the speech bubble of the character "Omer" in the concept cartoons is scientifically correct, the
speech bubbles of the characters "Serhat" and "Kadir" contain misconceptions. On the other
hand, the "you" character was placed so that if the opinions of the three characters in the concept
cartoons were not found correct by the prospective teachers, they could write their [own]
thoughts with their reasons. The purpose of sharing the answers they gave to the concept cartoon
together with their reasons in the classroom environment is to ensure that the similar and
different opinions in the reasons are compared and questioned by the prospective teachers.
Therefore, the predictions and hypotheses made at this stage form the basis of the next stage.
Thus, prospective teachers will have the opportunity to try different hypotheses in addition to
their [own] hypothesis in the experiment at the observation stage.
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Observation Stage:

To test the predictions and observations made, prospective teachers are asked to do the

experiment given in Figure 3.
Toals to be used: Fine-tipped spirit pen, ruler, round pieces of paper protruding from the punch hole.
Purpose of Experiment: It is the ability of the subject to touch the picce of paper with the tip of the pen without pausing.

Experimental Procedure:

1. Work with a friend. One person will serve as the administrator of the experiment and the other person will serve

as the test subject.

The test subject will kneel down so that their eyes are level with the surface of the table. (see figure below.)

3. The test subject will clos one ¢ye and try to touch the paper that the expenment manager has left on the table
from a height of about 30 cm without pausing.

4. Measure the distance between the target (the picce of paper) and the point where the test subject touches the
pencil. Note the result in the table below. The exact hit will be written as "0 em”™,

5. Repeat the expenment 3 imes. Calculate the average missed target with one eye.

6. Perform the expeniment S more times, but this time with both eyes open. Write the data you have obtained in the
table and cakculate the average missed target rate.

ﬂ Data:

]

Ay "‘r e Missing rate (in mm)
T ¥ Experiment (Ine Eve Open Open in both eves
/?’ , 1
=4 P
+ ' = 3
: 4
§
Average

Figure 3. An Experiment Prepared for the Discovery of Sight

While performing the experiment given in Figure 3, prospective teachers should work as a
group and divide the work to record the data on the worksheets. After the experiment, each
group is asked to write down the analysis of the data they obtained and the results of the
experiment on the worksheets. Thus, it is ensured that the ideas are shared, compared and the

results of the experiment are decided within the group through in-group discussions.
Explanation Stage:

In the explanation phase, the researcher conducting the lesson poses questions to the groups to
compare the predictions they made and the results obtained from the experiment. Thus, by

providing a discussion environment between the groups, prospective teachers compare their
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predictions, the data obtained from the experiment, and the results with each other. They can
also evaluate their learning activity. In this section, some of the predictions made by the
prospective teachers may have been falsified and some may have been confirmed. Then, a
worksheet with a summary of the subject and evaluation questions enriched with visuals is
distributed to the prospective teachers. The new information about the subject discovered by
the prospective teachers as a result of their experiments and discussions is briefly summarized
by the researcher who is conducting the course and it is repeated by explaining which character
in the concept cartoon is telling the truth, along with the reason. To help the prospective teachers
better understand the explanations and answer the question in the evaluation phase, a summary
of the subject explaining how the seeing event took place and some visuals related to the subject
were placed on the worksheet. These images and a summary of the subject are given in Figure
4. While preparing the images in Figure 4, URL-2 and URL-3 resources were used.



https://www.fenokulu.net/yeni/Fen-Konulari/Konu/Gozumuzde-Gorme-Nasil-Olusur_0_590.html
http://neurones.co.uk/Neurosciences/Tutorials/M4/M.4.2%20Sensory%20Cortex.html
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Cornea

ﬂhje1|:t Rays of light y N Retina
Image

Yellow

spot

As seen in the figures sbove, while the image is formed in the eye, the rays reflected from the object pass through the
following structures, respectively:

| Cornea || Pupil || Eye Lens |—>| Yellow Spot |—{ Opic Tracts |

| Visual |-—{ Visual Cortex in the E.:min{Muuum |

These inverted images, which are formed separately in each eye, are combined and comrected in the visual cortex of the
brain. Thus, the vision event takes place. Images formed separately in each eye are two-dimensional, like a photograph.
But we see in three dimensions. This event occurs when two images formed in each eye are compared with each other in
the bram. While our brain 1s combining two separate images, it also makes comparnsons. Thanks to this companison, our
perception of depth is formed when we look at objects. Thus, we see our surroundings as three-dimensional, not two-
dimensional like a photograph. There is a size difference between the two events mentioned in the cartoon above. In the
first incident, while Ali is aiming at the target, the target, the dart that Ali will throw, and Ali's eye are on the same optical
plane. Therefore, the event is one-dimensional. Therefore, we can hit the target using one eye while aiming. However,
while Ali is trying to thread the thread into the hole of the needle, Ali's eye, the thread and the needle are not on the same
plane. In order for Ali to do this job easily, he must perceive the depth between the thread and the needle. Therefore, he
should look with both eyes.

