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Abstract. This study reports the findings of a program that aims to develop pre-service science
teachers’ computational problem-solving skills and views on using information and communi-
cations technology in science education. To this end, pre-service science teachers were trained
on computational thinking, computational problem solving, designing an algorithm, and Python
coding, and then they were asked to solve problem situations determined within the science edu-
cation program using the computational problem-solving process. The study was conducted in a
faculty of education in Turkey and carried out conducted in an elective course in the spring se-
mester of the 2019-2020 academic year (in an online platform due to the Covid-19 Pandemic). 38
pre-service science teachers were included in the study. In this process, pre-service science teach-
ers’ conceptual development levels regarding computational thinking and their views regarding
the use of ICT in schools were collected quantitatively. The development of computational prob-
lem-solving skills of pre-service science teachers was scored by a rubric developed in this study.
According to the analyzes, pre-service science teachers increased knowledge of computational
thinking (t =—5,969, p = .000), enhanced views regarding the use of ICT in schools (t =—2,436,
p = .020), and developed computational problem-solving skills (x2,-9-000, p = 0,011). These
findings have the potential to provide evidence on how computational problem-solving skills can
be integrated into science teacher education programs.

Keywords: computational thinking, computational problem solving, science teacher education,
information and communications technology, python.
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1. Introduction

Today, with the rapid development of information and communications technology
(ICT), ICT and computational thinking (CT) skills are integrated with many educational
disciplines and this integration creates new areas of discussion. In the literature, it is
stated that it is an important matter to provide CT skills at all levels of education start-
ing from kindergarten (Fessakis, Gouli, and Mavroudi, 2013; Sullivan, and Bers, 2016).
Wing (2008), as one of the researchers who started the discussions by taking CT out of
computer science, defined CT as “solving problems, designing systems and understand-
ing human behavior that draws on concepts fundamental to computing” (p. 3717). She
also argued that “computational thinking is a fundamental skill for everyone, not just
for computer scientists. To reading, writing, and arithmetic, we should add computa-
tional thinking to every child’s analytical ability.” (Wing, 2006, p. 33). IEA (Interna-
tional Association for the Evaluation of Educational Achievement) is to evaluate the
computer and information literacy (CIL) levels and computational thinking (CT) skills
of eighth-grade students through computer-based assessment tools within the scope of
the International Computer and Information Literacy Study (ICILS) (Fraillon, Ainley,
Schulz, Friedman, & Duckworth, 2019). According to Fraillon et al. (2019), CIL refers
to a student’s ability to use computer technologies to collect and manage information
and to generate and change information. CT is defined as the type of thinking used when
programming a computer or developing an application for another type of digital device
(Fraillon, et al., 2019).

Problem-solving is one of the core concepts of CT, but solving computational prob-
lems and computational problem-solving are different concepts and processes. Solving
computational problems, especially in computer science education, is one of the neces-
sary skills and includes identifying and solving problems in algorithms or code (Liu,
et al., 2011). On the other hand, computational problem solving is the use of compu-
tational tools and strategies for solving real-world problems, like a computer scientist
(Pellas and Vosinakis, 2017). Computational problem solving is a cognitive thinking
process that focuses not only on solving a problem using logical and abstract thinking
but also on the application of this process with basic programming concepts (Pellas and
Vosinakis, 2017). In addition, a proposed solution to a problem in the computational
problem-solving process includes applying basic programming structures such as selec-
tion, sequence, or iteration (Pellas and Vosinakis, 2018).

Developing teachers’ and pre-service teachers’ knowledge and skills about computa-
tional thinking and computational problem-solving is very important to integrate CT and
CIL into science education programs. Bower ef al. (2015), in their study which examin-
ing the CT perceptions of teachers from different fields in Australia, revealed that many
teachers do not have sufficient knowledge and skills in developing students’ CT abilities.
Corradini, Lodi, and Nardelli (2017) found that Italian primary school teachers did not
feel ready to develop CT competencies in their students. Sands, Yadav, and Good (2018)
found that pre-service teachers tend to associate CT with more math, computer use,
and online games. Similarly, Rich, Yadav, and Schwarz (2019) reported that teachers
were reluctant to integrate CT into their teaching plans due to reasons such as time and



Integration of Python into Science Teacher Education, Developing Computational ... 237

content knowledge. As can be understood from these studies, pre-service and in-service
teachers’ knowledge and skills regarding computational thinking are very low, and they
also have difficulties in establishing connections between computational thinking and
science education (Bower, et al., 2017, Valerie et al., 2017). Based on these points, this
study aimed to increase pre-service science teachers’ knowledge of computational think-
ing, views regarding the use of ICT in schools, and computational problem-solving skills
via computational problem-solving based program.

