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This study aimed to investigate the effect of web-based collaborative 

learning method with Scratch software on the critical thinking skills of 

5th grade students and to create materials in Scratch software on the 

biodiversity subject. This study, in which a quasi-experimental design 

with pre-test - post-test control group was used, was carried out with 96 

fifth grade students selected using convenient sampling method. In the 

implementation of the study, in addition to the education and training 

activities on biodiversity in the control groups, the students in the 

experimental group created products using the web-based collaborative 

learning method with Scratch in science and information technologies 

and software courses. As a result of the t-test for the independent samples 

of the post-test data obtained from the critical thinking questionnaire, it 

was determined that the critical thinking skills of the experimental group 

students were higher than the control group students. It is recommended 

for younger individuals to use Scratch to come up with solutions by using 

critical thinking skills to cope with complex problems affecting the 

whole world such as global warming, wars, and pandemics, and to 

choose the right solution amongst the given ones. Teachers can get an 

idea about students’ opinions, conceptual errors, and their capability to 

express themselves, and they can reorganize the educational activities by 

taking these variables into consideration. 
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Introduction 

Faced with a rapidly changing world with pandemics, global disasters, biological wars 

and new inventions, individuals need to acquire certain skills from a very early age so that they 

can be beneficial to humanity and their societies in the future. With the competition in many 

fields due to the rapid increase in population, it has become increasingly important to equip 

students with the skills they will need in the world of tomorrow. Countries such as the USA, 

Australia, Finland, Singapore and technology companies came together and carried out various 

projects in order to train qualified individuals for the 21st century in the business world. As a 

result of these projects, which aimed to promote new teaching-learning and assessment methods 
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that are suitable for the use of digital resources in the education curriculum with the 

participation of companies such as Cisco, Microsoft and Intel, 21st-century learning frameworks 

were developed (Griffin, & Care, 2015). When the frameworks of Partnership for 21st Century 

Skills [P21], National Research Council [NRC], the Assessment and Teaching of 21st Century 

Skills Project [ATC21] are examined, it is seen that critical thinking and collaboration 

dimensions of 21st-century skills are included separately and in a similar manner (Lai & 

Viering, 2012; NRC, 2012; P21, 2009). Critical thinking is emphasized in the knowledge 

construction dimension in the cognitive domain of 21st-century skills that young people will 

need throughout their lives (Kang, Heo, Jo, Shin, & Seo, 2010). In the systematic study of Van 

Laar, van Deursen, van Dijk, and de Haan, (2017), the 21st-century digital skills that individuals 

should acquire were stated as knowledge management, communication, cooperation, critical 

thinking, creativity, flexibility, and self-direction. The International Society for Technology in 

Education (ISTE) has set some standards for students to learn efficiently in digital life. The 

National Educational Technology Standards (NETS) set by ISTE are divided into seven 

components: 1. Creative communicator 2. Global collaborator 3. Digital citizen 4. 

Computational thinker 5. Knowledge builder 6. Innovative designer 7. Empowered student 

(ISTE, 2016). The Future of Education and Skills Learning Compass 2030 Project, which aims 

for students to determine their own paths in every case, emphasizes the importance of critical 

thinking in relation to the competence of taking responsibility. For the competence of creating 

new values in the project, curiosity, and a critical thinking mind focused on development and 

cooperation are emphasized (Organization for Economic Cooperation and Development 

[OECD], 2018). The Next Generation Science Standards (NGSS) Project aims to help students 

develop collaborative learning and critical thinking skills in line with 21st-century education 

strategies (NRC, 2015).  

There are many definitions of critical thinking, which involves a process that requires thinkers 

to develop a sound criterion for analyzing and evaluating their own thinking (Elder & Paul; 

1994). According to Eggen and Kauchak (2001), critical thinking is the ability of individuals 

to evaluate and draw conclusions based on evidence, while according to Hudgins and Edeman 

(1988), it is an intellectual skill in which a person consciously and consistently implements 

solutions when faced with a problem. The origins of the word “critical” are traced back to the 

Greek words “kriticos” meaning “to recognize and distinguish” and “krition” meaning 

"standard" (Jones, McCreery, Judge, & Eales-Reynolds, 2013). The philosophical roots of 

critical thinking date back to Socrates, who emphasized the importance of seeking evidence 

2,500 years ago. The method known as “Socratic Questioning” used by the Greek philosopher 

Socrates, who is well-known for revealing the importance of asking questions that force people 

to think, is a critical thinking strategy that is still used today. It is known that Socrates was 

executed in 399 BC because of his consecutive questions. Francis Bacon, Thomas More and 

René Descartes, with their books “The Advancement of Learning”, “Rules for the Direction of 

the Mind” and “Utopia”, delivered the discourses that laid the foundations of critical thinking 

(Bacon, 1828; Descartes, 1701/2012; More, 1890). In the 20th century, Dewey emphasized the 

importance of a critical approach to real-world problems in his book “How We Think” (Dewey, 

2022). 

Seymour Papert, who introduced Scratch to the literature, first mentioned the relationship 

between coding and thinking skills in his book “Mindstorms: Children, computer, and power 

ideas” in 1980. Bringing original ideas to life, creating something new and solving problems in 

the digital world are possible with coding (Nouri, Zhang, Mannila, & Norén, 2020). Critical 

thinking is a skill related to coding as it includes the processes of applying solutions, making 

decisions, evaluating according to criteria and creating them. Conditional expressions used by 
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designers while coding, repeating operator concepts, testing, debugging, abstracting, 

questioning, connecting processes are related to thinking skills (Brennan & Resnick, 2012). 

Nowadays, it has become important to understand the opportunities and threats presented by 

technology and attention has been drawn to raising individuals who can communicate with 

information technologies by using coding skills (Falloon, 2016; Kanbul & Uzunboylu, 2017). 

With coding, students are familiarised with the disciplines used by computer engineers, game 

and graphic designers (Hutchison, Nadolny, & Estapa, 2016). While programming refers to 

solving a problem, designing and implementing a solution more comprehensively, coding refers 

to implementing a solution in a programming language (Armoni & Gal-Ezer, 2014; Duncan, 

2014). It is obvious that students who are new to coding have difficulty in changing variables 

and detecting their mistakes (Aivaloglou, Hermans, Moreno-León, & Robles, 2017; Fields, 

Vasudevan, & Kafai, 2015; Hermans & Aivaloglou, 2017; Moreno-León, Robles & Román-

González, 2015). For example, Moreno-León, Robles, and Román-González (2015) introduced 

a web application called “Dr. Scratch” in their research.  The authors point out that this 

application is useful for detecting errors in Scratch projects, improving their codes, and 

improving "computational thinking skills". In another study conducted by Aivaloglou, 

Hermans, Moreno-León, and Robles (2017) in which Dr. Scratch projects were selected as the 

data set, emphasized that the evaluation of students' progress in programming skills over time 

and the problems related to the quality of the programs should be investigated. 

When the other two studies completed on Scratch are examined, it is seen that Fields, 

Vasudevan ve Kafai, (2015), explored ways to support the creation of engaging digital media 

in Scratch, a visual-based programming language and community. They analyzed the work of 

a class of high school student collectives programming music videos as part of a collaborative 

challenge in the online Scratch community. As a result of the research, they highlighted the 

innate social aspects of media creation, highlighting a shift from a computational focus to 

computational participation. Similarly, Hermans and Aivaloglou (2017) organized an online 

course on Scratch programming and software engineering concepts, which lasted 6 weeks, with 

students aged 7-11. In their research, they aimed to teach software engineering principles to 

students, and as a result of the research, they concluded that students over the age of 12 were 

more successful in programming. 

Scratch is a coding program that is increasingly being used in the field of education as it avoids 

common challenges such as typos and consistency errors encountered in the beginner level of 

traditional programming languages (Chang, Tsai, & Chin, 2017; Niemelä, 2017). Users are able 

to share their projects with other users on Scratch's online community pages (Weintrop, 

Beheshti, Horn, Orton, Jona, Trouille, & Wilensky, 2015).  In addition, users are also able to 

communicate with the project creator and other users by commenting on the posted projects 

(Almeida & Pessoa, 2017; Niemelä, 2017). It is recommended that Scratch software be used as 

a tool to develop digital competence and 21st century skills (Nouri et al., 2020). 

