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Ozet - Bu makale, fizik 6gretiminde deneylerin, laboratuvar becerilerini gelistirdigi fikrini desteklemek amactyla
yapilan bir ¢alismadir. Makale, Avrupa ve ABD’deki farkli miifredatlarda laboratuvar ¢alismalarinin roliinii
tartigarak, laboratuvar caligmalarinin laboratuvar becerilerinin gelistirilmesine sagladigi katkilara yonelik
miifredat dokiimanlarina vurgu yapmaktadir. Ardindan 123 fizik 6gretmen aday1 ile yapilan deneysel ¢aligmanin
bulgulart rapor edilmektedir. Caligma, egitim fakiiltesi fizik 6gretmenligi bolimiinde dgrenim goren 6gretmen
adaylarmin egitim programi kapsaminda gergeklestirilmigtir. Katilimeilar ii¢ yil siiresince alt1 farkli yariyilda
gruplandirilmistir. Siire¢ boyunca katilimeilar deney yapma, laboratuvar raporu hazirlama ve okul ortamlarinda
laboratuvar kullanimini 6gretmek amaciyla ders planlart hazirlama gibi eylemleri ger¢eklestirmiglerdir. Ayrica,
ders planlarinin hazirlik siirecinde bir¢ok katilimer ile kisa goriismeler yapilmistir. Arastirmanin temel amact,
o0gretmen adaylarinin fizik 6gretiminde deneylerin amaglarini kavramalarini saglamak ve laboratuvar uygulamalart
icin ders plan1 hazirlarken karsilastiklar: zorluklar tespit etmektir. Program genel olarak, katilimeilarin “deneyler,
bir hipotezi kanitlamak veya bir teoriyi dogrulamak ic¢in kullanilir” fikrinden “deneyler, hedefledigimiz
laboratuvar becerilerinin gelistirilmesini saglar” fikrine dogru kademeli bir degisimi saglamasinda basarili
olmustur. Son olarak ise, Tiirkiye’deki miifredat gelistirme ve 6gretmen egitimi lizerine uygulamalar tartisiimistir.
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fizik 6gretmeni egitimi.
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Genis Ozet

Bu calismada, fizik 6gretiminde deneylerin, laboratuvar becerilerini gelistirdigi fikrini
desteklemek amaciyla yapilan bir arastirmanin bulgular rapor edilmektir. Caligma, Avrupa ve
ABD’deki farkli miifredatlarda laboratuvar calismalarinin roliinii tartisarak, laboratuvar
caligmalarinin laboratuvar becerilerinin gelistirilmesine sagladig1 katkilara yonelik miifredat

dokiimanlarina vurgu yapmaktadir.

Fizik 6gretmenligi hazirlik programlariin igerik bilgisi ve teoriye odaklanmasi ¢ok sik
goriilen bir durumdur. Fizik 68retmen adaylari, egitim siiregleri boyunca ortadgretim

ogrencilerinin fizik dersinde belirli alanlardaki kavram yanilgilar1 ve 6grenmede zorluk
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yasadiklar1 konular (6r. Hareket, dinamik, elektrik vb.) hakkinda bilgi edinirler. Fakat fizik
sadece teori, kavramlar, yasalar ve formiillerden ibaret degildir. Fizik ayn1 zamanda deneysel

bir bilim dalidir. Laboratuvar ¢alismalari da fizigin merkezinde yer almaktadir.

Tiirkiye’de laboratuvar calismalari okul fen/fizik miifredatlarinin ihmal edilen bir
parcasidir. Ortadgretim Fizik Miifredat1 (TTB, 2018) deneyleri icermesine ragmen, genellikle

fizik derslerinin olagan 6gretim siireglerine deneyler siklikla dahil edilmemektedir.

“Hedef” terimi, 6gretmenin belirli bir sinif ve belirli bir ders dilimi zamani i¢in karar
verilen hedeflerini belirtmek igin kullanilmistir. Ogretmen nicin deney kullanir? Ogretmen
belirli bir deney yaparak dgrencilerinin ne dgrenmesini ister? Ogretmen, dgrencilerinin hangi

kavramsal bilgileri veya laboratuvar becerilerini gelistirmelerini ister?

“Amag¢” ise “hedef’ten farklidir. “Amag”, laboratuvar faaliyetlerinin sonuglarini,
genellikle bilimsel teori ve bilgi acisindan ifade eder. “Amac”, laboratuvar raporlarinin baginda

yazilmasi gereken ifadedir. Deney yapan kisinin saptayacagi ya da kesfedecegi sey nedir?

Ornegin; serbest diisme deneyinin “amac1”, ivmelenme sabitinin (g) degerini belirlemek
olabilir. Ancak, “hedef” O6gretim hedefleri ile ilgilidir; lise 6grencilerine bir deneyi nasil
planlayacagini, degiskenleri nasil belirleyecegini, grafikleme ve analiz yapma becerilerini nasil
gelistirebilecegini 6gretmek gibi. Boylece 6gretmen, 6gretim siralamasinda deneyin neden ve
ne zaman geldigine ve deneyin diger 6grenme deneyimleri ve daha once gelistirilmis olan

laboratuvar becerileriyle nasil iliskilendirilecegine karar verir.

Amerikan Fizik Ogretmenleri Birligi’nin (AAPT) Raporlarma (1997; 2014) gére, lisans
diizeyi fizik laboratuvari i¢in belirtilen “amac¢” Ogrencilerin deneyler yoluyla laboratuvar
becerilerini gelistirmesidir. Egsiz bir 6grenme ortami olan fen laboratuvari, “Her 6grenciyi,
arastirma tasarlamadaki bazi amaglar da dahil olmak iizere, deneysel siireclerle birlikte Gnemli
deneyimlerle mesgul etmesi gereken bir ortamdir. Laboratuvar, 6grencilerin genis kapsamli
temel beceri ve deneysel fizik ve veri analizi araglari gelistirmesine yardimci olmalidir.”