1.2. Theoretical Framework

When CT was first conceptualized by Wing in 2006, it was emphasized as a basic skill
for everyone, not just computer scientists. According to Barr et al. (2011) CT is a prob-
lem-solving process that includes the following skills:

e “Formulating problems in a way that enables us to use a computer and other tools

to help solve them”

“Logically organizing and analyzing data”

“Representing data through abstractions, such as models and simulations”

“Automating solutions through algorithmic thinking (a series of ordered steps)”

“Identifying, analyzing, and implementing possible solutions with the goal of

achieving the most efficient and effective combination of steps and resources”

® “Generalizing and transferring this problem-solving process to a wide variety of
problems” (p. 21)

After this study, CT was defined as a problem-solving process by many researchers
(Grover, and Pea, 2018; Weintrop et al., 2016) and it is claimed that CT skills can help
students to choose and use appropriate tools and strategies in the problem-solving pro-
cess. In summary, CT refers to a set of intellectual skills, practices, and methods that are
fundamental to problem-solving and includes a range of sub-skills such as decomposi-
tion, abstraction, algorithm design, automation, data collection, data analysis, data rep-
resentation, simulation, parallelization and generalization (Barr and Stephenson, 2011;
Conery et al.; 2011a, Conery et al., 2011b; Park and Jeon, 2015).

According to literature, CT skills can be gain to students in K-12 levels with differ-
ent instruments such as educational robots (Gordon et al. 2015; Martinez et al. 2015;
Sullivan ef al. 2015), and visual block-based programming software (Horn et al., 2012).
According to Grover and Pea (2018), the formulation of the solution of a problem is
an important part of the problem-solving process and since the process of formulat-
ing the solution does not have to be computer-based, CT can be taught without using a
computer. For this reason, CT skills are taught using computer-based (plugged-in) and
unplugged methods in K-12 training (Lee, Junoh, 2019).

CT involves formulating problems with tools and methods such as computers and
data analysis, finding possible solutions, and using these solutions to solve other similar
problems (Barr, Harrison, and Conery, 2011; Wing, 2008). This process also defined
as computational problem solving (Pellas, Vosinakis, 2017). According to Dierbach
(2012), two things are needed to solve a problem computationally: a solution proposal
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that covers all relevant aspects of the problem and an algorithm that can solve the prob-
lem using this solution proposal. Dierbach (2012) defines the computational problem-
solving process as follows:

1. Analyze problem:

a. Clearly understand problem.
b. Know what constitutes a solution.

3. Describe data and algorithms:

a. Determine what time of data is needed.
b. Determine how data is to be structured.
c. Find and/or design appropriate algorithms.

4. Implement program:

a. Represent data within programming language.
b. Implement algorithms in programming language.

3. Test and debug:

a. Test the program on a selected set of problem instances.
b. Correct and understand causes of any errors found” (p. 18).

2. Method

In this current study, one group pretest-posttest design (Fraenkel and Wallen, 1993) was
used to determine how the computational problem-solving-based program affected the
pre-service science teachers’ knowledge of computational thinking, views regarding the
use of ICT in schools, and computational problem-solving skills. Before and after the
application, a conceptual development of computational thinking test and a scale on
views regarding the use of ICT in schools were applied to pre-service science teachers
as pre-test and post-test. To examine the development of computational problem-solving
skills of pre-service science teachers, the computational problem-solving studies of pre-
service science teachers were scored with a rubric developed within the scope of this
current study.

2.1. Participants

The study was conducted in a faculty of education in Turkey and carried out conducted
in an elective course in the spring semester of the 2019-2020 academic year (in an
online platform due to the Covid-19 Pandemic). This elective course was conducted
online for two hours a week, an additional hour of study was planned each week, these
additional studies were composed of small coding assignments belonging to the studies
covered in the online course. 38 pre-service science teachers (32 females, 6 males) were
included in the study. The convenience sampling method was used in the selection of the
participants (Fraenkel, Wallen, 1993). The participants were in the 3rd and 5th semester
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(age range 20-21) and it was determined in the preliminary interviews and participation
approval forms that none of the pre-service teachers had prior knowledge and experience
about computational thinking or computational problem solving before the application.
For this reason, basic information such as coding logic, algorithms, the use of Google
Colab, variables, loops, and functions in Python was added to the program.