Problem Status 

In today's globalized world, individuals are exposed to an infinite amount of information 

every hour of the day. It has become a necessity for individuals of all ages to develop a thinking 

system in which they can question and evaluate the information they encounter. Trends in 

International Mathematics and Science Study (TIMSS) emphasizes thinking skills while 

assessing the problem-solving and reasoning processes of 4th and 8th-grade students in 

mathematics and science (Mullis & Martin, 2017). The International Association for the 
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Evaluation of Educational Achievement (IEA) carries out (PIRLS) studies to evaluate the 

reading skills of 4th grade students. In order to form an opinion regarding the critical thinking 

of students in digital texts on the internet, ePIRLS has been implemented since 2016 (Mullis & 

Martin, 2019). According to Glaser (1984), critical thinking skills need to be gained through 

specific disciplines. This approach, in which critical thinking is not taught as a separate course, 

is referred to as the subject-based teaching model. Another model that argues that it is more 

functional to teach in a way that is integrated with the subject area and is quite similar to Glaser's 

approach is the subject integration teaching model (Paul & Erder, 2001, as cited in Yeşilyurt, 

2021). According to Ennis (1991), when critical thinking is taught in a skills-based way, it is 

more practical to apply the gained cognitive skills to other subjects. Authentic tasks given to 

students in lessons support deep cognitive thinking when they are used in an engaging context 

(Stobaugh, 2013). The teaching of the scientific thinking method is not sufficient to encompass 

critical thinking (Dowd, Thompson, Schif, & Reynolds, 2018).  

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 

(IPBES) report (2019) states that approximately one million species are at risk of extinction 

due to the fact that 85 per cent of wetlands and 75 per cent of terrestrial areas in the world have 

been altered by humans and lost their naturalness. These changes in ecosystems lead to the 

emergence and spread of infectious diseases World Wildlife Fund for Nature (WWF) (2020). 

Critical thinking skills of students need to be developed in order to create solutions while 

struggling with environmental challenges and to test whether the solution is indeed an 

appropriate one (Lesest & Wolbers, 2020; Ristanto et al., 2022). One of the aims of science 

education is to develop sustainable development awareness, positive attitudes, and behaviors 

towards the environment and to create solutions to the challenges encountered in human-

environment interaction (Ministry of Education [MoNE], 2018b; Mongar, 2022). In the 

enGauge 21st Century Skills [EnGauge] report prepared by the North Central Regional 

Educational Laboratory (NCREL), it is emphasized that it is necessary to educate students who 

can develop appropriate solutions to global problems, who are productive and open to 

collaboration with the aim of raising students who can easily adapt to changes (NCREL, 2003).  

The loss of biodiversity and the collapse of the ecosystem is one of the vital threats that 

humanity will face in the near future (World Economic Forum [WEF], 2020). Biodiversity is 

important for agricultural productivity, the economy and ensuring global food security. 

Conservation of nature or biodiversity, regulates the climate, normalizes losses and temperature 

changes in habitats. The decrease in biodiversity brings disasters such as floods and forest fires. 

Such disasters cause loss of medicinal drug resources and economic losses in many areas (Food 

and Agriculture Organization [FAO], 2019; The Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services [IPBES], 2019). In our country, which is one of the 

countries rich in biodiversity, it is necessary to educate students who are aware of biodiversity 

and know how to protect natural life and living things (Haydari & Coştu, 2021). In the literature 

on biodiversity, it is seen that there are studies examining the effects of teaching based on the 

common knowledge construction model and the biodiversity museum tour activity on the 

academic achievement of secondary school students (Bolat, Karamustafaoğlu, & 

Karamustafaoğlu, 2020; Haydari et al., 2021). There are studies in which learning modules 

aiming to increase the willingness to protect honeybees, a lesson plan on biodiversity based on 

5E, an achievement test on the ecosystem, biodiversity, and environmental problems were 

developed and a biodiversity literacy assessment tool was adapted (Aydın & Selvi, 2020; Efe 

& Efe, 2022; Keleş & Özenoğlu, 2017; Schönfelder & Bogner, 2018). Studies examining the 

value of local biodiversity (Harvey, Montgomery, Harvey, Hall, Gange, & Watling, 2020; 

Schaal, Schaal, & Lude, 2015) or the benefits of a biodiversity-based outdoor learning program 
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on students' psychology have been found. However, only one of these studies conducted on 

secondary school students on biodiversity is related to technology use (Schaal, et al., 2015). 

It is seen that studies on critical thinking in the field of education are mostly conducted with 

university students (Du & Zhang, 2022; Goodsett, & Schmillen, 2022; Hazaymeh & Alomery, 

2022; Karanja, 2021; Moonma & Kaweera, 2022; Ouhıba, 2022), pre-service teachers (Ali & 

Awan, 2021; Fikriyatii, et al, 2022; Khalid, Bucheerei, & Issah, 2021) and teachers (Al-Kindi 

& Al-Mekhlafi, 2017; Lombardi, Mednick, De Backer, & Lombaerts, 2022; Nouri et al., 2020). 

However, there are also studies conducted in mathematics and social studies subjects with the 

participation of secondary school students in which the effects of activities based on subject-

based education (Arısoy & Aybek, 2021), mobile applications (Gezer & Ersoy, 2021) and 

reasoning (Kaçar & Çakmak, 2020) on critical thinking are examined. In the literature, there 

are studies showing that the use of problem solving (Hidayati, Zubaidah, & Amnah, 2022; 

Istikomah, Basori, & Budiyanto, 2017; McDonald, 2017; Quattrucci, 2018) and project-based 

learning approach (Cortázar, 2021; Mutakinati, Anwari, & Kumano, 2018; Ridlo, 2020; Sasson, 

Yehuda, & Malkinson, 2018) positively affects the critical thinking skills of students. Barriers 

that prevent critical thinking: Overconfidence, prejudiced and hasty attitudes, 

overgeneralisation, lack of attention, misunderstanding and lack of strategy (Cottrell, 2017, p. 

10; Ruggiero, 2012, p. 115). It is stated that it will be difficult for people who can also be 

defined as egocentric with an understanding of “mine is better” to think critically (Ruggiero, 

2012, p. 94). In this respect, there is a need for further studies in which collaborative teaching 

method requiring communication skills such as empathy is used so as to help students develop 

an understanding that will improve their critical thinking.  

In Zhang and Nouri’s (2019) systematic review, it is stated that Scratch is used in computer 

science or programming courses in the vast majority of studies on Scratch for K-9 students. In 

the literature, it is seen that there are studies investigating the effect of Scratch on computational 

thinking in courses such as computer science and mathematics (Dickson, Kotsopoulos, & 

Harris, 2022; Gadanidis, Hughes, Minniti, & White, 2017; Oluk & Korkmaz, 2016; Oluk, 

Korkmaz, & Oluk, 2018; Rodríguez-Martínez, González-Calero, & Sáez-López, 2020; Ma, 

Zhao, Wang, Wan, Cavanaugh, & Liu, 2021; Miller, 2019; Nouri et al., 2020). In online STEM 

courses, coding workshops and clubs, there are studies conducted with K-9 students where 

Scratch is used for teaching computer science abstraction, integration of mathematics-computer 

thinking, creativity or encouraging participatory culture (Israel & Lash, 2020; Statter & 

Armoni, 2020; Weng 2022a; Weng 2022b). There are studies focusing on how to use Scratch 

in numbers, polygons, divisibility, setting up equations and problem solving to teach and 

popularize mathematics (Benton, Hoyles, Kalas, & Noss, 2017; Calao Moreno-León, Correa, 

& Robles, 2015; Chiang & Qin, 2018; Dickson et al.; 2022; Dohn, 2020; Israel & Lash, 2020; 

Rodríguez-Martínez et al., 2020). The findings of these studies indicate that; 1. middle school 

students show their mathematical concepts by creating mathematical representations through 

Scratch (Israel & Lash, 2020); 2. there are improvements in their equation solving performance 

and attitudes towards technology (Chiang & Qin, 2018); 3. their interest in coding decreases in 

the face of the difficulty of the tasks (Dohn, 2020); and 4. solving and computational thinking 

skills improved (Benton et al., 2017; Calao et al., 2015; Rodríguez-Martínez et al., 2020). Based 

on the literature cited above, it is necessary to create exemplary processes that will create a 

plethora of knowledge by enabling students to approach a specific topic in the unit from 

different perspectives. In this context, the development of critical thinking skills needs to be 

explored in teaching environments where students plan products in Scratch, evaluate these 

products by presenting them to their friends, and edit them when necessary. When the literature 

was examined, no studies examining the effect of web-based collaborative learning method 
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with Scratch on critical thinking skills in science course were found. However, teachers are in 

need of education and training environments that include critical thinking components 

(Jatiningsih & Dewi, 2022). 