(AAPT, 1994, p 546). Sunulan ¢alisma AAPT nin bu yaklasimini benimsemistir.
Yontem

Yiiz yirmi ti¢ (123) O0gretmen adayr ile yapilan deneysel bir arastirma caligmasi
gerceklestirilmistir. Calisma, Fizik Ogretmenligi Boliimiinde &grenim goren Ogretmen
adaylarmin egitim programi kapsaminda gerceklestirilmistir. Katilimcilar ii¢ yil siiresince alti
farkli yariyilda gruplandirilmistir. Siire¢ boyunca katilimcilar deney yapma, laboratuvar raporu
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yazma ve okul laboratuvarinda ogretmek iizere ders plant hazirlama gibi eylemleri
gerceklestirmislerdir. Ayrica, ders planlart hazirlama siirecinde bir¢ok katilimer ile gériismeler
de gerceklestirilmistir. Arastirmanin amaci, 6gretmen adaylarinin fizik 6gretiminde deneylerin
amaclarim1 kavramalarin1 saglamak ve laboratuvar uygulamalar i¢in ders plani hazirlarken

karsilastiklar1 zorluklar tespit etmektir.
Bu arastirmay1 yonlendiren arastirma sorulari sunlardir:
1) Ogretmen adaylarmin deneylerin amacini anlayis bigimleri nelerdir?

) Ogretmen adaylarinin fizik 6gretimindeki deneylerin hedefini anlayis bigimleri

nelerdir?

3) Ogretmen adaylari okul fizik laboratuvarinda kullanmak iizere ders plan1 hazirlarken ne

tiir zorluklarla karsilasirlar?
Bulgular

Sonuglarda, ders planlar1 6rneklerine ve gelistirilen 6gretim materyallerine, yapilan
goriigmelere ve laboratuvar raporlarindan yapilan alintilara yer verilmistir. Caligmanin

sonuglar1 asagidaki ii¢ ana alt baslik altinda sunulmustur:

(1) Ogretmen adaylarinin deneylerin amacim kavrayslari,

(2) Ogretmen adaylarinin deneylerin hedeflerini kavrayislari ve

(3) Ogretmen adaylarinin ders dgretimi i¢in hazirlik ve planlamada yasadiklari zorluklar.

Program, katilimcilarin “deneyler, bir hipotezi kanitlamak veya bir teoriyi dogrulamak
icin kullanilir” fikrinden “deneyler, hedefledigimiz laboratuvar becerilerinin gelistirilmesini

saglar” fikrine dogru kademeli bir degisimi saglamada basarili olmustur.

Ogretmen adaylari icin laboratuvarda ders vermeye hazirlanmak biiyiik bir zorluktur.
Belirli deneysel becerilerin gelisimi ile ilgili 6grenme hedefleri dogrultusunda ders plant
hazirlama oldukga zorlayici olmustur. Ogretmen adaylarmin laboratuvar becerilerini gretmek
konusunda kendilerinden emin olmadiklar1 ve ders planlarinin niteliklerinin zayif oldugu

gOrilmistir.

Ogrencilerin, 06grenme kazanimlarin1 yazmada ve laboratuvar becerilerinin
gelistirilmesi ile ilgili amaglarin Ogretilmesinde zorluk yasadiklar1 gorilmistiir. Tim

yasadiklar1 bu zorluklarin, kendi 6grencilik deneyimleri sirasinda tiim fizik egitimi siniflarinda,

NEF-EFMED Cilt 14, Sayi 1, Haziran 2020/ NFE-EJMSE Vol. 14, No. 1, June 2020



Gkioka,O. 4

ders planlar1 gelistirmek adina sadece fizik kavramlarini (teori) 6gretmek i¢in egitim almis ve

bunun {izerine pratik yapmis olmalarindan kaynaklandig: diisiiniilmektedir.
Tartisma ve Oneriler

Calismada Ogretmen adaylarinin deneylerin amaglarin1 kavrayis bigimleri, deney
hedeflerini kavrayislar1 ve ders planit ve ders 6gretimi hazirhiginda karsilastiklar1 zorluklar
incelenmistir. Calisma kapsaminda uygulamaya dayali ¢alismalarin Ogrencilerin genis bir
yelpazede laboratuvar becerilerini gelistirmelerine yardimci olmast gerektigi fikri
benimsenmistir. Diger bir deyisle pratik uygulamalar &grencilerin deney planlama, veri
grafikleme, verileri analiz edebilme ve degiskenler arasindaki iliskiyi tanimlayabilme gibi
becerilerinin gelisimini desteklemelidir. Yapilan ¢alisma ile bu alanda onceki c¢aligmalarin

sonuclar1 dogrulanarak, ayn1 zamanda yeni bulgular da ortaya ¢ikarilmistir.

Son olarak, Tiirkiye’deki miifredat gelistirme ve 6gretmen adaylarinin egitimi iizerine
uygulamalar tartisilmistir. Bu arastirma bulgulari, fizik 6gretmenlerinin yetistirilmesi i¢in
derslerin gelistirilmesi ihtiyacina giiglii destek sunmaktadir. Fizik Ogretmen adaylari,
uygulamali laboratuvar becerileri 6gretimi iizerine daha fazla 6grenme deneyimlerine ihtiyag
duymaktadirlar. Ogretmen adaylarina daha fazla laboratuvar ders planlar1 hazirlama ve 6gretim

materyalleri gelistirmelerine imkan saglayacak dersler sunulmalidir.
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Abstract - The aim of the present paper is to report on a research study which aimed to promote the idea that
experiments in physics teaching should enhance the development of laboratory skills. The paper begins with a
discussion of the role of laboratory work, as presented in different curricula in Europe and the US. Emphasis has
been given to curriculum guidelines, according to which, laboratory work should promote the development of
laboratory skills. Then, an empirical research study with one hundred and twenty-three (123) pre-service physics
teachers has been reported. The study took place within the context of a pre-service teacher education program in
a Department of Physics Teaching. The participants were distributed in six different semesters during three years.
They performed experiments, wrote laboratory reports and prepared lesson plans to teach in the school laboratory.
In addition, short interviews were conducted with quite many of them, while preparing lesson plans. The research
goal was to investigate teachers’ understanding of the purpose of experiments in physics teaching and their
difficulties when preparing lesson plans to teach in the lab. The program was successful in helping the participants
to gradually ‘shift’ from the idea that experiments are used to verify a hypothesis or confirm theory, to the position
that experiments should promote the development of laboratory skills. Implications for curriculum development
and pre-service teacher education in Turkey have been discussed.