2.2. Implementation

Before the Covid-19 pandemic, it was planned that the applications of the program
would be carried out in the computer laboratory with pairs. The coding and algorithm
design studies planned in this process would be under the supervision of the lecturer, and
the computational problem-solving studies would be completed in the classroom envi-
ronment by pairs. In this way, it was aimed to be able to closely follow the progress of
the pre-service science teachers during the process and to give instant feedback and cor-
rections. As of the second week of the term, with the transition to online education, all
studies and applications were transferred to a MOODLE-based online platform provided
by the university and the planned applications were updated in accordance with distance
education. All of the computational problem-solving applications and Python training
planned in the program were conducted online on the students’ personal computers via
Google Colab, and all students were asked to share the Python coding files they created
on Google Drive with the instructor.

Python is an open-source scripting language with a simple syntax, easy to read and
write. At the same time, as it offers powerful programming features, it is widely used and
offers wide library support (Dierbach, 2012). Using Python as an introductory program-
ming language helps novice learners to easily incorporate key features of CT (Grandell
et al., 2006). Compared to languages such as Java or C ++, Python is very useful for
novice users, with features such as its structure that facilitates dynamic writing, provides
immediate feedback for potential errors, and mandatory structural design that leads to
an indented and structured writing path (Buitrago Florez, et al., 2017). Collaboratory, or
shortly “Colab”, one of the services provided by Google, is a system that allows writing
and executing code in Python language over the browser without any pre-configuration.
Colab runs on Jupyter Notebook and allows writing code and text in a single document.
Colab notebooks created by users are stored in Google Drive accounts and shared with
desired people and provide the opportunity to collaborate. In this study, all the proce-
dures performed by pre-service science teachers were recorded and the developments in
computational thinking skills could be followed throughout the process.

Within the scope of the program, three problem situations were determined from
different grade levels of the K-12 science teaching program. These problem situations
were given to pre-service science teachers in the process and they were asked to design
an algorithm for the solution and write Python code for this algorithm. While determin-
ing the problem situations, the criteria of “suitability to the context” and “suitability to
the level” were taken into consideration. Suitability to the context refers to the determi-
nation of problem situations directly concerning science subjects and to be solved by
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creating an algorithm. In this way, it was aimed that pre-service science teachers could
associate computational problem-solving skills with the science program. The suitability
to the level refers to pre-service science teachers who do not have any prior knowl-
edge of algorithms, coding, and computational problem-solving. It was planned that
pre-service science teachers would be able to solve problems with the basic knowledge
they gained in this process. Problem situations consist of two stages. In the first stage, a
work file was presented to the teacher candidates, explaining the problem situation, and
containing the steps to follow for a solution. This document consists of decomposition,
collecting and organizing data, and algorithm design, which are the steps of the compu-
tational problem-solving process. In the second stage, pre-service teachers were asked
to write the Python codes suitable for their algorithm designs on Google Colab. At this
stage, pre-service science teachers were provided with individual feedbacks to debug
the codes that did not work and concretize the solution (abstraction). The computational
problem-solving studies conducted in this study are detailed below.

e Study 1: Study 1 is about body mass index. In this study, science teacher candi-
dates were told that the Ministry of Health will initiate obesity screening across
the country, so an obesity calculation tool should be placed on the web page.
Pre-service science teachers were asked to write an algorithm and a program
to print the obesity status of people on the screen after taking the height and
weight values from people and making the necessary calculations. Study 1 was
given after the instruction of *“j e

ST

else”, “elif” commands, and prospective sci-
ence teachers designed their algorithms and codes using these commands. It was
aimed to make research on body mass index so that science teacher candidates
could create their algorithms and convert the body mass index formula into an
algorithm and Python code.

e Study 2: Study 2 is about thermometer conversions. In this study, pre-service sci-
ence teachers were asked to design an algorithm to convert a temperature value (C
or F) to another thermometer value and write the Python code for this algorithm.
Study 2 was given after teaching “for” and “while” loops. Although they were