Students learn Scratch during elementary school years in information technologies and software 

courses in many countries, especially in the USA. It is considered that this study, which is an 

example of an interdisciplinary approach in which the information in science and information 

technologies and software courses are utilized together, will contribute to this field. Stobaugh 

(2013) argues that individuals who understand other people's perspectives, review different 

opinions, are aware of their prejudices, and can change their decisions possess advanced critical 

thinking skills. Within the scope of this study designed in parallel with this direction, it is 

thought that students who work with web-based collaboration on biodiversity will have the 

opportunity to review their own and their friends' thoughts and this will contribute to their 

critical thinking skills. Classroom organization, time anxiety and preparation time prevent the 

implementation of activities aimed at developing critical thinking skills (Al-Kindi & Al-

Mekhlafi, 2017; Kanmaz, 2022). It is necessary to help teachers in developing critical thinking 

along with the content without leaving them feeling helpless (Khalid, et al., 2021). It is seen 

that applications for critical thinking skills are not sufficiently included in the curriculum 

(Kanmaz, 2022). This research is important in terms of designing exemplary teaching activities 

that will help science teachers develop critical thinking of students based on web-assisted 

collaborative teaching method through Scratch software. According to Krathwohl’s revised 

Bloom’s taxonomy, evaluation skill requires critical thinking and decision-making according 

to certain criteria, and creation skill requires creating a new product by combining parts 

(Krathwohl, 2002). In this context, it is considered that the creation of products by the students 

with Scratch, a block-based program, on biodiversity, which has a significant part in courses 

such as science and social sciences, and the exploration of their own critical thinking skills in 

this process are important in terms of scientific field. In addition, creating digital products to 

support programming gains is also emphasized in 2018 Information Technologies and Software 

Curriculum (MoNE, 2018a). For all these reasons, in this study, the Scratch software and web-

based collaborative learning method were used together in order to improve the critical thinking 

skills of fifth grade middle school students on the subject of “biodiversity”. 

Aim of the Study 

This study had three main purposes. These are to:  

1) create material related to the subject of “Biodiversity” at the 5th grade level of science with 

the Scratch software by students, 

2) create material related to the subject of “Biodiversity” at the 5th grade level of science with 

the Scratch software by researcher, and 

3) study the effect of web-based collaborative learning method with the Scratch software on 

the critical thinking skills of 5th grade students. 

In line with these purposes, answers to the following questions will be sought in this study: 

(1) Is there a statistically significant difference between the pre-test critical thinking scores 

of the experimental group and the control group?  

(2) Is there a statistically significant difference between the post-test critical thinking scores 

of the experimental group and the control group? 
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Methods 

Research design 

In this study, “quasi-experimental design with pre-test - post-test control group” (Çepni, 

2018, p. 144), which is one of the quantitative research methods, was used. In experimental 

designs that aim to determine cause and effect relationships between variables, data are 

produced under the control of the researcher (Büyüköztürk, 2018). The independent variables 

of this study are the web-based collaborative learning method with the Scratch software applied 

in the experimental group and the presentation-based activities based on the national science 

curriculum applied in the control group. The dependent variable of the research is the critical 

thinking skills of 5th grade students. 

Population and sample 

The population of the study includes all elementary school 5th grade students studying 

in Bursa province. The research was carried out in a public school in Bursa in 2018 with a total 

of 96 students, with two 5th grade classes as the experimental group and two 5th grade classes 

as the control group. Of the students participating in the study, 47 were girls and 49 were boys. 

In this study, convenience sampling, one of the non-random sampling methods, was used. In 

this sampling type, due to the limitations in terms of time, money and labor force, the sample 

is selected from easily accessible and applicable units (Büyüköztürk, 2018). The secondary 

school where the data were collected in the study was the implementation school where the 

researcher was placed within the scope of the "teaching practice" course taken during his 

undergraduate education. Therefore, since the researcher was familiar with the environment 

and functioning of this school and was in contact with its teachers, it was deemed appropriate 

to select this implementation school for the study. 

Instrument 

Critical thinking questionnaire (CTQ) 

In this study, the “Critical Thinking Questionnaire” used by Kazancı (2014) in his 

master’s thesis study was used as a data collection tool by obtaining permission. The Critical 

Thinking Questionnaire is a 16-item questionnaire administered to all participants in the study 

to determine whether there is a significant difference in the critical thinking skills of students 

before and after the experimental intervention. In this study, the Cronbach's Alpha reliability 

coefficient of the CTQ was calculated as .82. The statements in the questionnaire were 

associated and scaled with the phenomenon of “Basic Intellectual Assets” proposed by Paul, R. 

and Elder, L. (2009) in his book "The miniature guide to critical thinking concepts and tools". 

In the CTQ, participants are expected to mark “Always”, “Usually”, “Sometimes”, “Rarely” 

and “Never” for behaviors that require critical thinking skills. Items 2 and 6 aim to apply “fair-

mindedness”, one of the emotional viewpoints. Paul, R. and Elder, L. (2009) define fair-

mindedness as being conscious of the need to treat all points of view in the same way, without 

considering the feelings or interests of one's friends, society and oneself. Items 1 and 5 are 

“intellectual empathy”, which is the awareness of the need to put oneself in the shoes of others 

in order to understand the facts. Items 11 and 14 are related to “intellectual humility”. 

Intellectual humility is the recognition of the fact by a person that one should not claim to know 

more than one actually knows. Items 8 and 13 are related to “intellectual integrity”, which 

means honestly recognizing inconsistencies in one’s own thoughts and actions. Items 7 and 12 
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are related to “intellectual courage”, which entails recognizing the need to challenge and deal 

fairly with views on which we have not given a serious consideration. A person with intellectual 

courage should be able to recognize that their beliefs may be wrong. Items 3, 9, 10, 15 and 16 

are “reliance on logic”, a cognitive strategy that requires the individual to reach his/her own 

conclusions by exploring his/her own reasoning (Kazancı, 2014). 

Experimental process  

The study was conducted in 2018 with all the 5th grade classes in a public school within 

the scope of science and information technologies and software courses. The researcher first 

visited the implementation school with the permission of the Ministry of National Education 

dated 01.12.2017 and informed the school administrators, teachers and students regarding the 

thesis study. A consent document for the study was obtained from the parents and teachers. The 

researcher, who worked in coordination with the information technologies and software course 

teacher on programming with the Scratch software, contributed to the creation of a Scratch 

teaching plan for the students. To achieve the second purpose of the study, the researcher 

created Scratch software materials related to the subject of “Biodiversity” at the 5th grade level 

of the science course. Ten games were developed for science curriculum with Scratch software 

before the implementations. Four experts in the fields of curriculum development, instructional 

technologies and science were consulted to determine the suitability of the games prepared in 

the Scratch platform to the cognitive achievements specified in the national curriculum and the 

level of students. A pilot study was conducted with six students to determine the problems that 

could arise during the implementation of the Scratch games. The Scratch games were given 

their final form by making the necessary changes based on the expert opinions and the pilot 

application. These games, which were developed by the researcher with the support of the 

information technologies and software teacher, were introduced to the students and science 

teachers in the last week of implementation. In order to explore the effect of the Scratch 

software and web-based collaborative learning method on the critical thinking skills of 5th 

grade students, an experimental process covering 10 weeks was carried out. The pilot studies 

of the experimental process were carried out in the computer laboratory with 25 students for a 

total of 6 lessons. In addition, before administering the CTQ, 5 students were asked for their 

opinions regarding the comprehensibility of the items in the questionnaire and it was decided 

that one lesson hour was sufficient to administer the questionnaire. Table 1 below illustrates 

the design process of the study: 

Table 1. The design process of the research 
Group Pre-experimental 

process 

Experimental process Post-experimental 

process 

EG CTQ1 Lessons in SC and ITSC courses conducted 

with the Scratch software and web-based 

collaborative learning method 

CTQ2 

CG CTQ1 Lessons in the SC course conducted through 

presentational activities based on the national 

science curriculum 

CTQ2 

* In the table above, ITSC stands for the information technologies and software course, SC stands for 

the science course, EG stands for the experimental group, CG stands for the control group and CTQ 

stands for the critical thinking questionnaire. 

The implementation process, excluding preparation, included 25 hours of science (SC) and 22 

hours of information technologies and software (ITSC) lessons for a total of 47 lessons hours. 