Figure 4. Topic Summary Enriched with Visuals Describing the Visual Process (URL-2
&URL-3)

After the information in Figure 4 is repeated and the lesson is summarized, the activity is
completed.

Part 111: Measurement and evaluation

Since the target acquisition of the activity was aimed at metacognitive skills, questions were
asked in the evaluation section to think and question how the vision event took place and the
three-dimensional technologies produced by being inspired by the vision event. These questions
are given in Figure 5.


https://www.fenokulu.net/yeni/Fen-Konulari/Konu/Gozumuzde-Gorme-Nasil-Olusur_0_590.html
http://neurones.co.uk/Neurosciences/Tutorials/M4/M.4.2%20Sensory%20Cortex.html

International Journal of Humanities and Education 15

1. Based on the results of the experiment, give an example of the obstacles that can be caused by seeing with
one eye.

2. If you were to design a camera that could take a three-dimensional photograph like the human eye, how would
you design it?

Figure 5. Evaluation Questions Prepared for the Visual Event

Activity 2

Part I: Formal Part
Subject: Greenhouse Effect
Duration: 30'

Student gain: It interprets the data in the graph about the greenhouse gases accumulating in

the atmosphere and concludes.

Teaching strategies, methods, and techniques: Constructivist teaching strategy, POE
teaching method, question-answer technique, discussion, concept cartoon, experiment,

brainstorming.

Instructional technologies, tools and materials: Work Sheets, two plastic containers,
aluminum foil, cling film, 2 thermometers, calcium carbonate, vinegar, 1 flask, 1 cork stopper,

1 glass pipe, 1 plastic pipe, 1 light bulb, and tape
Part I1: Learning-teaching activities
Activity Name: Greenhouse Effect

Prediction Stage: In this section, first of all, since the target achievement related to the subject
is related to the interpretation of the data on the effect of greenhouse gases, the prospective
teachers were asked to answer the context-based open-ended graphic question given in Figure
6 on the worksheet. The question in Figure 6 was inspired by the preliminary report prepared
by MoNE (2010), which was prepared to evaluate the Program for International Student
Assessment (PISA, 2009) exam results.
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GREENHOUSE EFFECT: REAL OR IMAGINARY?

The energy that provides the continuation of life on earth comes from the sun, which spreads its energy to space because it is
very hot. The earth's atmosphere creates a protective cover effect on our planet, preventing temperature changes that may occur
in an airless environment. Most of the energy that comes from the sun in the form of rays passes through the earth's atmosphere.
The earth absorbs some of this energy, and some is reflected back from the earth's surface. Some of this reflected energy is
absorbed by the atmosphere. As a result, the average temperature above the earth’s surface is higher than it would be in the
absence of an atmosphere. The earth's atmosphere has the same effect as a greenhouse, so the term greenhouse effect is used. It
is a fact that the average temperature of the earth's atmosphere increases. It is often said in newspapers and magazines that the
increase in carbon dioxide emissions is the main source of the temperature rise in the twentieth century.

A student named Ali is interested in the possible relationship between the average temperature of the earth’s atmosphere and the
increase in carbon dioxide emissions on earth. He comes across the following two graphics in a book. From these two graphs,
Ali concludes: It is certain that the increase in the average temperature of the earth's atmosphere is due to the increase in carbon
dioxide emissions.
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“+ What supports Ali's conclusion in the graphics?

% Another student named Ceren disagrees with Ali's conclusion. She compares the two graphs and says that some parts of

the graph do not support Ali's conclusion.
Give an example of parts of the graphs that do not support Ali's conclusion. Explain your answer.

% Ali insists on his conclusions that the increase in the average temperature of the Earth's atmosphere is due to the
increase in carbon dioxide emissions. But Ceren thinks it's too early for her to come to a conclusion. Ceren says:

“Before accepting this result, you should make sure that other factors that can cause the greenhouse effect are fixed.”

Indicate one of the factors that Ceren wants to say.