© print("Beden Kitle Indeksi Hessplama™)
boy=float(input("Liitfen boyunuzu cm cinsinden yaziniz:"))
kilo=float(input("Litfen kilonuzu kg cinsinden yaziniz:"))
BKi=kilo/(boy/108)**2
if Bki<18.50:
print("zayifsiniz")

elif 18.58<=BKi<24.39:

print("normalsiniz")
elif 25¢=BKi<29.99:

print("kilolusunuz™)
elif 30¢=BKi<34.99:

print("fazla kilolusunuz")
else:

print("obezsiniz")

[» Beden kiitle Indeksi Hesaplama
Litfen boyunuzu cm cinsinden yaziniz:175
Lutfen kilonuzu kg cinsinden yaziniz:7a
normalsiniz

Fig. 1. Example of study 1.
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print("""<<<SICAKLIK DOMUSTURDCU>>
1. Celsius'u fahrenheit' a dénistiir
2. Fahrenheit': celsius's dnistdr™"")
n= input("litfen 1 ve 2 eresindan bir segim yapaniz: ")
if n=="1":
celsius=float(input("celsivs degerini giriniz:"))
fahrenheit=(celsius*1.8)432
print(fahrenheit, “fahrenheit” )
elif n=="2":
Fahrenheit=Fflost (input("fshrenheit degerini giriniz:"))
celsivs=(fahrenheit-32)/1.8
print(celsius, “celsius")
clse:
print("gscersiz saya girdiniz")

<<<SICAKLIK DONUSTURDCU>>>

1. Celsius'u fahrenheit' a déniistir

2. Fahrenheit’i celsius'a dénistir

litfen 1 ve 2 arssindan bir secim yapiniz: 1
celsius degerini giriniz:3s

96.8 fahrenheit

T

eH T .

Fig. 2: Example of study 2.

expected to use these loops in algorithm designs, it was seen that some pre-service
science teachers solved the problem with if-else commands. For the pre-service
science teachers to solve this problem, they were expected to figure out thermom-
eter types and how the values measured in thermometers can be converted to each
other and to create their algorithms.

e Study 3: Study 3 is about projectile motion. In this study, firstly, a problem situ-

ation related to the security problems of fireworks was given. Then, pre-service
science teachers were asked to design an algorithm that would calculate the time
to reaching the fireworks peak, the maximum height it could go out, and the lon-
gest path it could take on the horizontal when the angle and mass variables were
entered before it was launched, and to write the Python code suitable for this
algorithm. Study 3 is given after teaching the subject of functions, and they are
expected to integrate and use what they have learned to date.

(3

#PROJE3
import math
from math import sin
aga=Float(input('litfen havai fisegin yerle yaptigi aciya giriniz.'))
kitle=float(input('litfen havai fisegin kitle bilgisini yaziniz.'))
aci-sin(math.radians(ac1))
def formiil(Vo,ac1,g):
teikis=(Vo®sin(ag1))/g
hmaxsimum=(Vo*sin(ac1)*Vo*sin(ac1))/ (2%g)
smenzil=(Vo=Vo*sin(2%ac1) )/ (2%g)
print(‘tcikis="',tcikis)
print(*hmaxsimum=", hmaxsimum)
print(*xmenzil=",xmenzil)
if(kitle==250):
formil(6,ac1,18)
else:
if(kiitle==480 or kitle==658):
formiil(8,ac1,10)

litfen havai fisegin yerle yaptify scay1 giriniz.3e
litfen havai fisegin kiitle bilgisini yaziniz.258
teikis= @.28765532316252174

hmaxsimum= ©.41372792471867414

xmenzil= 1.5146477726542136

P E-K)

Fig. 3: Example of study 3.
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2.3. Data Collection and Data Analysis

To examine the computational thinking conceptual development levels of pre-service
science teachers, Questionnaire of Computational Thinking (QCT) developed by Al-
fayez and Lambert (2019) was translated into Turkish. The test consists of 22 multiple-
choice questions on computational thinking and Alfayez and Lambert (2019) reported
the Cronbach Alpha reliability coefficient of the test as 0.70, in this study it was found
0.59. The questionnaire includes multiple-choice questions asking definitions and ex-
amples related to decomposition, data collection and analysis, abstraction and algorithm
design, automation, data collection, data analysis, data representation, simulation and
parallelization, and generalization, which are defined as sub-dimensions of CT in the
literature. Descriptive statistics values related to the test are reported under the title of
validity and reliability. To determine teachers’ views regarding the use of ICT in schools,
views regarding the use of ICT in the teacher survey used in the ICILS 2018 application
were selected and translated into Turkish. The scale consists of four-point Likert-type
responses such as strongly disagree, disagree, agree, strongly agree. There are a total of
13 statements on the scale as shown below:
Using ICT at school ...