Effect of web-based collaborative learning method with Scratch on critical thinking skills of 5th grade… G. Alp, N. Bulunuz 

 

Participatory Educational Research (PER)  

-90- 

In the implementation process of the study, in addition to the education and training activities 

on biodiversity in the control groups, the experimental group students mostly used the web-

based collaborative learning method with the Scratch software in the computer laboratory in 

SC and ITSC courses. The collaborative groups were selected by lot in such a way that there 

were 2 people in each group. Some of the groups worked with 3 people each due to class size 

and absences. In order to ensure that the lesson process was the same in each class, the 

researcher was personally present in all lessons and participated in the entire implementation 

process. During the implementation, a teacher evaluation form was used by the science teachers 

to determine whether the researcher conducted the SC lesson in the experimental and control 

groups in the same way and to determine the deficiencies. In Table 2 below, all the activities 

carried out by the researcher during the implementation process in the experimental (EG) and 

control (CG) groups are listed respectively: 

Table 2. Data collection process 
Week/ Date Lesson Lesson 

hour 

Group Course content 

1st week/ 

16.02.18 

ITSC  2 EG • Creating algorithm and flowchart 

2nd week/ 

23.02.18 

ITSC  2 EG • Completion of the coding course available 

at https://studio.code.org/s/course4  

3rd week/ 

02.03.18 

 

 

SC  

 

ITSC 

4 

 

2 

EG and CG 

EG 
• Administering the CTQ  

• Using biodiversity slide with presentation 

method 

• Practicing basic exercises in Scratch 

4th week/ 

09.03.18 

SC 

 

 

 

 

 

ITSC 

4 

 

 

 

 

 

2 

EG and CG 

 

 

 

 

EG 

• Students introducing their model animals, 

magazines, books and posters on 

biodiversity in the classroom, and drawing 

pictures  

• Using biodiversity slide with presentation 

method 

• Designing of games by students that require 

correct answers to questions about 

biodiversity in order for the character they 

will create in Scratch to reach the finish line  

5th week/ 

16.03.18 

SC 

 

 

ITSC 

4 

 

 

2 

EG and CG 

 

EG 

• Using biodiversity slide with presentation 

method 

 

 

• Designing biodiversity-themed games in 

Scratch by students in which changing the 

scene is required  

6th week/ 

23.03.18 

SC 

 

 

 

ITSC 

4 

 

 

 

2 

EG and CG 

 

EG 

• Using biodiversity slide with presentation 

method 

• Preparation of live presentation cards by the 

students 

• Designing games on biodiversity by 

students using the drag and drop feature in 

Scratch  

7th week/ 

30.03.18 

SC 

 

 

 

 

ITSC 

4 

 

 

 

 

2 

EG and CG 

 

 

EG 

• Using the biodiversity slide with question-

answer method) 

• Conducting the midterm exam on 

biodiversity 

• Designing of quiz-format games by the 

students on biodiversity in Scratch 

https://studio.code.org/s/course4
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8th week/ 

06.04.18 

SC 

 

 

ITSC 

4 

 

 

2 

EG and CG 

 

EG 

• Revision of the subject and practicing 

exercises 

• Designing of biodiversity themed games in 

Scratch by the students where a basketball 

is scored in the basket or goal is scored in 

the goal 

9th week/ 

13.04.18 

ITSC 4 EG • Designing of award-winning games on 

biodiversity in Scratch by the students 

• Presentation by all groups on one of the 

games designed to their friends on the smart 

board 

10th week/ 

20.04.18 

SC 

 

ITSC 

1 

 

2 

EG and CG 

EG 
• Administering the CTQ as a post-test 

• Students playing Scratch games on 

biodiversity prepared by the researcher  

* In the table above, ITSC stands for the information technologies and software course, SC stands for 

the science course, EG stands for the experimental group, CG stands for the control group and CTQ 

stands for the critical thinking questionnaire. 

In Table 2 above, it is stated that the students in the experimental group practiced algorithms, 

flowcharts, loops, and parametric functions for a total of six lesson hours in the first three 

weeks. Experimental group students were given the task of preparing quiz format games that 

required click, drag and drop and manual answering on the keyboard between the third and 10th 

weeks. Students were suggested to design games in which they could score points when they 

scored a goal and a basket, but the codes of the games were not given. The students who worked 

cooperatively during the game design were provided with support when necessary, by the first 

researcher and the information technologies and software teacher. Information about the 

biodiversity games prepared by the students is given in Table 3 below: 

Table 3. Scenarios in students' games 
Name of the game Scenarios 

Who is telling the truth? On the stage, there are three characters, one of which is the presenter. 

The stage starts with the words of the presenter: “Who is telling the 

truth? Click on the correct character.” Next, the characters take turns 

saying statements about biodiversity. When you click on the 

character that tells the truth, feedback is received as “Well done!”, 

and when you click on the character that says wrong, the feedback is 

“Sorry wrong!”. In the next stage, the game continues with different 

characters and different backgrounds. 

Arrival at the finish line There are at least 3 characters. Character 1 and character 2 take turns 

saying statements about biodiversity. In order for character 3, who is 

on the far left at the beginning of the game, to reach the finish line at 

the end of the game, it is necessary to click on the character that tells 

the truth. When the wrong character is clicked, the character 3 goes 

back. 

Let's catch the truth There is a character 1 in the middle of the stage, and a living species 

on the left and right below. Character 1 says that only the living 

species in our country should be clicked on. When the correct species 

is clicked, the living character goes to 1 and disappears and the next 

stage is passed. Different living creatures appear in the next stage. 

When the wrong creature is clicked, the creature returns and 

character 1 says “You should think again”. 

Living things coming together In the first stage, the presenter asks the players to collect the 

endangered creatures in our country on a plate/basket. 2. The 

presenter disappears on the stage, and the living creatures come to 

the stage one by one with their names. When an endangered species 
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such as the Salep orchid is dragged onto the plate, the orchid remains 

on the plate and feedback is given as “Well done!”. When a living 

thing that is not in danger of extinction is dragged onto the plate, 

“False!” feedback is given, and it goes back to where it was from the 

plate. 

Labyrinth There are creatures located in certain parts of the maze in the game. 

There are parts of rights and points on the stage. When the hero seal 

clicks on an endangered creature, he earns points. When clicking on 

a creature that is not in danger of extinction, feedback is given as “I 

am not an endangered creature.”. Three rights are given in the game. 

When the remaining right is 0 “Sorry, you lost. You have to play 

again” feedback is given. When the player has a certain score, the 

stage and the hero's costume change and the “You won the game!” 

command is given. 

Let's score The game takes place on the football field. At the beginning of each 

stage, a question that needs to be answered by typing “Yes” or “No” 

is presented to the player about biodiversity. When the player writes 

the correct answer in the relevant space and clicks on the checkmark, 

the ball returns to the stage and the goal is scored. In addition, the 

command “Well done, correct answer!” comes with voice and text. 

The game is completed when a certain score is reached. 

Let's play basketball The game takes place on the basketball court. In each stage, the 

player is faced with a question that needs to be answered by writing 

“True” or “False” about biodiversity. When player writes the correct 

answer in the relevant space and clicks on the checkmark, the 

character jumps, the ball moves to the northeast, passes through the 

pot and falls down. The ball is in three different positions in each 

question. The user is entitled to a certain number of, for example, 

two wrong answers. The game ends when a certain score is reached. 

Yes- no game The play begins with the character in the stage asking questions. 

Players are expected to write “Yes” or “No” to the box on the stage 

and press the checkmark. When the correct answer is written, 

feedback is given as “Correct!” and the stage and question changes. 

When the wrong answer is given, the character in the stage gives 

feedback as “Wrong!” and the next stage is passed. 

Let's catch the flag The game takes place in the racing area. In order to reach the 

checkered flag at the end of the stage, it is necessary to answer the 

questions asked by the character correctly. When the user writes the 

correct answer in the relevant space, the character advances by a 

certain step. The harder the question, the further the character goes. 

When he gives the wrong answer, the character goes back. When the 

user reaches a certain score, feedback is given as “You won the 

game!” and the flag is reached. 

The games named “Who is telling the truth?”, “Arrival at the finish line” and “Let's catch the 

truth” in Table 3 above are based on users using the mouse click feature. In games called 

"Living things coming together" and "Labyrinth", users must use the drag and drop feature with 

the mouse. Finally, game users are expected to manually type their answers on the keyboard 

for the games “Let's score”, “Let's play basketball”, “Yes-no game” and “Let's catch the flag”. 

Data Analysis  

The ability of quantitative analyses to yield generalizable results depends on the ability 

of the data to reflect the characteristics of the population (Can, 2018, p. 88). Shapiro-Wilk 

normality test results are analyzed for the compatibility of the data used in the study with the 

normal probability distribution and the results are presented in Table 4 below. According to the 
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results of the Shapiro-Wilk normality test, it is seen that the p values indicated by (Sig) in Table 

4 are greater than .05. This means that normality is ensured (p>.05). 

Table 4. Shapiro-Wilk normality table 
 Shapiro-Wilk 

Group Statistic df Sig 

Experimental  .98 48 .77 

Control  .96 48 .07 

Results 

1. Findings related to the sub-problem 

The t-test results for independent samples in this study examining the effect of web-

base the collaborative learning method with the Scratch software on the critical thinking skills 

of 5th grade students are presented in Table 5. When Table 5 is examined, it is seen that there 

is no statistically significant difference (p=.44) between the pre-test scores of the experimental 

group students (X̄=60.48) and the pre-test scores of the control group students (X̄ =61.82). 