Figure 6. A Context-Based Open-Ended Question at the Prediction Stage for the
Greenhouse Effect (MoNE, 2010)

Afterward, prospective teachers were asked to explain the concept cartoon in Figure 7, which
was prepared to get their predictions for the experiment that could be designed to examine how
the carbon dioxide gas, which is the subject of the graphic question, affects the greenhouse

effect, together with the reasons, on the worksheets.
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| Emre conducts a research on the greenhouse effect and shares the results of this research with his teacher and friends. According to his research, some |
1 scientists have expressed that they think that carbon dioxide gas will increase the greenhouse effect. He asks his teacher Emre and his friends to design 1
| an experiment to test this idea. For this, it offers them various experimental sctup alternatives. Let's help them.
I

This opinion of scientists may be correct. But it needs to \\nght \\ Light

be tested. So, friends, can you design an experiment \ \\\
where we can fest the relationship between carbon " ; "
dioxide and the greenhouse effect using the experimental \ \

setup I gave you”

m ™ Lime Water i 4 Vinegar + Carbonate

(KOH)

| think we should use

I think we should use assemblics [1and IV,

assemblies | and I11.

1 think we should use
assemblies 11 and [V,

YOU

Figure 7. Concept Cartoon at the Prediction Stage for the Greenhouse Effect

After answering the question in Figure 6 and the concept cartoon in Figure 7, the volunteer
prospective teachers are asked to share their predictions about the open-ended question and the
problem situation in the concept cartoon, together with their reasons. While the expression in
the speech bubble of the character "Omer" in the concept cartoons is scientifically correct, the
speech bubbles of the characters "Serhat" and "Kadir" contain misconceptions. On the other
hand, the "you" character was placed so that if the opinions of the three characters in the concept
cartoons were not found correct by the pre-service teachers, they could write their thoughts

together with their reasons. The purpose of sharing the answers they gave to the concept cartoon
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together with their reasons in the classroom environment is to ensure that the similar and
different opinions in the reasons are compared and questioned by the prospective teachers.
Therefore, the predictions and hypotheses made at this stage form the basis of the next stage.
Thus, prospective teachers will have the opportunity to try different hypotheses in addition to

their [own] hypothesis in the experiment at the observation stage.
Observation Stage:

To test the predictions and observations made, the pre-service teachers are asked to do the

experiment given in Figure 8.

Tools to be used: Two plastic containers, aluminum foil, cling film, 2 thermometers, calcium carbonate, vinegar, |
flask, 1 cork stopper, 1 glass pipe, | plastic pipe, 1 light bulb and tape

Purpose of Experiment: To show the effect of carbon dioxide on the greenhouse effect.
Experimental Procedure:

Work in groups of 2-3 people.

Cover the inside of both plastic containers with aluminum foil.

Put the thermometer in its two containers.

Fix the pipe with tape so that one end of the plastic pipe is inside one of the containers.

Cover both containers with cling film in an airtight manner.

Put calcium carbonate and vinegar into the erlenmeyer flask. Close the mouth of the erlenmeyer flask with a cork
stopper and connect the glass tube at the end of the cork to the plastic tube (see the figure below). Shake the erlenmeyer
flask lightly.

Hold the light bulb from the top for about 10 minutes at an equal distance in both containers.

8. Record your observations during the experiment in the observations section below.

A ol e

Cling Film  pjastic Pipe
. . Cling Film i i
Aluminum Foil Aluminum Foil /,: Glass Pipe
e
ork Stopper
fr—— Cork Stopp
Erlenmeyer Flask
—' Vinegar
_l_
Carbonate
L. CONTAINERS Il. CONTAINERS

Observations:

L. CONTAINERS | IL CONTAINERS

Initial temperature
Temperature at the end of the experiment

Experiment Result:

Figure 8. The Experiment Prepared for the Discovery of the Greenhouse Effect
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While performing the experiment given in Figure 8, prospective teachers should work as a
group and divide the work to record the data on the worksheets. In addition, while doing this
experiment, by creating different experimental groups, I. and Ill. By setting up the setup, they
can make comparisons. After the experiment, each group is asked to write down the analysis of
the data they obtained and the results of the experiment on the worksheets. Thus, it is ensured
that the ideas are shared, compared and the results of the experiment are decided within the
group through in-group discussions.