.. impedes concept formation by students.’
.. helps students develop greater interest in learning. *

.. helps students to work at a level appropriate to their learning needs.’
.. results in students copying material from Internet sources.”

.. helps students develop problem solving skills.”

.. distracts students from learning.”

.. results in poorer written expression among students.’
.. results in poorer calculation and estimation skills among students.”

.. limits the amount of personal communication among students.”

.. enables students to collaborate more effectively.”

.. helps students develop skills in planning and self-regulation of their work.”
.. improves academic performance of students.”

.. enables students to access better sources of information.’

s

>

s

s

This scale was developed by ICILS to collect teachers’ views regarding using ICT in
schools. Within the scope of this current research, it is used to gather information about
perceptions of preservice science teachers about using ICT in schools. Confirmatory
factor analysis and item analysis were performed by reaching 121 participants for the
Turkish adaptation of this scale. The Cronbach Alpha reliability coefficient of the data
collected in this study was calculated as 0.80. The confirmatory factor analysis results of
the scale were reported under the title of validity and reliability.

The three studies described above were given to pre-service teachers to determine
whether they developed computational problem-solving skills. At this stage, pre-service
science teachers were first expected to formulate the problem (decomposition, abstrac-
tion, organizing, and analyzing data), then design an algorithm for the solution (algo-
rithm design), and finally write a Python code for this algorithm. This process organized
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based on the programming description of Webb, et al., (2017) as; “a process involving:
analysis and understanding of problems; identifying and evaluating possible solutions,
generating algorithms, implementing solutions in the code of a particular programming
language; testing and debugging, in order to formulate solutions into executable com-
puter programs” (p. 449). To gather more evidence about the development of computa-
tional problem-solving skills of pre-service science teachers, a rubric was developed in
accordance with the work of Moreno-Leo6n and Robles (2015) on the scoring of Scratch
projects. The scoring tool used in the study of Moreno-Leo6n and Robles (2015) focuses
on the use of computational thinking skills in Dr. Scratch practice. The rubric developed
in this current study focuses on the computational problem-solving process. As seen in
Table 1, the computational problem-solving rubric was developed in accordance with
the steps of Dierbach’s (2012) framework of computational problem solving. However,
although it is not included in Dierbach’s (2012) framework, generalization was added to
the scoring key as an important skill in the computational problem-solving process. The
rubric developed is presented in Table 1.
The Computational Problem-Solving Rubric consists of four subdimensions:

(a) Analyze problem.

(b) Describe data and algorithms.

(c) Implement program / test and debug.
(d) Generalizing and transferring.

Analyze problem subdimension includes dividing problem into manageable small
pieces, identifying and removing unnecessary details in the problem, and determin-
ing and collecting required information required to solve problem. Describe data and
algorithms subdimension includes collecting and organizing necessary data. this sub-
dimension is also related to how the algorithm is designed. The third sub-dimension,
implement program / test and debug, is the most comprehensive subdimension and
includes designing an error-free algorithm for problem-solving, representing this algo-
rithm with a flowchart, and write a python code that works in line with this algorithm.
The last sub-dimension, generalizing and transferring, is not included in Dierbach’s
(2012) framework, but since it is considered one of the core components of CT (Barr
and Stephenson, 2011; Conery et al., 2011a, Conery et al., 2011b; Park and Jeon,
2015) is included in the rubric. In this sub-dimension, pre-service science teachers’
ability to apply their previous knowledge to new situations was scored. Pre-service
teachers were not informed about which structures to use in computational-problem
solving studies, they decided on their own according to the nature of the problem.
Those who used the appropriate structures to solve the problem and used their pre-
learning for this, got 1 point.