Table 5. Comparison of critical thinking pre-test totals of experimental and control groups 
Group N X̄ S sd t p α 

Experimental 48 60.48 7.24 94 -.77 .44 .05 

Control 48 61.82 7.49    .05 

2. Findings related to the sub-problem 

The t-test results for independent samples in this study examining the effect of web-

based collaborative learning method with the Scratch software on the critical thinking skills of 

5th grade students are presented in Table 6: 

Table 6. Comparison of critical thinking post-test totals of the experimental and control groups 
Group N X̄ S sd t p α 

Experimental 48 72.72 2.49 94 6.66 .00 .05 

Control 48 67.02 5.31    .05 

When Table 6 is examined, it is seen that there is a statistically significant difference 

(p=.00<.05). between the post-test scores of the experimental group students (X̄ =72.72), and 

the post-test scores of the control group students (X̄ =67.02). In this case, it is seen that web-

based collaborative learning method with the Scratch software in the Science course has a 

positive effect on the critical thinking skills of the students. While the t-test for unrelated 

samples reveals whether there is a significant difference between the groups compared, the 

magnitude of the effect needs to be calculated separately since it does not provide information 

about the magnitude of this difference. When the magnitude of the effect is calculated, this 

value is found as d=1.37 in the t-test for unrelated samples. According to Green and Salkind 

(2005, p. 169), this value is considered as a “large” effect. 

Conclusion and Discussion 

In this study, it was aimed to investigate the effect of Scratch software and web-assisted 

cooperative learning method on the critical thinking skills of 5th grade students and to create 

material on the subject of biodiversity in Scratch software. For this purpose, the subject of 

biodiversity was explained to the 5th grade students in the experimental group using the web-
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assisted cooperative learning method with Scratch software, and the same subject was explained 

to the students in the control group using traditional methods in accordance with the 

achievements in the science curriculum. The statistical analyses showed that there was no 

statistically significant difference between the pre-test critical thinking scores of the 

experimental and control groups, but there was a significant difference between the post-test 

critical thinking scores of the two groups in favor of the experimental group. The findings show 

that the increase in the critical thinking skills of the students who experienced the web-assisted 

cooperative learning method with Scratch software and created material on the subject of 

biodiversity using this software was higher than the increase in the critical thinking skills of the 

students in the control group who did not experience the web-assisted cooperative learning 

method with the Scratch software and did not develop the material.  

Scratch software was preferred in the current study and 5th grade students were given a web-

supported cooperative education using this programming language. Considering the widespread 

use of traditional programming languages such as Scratch in education today, it is necessary to 

investigate how to use Scratch more effectively (Chang et al., 2017; Niemelä, 2017). In a study 

conducted at an international K-12 school in Asia, programming languages called JavaScript, 

and Python were used in addition to Scratch, and the motivation of students to use these 

programming languages and the educational materials they produced were data collection tools 

such as questionnaires, interviews, and teaching materials was tried to be detected. As a result 

of this research, it was determined that Scratch software increased students' programming skills 

and positively affected the motivation of students of all age levels (Niemela, 2017). A study 

was conducted to improve the computational thinking skills of high school students within the 

scope of science and mathematics courses, and as a result of this research, it was determined 

that students' skills such as data collection, modeling and simulation, computational problem 

solving, and systems thinking practices improved (Weintrop, Beheshti, Horn, et al. Orton, Jona, 

Trouille, & Wilensky, 2016). In another study conducted with university students studying in 

the science education and psychology departments of a university in Portugal, it was determined 

that using Scratch software increased the students' interest and concentration on the subjects 

they were working on. In addition, in the same research, it is stated that using Scratch software 

is a tool that helps students produce educational materials by accelerating their professional 

development and concept learning (Almeida & Pessoa, 2017). In addition to the research 

mentioned above, in this study, Scratch software and web-based collaborative learning 

approach were used together with the students on the subject of biodiversity, which is becoming 

increasingly important today, and it was investigated whether this teaching method had an 

effect on students' critical thinking skills. 

Countries aiming to rank high in international rating exams accepted all over the world should 

focus on improving students' critical thinking skills with coding support (Ala-Mutka, 2011). In 

our research conducted in this direction, the students thought about both how the product would 

be designed and the content of the subject while presenting a product. At the end of this 

research, it was determined that the students developed their critical thinking while designing 

and playing games in Scratch software. Designing and playing games on a vital issue affecting 

all humanity such as biodiversity is seen as a source of motivation that encourages critical 

thinking skills. This situation is also included in the study of Nouri et al. (2020) in which the 

digital competence of Scratch software is discussed, and it is recommended to use this software 

as an important tool in developing 21st century skills. Coding and playing coding games 

contribute to students' understanding of basic systemic concepts. When the results of studies on 

traditional programming languages such as Scratch are examined, it has been stated in some of 

these studies that students who have just started coding may have difficulties in performing 
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certain skills in this process (Fields, et al., 2015; Hermans, et al., 1017; Aivaloglou, et al., 2017). 

In our research, students used the processes of changing and controlling variables, creating 

problems, solving problems, creating flow charts, and making decisions in Scratch software. 

These processes are known to develop critical thinking. This finding is in line with the issue 

addressed in Brennan and Resnick's (2012) article. In the games whose features are specified 

in Table 3, the students used the "looks, control, motion, sensing, sound, operators" code blocks. 

They created the steps to be followed in order to reach the goal, and they developed materials 

using loops and various commands that allow repeating these steps. Students used drag and 

drop, click feature, character, background change, time, sound and location settings while 

playing games created by themselves or by the researcher. Students' development and use of 

algorithms containing linear logic, decision, and loop structures are compatible with the 

achievements of the current information technologies and software course (MoNE, 2018a). One 

of the remarkable results obtained in this research is that all groups working cooperatively in 

the experimental group successfully fulfilled their duties. The factors contributing to this result 

are that the information technology and software teacher attended the course together with the 

science teacher and researchers, and that long-term science course was carried out together with 

the information technologies and software course in a way that supports each other. 

One of the problems faced by students in daily life is the decrease in biodiversity brought about 

by environmental problems. During the experimental process in this research, the students 

developed a digital product on the intellectual topic of biodiversity by using technology 

responsibly. It is thought that students develop positive relationships with their teammates 

during the product development processes, especially during the planning and implementation 

of the project. In this direction, it is thought that the results obtained after the experimental 

group students' experience of using Scratch with the web-assisted cooperative learning method 

coincide with the dimensions of effective communication, digital age literacy, and high 

productivity in NCREL's EnGauge (2003) report. In this respect, it can be said that the findings 

are similar to the P21 framework proposed for being successful in life in terms of 

interdisciplinary global consciousness, environmental literacy and harmony in human relations. 

While creating products with Scratch within the scope of this research, students gathered 

information about biodiversity, made decisions about the format of the game they would design, 

supported the learning of themselves and their friends, and presented their products in the 

classroom and in digital environments in accordance with ethical rules. In this respect, it can be 

said that the experimental group of students take part in the educational processes in accordance 

with the creative communicator, knowledge creator, digital citizen, empowered student and 

innovative designer standards determined by ISTE (2016). Throughout the process, students 

expressed their ideas with respect to their groupmates, listened to different ideas, and developed 

products within a certain discipline, taking into account time management. It is thought that the 

experimental group used interpersonal, cognitive, and internal skills in this process in 

accordance with NRC (2012). 

It is seen that the findings obtained from this study support the studies in the literature that 

include the conclusion that the problem-solving approach, project-based approach, mobile 

applications, writing and inquiry-based activities improve critical thinking (Cortázar, 2021; 

Gezer & Ersoy, 2021; Goodsett, & Schmillen, 2022; Hidayati et al., 2022; Istikomah, et al., 

2017; Kaçar & Çakmak, 2020; McDonald, 2017; Mutakinati, et al., 2018; Ridlo, 2020; Sasson, 

et al., 2018; Quattrucci, 2018). As a matter of fact, the students who created products on the 

extinction of living things, the importance of biodiversity and their conservation, analyzed real 

life problems, produced solutions, and applied to critical thinking. In this respect, this process 

experienced by the students is compatible with the revised Bloom taxonomy and the national 
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science course curriculum (Krathwohl, 2002; Ministry of Education, 2018). The results of this 

research are also similar to studies reporting the significant positive effect of thinking-based 

teaching practices on critical thinking skills (Ali & Awan, 2021; Arısoy & Aybek, 2021; Du & 

Zhang, 2022; Hazaymeh & Alomery, 2022; Ouhiba, 2022). The results of this research, which 

offers students the opportunity to search for ways to contribute to the product while working 

collaboratively, are similarly in line with the studies of Moonma and Kaweera (2022), who 

share the conclusion that collaborative writing activities for English learners encourage 

university students to use their critical thinking skills. 