Keywords: experiments in physics teaching, laboratory skills, laboratory work, physics curriculum, physics teacher
education.
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Introduction

It is most often that physics teacher preparation emphasizes content knowledge and theory.
Pre-service physics teachers learn about secondary students’ misconceptions and difficulties in
specific areas of physics (i.e., motion, dynamics, electricity and so on). But, physics is not only
theory, concepts, laws and formulas. It is also an experimental science. Laboratory work is at

the heart of physics.

In Turkey, laboratory work is a neglected part of the school science curriculum. Although
the National Science Curriculum (Talim Terbiye Kurulu Baskanligi, 2018) includes
experiments, it is often, that physics classes do not include experimentation in usual teaching.
It may be that requirements for high-stake exams restrict teachers’ instruction and time
available to teach laboratory work. In addition, in pre-service teacher education, major
emphasis is given to the conceptual understanding of physics and concepts across the
curriculum. Pre-service physics teachers prepare lesson plans, do micro-teaching in the Faculty
of Education and practice teaching mainly concepts of physics in internship schools. Although
we give much importance on concept learning and conceptual development of pre-service

teachers’ subject content knowledge, this is not the case with laboratory work.

Throughout the paper, the term of “practical work”, which is common in the UK and
German context, and “laboratory work”, common in the US, have been used interchangeably.
With the term of “practical work™ or “laboratory work”, we generally refer to experiences in
school settings in which students interact with equipment and materials or secondary sources

of data to observe and understand the natural world (Hegarty-Hazel, 1990).

In addition, we use the word “students” to refer to secondary school students. On the other
hand, “pre-service physics teachers” or “teachers” refer to undergraduate physics teachers or

pre-service teachers who are supposed to teach after a few years in secondary schools.

The “purpose” has been used to refer to teacher’s intentions, which have been decided
for the experiment in a particular class and at a particular time within a unit of lessons. Why
does the teacher use an experiment? What does the teacher want her/his students to learn by
performing a particular experiment? What conceptual knowledge or laboratory skills does the

teacher want his/her students to develop?

The “purpose” is different from the “aim” of the experiment. The “aim” of the

experiment refers to the outcomes of the lab activity, usually in terms of scientific theory and
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knowledge. It is the statement that should be written at the beginning of the lab report. What is

it that the experimenter is going to determine or find out?

For example, the “aim” of the free fall experiment may be to determine the value of
constant of acceleration (g). But the “purpose” is related to the teaching goals; to teach how to
plan the experiment, identify the variables, develop graphing skills or to develop analysis skills
in secondary school students. The teacher should then, decide on why and when the experiment
comes in the teaching sequence, and how the experiment links with other learning experiences

and previously developed laboratory skills.
What is the value of laboratory work in physics instruction?

Laboratory work has had a distinctive role in science teaching and learning as
determined by science curricula across various countries. According to Lazarowitz and Tamir
(1994), the laboratory provides the only place in school where certain kinds of skills, abilities,
and understandings can be developed. A wide range of benefits have been suggested that derive
from secondary students’ engagement in laboratory activities. Physics education through
practical work may target diverse goals: (a) conceptual understanding; to teach and promote
conceptual knowledge and understanding in students (Trumper, 2002; Bozzo, 2020), (b) to
teach the nature of science (Hart, Mulhall, Berry, Loughran & Gunstone, 2000), (c)
development of processes of science and problem-solving abilities and, (d) enhancement of

interest and motivation.

The various studies included in the reviews by Lazarowitz and Tamir (1994) and by
Hofstein and Lunetta (1982; 2004) revealed that teachers may conduct experiments without
clear purposes and goals. Several research studies reported that students regularly perform
school experiments with very different purposes in mind than those perceived by their teachers
(Lunetta, Hofstein & Clough, 2007). Furthermore, Lunetta and his team noted that classroom-
based studies reveal that such mismatches between teachers’ goals, theory and learning

outcomes limit the effectiveness of the laboratory in science teaching.

Hodson (1993) and Lunetta et al., (2007) argued that practical work alone is not
sufficient to enable students to develop the complex conceptual understandings and theory. In
fact, Lunetta et al., (2007) argued that laboratory work alone is not sufficient to enable students
to develop the complicated conceptual understandings accepted by science. Gunstone (1991)
wrote that helping students develop scientific concepts and theory from lab experiments is a

very complex process. This is true, since the conceptual challenge or conflict, as derived from
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constructivism, is more complicated when it occurs in the laboratory. Also, Gunstone and
Champagne (1990) suggested that meaningful learning in the laboratory would occur if students
were given opportunities for interaction and reflection in order to initiate discussion. However,
students generally do not have sufficient time and support to reflect on the data and on the main
scientific concepts involved in the experiment. Gunstone and Champagne (1990) argued that
laboratory work could successfully be used to promote conceptual change if small qualitative
laboratory tasks are used.

Some studies identified several reasons for this unsatisfactory situation. For example,
Tamir (1991) suggested as one possible reason, the fact that lessons are perceived by students
as isolated events, and not as a part of related series of experiments. Or, that the teacher’s
purpose would be different from that of the students. This may be the case, as teachers quite
often do not state the purpose or even when they do, they do not make sure that the students
understand it (Tamir, 1991). Tobin (1990) suggested that meaningful learning is possible in
the laboratory if students are given opportunities to manipulate equipment and materials so as
to be able to construct their knowledge of phenomena and related scientific concepts. However,
Tobin claimed that research studies on practical work have not provided evidence that such

opportunities really exist.