2.4. Validity and Reliability

In this study, three types of data were collected from pre-service science teachers. The
QCT and Pre-Service Teachers’ views regarding the use of ICT in schools scale were



K. Bati

244

UM
ud2q Sey WIILIOS[e ) YHM JUI Ul SHIOM Jer])
9poo uoyAd y ueyomopy e Aq pajudsaxdar st
wyuod[e  pajerdudd oyl -Surajos-wo(qord
10] POJLAId USQQ SBY WILIOS[e 93I-101I UY

‘Burajos-woqoid 10y
pazATeue o1om BJEp PoII9[[0) ‘Jurajos-wojqord
10J poziueSio ore BEP PIod[[0) Sulajos
-wojqoid 10J Pajod[[od drom BlEp AIBSSI0IN

"PAUTULIAIOP U2 Sey wo[qoId a1 9AJ0S 0}
PaInba1 UONEWLIONUT O, "POAOWIAI PUE PIAYTIUIPT
arom wd[qold oy ur s[relop Aressodouup) ‘sodard

JIRYOMO}) B AQ pajuasaxdal
SI wiyLIog[e pajerouasd oy, ‘Jul
-AJos-wR[qoid 10] pajeard uedq
sey WO 3I-101I UY

‘3uiajos

-wo[qold 10y paziuesio are ejep
Pa309[[0) "Surajos-wd[qoid 10y
P199[[00 dIom BB AIBSSIOON
"POAOWIRI PUB PAYNUIPT d1oM
wolqoid oy} ur s[ejep Aress
-000uu() ‘soda1d [[ews ajqeadeu

‘3urajos

-wiojqoid ur paroysuen
21oMm 9Fpo[mouy pue
2ouoLadxd SnoiAdld

‘Surajos-wdrqoid
I0] POJRAId UAQQq  SEY
WIS 991J-10110 UY

‘Burajos
-wojqoxd 10§ Pojod[[0d
olom  BJEp  AIBSSO0ON

‘sooa1d
[fews o[qeadeuew ojul

“suia]qo.d .12y10 0] §5220.4d UIA]OS-WI]GOL] D
Suruoysuen pue SulZI[BIdUdD)

punof $.40..42 Lun fo SISNH PUDISLIPUN PUD 122.100) “q
saoupisul wajqod Jo 128 pajoaas v uo win.i3osd ay) 1531 D

8nqo( pue 1S9,

23vn3uv) Suruwnun.13o.4d ui suwiyir103p juswajdul] *q

23vn3uv] Sutuup.1304d uryiim vipp juasaidoy ‘v
weidoid juowoyduy

suiy1403]p 21p14do.ddp uisap 4o/pup pui,] o
PaAnIdNALS 2q 0] S1 DIDP MOY UIULIDII( "G
Papaau S1 Ipp JO Uil IDYM dUIULIDID( D

SwyILIOZ[e puB BIRp 9qLIdSI(]

uoyN|OS 1V SAINIISUOD JVYM MOUY “q
wa]qo.4d puvjs.iopun A1.ipa]) ‘v

[[ews 9[qeadeuews ojul PIPIAIP ST wd[qoid Ay -ew ojul papIAIp st wid[qoId oy ], Ppapraip st wojqoid ay] wR[qol1d 9ZA[euy
syutod ¢ syurod ¢ jurod |
SHIO0DS STIIAS SO

ouqmy Surajos-welqoid [euoneindwo)

1 21qe],



Integration of Python into Science Teacher Education, Developing Computational ... 245

Table 2

Descriptive statistics and reliability analysis of scales

Scale o Mean SD

Pre-service teachers’ views regarding the use of ICT in schools .80 38,50 44

Questionnaire of Computational Thinking (QCT) .59 9.26 342
Table 3

Confirmatory factor analyses

%2 p df 90 Percent Confidence ~ CFI
Interval for RMSEA

Pre-Service Teachers’ views regarding the use ~ 741.610 0.0 317 0.0952-0.115 0.871
of ICT in schools

applied to pre-service teachers at the beginning and end of the process as a pre-test and
a post-test. The results of the reliability analysis carried out with the data obtained from
the pre-test applications of these tests are given in Table 2.

As seen in Table 2, while the Cronbach a reliability coefficient of the scale of pre-ser-
vice science teachers’ views regarding the use of ICT in schools was 0.80, the Cronbach
a reliability coefficient of the QCT was found to be 0.59. The low-reliability coefficient
in the QCT results should be taking into consideration. Table 3 shows the results of the
confirmatory factor analysis of the Views on to use of ICT in schools.

Kline (2016) recommends reporting RMSEA at a 90% confidence interval, y2, de-
gree of freedom (df), significance value, and CFI values in confirmatory factor analysis
studies. In this study, the RMSEA value was calculated between 0.0952—-0.115 at a 90%
confidence interval, and the CFI value of the scale was calculated as 0.871. MacCal-
lum, Widaman, Preacher, and Hong, (2001) stated that the RMSEA value in the range
of 0.08-0.10 shows a mediocre fit. According to this view, it was thought that the factor
structure of this scale was appropriate and could be used in this study.