In addition to the significant results that the Scratch software and web-assisted cooperative 

learning method had a positive effect on students' critical thinking skills, there are also some 

limitations of this study. For example, one of the limitations of this research is the fact that this 

research was conducted only in a single secondary school. The research school is a public 

school with experienced teachers and an information technology class, where various projects 

are carried out. All students and teachers at the school have given consent to the research permit. 

If this study had been done with administrators, parents, students, and teachers in a school that 

was not open to improvement for research, the results would likely have been different. It would 

be difficult to carry out a similar study in a school that does not have an information technology 

classroom or has few computers. Another limitation is that this study was conducted only with 

5th grade students. Information technologies and software courses are only available at the 5th 

and 6th grade levels in Turkey. In order to be able to conduct the lesson in the same way in 

each class, the researcher determined only one class level. The research could have been carried 

out in a longitudinal structure with students at different grade levels if the science courses of 

other classes were not overlapping. 

During activities that require students to practice their critical thinking skills, it is recommended 

that teachers respond immediately to their students' answers, apply rewarding positive 

reinforcement, and support group interaction (Al-Kindi & Al-Mekhlafi, 2017; Khalid, et al., 

2021; Lombardi, et al., 2022). The results of this study, which showed that students working in 

collaboration with Scratch with web support increased their critical thinking skills, seem to 

support the authors' suggestions. The reason for this is that the code blocks give instant feedback 

while the students are creating products in the Scratch software and while they are playing the 

game, and the students say, "Well done, you won the flag!" at the end of the game. Thanks to 

the wide range of facilities offered by the Scratch software, it is seen that the work of the 

teachers in the process has become simpler. In addition, it is thought that the U-shaped 

arrangement of the computer laboratory enables students working in cooperation to focus better 

by overcoming the teaching barrier in crowded classrooms. Throughout this study, it was 

observed that the trial and error processes in which students produced products in the Scratch 

environment became practical and entertaining. It is thought that students who learn 

programming with Scratch by working with patience and perseverance will gain at an early age 

the skills they will need throughout their lives. 

Implications 

It is thought that sharing the results of this study will be a motivation to increase the 

applications for critical thinking skills based on the web-assisted collaborative method. Based 

on the results of this study, it is suggested that students be given performance tasks for the 

achievements in the science course, in which they will use the information they learned in the 

information technologies and software course. It is thought that the development of various 

products using Scratch will have a positive effect on the scores of students in international 
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exams such as TIMSS and ePIRLS. According to the results of the research, Scratch, a block-

based coding software, is thought to help students improve their decision-making skills in trial 

and error processes. It is recommended that young individuals use Scratch so that they can 

produce solutions by using their critical thinking skills to cope with complex problems affecting 

the whole world such as global warming, wars and pandemics, and choose the right solution 

from these solutions. In this study, the steps for using Scratch in teaching environments in 

parallel with each other within the scope of science and information technologies and software 

courses are explained in detail. Teachers who want to make similar applications in their 

classrooms in the future can follow the relevant steps in this study. While conducting activities 

designed based on critical thinking and collaborative methods, it may be useful to remember 

the importance of creating a democratic environment in the classroom. The fact that the teacher 

is a role model for the students, being a guide in the discussions and listening to the student can 

facilitate him in managing the teaching process. When teachers look at the products created by 

their students with Scratch, they can have an idea about their ideas, conceptual mistakes and 

ability to express themselves, and they can rearrange the education by taking these variables 

into account. More emphasis should be placed on the meanings and examples of if and if/if 

commands that students often confuse while learning Scratch. In addition, various activities can 

be organized by forming a Scratch club at schools. The results of this study showed that students 

can acquire science course content knowledge at the learning speed of themselves and their 

groupmates in the Scratch environment. It is recommended that science teachers focus on how 

they can develop their students' critical thinking skills in a holistic way, within and outside the 

school, within the process of the unit, without rushing to convey the information in the unit. 

Students can be reminded that the algorithms used in Scratch are an important way to decide 

anything in life. The students said, “Which road do I walk less on when I go to the market? 

What steps should I follow to make my coffee sugary? How should I study to get a higher grade 

in science?” By generating questions in the form of questions, they can design their own 

solutions and reach the desired result. When students are programming with Scratch, they 

should know that when something goes wrong, they can find out what went wrong by checking 

the code blocks one by one so that they can correct their mistakes. Students should remember 

that they should save the game they designed while on the main screen, and that appropriate 

spaces should be left between words in the speech command. In addition, students should 

consider that when they want to click in the game, they must click without moving the mouse, 

otherwise the program may confuse the desired thing with the drag and drop command. In 

addition, students who are new to programming should know that their target will become more 

complex as the number of codes, characters and costumes increases, and they should be careful 

when rushing different and many commands together until they fully grasp the essence of the 

program. 

It may be beneficial for researchers who want to carry out similar studies to know the 

educational approach, physical condition, and social environment of the school they have 

chosen. Being aware of the methods and techniques frequently used by the teachers in the 

school where the research will be conducted allows the researcher to plan correctly in advance 

how and in what way the relevant method will be used. Knowing in advance the academic 

performance, learning styles and attitudes of the students who will form the study group can 

create a situation in favor of the researchers. Based on the results of this study, the 

representation of intellectual events, facts or situations based on theoretical principles by 

turning them into products through Scratch can be included in the science curriculum. While 

students are learning to code with Scratch, they have also learned the relevant subject as they 

have prepared a project on an academic subject. It is recommended that researchers turn to 
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qualitative studies in order to obtain more detailed information on how other thinking skills, 

especially critical thinking, can be developed in similar digital learning environments. 

Note 

This paper is extracted from the first author’s master dissertation “The impact of Scratch 

program and web-assisted cooperative learning method on the level of conceptual 

understanding and critical thinking skills of 5th grade students” submitted to the Bursa Uludag 

University of Turkey. 

References 

Aivaloglou, E., Hermans, F., Moreno-León, J., & Robles, G. (2017). A dataset of scratch 

programs: scraped, shaped and scored. In Proceedings of the 14th International 

Conference on Mining Software Repositories (pp. 511-514). Piscataway, NJ: IEEE  

Al-Kindi N. S., & Al-Mekhlafi A. M. (2017). The practice and challenges of implementing 

critical thinking skills in Omani post-basic EFL classrooms. English Language 

Teaching, 10(12), 116–133. https://doi.org/10.5539/elt.v10n12p116 

Ala-Mutka, K. (2011). Mapping digital competence: Towards a conceptual understanding. 

Sevilla: Institute for Prospective Technological Studies, 7-60. 

Ali, G., & Awan, R.N. (2021). Thinking based instructional practices and academic 

achievement of undergraduate science students: Exploring the Role of Critical Thinking 

Skills and Dispositions. Journal of Innovative Sciences, 7(1), 56–70. 

https://doi.org/10.17582/journal.jis/2021/7.1.56.70 

Almeida, R., & Pessoa, T. (2017, November). Scratch software in higher education: 

Pedagogical experience in educational science. In Computers in Education (SIIE), 2017 

International Symposium on (pp. 1-5). IEEE. Portugal. 

https://doi.org/10.1109/SIIE.2017.8259653  

Arısoy, B., & Aybek, B. (2021). The effects of subject-based critical thinking education in 

mathematics on students' critical thinking skills and virtues. Eurasian Journal of 

Educational Research, 92, 99-119. https://eric.ed.gov/?id=EJ1294083  

Armoni, M., & Gal-Ezer, J. (2014). Early computing education: why? what? when? who?. ACM 

Inroads, 5(4), 54-59. https://doi.org/10.1145/2684721.2684734  

Aydın E., & Selvi M. (2020). Ortaokul öğrencilerine yönelik ekosistem, biyolojik 

çeşitlilik ve çevre sorunları başarı testinin geliştirilmesi [Development of ecosystem, 

biodiversity and environmental problems achievement test for secondary school 

students]. Journal of Research in Education and Society, 7(2),661-682. 

https://dergipark.org.tr/en/pub/etad/issue/58757/825756   

Bacon, F. (1828). Advancement of learning. Cambridge: Harvard University Press.  