A similar point was made by Schauble, Glaser, Duschl, Schulze and John (1995) whose
research results revealed a discrepancy between students’ and teachers’ understanding of the
purposes of experiments and the related reasoning. Etkina, Van Heuvelen, Brookes and Mills
(2002) argued that traditional “cookbook” experiments in labs and lecture demonstrations
achieve too little. This is because when students follow recipe-type laboratory or “cookbook”
activities to verify or illustrate a concept or a principle, the purpose is to develop lower level-
type skills. The development of laboratory skills in students has been the goal of quite many
laboratory courses developed by Wilcox and Lewandowski (2017), too.

More recently, in the United Kingdom (UK), Abrahams and Millar (2008; 2009)
investigated the effectiveness of practical work by analyzing a sample of twenty-five (25)
“typical” science lessons involving practical work in English secondary schools. They
concluded that the teacher’s focus in such lessons was predominantly on making students
manipulate physical objects and equipment. Hardly any teachers focused on developing

experimental skills in students.
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Hu, Zwickl, Wilcox and Lewandowski (2017) conducted a research study to investigate
how university physics students viewed the role of physics experiments in physics courses.
They found out that their views varied according to their laboratory experiences and the level
of their study. Thus, introductory students view experiments as tools which are neccessary to
enhance conceptual learning. This is in contrast with higher-level students up to the PhD level
who believe that experiments offer unique opportunities to develop laboratory and professional
skills. For the introductory undergraduate physics students, experiments are needed to verify or
illustrate theory. More experienced undergraduate students believe in the value of
experimentation towards the development of the understanding of evidence, of the quality of

evidence and so on.

Along the same line, Holmes, Olsen, Thomas and Wieman (2017) have emphasized that
institutions and departments should re-examine the goals and conduct of their lab courses. They
have talked about goals and instructional approaches which can make lab courses more
educationally valuable. Their research presented srong evidence that lab courses do not promote
the development of scientific theory in students. Therefore, one of the main argument is to do
with restructuring lab courses to better support the developmet of certain laboratory skills and

scientific practices.

Khaparde (2019) has suggested an “experimental problem solving” approach developed
for and implemented in the physics laboratory. In this approach, students are given
“experimental problems” and they need to make decisions on several aspects and how to
proceed. They perform self-guided experimental work with minimal help from the instructor.
Thus, in such an approach, procedural understanding, experimental skills and problem solving

abilities have been integrated.
Emphasis on the development of laboratory skills

According to the American Association of Physics Teachers’ (AAPT) Reports (1997;
2014) for the undergraduate physics laboratory, the goal is, through the experiments, students
to develop laboratory skills. The science laboratory, a unique learning environment, is a setting
which “should engage each student in significant experiences with experimental
processes, including some experience in designing investigations. The laboratory should help
students develop a broad array of basic skills and tools of experimental physics and data
analysis” (AAPT, 1994, p 546). The presented study has adopted the AAPT position.
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What do we mean by “laboratory skills”? Students should be able to design experiments,
develop technical and practical skills, analyze and visualize data and communicate physics.
When performing an experiment, students start with defining a question for investigation, they
identify the variables, make a prediction, design the investigation, plan the experiment and
perform it, collect measurements, plot the data and draw graphs, analyze the data, interpret the
data by using theory, draw conclusions and finally, evaluate the results and the followed

method.

The teacher should decide on the specific teaching goals, which means the particular
laboratory skills that he intends to develop in his students. Then, the laboratory activities should
give some freedom to students to decide on the aim of the experiment; that is, what it is that
they want to determine or calculate and so on. For example, while they perform Hooke’s law
experiment, we do not want them to test theory or verify Hooke’s law but, them to determine

some quantities (i.e., constant of springs) based on the collected measurements.

The research questions guiding this study are the following:
(1)What are the pre-service physics teachers’ understandings of the aim of experiments?

(2) What are the pre-service physics teachers’ understandings of the purpose of experiments

in physics teaching?

(3) What are the pre-service physics teachers’ difficulties in preparing lesson plans to teach in

the school phyics laboratory?
Research Methodology
Context of the study and the participants

The study took place within the context of a pre-service teacher education program in a
Department of Physics Teaching during the 2015-2018 years. In our department, an initiative
was taken to prepare our pre-service physics teachers to teach experiments in the school physics
laboratory. The research study presented in this paper is a part of a bigger research project
(Gkioka, 2019). During the course, the participants were introduced to research-based teaching
methods in the laboratory. The course was specifically designed for pre-service physics teachers

and was taught for five hours per week for thirteen (13) weeks a semester. The participants
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performed experiments, wrote laboratory reports and prepared lesson plans and teaching

materials to teach in the school laboratory.

The experiments they performed were the usual school experiments (i.e., Hooke’s law,
Ohm’s law, electromagnetic induction experiment, insulation, free fall and so on). They were
mainly controlled experiments (or “fair” tests). The experiments were carried out so that the
participants had the opportunity to design them by themselves without any guidelines. In
contrast, when they were performing experiments in the physics department labs, they were
given detailed instructions on how to write the report; they would mainly answer some
questions. All of them had completed four undergraduate compulsory laboratory courses in the
Physics Department. After each experiment, they wrote and submitted a lab report. Again, they

prepared the report without guidelines.

The participants were one hundred and twenty-three (123) pre-service physics teachers,
distributed in six different semesters during three years. Thus, the participants were the
undergraduate students who registered for the course. No selection or changes were made to

the students who registered for the course. Thus, such a study included convenience sampling.
The university is a public one with English as official language. Therefore, all tasks and

lesson plans will be in English.

Samples of teaching materials were developed and delivered to teachers, including
sequence of teaching goals. In addition, teachers were given opportunities to plan and develop

their own teaching materials.

Research Methods

The study has employed qualitative research methods (Erickson, 2012). Its case study
design aims to offer in-depth information about the difficulties encountered by the participants
in relation to the aim and purpose of experiments. As Stake (1995) advocated, a case study is

expected to catch the complexity of a single case.