In the development of the rubric, which was designed to examine the computa-
tional problem-solving skills of pre-service science teachers, the opinions of two field
experts were taken and the scoring key was revised in line with the feedback. Besides,
a randomly selected sample from the pre-service teachers’ studies was scored together
with a field expert. The Kappa value was calculated for the agreement between raters
(Landis, & Koch, 1977) and substantial agreement (k = 0.681, p = 0.000) was found
between raters.

3. Results

The data collected in this study to determine the competencies of prospective science
teachers regarding the computational problem-solving can be collected under the fol-
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lowing headings; conceptual development of CT, views regarding the use of ICT in
schools, and computational problem-solving skills. The analyzes made are presented
under these headings.

3.1. Conceptual Development of Computational Thinking

Questionnaire of Computational Thinking (QCT) developed by Alfayez and Lambert
(2019) was used as pre-test and post-test to examine the effect of the application con-
ducted in the study on the computational thinking conceptual development levels of
pre-service science teachers. Independent groups t-Test results were made to determine
whether a significant difference occurred between pre-test and post-test scores of science
teacher candidates are given in Table 4.

When Table 4 is examined, it is seen that there is a significant difference between the
computational thinking conceptual development scores of pre-service science teachers
in favor of posttest application (t = —5.969, p = .000). Possible reasons for this develop-
ment may be the instructions used in the three studies given to the pre-service science
teachers and the experiences of the pre-service teachers in the computational problem-
solving process.

3.2. Pre-service Science Teachers’ Views Regarding the Use of ICT in Schools

The pre-Service teachers’ views regarding the use of ICT in schools scale developed by
ICILS (Fraillon ef al., 2019) was applied as a pre-test and a post-test to determine the
opinions of pre-service science teachers. Independent groups t-Test results of the scores
obtained from pre-service science teachers are given in Table 5.

When Table 5 is examined, it is seen that computational problem-solving practices in-
crease the opinions of pre-service science teachers about ICT use in schools (t =—2.436,

Table 4
QCT t-test results

Mean N Std. Dev. t df p
Pre-test of QCT 9.26 38 3.422 —5.969 37 .000
Post-test of QCT 12.18 38 2.502
Table 5

Pre-service teachers’ views regarding the use of ICT in schools scale t-test results

Mean N Std. Dev. t df p

Pre-test 38.50 38 4.404 —2.436 37 .020
Post-test 40.26 38 4.864




Integration of Python into Science Teacher Education, Developing Computational ... 247

p =.020). ICILS findings (Fraillon, et al., 2019) show that teachers who are confident in
their use of ICT have positive views on ICT and are more likely to include CIL and CT
in their teaching processes. This may be one of the possible causes of this development
achieved in this study. The inclusion of pre-service science teachers in computational
problem-solving practices may have increased their self-confidence about ICT use, and
consequently, they may have developed positive opinions about ICT use in schools.

3.3. Computational Problem-Solving Skills

Three computational problem-solving studies given to pre-service science teachers dur-
ing the process were scored with the rubric created within the scope of this study, and the
progression of pre-service science teachers was examined. Since the data are not suitable
for parametric tests, non-parametric statistics were applied. Descriptive statistics values
of the scores that the teacher candidates got from computational problem-solving ap-
plications are given in Table 6.

The result of Friedman’s chi-square test conducted to determine whether there is a
significant difference between the scores of pre-service science teachers in computa-
tional problem-solving practices shows that there is a significant difference between the
students’ study 1, study 2, and study 3 scores (x2(2) =9.000, p=0.011). Wilcoxon Signed
Ranks Test was applied in pairs to determine which studies differed between. Post-hoc
test results are given in Table 7.

According to the Wilcoxon signed sum of ranks test, there is a statistically significant
difference between the students’ study 1 and study 2 scores (T =38, p=0.04,z=-2.916,
r =—0.47). However, no statistically significant difference was found between study 2 —
study 3 and study 1 — study 3 scores. These findings were interpreted as pre-service
teachers’ computational problem-solving skills developed in the process.