Benton, L., Hoyles, C., Kalas, I., & Noss, R. (2017). Bridging primary programming and 

mathematics: Some findings of design research in England. Digital Experiences in 

Mathematics Education, 3(2), 115-138. https://doi.org/10.1007/s40751-017-0028-x  

Bolat A., Karamustafaoğlu S., & Karamustafaoğlu, O. (2020). The effect of outdoor school 

learning environment on student achievement in 5th grade ‘world of living’ unit: 

example of biodiversity museum. Karaelmas Journal of Educational Sciences, 8(1), 42-

54. https://dergipark.org.tr/en/pub/kebd/issue/67224/1049153  

Brennan, K., & Resnick, M. (2012). New frameworks for studying and assessing the 

development of computational thinking. In Proceedings of the 2012 annual meeting of 

the American Educational Research Association (pp. 1–25). Vancouver, Canada. 

https://doi.org/10.5539/elt.v10n12p116
https://doi.org/10.17582/journal.jis/2021/7.1.56.70
https://doi.org/10.1109/SIIE.2017.8259653
https://eric.ed.gov/?id=EJ1294083
https://doi.org/10.1145/2684721.2684734
https://dergipark.org.tr/en/pub/etad/issue/58757/825756
https://doi.org/10.1007/s40751-017-0028-x
https://dergipark.org.tr/en/pub/kebd/issue/67224/1049153


Participatory Educational Research (PER), 10 (2);82-104, 1 March 2023 

Participatory Educational Research (PER) 

 
-99- 

Büyüköztürk, Ş. (2018). Eğitimde bilimsel araştırma yöntemleri [Scientific research methods 

in education]. Ankara: Pegem. 

Calao, L. A., Moreno-León, J., Correa, H. E., & Robles, G. (2015). Developing mathematical 

thinking with Scratch. In G. Conole, T. Klobučar, C. Rensing, J. Konert, & E. Lavoué 

(Eds.), Design for Teaching and Learning in a Networked World. Lecture Notes in 

Computer Science, vol 9307 (pp. 17–27). https://doi.org/10.1007/978-3-319-24258-3_2  

Can, A. (2018). SPSS ile nicel veri analizi [Quantitative data analysis with SPSS]. Ankara: 

Pegem. 

Chiang, F. K., & Qin, L. (2018). A Pilot study to assess the impacts of game-based construction 

learning, using scratch, on students’ multi-step equation-solving performance. 

Interactive Learning Environments, 26(6), 803-814. 

https://doi.org/10.1080/10494820.2017.1412990  

Chang, C. K., Tsai, Y. T., & Chin, Y. L. (2017, July). A visualization tool to support analyzing 

and evaluating Scratch projects. In Advanced Applied Informatics (IIAI-AAI), 2017 6th 

IIAI International Congress on (pp. 498-502). IEEE. Japan. 

https://doi.org/10.1109/IIAI-AAI.2017.83  

Cortázar, C., Nussbaum, M., Harcha, J., Alvares, D., López, F., Goñi, J., & Cabezas, V. (2021). 

Promoting critical thinking in an online, project-based course. Computers in Human 

Behavior, 119, 106705. https://doi.org/10.1016/j.chb.2021.106705  

Cottrell, S. (2017). Critical thinking skills: Effective analysis, argument and reflection. London: 

Bloomsbury Publ. 

Çepni, S. (2018). Araştırma ve proje çalışmalarına giriş [Introduction to research and project 

studies]. Trabzon: Celebler.  

Descartes, R. (2012). Rules for the direction of the mind (J. Cottingham, R. Stotoothoff, D. 

Murdoch Trans.). Cambridge: Cambridge University Press. (Original work published 

in 1701). Retrieved from https://doi.org/10.1017/CBO9780511805042.004 

Dewey, J. (2022). How we think. Chelmsford: Courier Corporation. Retrieved from 

https://books.google.com.tr/books?hl=tr&lr=&id=ozCcEAAAQBAJ&oi=fnd&pg=PT

7&dq=How+we+think&ots=J3saq3Rubd&sig=A5MJQJRRC4sRZlQrNLCEJm8_dS8

&redir_esc=y#v=onepage&q=How%20we%20think&f=false  

Dickson, B. A., Kotsopoulos, D., & Harris, L. (2022). The Use of Coding Clubs to Develop 

Middle-School Students’ Spatial Reasoning Abilities. Digital Experiences in 

Mathematics Education, 8(1), 50-69. https://doi.org/10.1007/s40751-022-00099-x  

Dohn, N. B. (2020). Students’ interest in Scratch coding in lower secondary mathematics. 

British Journal of Educational Technology, 51(1), 71-83. 

https://doi.org/10.1111/bjet.12759  

Dowd, J. E., Thompson, R. J., Jr, Schif, L. A., & Reynolds, J. A. (2018). Understanding the 

complex relationship between critical thinking and science reasoning among 

undergraduate thesis writers. CBE-Life Sciences Education, 17(1), 1-10.  

https://doi.org/10.1187/cbe.17-03-0052  

Du, X., & Zhang, L. (2022). Investigating EFL learners’ perceptions of critical thinking 

learning affFordances: Voices from Chinese university English Majors. SAGE 

Open, 12(2), 21582440221094584. https://doi.org/10.1177/21582440221094584 

Duncan, O. D. (2014). Introduction to structural equation models. Amsterdam: Elsevier. 

Efe, H. A., & Efe R. (2022). Ortaokul öğrencilerine yönelik biyoçeşitlilik okuryazarlık 

değerlendirme aracı uyarlama çalışması [A biodiversity literacy assessment instrument 

adaptation study for middle school students]. Journal of Computer and Education 

Research, 10(20), 672-692. https://doi.org/10.18009/jcer.1135421 

Eggen, P., & Kauchak, D. (2001). Educational Psychology: Windows on Classrooms. 8th. 

Upper Saddle River, NJ: Pearson. 

https://doi.org/10.1007/978-3-319-24258-3_2
https://doi.org/10.1080/10494820.2017.1412990
https://doi.org/10.1109/IIAI-AAI.2017.83
https://doi.org/10.1016/j.chb.2021.106705
https://doi.org/10.1017/CBO9780511805042.004
https://books.google.com.tr/books?hl=tr&lr=&id=ozCcEAAAQBAJ&oi=fnd&pg=PT7&dq=How+we+think&ots=J3saq3Rubd&sig=A5MJQJRRC4sRZlQrNLCEJm8_dS8&redir_esc=y#v=onepage&q=How%20we%20think&f=false
https://books.google.com.tr/books?hl=tr&lr=&id=ozCcEAAAQBAJ&oi=fnd&pg=PT7&dq=How+we+think&ots=J3saq3Rubd&sig=A5MJQJRRC4sRZlQrNLCEJm8_dS8&redir_esc=y#v=onepage&q=How%20we%20think&f=false
https://books.google.com.tr/books?hl=tr&lr=&id=ozCcEAAAQBAJ&oi=fnd&pg=PT7&dq=How+we+think&ots=J3saq3Rubd&sig=A5MJQJRRC4sRZlQrNLCEJm8_dS8&redir_esc=y#v=onepage&q=How%20we%20think&f=false
https://doi.org/10.1007/s40751-022-00099-x
https://doi.org/10.1111/bjet.12759
https://doi.org/10.1187/cbe.17-03-0052
https://doi.org/10.1177/21582440221094584


Effect of web-based collaborative learning method with Scratch on critical thinking skills of 5th grade… G. Alp, N. Bulunuz 

 

Participatory Educational Research (PER)  

-100- 

Elder, L., & Paul, R. (1994). Critical thinking: Why we must transform our teaching. Journal 

of Developmental Education, 18(1), 34. 

https://www.proquest.com/docview/1437884071?pq-

origsite=gscholar&fromopenview=true  

Ennis, R.H. (1991). “Goals for a critical thinking curriculum”. In A. Costa (Eds.), Developing 

minds (pp. 68-72). Virginia: ASCD. Retrieved from  

https://files.eric.ed.gov/fulltext/ED332166.pdf  

Falloon, G. (2016). An analysis of young students' thinking when completing basic coding tasks 

using Scratch Jnr. on the iPad. Journal of Computer Assisted Learning, 32(6), 576-593. 

https://doi.org/10.1111/jcal.12155  

Fields, D., Vasudevan, V., & Kafai, Y. B. (2015). The programmers’ collective: fostering 

participatory culture by making music videos in a high school Scratch coding workshop. 

Interactive Learning Environments, 23(5), 613-633. 

https://doi.org/10.1080/10494820.2015.1065892  

Fikriyatii, A., Agustini, R., & Sutoyo, S. (2022). Critical thinking cycle model to promote 

critical thinking disposition and critical thinking skills of pre-service science teacher. 

Cypriot Journal of Educational Science, 17(1), 120-133. 

https://doi.org/10.18844/cjes.v17i1.6690 

Food and Agriculture Organization (FAO). (2019). The state of the world’s biodiversity for 

food and agriculture. Retrieved from http://www.fao.org/state-of-biodiversity-for-food-

agriculture/en/  

Gadanidis, G., Hughes, J. M., Minniti, L., & White, B. J. (2017). Computational thinking, grade 

1 students and the binomial theorem. Digital Experiences in Mathematics 

Education, 3(2), 77-96. https://doi.org/10.1007/s40751-016-0019-3  

Gezer, U., & Ersoy, A. F. (2021). The effect of activities based on mobile applications on 

academic achievement, critical thinking skills and motivation in social studies course. 