The laboratory reports, the lesson plans and teaching materials that they had prepared to

teach in the laboratory were collected. In addition, short interviews were conducted with many
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of them, while preparing lesson plans. The goal of the conducted interviews was to probe pre-
service teachers’ understanding of the aim of each experiment and the purpose of experiments
in physics teaching. Secondly, the goal was to explore the difficulties they encountered while
planning a lesson and while preparing teaching materials. All interviews were audio-taped and

transcribed for analysis. Examples of interview questions are shown in the Appendix.

The principal research investigator was also the instructor of the course. The role of the
main researcher and the project assistants was made clear to the participants. The interviews
were conducted with informed consent and by following the University Research Ethics
Committee protocols. Attention was given to the research ethics (Gregory, 2003) and the

associated issues (anonymity of participants and the role of the researcher).

Data Analysis

The collected lesson plans and laboratory reports were analyzed in terms of the aim of
the experiments and the purposes for which experiments had been used. Qualitative analysis
(Erickson, 2012) was conducted to identify common themes and particular trends within and
among the participants. The coding was open-ended; the categories emerged from the data
(Coffey & Atkinson, 1996). The data were analyzed by comparing the responses for each
question both across the interviewees and through each interviewee to identify key categories
and features among pre-service teachers. We generated initial categories from interviews,
lesson plans and lab reports of each participant. We constantly compared new data from the
data sources with the current categories, and refined them. When clarification was needed, we
collected more data by conducting focused conversations with the participants. The two (2)
project assistants and the author (as the principal researcher) carried out the analysis with 91%

inter-reliability.
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Results

In presenting the results, we refer to samples of lesson plans, quotes from the conducted
interviews and excerpts from their laboratory reports. The results of the study are presented

under the following three main sub-headings:

(1) Pre-service physics teachers’ understandings of the aim of experiments,
(2) Pre-service physics teachers’ understandings of the purpose of experiments and,
(3) Pre-service physics teachers’ difficulties in preparing and planning to teach.

1. Pre-service physics teachers’ understandings of the aim of experiments

The following categories have emerged from the participants’ statements in the interviews, in

their laboratory reports and lesson plans:

l1a. In the first weeks in their lab reports they wrote that the aim is to verify or illustrate theory
or a scientific law. The aim of the experiment is to understand and verify theory, i.e. “to verify
Ohm’s law” and, “to verify Hooke’s law”. And, “The aim is to determine the validity of Hooke’s
law for springs with different constants”. Also, “The aim of the experiment is to confirm that as the
length | of the pendulum increases, period will increase”. The last sentence is a wrong statement in
terms of theory. Sometimes, when they write the aim of the experiment, their difficulties with
concepts are revealed. For example, the aim is: “To find out which material will save heat longer. |
am going to verify Newton's cooling law ... . Eighty-two (82) teachers are allocated in this category

during the first three weeks.

1b. The aim is to find out the relationship between the variables involved in the experiment:
“The aim is to find out a mathematical relationship between the variables of force (F) and the
extension (x) of the spring”. During the first three weeks, thirty-five (35) teachers are allocated in

this category.
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1c. The participants demonstrated difficulties in understanding that the aim of experiments is
to design a controlled experiment so that they determine or calculate some quantities (based on the
collected measurements). It takes around six weeks for students to understand that the aim of an
experiment is to design a controlled experiment in order to determine or calculate some quantities
(based on the collected measurements). Thus, during the fourth to sixth week, only twenty-one
students (out of 123) wrote in the first version of a lab report in the aim section: “The aim is to
measure the acceleration due to gravity, by using a simple pendulum motion”. And, “To measure
the acceleration due to gravity by studying the simple pendulum motion and calculate the
experimental error” (from the pendulum motion lab report). For Hooke’s law experiment: “The
aim of the experiment was to study Hooke’s law and calculate the spring constant for each spring”.

Only 6 (six) teachers belong to this category in the first three weeks.

Thus, in a similar vein, fifty (50) teachers during the seventh to ninth week wrote: “The
experiment was carried out in order to investigate the rates of cooling of each insulating material

and then, find out the best of the available insulating materials” (from the insulation lab report).

The following bar chart (Figure 1) shows the numbers of teachers with respect to their

understanding of the aim of experiments in physics instruction during one semester.
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Figure 1 The number of pre-service teachers with respect to their understanding of the aim of
experiments during one academic semester (Total number of teachers = 123)

Furthermore, the above bar chart shows how teachers’ understandings have ‘shifted’
from the idea that the aim is to “verify” or “confirm” theory to the idea that the aim is to
calculate some quantities based on the collected measurements during one semester. Initially,
there was a strong belief that the aim of the experiment was to verify a hypothesis or to confirm
a relationship between variables. It took more than half of an academic semester (after the
seventh week) for them to “move” to the idea that through experiments the aim is to calculate
rates of cooling or determine some quantities. Thus, during the period of the tenth to the
thirteenth week, seventy-seven (77) pre-service teachers successfully reported that the aim of
an experiment is to calculate the constant of springs based on the collected measurements. The
number of teachers allocated in the first category decreases from 82 to 56 (during the 4™ to 6"
week), then to 29 (during the 7" to 9" week) and around the end of the semester to 12 teachers.
On the other hand, the number of teachers allocated in the third category increased from 6 to

21, then to 50, and during the final weeks to 77 teachers.
2. Pre-service teachers’ understandings of the purpose of experiments in physics teaching
The following categories have emerged from the data:

2a. The purpose of teaching an experiment is to understand and verify theory. One
student who taught accuracy, precision and experimental errors in the context of free fall
experiment, wrote that the topic of the lesson was free fall. With the help of the instructor, he
corrected himself saying that the topic of his lesson was about ideas of accuracy, precision and

errors (systematic and random ones).