Explain Stage:

The explanation stage starts with the question-answer technique and the sharing of the
predictions made by the groups and the results obtained from the experiment in the classroom
environment. Thus, by providing an environment for discussion between the groups, the
prospective teachers compare the data and results obtained from the experiment with each other.
They can also evaluate their learning activity. In this section, some of the predictions made by
the prospective teachers may have been falsified and some may have been confirmed. Then, a
worksheet with a summary of the subject and evaluation questions enriched with visuals is
distributed to the prospective teachers. The new information about the subject discovered by
the prospective teachers as a result of their experiments and discussions is briefly summarized
by the researcher who conducts the lesson, and which character in the concept cartoon is telling
the truth is explained and repeated with its justification. To help the prospective teachers better
understand the explanations and answer the question at the evaluation stage, a summary of the
topic explaining how the greenhouse effect occurs and some related visuals are placed on the
worksheet. These images and a summary of the subject are given in Figure 9. While preparing
the image in Figure 9, the Greenhouse effect poster prepared by Bol (2013) within the scope of

the "Instructional Technology and Material Development" course was used.
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The earth is warmed by the rays reflected from the earth rather than the rays coming from the sun. These rays are held by gases
in the atmosphere, including carbon dioxide, methane and water vapor in the atmosphere. Thus, the world warms. This effect of
gases such as carbon dioxide, methane and water vapor in warming the world is called the greenhouse effect. In recent years,
due to air pollution, greenhouse gases such as methane, ozone and chlorofluorocarbon (CFC) along with the amount of carbon
dioxide have been increasing rapidly in the atmosphere as a result of various human activities. The increase in the amount of
carbon dioxide and chlorofluorocarbons causes the temperature of the atmosphere to rise. This is called global warming.
Scientists are worried that global warming will have serious consequences such as melting glaciers, climate change and rising
ocean levels.

The contribution of various human activities to global warming is as follows:
1- Energy use 49%,

2- Industrialization 24%,

3- Deforestation 14%,

4- Agriculture is 13%.

In the experiment, the effect of carbon dioxide on the greenhouse effect was tried to be shown. The light source used in the
experiment represents the sun. Covering the inside of the plastic container with aluminum foil represents the reflection of the
rays from the earth. Covering the surface of the plastic container with stretch film represents the atmosphere of the world. The
carbon dioxide released as a result of the mixing of calcium carbonate and vinegar in the erlenmeyer flask, it accumulates in the
I1. container. After 10 minutes, the value indicated by the thermometer in the I1. container will be higher than the value
indicated by the thermometer in the 1. Container. Thus, the capacity of carbon dioxide to retain heat will be demonstrated.
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Figure 9. Subject Summary Enriched with Visuals Describing the Greenhouse Effect
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(Bol, 2013)

After the information in Figure 9 is repeated and the lesson is summarized, the activity is

completed.
Part 111: Measurement and evaluation

Since the target acquisition of the activity is aimed at metacognitive skills, in the evaluation
part, questions were asked to think and question how the greenhouse effect occurs and what its

positive and negative effects might be on the world. These questions are given in Figure 10.

% Do you think the greenhouse effect has benefits? If so, explain what.

< What are the sources of the gases that cause the greenhouse effect in the world? Could these gases be of natural
origin? Please explain.

% What are the consequences of the greenhouse effect? Please explain.

Figure 10. Evaluation Questions Prepared for the Greenhouse Effect

Activity 3

Part I: Formal Part

Subject: Structure of Deoxyribose Nucleic Acid (DNA)
Duration: 30'

Student gain: Examines the reason why small units (nucleotides) combine to form large units

(nucleic acid) in the synthesis of nucleic acids.

Teaching strategies, methods, and techniques: Constructivist teaching strategy, POE
teaching method, question-answer technique, discussion, concept cartoon, experiment,

brainstorming.

Instructional technologies, tools, and materials: Worksheets, one onion, grater or knife, a
small bowl, one teaspoon of salt, hot water, liquid soap, filter paper, toothpick, alcohol

(cologne), glass cup.
Part I1: Learning-teaching activities

Activity Name: Structure of Deoxyribose Nucleic Acid (DNA)
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Prediction Stage: When the target gain on the subject is examined, it is seen that it is aimed at
understanding the relationship between the units of heredity (Chromosome, DNA, Gene, and
Nucleotide). For this reason, prospective teachers were asked to answer the context-based open-
ended question given in Figure 11 on the worksheet for the comparison of the gene number of
living things in the prediction phase. While preparing the question in Figure 11, the visual

prepared by Nevruzoglu (2008) was used.

WHY ARE OUR GENE NUMBER SO LOW?

:
%
>

GENOME SIZES {

Number of Genes

Mycoplasma E.coli Brewer's Fryit
yeast fly

Worm  Human Arabidopsis Rice Corn

In 2001, after the draft genome sequence was revealed, scientists came across a surprising result. Instead of the
expected 100. 000 genes, only about 35.000-40.000genes were discovered. Later, when the project was completed
in 2003, this number decreased even more. According to the latest research, the number of genes is estimated to be
20.000 - 25.000. So, we know that humans have only twice as many genes as a fly and slightly more than a mustard
seed.