Table 6

Nonparametric descriptive statistics

N Mean Std. Dev. Min. Max. Percentiles
25th 50th(Median)  75th
Study 1 38 8,66 1,632 0 10 8,00 9,00 9,00
Study 2 38 9,08 1,746 0 10 9,00 10,00 10,00
Study 3 38 8,92 1,746 0 10 9,00 9,00 10,00
Table 7

Wilcoxon Signed Ranks test scores

T p z r
Study 1 — Study 2 38 0.04 -2.916 —0.47
Study 2 — Study 3 62.50 0.21 —1.255 —-0.20

Study 1 — Study 3 96 0.97 —1.661 —0.26
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4. Discussions and Conclusions

Today, computational thinking has become the focal point of STEM fields, especially
science and mathematics education. STEM or STEAM approach can lead to the educa-
tion of individuals equipped with the needed 21st-century skills. On the other hand,
it is claimed that the STEM approach requires a shift towards more student-centered
learning environments to equip students with basic 21st-century skills such as complex
problem solving and teamwork (Salonen, et al., 2017; Struyf, et al., 2017). Based on
this point of view, a program based on computational problem solving was applied to
pre-service science teachers, and the conceptual development levels of CT, views re-
garding the use of ICT in schools, and the development of computational problem-solv-
ing skills were examined. According to the analyzes, it was determined that the applied
program developed computational thinking conceptual development levels (t =—5,969,
p =.000), views regarding the use of ICT in schools (t =-2,436, p =.020) and computa-
tional problem solving skills (32, = 9.000, p = 0,011) of the pre-service science teach-
ers. ICILS (Fraillon et al., 2019) findings show that teachers who are confident in their
use of ICT have positive views on ICT and are more likely to include CIL and CT in
their teaching processes. This may be one of the possible reasons for this development
achieved in this study. The inclusion of pre-service science teachers in computational
problem-solving practices may have increased their self-confidence about ICT use, and
consequently, they may have developed positive opinions about ICT use in schools.
Additionally, the results of this study reveal that computational problem-solving prac-
tices in pre-service science teacher education can increase pre-service science teachers’
CT conceptual development. Increasing their conceptual development regarding CT
may also help reduce concerns about integrating CT into science education (Rich, Ya-
dav, and Schwarz, 2019) and understand the links between CT and science education
(Bower et al., 2017; Valerie et al., 2017)

ICILS 2018 (Fraillon et al., 2019) findings reveal that providing ICT equipment
to students or teachers alone is not enough to develop digital skills. For this, teacher
training becomes a very important issue, and an effective understanding of how to train
pre-service teachers in CT integration needs to be developed (Yadav, Stephenson, Hong,
2017). The findings of this study are very important in terms of providing concrete sug-
gestions to overcome these deficiencies. It is thought that the significant improvement
in the positive views of the pre-service science teachers determined in this study regard-
ing the use of ICT in schools may also support their motivation to use CT when they
become teachers. One of the difficulties that can be encountered especially in program-
ming teaching is expressed as women’s low interest in computer science courses and
programs. Especially the lack of peer support (Kelleher, Paushc, and Kiesler, 2007), a
lack of motivation, and gender stereotypes (Doube and Lang, 2012) are considered as the
main causes of this problem. However, approximately 84% of the participants included
in this study are females (32 females, 6 males). The significant improvement observed in
the computational problem-solving skills of pre-service science teachers throughout the
process reveals the groundlessness of these concerns. In this respect, it is thought that the
findings of the study support the transferability of this program to teacher education.
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Another obstacle in the dissemination of the findings of the study is that it is difficult
to implement this in groups and schools with low technology access. Although the age
we are in is called the technology and information age, access to such technology is
not always possible in many rural areas. Related to this, many studies are showing that
access to technology resources, the internet, and professional development opportuni-
ties in rural schools is limited (Aduwa-Pgiegbaen and Iyamu, 2009; Wood and Howley,
2012). This situation can create two types of obstacles. The first obstacle is that teachers
who receive this training will not be able to implement these practices in schools with
technology deficiencies. Because Kale, Akcaoglu, Cullen, and Goh (2018) found that
students have more advantages in acquiring CT skills in schools where teachers have a
basic technology level. The second obstacle arises when science teacher candidates have
low access to technology, in this case, the application of the proposed program within
the scope of the study will be difficult.

Ethical Statement

At the beginning of the semester, volunteer participation forms were distributed to the
pre-service science teachers, and they were informed that participation in the study and
surveys were entirely voluntary. All selected pre-service science teachers signed the con-
sent form.
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