In the first three weeks, eighty (80) teachers (out of 123) wrote in their lesson plans that
the purpose was to illustrate and verify theory, and thus, understand theory better. From the 4%
until 6™ week, this number is reduced to 51 (fifty-one) teachers. Later on, from 7" to 9" week,
the teachers were reduced to twenty-nine (29). Finally, around the end of the course, only ten

(10) teachers kept the idea that the role of experiments is to test theory.

2b. The purpose is to find out the relationship between the variables involved in the
experiment: In the first three weeks, thirty-three (33) teachers supported the idea that “the

purpose of experiments is to find out the relationship between two variables”.

2¢. The purpose of the experiment is to develop laboratory skills and to teach specific

laboratory skills. Pre-service teachers have experienced difficulties in understanding that the
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purpose of experiments is to develop laboratory skills (i.e. how to design a fair test, how to plot
points, calculate the slope of a line graph, analyze data, interpret data and so on). Only ten (10)
teachers in the first three weeks wrote in their lesson plans that the purpose was to develop
certain laboratory skills. It takes five to six weeks for pre-service teachers to understand that
the purpose is to develop experimental skills (i.e. to learn how to design an experiment, to plan
an experiment by identifying variables and design a fair test, to plot points and the graph, to
read the graph, learn how to interpret and use graphs in the analysis and explanation of results
and so on). Specifically, during the 4™ to 6" week, twenty-nine (29) students are allocated in
this category. From 7" to 9" week, the number increased to fifty-three (53) students. Finally,
during the last four weeks, eighty-one (81) students wrote that “the purpose of the insulation
experiment was students to learn how to define variables, how to plan and perform a controlled

experiment, to draw a best fit curve, determine which insulating material is the best”.

The following bar chart (Figure 2) shows the numbers of teachers with respect to their

understanding of the purpose of experiments in physics instruction during one semester.
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Figure 2 The number of pre-service teachers with respect to their understanding of the purpose of
experiments during one academic semester (Total number of teachers = 123)

3. Pre-service-teachers’ difficulties in preparing lesson plans to teach

Preparing to teach in the laboratory presents a great challenge. The difficulty to prepare
a lesson plan with learning goals related to the development of particular experimental skills is
clear. They are not confident to teach laboratory skills and their plans are weak.

Tasks, like the following (Task 1 and 2 in Figures 3 and 4, correspondingly), were
distributed for classwork. Such tasks were developed in order to promote the idea that when
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teaching in the laboratory, teachers should use experiments to develop laboratory skills. The

participants were asked to develop lesson plans and teaching materials.

Task 1. You, as a teacher
Prepare a lesson plan to teach your students how to plan (planning part), make a prediction
and take measurements (obtaining evidence) in the insulation experiment.
Figure 3 Task 1 asking for a lesson plan about the prediction and obtaining evidence parts of the
insulation experiment.

Task 2. You need to develop a lesson plan for a lesson about the experiment of insulation
for Grade 12 for an advanced student’s level. You may use and refer to your notes.
Figure 4 Task 2 asking for a lesson plan about the whole experiment of insulation

When working on Task 1, the participants have confused the context (theory) with the
laboratory skills (planning, making prediction and decisions on how to take measurements) they
would want to teach and develop in their secondary students. They have talked only about
theory of insulation, heat and temperature, heat capacity and Newton’s cooling law (as Figure
5 shows). They also sketched the graph of the cooling process of hot water. Similarly, they have
written that “students will be able to identify and determine the difference between heat and
temperature”. And: “Students will learn what an insulator is” and, “Understand how insulators
work”. The lesson objectives are closely related to theory and physics concepts (heat,
temperature, thermal equilibrium). Or, they say that the topic is about heat, temperature and
insulation. On the whole, while they are asked to prepare a lesson plan to teach the planning
and making prediction for the insulation experiment, their focus was not on the particular lab
skills but on how to teach the insulation theory. The following is representative of such tendency

among the participants.
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Figure 5 Excerpt from a lesson plan for the insulation experiment
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They also talked about how to develop an introductory lesson before the experiment in
the laboratory. When they talked about the introductory lesson, they restricted themselves
around preparation for teaching conceptual knowledge, without referring to the process and
laboratory skills necessary to perform the experiment. Or, it has happened that in their lesson
plans when they need to write what the teacher and the students will do (teaching methods and
strategies) in the classroom, they describe the different parts of an experiment. Instead, we
wanted them to talk about the preliminary experiment and the class discussion, in which,
students in groups or with the instructor talk about planning, variables and the planning of a

controlled experiment.

Similarly, when working on Ohm’s law experiment (in a similar task like Task 1 and 2), they
thought that the lesson is about Ohm’s law and theory. Thus, they wrote that the topic was
about Ohm’s law (not about the teaching of some experimental skills). And the lesson
objective was: “By the end of the lesson, students will have understood the relationship
between voltage and current and the related Ohm’s law”. As they explained in the interviews,
in the usual undergraduate physics lab classes, they were given detailed instructions. Such
laboratory courses did not leave much room for a deeper understanding and for taking

initiatives.
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Figure 6 Quote from an interview
However, twenty-four (24) (out of 123) teachers answered that they will teach the theory
of the experiment (Newton’s cooling law) in the introductory lesson. They also said that they
were going to review each part of the experiment and the lab report. “Use instruments to make

measurements of temperature”. “Carry out a controlled experiment”. The following Figure
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(Figure 7) shows a part of a lesson plan in which the teacher successfully focused on laboratory

skills.