As research continues and gene detection techniques advance, it is observed that this number is always decreasing. It
is thought that the lower limit will stop at an estimated 10.000-odd.

Human Fruit Fly
2.9 billion base pairs 120 million base pairs
25.000 genes 13.601 genes

¢ The numbers of genes belonging to different living things are given in the graphic and table above.
What conclusion would you draw by evaluating the data in this chart and table? Explain the reason.

Figure 11. The Context-Based Open-Ended Question at the Prediction Stage about the
Structure of DNA (Nevruzoglu, 2008)

Then, they are asked to answer the concept cartoon in Figure 12 to the worksheets to get the

prospective teachers' predictions about how the structure of DNA is studied.
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' Mertcan listens to a scientist's explanations about DNA on television. He shares it with his friends to find the |
. answer to the question that comes to mind about this explanation. Come on, let's help them!

Gore than 99% of the infomlatioh

in DNA is the same in all people,
and there are individual differences

Aaaa! I'm shocked. OQur
teacher said that DNA is a
very small molecule located

in less than 1% of the information.

This 1% contains genes that cause
genetic diseases. This part should
also be examined for the treatment

in the cell nucleus. How did
they study the genes in
DNA?

of genetic diseases.

YOU

ﬂdo not think that scientisth

(NO, I don't think it's possible to separate DNA\ have reached this

from the nucleus. They may have obtained information by seeing
DNA. They calculated the

percentage of genes they
had by classifying only a

this information by examining the cell
[ think they may have nucleus with an electron microscope. Because

analyzed the DNA by while normal microscopes can magnify the group of people according

separating it from the image 1000-3000 times, electron microscopes to their similar and different

cell by chemical Qan magnify the image 1.000.000 times. / characteristics.
methods.

Figure 12. Concept Cartoon at the Stage of Prediction for the Structure of DNA

After answering the question in Figure 11 and the concept cartoon in Figure 12, the volunteer
prospective teachers are asked to share their predictions about the open-ended question and the
problem situation in the concept cartoon, together with their reasons. While the expression in
the speech bubble of the character "Serhat" in the concept cartoons is scientifically correct, the
speech bubbles of the characters "Omer" and "Kadir" contain misconceptions. On the other
hand, the "you" character was placed so that if the opinions of the three characters in the concept
cartoons were not found correct by the prospective teachers, they could write their thoughts
together with their reasons. The purpose of sharing the answers they gave to the concept cartoon

together with their reasons in the classroom environment is to ensure that the similar and
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different opinions in the reasons are compared and questioned by the prospective teachers.

Therefore, the predictions and hypotheses made at this stage form the basis of the next stage.
Observation Stage:

To test the predictions and observations made, the prospective teachers are asked to do the

experiment given in Figure 13.

Experiment: Isolation of DNA by Simple Methods

Tools to be used: One onion, grater or knife, a small bowl, one teaspoon of salt, hot water, liquid soap, filter paper,
toothpick, alcohol (cologne), glass cup.

Purpose of Experiment: Observing with the naked eye the DNA strands extracted from the onion with simple
equipment.
Experimental Procedure:
1. Peel and grate one medium onion into very small pieces.
2. Fill a quarter of a glass with hot water and put a teaspoon of salt in it. Stir until the salt dissolves. Put the grated onions
in salt water and mix for 5-10 seconds.
3. Inanew glass, add a quarter of a glass of liquid soap, together with a mixture of salt water and onion, and cook for
about 5 minutes. Mix slowly, taking care not to foam.
Strain the mixture into a clean tea glass with the help of filter paper. (Strain a quarter of a glass is enough.)
5. Add an equal amount of alcohol to the filtered mixture in the glass, very slowly, without allowing the alcohol to mix
with the filtered mixture. The alcohol will form a layer on the filtered mixture,
6. After waiting for a while, DNA strands can be observed in the alcohol phase. You can get it with the help of toothpick.