Lesson Objectives ;
Students 11 be able 4o

5 -
T Bpeiet i e gyt +he Juiding question \[J

o systeviatic way,

’ Besrgn

* Measure | and  rocord dort in

Use o dotaset 49 drae o groph,

[}
Reach some  conclusron by readig the graph,

* Make critique of on experimental  procedure, V\J

Summary of Tasks /A ctrong -

* Studerts  wom design an expeimert 4o compor,
Materiglg, ' "

* Studets op) Tden-h‘{ly Hhe vorab leg

the insulation  chorackerichics of the give

Involved  7n +hic experment,

]
Studerts  will conduct 4
e expm‘mw} ond uake some meoicuremerts and record the dorta

on o Hable which +he3 will makp

¢ Sluders  will  uge 4he

dotoset 4oy
W temperottuce (T) =Hime (¢)  graph for  pnc werlerio

uged n the experiment,

' Studerts  will analyze  the NS L

e - me  gonclusion,
¢ will give the  radrpng, kelind  +his conclusion

Hud ot
o Wil male Cﬂ‘ru]ue ot the  experimortal proceclure

=> CONTIN IE b_o.__

Figure 7 Part from a lesson plan focusing on the teaching and deve_iréﬁment of laboratory skills

In addition, Figure 8 shows a part of a lesson plan, in which pre-service teachers have
demonstrated a good knowledge of learning objectives closely related to laboratory skills.
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Figure 8 Excerpt from a lesson plan with lesson objectives related to the development of laboratory
skills
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Figure 9 Lesson plan for a trial experiment and the expe

Students experienced difficulties in writing learning objectives and teaching goals
related to the development of laboratory skills. Their difficulties are due to the fact that in all

physics education classes, they have had training and practice in developing lessons plans to

At LY S T Ry P SR | v

riment of insulation

teach only concepts of physics (theory).

Through practice and by time, they were able to articulate and write the following

learning objectives:

Teach to judge the range of measurements they need to take, when and why these
need to be repeated, and how to deal with anomalous results.
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e Students will be able to draw a best fit line or best fit curve.

e Teach students to examine evidence for validity and reliability by considering

questions of accuracy, error and discrepancy.

Teach how to write the laboratory report.

How to design a ‘fair test’.

How to collect and record data.

How to analyze data.

How to make a detailed analysis of results by using the plotted graph and make the

calculation of slopes.

e In the preliminary experiment, they will make decisions about how to take
measurements.

e Students to be able to plan the insulation experiment, to design a controlled
experiment, to identify the variables involved and to carry out the preliminary
experiment.

Figure 10 Learning Objectives closely related to the development of laboratory skills

One senior student with considerable teaching experience in internship schools
explained in an interview: “Planning a lesson was difficult for me. | needed some guidance to
design and plan my lesson. | keep the theory simple, so that I teach them laboratory skills. |

learned about progression in teaching .
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Figure 11 One quote from a participant’s laboratory report
On the other hand, a few of them had prepared adequate lesson plans. They had also prepared
stimulating questions to initiate thinking and discussion in the class. They were confident to

teach about what is included in the analysis and explanation of results and how to teach the

relevant sections.
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Quite many teachers asked for more guidance and clear guidelines on how to proceed

as teachers when planning for teaching and when preparing teaching materials.

Discussion of Results

The study investigated pre-service teachers’ understandings of the aim of experiments,
understandings of the purpose of experiments and, their difficulties when preparing and
planning to teach. We have adopted the position that practical work should help students
develop a broad array of laboratory skills; that is, students should be able to plan experiments,
graph data, analyze data, describe the relationship between the variables and much more. The

study confirmed results from previous studies, but also has elicited new findings.

Initially, there was a strong belief that the aim of experiments was to “verify” or
“confirm” theory. Students viewed the aim of lab as to prove theory and demonstrate concepts.
Teachers’ understandings have ‘shifted’ from the idea that the aim is to “verify” or “confirm”
theory to the idea that the aim is to calculate some quantities based on the collected
measurements during one semester. Initially, there was a strong belief that the aim of the
experiment was to verify a hypothesis or to confirm a relationship between variables. It took
more than half of an academic semester (after the seventh week) for them to “move” to the idea
that through experiments the aim is to calculate rates of cooling or determine some quantities.
Thus, during the period of the tenth to the thirteenth week, seventy-seven (77) pre-service
teachers successfully reported that the aim of an experiment is to calculate the constant of
springs based on the collected measurements.

Similarly, only a few of them mentioned the development of laboratory skills as a
purpose in the first three weeks. Unfortunately, the main goal of the laboratory, to teach and
develop skills like the analysis of data, interpretation and evaluation skills was mentioned by

relatively few pre-service teachers.

Indeed, at the beginning of the course, the goal of the development of laboratory skills
was totally new for the participant teachers. There was a latent assumption of the participants
that students learn physics by demonstrating or applying ideas in the school laboratory that were
taught earlier in class. Such a view is naive, as discussed in the literature review section.
However, when pre-service teachers enter a laboratory or a classroom with certain expectations,
it is difficult to change them. As mentioned in the literature (Hu et al., 2017), many students
and some teachers consciously or subconsciously maintain the assumption that experiments and

laboratory activities promote conceptual understanding.
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Secondly, when performing experiments in the physics laboratory classes, in the Physics
Department, they are always provided with guidelines and instructions on what to do and how
to proceed. They need to follow such guidelines and not to make their own decisions. Following

the instructions or getting the “right” data set or answer is seen as the purpose of the experiment.

The program was successful in helping the participants to gradually “shift” from the
idea that experiments are used to verify a hypothesis or confirm theory to the idea that it is the

development of laboratory skills, which is the purpose of using experiments.

Students experienced difficulties in writing learning objectives and teaching goals
related to the development of lab skills. At the beginning, the participants wrote learning
objectives related to the teaching of theory and not to the development of experimental skills.
This is mainly because in all physics education classes, they have had training and practice in

developing lessons plans to teach only concepts of physics (theory).

Such results are consistent with results presented by the study carried out by Schauble
and her research team (1995) which revealed a discrepancy between students’ and teachers’
understanding of the purposes of experiments and the related reasoning. Also, Hu et al., (2017)
found that introductory undergraduate students viewed experiments as supplemental tools for
conceptual learning. In contrast, higher-level students believe that experiments provide
opportunities to emphasize the development of laboratory and scientific skills. The introductory
students would emphasize that experiments are used to test theory.

During the period of one academic semester, asking students to explain what they were
doing (during the class and interviews) helped them improve their understanding of the purpose
of experiments focused on the development of laboratory skills.