Observations:

Experiment Result:
Figure 13. The Experiment Prepared for the Discovery of the Structure of DNA

While performing the experiment given in Figure 13, prospective teachers should work as a
group and divide the work to record the observations on the worksheets. After the experiment,
each group is asked to write down their observations and the results of the experiment on their
worksheets. Thus, it is ensured that the ideas are shared, compared and the results of the

experiment are decided within the group through in-group discussions.
Explanation Stage:

The explanation phase begins by asking the groups questions about the predictions they made
and the comparison of the results obtained from the experiment by the researcher conducting
the lesson. Thus, by providing an environment for discussion between groups, prospective
teachers compare their predictions, the data they obtained from the experiment, and the results

with each other. They can also evaluate their learning activity. In this section, some of the
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predictions made by the prospective teachers may have been falsified and some may have been
confirmed. For example, while many prospective teachers thought that DNA could be observed
with an electron microscope since electron microscopes magnified the image 1,000,000 times
during the estimation phase, they found that DNA could be made visible by separating it from
the cell with simple chemical methods, as a result of the experiment. Then, a worksheet with a
summary of the subject and evaluation questions enriched with visuals is distributed to the
prospective teachers. The new information about the structure of DNA discovered by the
prospective teachers as a result of their experiments and discussions and the role of the
processes in the experiment in separating DNA from the cell, respectively, is briefly
summarized by the researcher conducting the course. In addition, which character in the concept
cartoon is telling the truth is explained and repeated with its reasons. To help the pre-service
teachers better understand the explanations and answer the question in the evaluation phase, a
summary of the subject explaining the structure of DNA and some images related to the subject
were placed on the worksheet. These images and a summary of the subject are given in Figure
14.

All of the information that Chromosome
makes up living things is =
hidden in the cells that make
them up. In the nucleus,
which is the headquarters of
the cells, there are
chromosomes that provide
the vital events of the living
thing (growth, respiration,
nutrition, reproduction, etc.).
Chromosomes are formed by
combining molecules called DNA (deoxyribonucleic acid) with proteins called "histones". It is very small for DNA
because it is located in the cell nucleus; We can say that it is a large molecule because it contains many molecules in
its structure. In short, it has a complex structure. It is composed of nucleotides in different numbers and sequences of
the four kinds of nucleotides it contains in the DNA structure. The fact that the number and sequence of nucleotides
is different in each living thing ensures that DN As are different and therefore living things are different from each
other. In the structure of nucleotides, there is an organic base, a five-carbon sugar and phosphate. The length of the
DNA strand in only one human cell is approximately one metre. Therefore, in this state of DNA, it has to shrink in
volume so that it can fit into the cell nucleus, which is approximately 5 micrometers in length (that is, five millionths
of a meter) without being knotted. In order to achieve this, the aforementioned “histone™ in the cell is wrapped
around proteins and coiled around itself (double helix structure), shrinking so that it can fit into the nucleus. This
structure of DNA and proteins is called chromosome.

Chromosomes are very small structures that can only be observed with an electron microscope. In our experiment,
we made DNA chains. a molecule even smaller than chromosomes, observable with the naked eye with simple tools.
This process is called isolation of DNA. In the experiment, we went through many stages to separate the onion DNA
from the cells. First. we added hot water and salt to the grated onions. The salt neutralized the normally negatively
charged DNA. Thus, the onion DNAs can coexist easily in the solution. We then used liquid soap to break up the fat
layer that forms both the cell membrane and the nuclear membrane. Finally, we added alcohol, which cannot dissolve
only the DNA molecule in the cell. Because we wanted DNA, which is lighter than both water and alcohol, to be
visible in the alcohol phase.

Figure 14. Subject Summary Enriched with Visuals Describing the Structure of DNA
(URL-4)


https://www.biyologlar.com/kromozomun-yapisi
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The information in Figure 14 is repeated and the activity is completed after the lesson is

summarized.
Part 111: Measurement and evaluation

When the target gain of the activity is examined, it is seen that there is a metacognitive gain for
understanding the relationship between the units that make up the structure of DNA. This was
done in the observation phase of the DNA isolation experiment with simple methods to
understand the structure of DNA. Therefore, in the evaluation part, the open-ended question
given in Figure 15 was asked to consider and question the importance of the isolation process,

which is a fundamental process in understanding the structure of DNA.

1. Explain the importance of DNA isolation in gene technology.

Figure 15.Evaluation Question Prepared for the Structure of DNA

Discussion Conclusion and Suggestions

Within the scope of science teaching laboratory applications-11 course, activities based on POE
teaching activities for middle school 7th and 8th-grade biology subjects were developed and
context-based open-ended questions and concept cartoons were used in the prediction stage. In
many studies on POE teaching practices in the related literature, open-ended questions are used
in the prediction stage (Akgiin et al., 2013; Baladin Duman, 2019; Kése et al., 2003). "Why?",
"What?" and "How do we explain this phenomenon?" Since no situation can attract the attention
of students in laboratory approaches, which start the lesson with short open-ended questions
such as, they may not make an effort to find answers to the questions (Bilen et al., 2011).
Therefore, at this stage, students should be asked questions that can stimulate their questioning
and prediction skills by giving them problem situations that may attract their attention. As a
matter of fact, according to White and Gunstone (1992), during the prediction stage of POE
teaching applications, students are asked questions about their prediction skills about a
demonstration, experiment or a subject to be presented, and they are asked to explain their
reasons. Students' putting forward their predictions with their reasons will positively affect their
motivation to learn by making them wonder about the answer to the problem situation and
focusing on the lesson. It is stated by Tekin (2008) that in teaching practices in which the POE
teaching method is used, students' putting their predictions in writing and comparing them with
their observation results and predictions will make them more interested and careful. For this

reason, context-based open-ended questions were included in the prediction stage of the



International Journal of Humanities and Education 27

developed activities. Another purpose of the prediction stage is to reveal students'
misconceptions in their prior knowledge (Kose et al., 2003). One of the effective techniques in
identifying misconceptions is concept cartoons. The results of many studies in the related
literature show that concept cartoons are at least as effective as open-ended questions in
determining misconceptions (Demir, Uzoglu, & Biiyiikkasap, 2012; Uzoglu, Yildiz, Demir, &
Biyukkasap, 2013). Concept cartoons are cartoons that contain the thoughts of at least two
characters for the solution of a certain problem situation in daily life. While there is a
scientifically correct statement in one of the thought bubbles of the characters in the concept
cartoons, there are misconceptions in the related literature in the others. While answering the
concept cartoons during the application, the students should explain which character they agree
with their reasons. Concept cartoons differ from multiple-choice questions with this feature. As
a matter of fact, in the study conducted by Liew and Treagust (1998), it is stated that the use of
multiple-choice questions in the prediction stage will limit students' predictions. In addition,
sometimes students may not see any of the thoughts of the characters in the concept cartoon as
the correct answer. This shows that the student has a different mindset than the misconceptions
in the related literature. Therefore, by adding the character "You", which is an empty speech
bubble, to the concept cartoons developed within the scope of this study, it is aimed to reveal
the misconceptions that are not similar to those in the literature. In POE teaching applications,
designing the prediction stage in a way that will enable students to be mentally active helps
them to be better motivated to the next stage, the observation stage. For this reason, it can be

said that the most important stage in terms of continuity of teaching is the prediction stage.

In this study carried out within the scope of science teaching laboratory-Il course, experiments
that can be done with simple tools were used in the observation stage of the activities based on
POE teaching applications. According to CoHE (2018), one of the aims of the Science Teaching
Laboratory Applications -11 course is to provide prospective teachers with the ability to design
experiments with simple and inexpensive materials for middle school 7th and 8th-grade
subjects. Therefore, in the observation stage of the activities developed within the scope of this
study, experiments that can be done with simple and inexpensive tools were used to guide the
experiments that prospective teachers will use in their future professional lives. Many studies
in the related literature show that science experiments with simple tools and equipment have a
positive effect on students' cognitive, affective and psychomotor skills (Anilan, Berber, &
Suder, 2020; Ceken, 2010; Onen & Cémek, 2011; Uyanik, 2018; Uzal, Erdem, Onen, & Giirdal,
2010; Yiziiak, Yuziak, & Arslan, 2020). In the study conducted by Onen and Comek (2011)
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by allowing prospective teachers to conduct experiments with simple tools in the Science
Teaching Laboratory Applications- Il course in the chemistry laboratory; prospective teachers
stated that they were considering doing experiments with simple tools in their laboratory classes
for various reasons (being simple and understandable, using daily materials, not being time-
consuming, etc.). In the study conducted by Uzal et al. (2010), it was determined that 100% of
the science teachers and 96% of the classroom teachers, who were given in-service training on
science experiments that can be done with simple tools, believed that they could make new
experiments by making use of the experiments. From this point of view, it can be said that the
use of experiments with simple tools in teaching can be effective in developing a positive
attitude towards science lessons. As a matter of fact, in the study conducted by Uyanik (2018),
it was seen that experiments with simple tools had a positive effect on students' attitudes
towards science courses, academic success, and permanence. Therefore, considering the results
of the aforementioned studies, it will be beneficial in many ways to include experiments using

simple tools in activity-based studies.