The issue, then, is how best to promote the idea in pre-service teachers that through
experiments we want to develop laboratory skills in students. For the lab to reach its full
potential, physics teachers should carefully match practical activities to the different objectives
of the school science curriculum and various laboratory skills. The same experiment may be
used for different purposes. For example, the free fall experiment may be used to teach them
how to design a controlled experiment or how to plot data and how to analyze them. The
implication, therefore, is that a key task for teachers is to communicate effectively to students
what the teaching goals of an experiment are; to differentiate between the “aim” of answering
the question being investigated and the “purpose” of the experiment, which is related to the

teaching goals of the activity.
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Also, the participants created new teaching materials and tasks and developed teaching
methods for the lab. Such teaching plans and written materials is a source of information about
the changes in teachers’ use understanding of the purpose of each experiment and the changes

they underwent during the course.

The participants need to gain more confidence in preparing lesson plans to teach in the
laboratory. More lesson plans and tasks are needed. Pre-service teachers need to develop a

commitment to continue learning to teach.

The reviews by Lazarovitz and Tamir (1994) and Lunetta and Hofstein (1982; 2004)
reported a mismatch between the goals articulated for the school science laboratory and what
students regularly do in these activities. Teachers should make conscious decisions about what
laboratory skills they want to develop with particular lab activities and accordingly,
communicate such lab skills to students and then plan for appropriate tasks. Thus, we want to
recommend consistency between goals and practices in the teaching and learning in the school

laboratory.

The teacher should be able to make a professional decision and select a few learning
objectives related to certain laboratory skills and think how they will fit in a teaching unit. On
the other hand, if the teacher wants to achieve many purposes through experiments, this may
result to a failure. As Séré (2002) advocated, each specific laboratory activity should have only
a few and specific teaching goals and lab skills to address. To foster and support the
development of laboratory skills, it is necessary to carefully select learning objectives and then,
a careful planning for teaching in the laboratory. We want to take this point of view further to
argue that the teacher should communicate the specific learning objectives to students. In the
laboratory, students should be encouraged to reflect on data, analyze the data and explain it by
using theory, as well as consider anomalous data, uncertainty and sources of errors. They, then,
need to communicate and make explicit their purpose to their students. Furthermore, teachers
should decide on the lab skills rather than the content knowledge. Towards such direction,
teachers should make strong links between the purpose, the development of specific laboratory

skills and the experiment that they perform each time.
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Limitations of the study

The current study has two limitations. One limitation has to do with the participants
themselves. They were not selected randomly since they had enrolled in a laboratory course for
pre-service teachers in a Physics Teaching Department. Secondly, more time is necessary for
pre-service teachers to develop better understanding that, through experiments, the goal is to
develop laboratory skills. In addition, it would be better to follow the participants during their

teaching in the first years of teaching in schools.
Implications for pre-service physics teacher education

This study raises important questions for physics teacher educators. Physics educators
may take for granted that pre-service teachers know how to develop lesson plans which aim to
promote the development of laboratory skills. However, this study with more studies carried
out in Europe and the US have provided evidence that students and teachers may believe that
experiments are used in physics instruction to test or verify theory. Trainee teachers experience
difficulties and have needs which must be considered in planning and implementing their initial
education. In pre-service teacher education, instruction should explicitly address the underlying
understandings of the participants with regard to the aim and the purpose of experiments in

physics instruction.

Pre-service teacher education programs should put more emphasis on the role of

laboratory work in physics education. The laboratory skills are crucial.

These research findings offer strong support for the need of the development of courses
for the preparation of physics teachers. Pre-service physics students need more opportunities to
learn about and practice teaching lab skills. There should be courses so that preservice teachers
have more opportunities to develop lesson plans and teaching materials to use them when
teaching in the lab. Like Hofstein and Lunetta (2004), we believe that: “The literature has
suggested that inconsistencies between teachers’ goals and behaviours and limitations in
teachers’ skills, in this case in the school laboratory, should be addressed carefully in long-term
professional development programs designed to develop the understanding, knowledge and
skill of professional teachers” (Hofstein & Lunetta, 2004, p. 45). The research presented gave
much importance to the importance of teacher preparation because we believe in the important
role of the teacher in the laboratory. This is line with many studies in teacher preparation, in

general and in physics teacher preparation, more specifically. For example, Sharma and
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Ahluwalia (2018) argued in favour of the crucial role of the physics teacher even in online or

virtual advanced physics laboratories.
Implications for curriculum development

We need to give more importance to laboratory work in the Turkish physics curriculum,
This means that less theory will be taught so that there will be time for experiments. This is
what European countries do. However, one of the main issues is how to develop and organize
lab courses to achieve their goals. As Holmes and her team (2017) argued, one of the most
important areas for curriculum development is how to provide educationally effective

experimentation experiences to introductory physics students.

This study may contribute to those who wish to design a laboratory course for physics
pre-service teachers. Curriculum developers should be aware of the difficulties students have
with understandings of the purpose of experiments in physics teaching and their difficulties
with adequate planning. We need not only to revise the course but also to develop one research-
based module or more for initial teacher education of physics teachers. Pre-service physics
teachers need to be taught about teaching methods specific to the laboratory and about
development of laboratory skills. This study should inform a new course and vice versa;
students’ achievement and teachers’ experience should inform new research. In line with
suggestions by Khaparde (2019), we want to underline that research universities and
departments responsible for pre-service physics teacher education need to adopt approaches

emerging from research in order to support the quality of laboratory courses.
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Appendix

Interview Questions:

Tell me how you develop your lesson plans for teaching in the laboratory.
How do you teach experiments in the laboratory?

What is the main focus of this experiment?

What lab skills will you teach in this experiment?

What is the purpose of using this experiment in your teaching? (Or, why are you using this

experiment in your teaching?)
Do you let your students know what laboratory skills they will develop?

You, as a trainee physics teacher, what kind of help and support you need in your pre-service
education so that you teach experiments with confidence?
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