In the explanation stage of POE teaching practices, it is necessary to provide comparisons of
students' predictions and observation results within the framework of the constructivist learning
approach. The role of the teacher in the explanation stage is to enable students to find
information. For this purpose, one of the techniques that teachers can use is the question-answer
technique. Teachers should ask questions for students to share their predictions and
observations, and to examine the reasons for the differences between their predictions and
observations. In particular, one-answer questions that can be answered as "Yes" or "No" should
be avoided. The aim here is to enable students to compare different predictions and observations
by providing an in-class discussion environment. In the explanation phase of this study, in
which activities based on POE teaching practices were developed, some verbally open-ended
questions were asked to prospective teachers to compare the predictions in the concept cartoons
used at the beginning of the lesson and the observations in the experiments they made. Thus,
an in-class discussion environment was created. At the end of the discussions, the prospective
teachers agreed on the estimation and observation results in some activities. However, in some
activities, it was seen that prospective teachers could not reach a consensus by presenting
different predictions and observation results. In this case, some scaffolding questions were
asked to the prospective teachers to reach the target acquisition based on the activity. In the
related literature, scaffolding questions are mentioned as one of the techniques used in the

scaffolding method (Alibali, 2006). The scaffolding method is a process in which the learner
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seeks help from any source of information to solve the problem, to bridge the gap between what
they know and what they are trying to learn (Perkins, 1991). In this process, the information is
not presented to the student, it is provided to discover it with various techniques. One of these
techniques is scaffolding questions. Scaffold questions are questions asked to develop, support,
and help student skills (Budia, 2017). The reason why a consensus could not be reached on the
results of the experiments may be due to the different data obtained by the groups from the
experiment or the different interpretations of the similar data by the groups. For this reason, in
this study, each group was asked scaffold questions about what the data they obtained from the
experiment were and how they interpreted the data afterward. Thus, by revealing the reasons
for the different ideas between the groups, the achievement of the goal of the activity and the
formation of a common opinion were ensured. Afterward, worksheets containing a summary of
the topic and evaluation questions were distributed to the pre-service teachers. Evaluation
questions are open-ended questions that prospective teachers can use their metacognitive skills.
The purpose of including a subject summary enriched with various visuals in the worksheet is
to create another scaffold that can help pre-service teachers answer the evaluation questions. In
the scaffolding method, explanations that can help the student complete the given task, Venn
diagrams that outline a topic, flowcharts, etc. are some of the other techniques that can be used
with scaffolding questions (Alibali, 2006). In the related literature, many studies are showing
the positive effects of using the scaffolding method on teaching (Ari, Pesman, & Baykara, 2017,
Karabay, 2020; Mahtari; Wati, Hartini, Misbah, & Dewantara, 2020). In the study conducted
by Ari et al. (2017), the effects of teaching methods in reducing misconceptions were compared
for prospective teachers with low, medium, and high scientific process skills. Inquiry-based
instruction was used in both groups of the study, which was conducted using the quasi-
experimental method. However, while the level of guidance was increased by using scaffolding
structures in the "reaching conclusion” step of inquiry-based teaching applied in the
experimental group, inquiry-based teaching was carried out without using scaffolding structures
in the control group. As a result of the study, it was seen that inquiry-based teaching using
scaffolding was more effective in reducing the misconceptions of prospective teachers with low
scientific process skills about simple electrical circuits. In the single-group, a pretest-posttest
quasi-experimental study conducted by Mahtari et al. (2020), PhET simulation and scaffolding
questions were included in the teaching of "Ohm's Laws", "Kirchoff's Laws™ and "Series and
Parallel Circuits" worksheets are used. As a result of the study, it was determined that the
worksheets containing PhET simulation and scaffolding questions had a positive effect on the

cognitive learning of prospective science teachers. Considering the results of the studies
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mentioned above, it is thought that using various scaffolding techniques in teaching practices
or activities developed within the framework of the constructivist learning approach will

provide convenience for teachers and students.

In the light of the experiences gained from this study carried out within the scope of POE
teaching practices, some suggestions for researchers and teachers regarding the development

and implementation of their activities are presented below:

« The misconceptions should be determined by scanning the literature on the subject to

which the activity will be developed.

« Inthe prediction stage, concept cartoons containing daily life problem situations related
to the subject can be used to improve students' prediction skills and to increase their

motivation towards the lesson by feeling the misconceptions they may have.

« Students may have misconceptions different from the misconceptions in the subject and
the literature. Empty speech bubbles should be included in the concept cartoons to reveal

these misconceptions and for students to write their prediction sentences.

e In the scenario situations in the concept cartoons, the contexts that can attract the

attention of the students should be used considering their age and readiness.

« In the observation stage, experiments that can be done with simple tools should be

included to be easy, understandable, and not time-consuming.

e To carry out the teaching within the framework of constructivist understanding,
scaffolding techniques can be used in the activities to be carried out at the explanation

stage.
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