Anadolu Journal of Educational Sciences International, 11(2), 790-825. 

https://doi.org/10.18039/ajesi.921684  

Glaser, R. (1984). Education and thinking: The role of knowledge. American psychologist, 

39(2), 93. https://psycnet.apa.org/doi/10.1037/0003-066X.39.2.93  

Goodsett, M., & Schmillen, H. (2022). Fostering critical thinking in first-year students through 

ınformation literacy ınstruction. College & Research Libraries, 83(1), 91. 
https://doi.org/10.5860/crl.83.1.91  

Green, S. B., & Salkind, N. J. (2005). Using SPSS for Windows and Macintosh: Analyzing and 

understanding data. New Jersey: Pearson. 

Griffin, P., & Care, E. (2015). The ATC21S method. In P. Griffin & E. Care (Eds.), Assessment 

and teaching of 21st century skills (pp. 3-33). Dordrecht: Springer. Retrieved from 

https://link.springer.com/content/pdf/10.1007/978-94-017-9395-7.pdf  

Harvey, D. J., Montgomery, L. N., Harvey, H., Hall, F., Gange, A. C., & Watling, D. (2020). 

Psychological benefits of a biodiversity-focussed outdoor learning program for primary 

school children. Journal of Environmental Psychology, 67, 101381. 

https://doi.org/10.1016/j.jenvp.2019.101381  

Haydari, V. & Costu, B. (2021). The effect of common knowledge construction model-based 

instruction on 5th grade students' conceptual understanding of biodiversity. Journal of 

Education in Science, Environment and Health (JESEH), 7(3), 182-199. 

https://doi.org/10.21891/jeseh.840798 

Hazaymeh, W. A., & Alomery, M. K. (2022). The effectiveness of visual mind mapping 

strategy for improving English language learners' critical thinking skills and reading 

ability. European Journal of Educational Research, 11(1), 141-150. 

https://doi.org/10.12973/eu-jer.11.1.141 

https://www.proquest.com/docview/1437884071?pq-origsite=gscholar&fromopenview=true
https://www.proquest.com/docview/1437884071?pq-origsite=gscholar&fromopenview=true
https://files.eric.ed.gov/fulltext/ED332166.pdf
https://doi.org/10.1111/jcal.12155
https://doi.org/10.1080/10494820.2015.1065892
https://doi.org/10.18844/cjes.v17i1.6690
http://www.fao.org/state-of-biodiversity-for-food-agriculture/en/
http://www.fao.org/state-of-biodiversity-for-food-agriculture/en/
https://doi.org/10.1007/s40751-016-0019-3
https://doi.org/10.18039/ajesi.921684
https://psycnet.apa.org/doi/10.1037/0003-066X.39.2.93
https://doi.org/10.5860/crl.83.1.91
https://link.springer.com/content/pdf/10.1007/978-94-017-9395-7.pdf
https://doi.org/10.1016/j.jenvp.2019.101381
https://doi.org/10.21891/jeseh.840798
https://doi.org/10.12973/eu-jer.11.1.141


Participatory Educational Research (PER), 10 (2);82-104, 1 March 2023 

Participatory Educational Research (PER) 

 
-101- 

Hermans, F., & Aivaloglou, E. (2017). Teaching software engineering principles to k-12 

students: a mooc on scratch. Proceedings of the 39th International Conference on 

Software Engineering: Software Engineering and Education Track (pp. 13-22). 

Washington DC: IEEE Press. https://doi.org/10.1109/ICSE-SEET.2017.13  

Hidayati, N., Zubaidah, S., & Amnah, S. (2022). The PBL vs. digital mind maps ıntegrated 

PBL: choosing between the two with a view to enhance learners’ critical 

thinking. Participatory Educational Research, 9(3), 330-343. 

https://doi.org/10.17275/per.22.69.9.3  

Hudgins, B. B., & Edelman, S. (1988). Children’s self-directed critical thinking. The Journal 

of Educational Research, 81(5), 262-273. 

https://doi.org/10.1080/00220671.1988.10885834  

Hutchison, A., Nadolny, L., & Estapa, A. (2016). Using coding apps to support literacy 

instruction and develop coding literacy. The Reading Teacher, 69(5), 493-503. 

https://doi.org/10.1002/trtr.1440  

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). 

(2019). Global assessment report on biodiversity and ecosystem services.  Retrieved 

from https://doi.org/10.5281/zenodo.3831673  

International Society for Technology in Education. (ISTE). (2016). National educational 

technology standards for students. Retrieved from https://www.iste.org/standards/iste-

standards-for-students  

Israel, M., & Lash, T. (2020). From classroom lessons to exploratory learning progressions: 

Mathematics+ computational thinking. Interactive Learning Environments, 28(3), 362-

382. https://doi.org/10.1080/10494820.2019.1674879  

Istikomah, I., Basori, B., & Budiyanto, C. (2017). The influences of problem-based learning 

model with fishbone diagram to students's critical thinking ability. IJIE (Indonesian 

Journal of Informatics Education), 1(2), 83-91.  

https://jurnal.uns.ac.id/ijie/article/view/11432  

Jatiningsih, N. & Dewi, N. R. (2022). Development of e-comic science ınteractive learning with 

Scratch (eCILS) based on problem based learning to train critical thinking skills for 

junior high school students. Unnes Science Education Journal, 11(2), 90-99. 

https://journal.unnes.ac.id/sju/index.php/usej/article/view/56448  

Jones, P., McCreery, E., Judge, B., & Eales-Reynolds, L. J. (2013). Critical thinking skills for 

education students. London: Thinking Matters.  

Kaçar, T., & Çakmak, Z. (2020). Sosyal bilgiler dersinde sorgulamaya dayalı öğretimin 

öğrencilerin ders başarısına, eleştirel düşünme becerilerine ve öğrenmenin kalıcılığına 

etkisi. [The effect of inquiry-based teaching on students’ course achievement, critical 

thinking skills and permanence of learning in social studies course]. Electronic Journal 

of Social Sciences, 19(76), 1651-1672. https://doi.org/10.17755/esosder.712886  

Kanbul, S., & Uzunboylu, H. (2017). Importance of coding education and robotic applications 

for achieving 21st-century skills in North Cyprus. International Journal of Emerging 

Technologies in Learning (iJET), 12(01), 130-140. 

https://doi.org/10.3991/ijet.v12i01.6097  

Kang, M., Heo, H., Jo, I., Shin, J., & Seo, J. (2010). Developing an educational performance 

ındicator for new millennium students. Journal of Research on Technology in 

Education, 43(2), 157-170. https://doi.org/10.1080/15391523.2010.10782567  

Kanmaz, A. (2022). Middle school teachers' critical thinking skills and awareness towards 

teaching critical thinking skills. International Online Journal of Education and 

Teaching (IOJET), 9(4). 1648- 1671. https://eric.ed.gov/?id=EJ1353469  

Karanja, L. (2021). Teaching critical thinking in a college-level writing course: A critical 

reflection. International Online Journal of Education and Teaching, 8(1), 229-249.  

https://doi.org/10.1109/ICSE-SEET.2017.13
https://doi.org/10.17275/per.22.69.9.3
https://doi.org/10.1080/00220671.1988.10885834
https://doi.org/10.1002/trtr.1440
https://doi.org/10.5281/zenodo.3831673
https://www.iste.org/standards/iste-standards-for-students
https://www.iste.org/standards/iste-standards-for-students
https://doi.org/10.1080/10494820.2019.1674879
https://jurnal.uns.ac.id/ijie/article/view/11432
https://journal.unnes.ac.id/sju/index.php/usej/article/view/56448
https://doi.org/10.17755/esosder.712886
https://doi.org/10.3991/ijet.v12i01.6097
https://doi.org/10.1080/15391523.2010.10782567
https://eric.ed.gov/?id=EJ1353469


Effect of web-based collaborative learning method with Scratch on critical thinking skills of 5th grade… G. Alp, N. Bulunuz 

 

Participatory Educational Research (PER)  

-102- 

Kazancı, K. (2014). The effect of Web 2.0 tools on critical thinking with a special emphasis on 

collaborative learning. (Unpublished master’s dissertation). Çukurova University, 

Adana, Turkey.  

Keleş, F., & Özenoğlu, H. (2017). Ortaokul öğrencileri için biyolojik çeşitlilik konusunda ders 

planı tasarlama [Designing a lesson plan about biological diversity for secondary school 

students]. Adnan Menderes University Faculty of Education Journal of Educational 

Sciences (EJES), 8(2), 41-65.  

Khalid, L., Bucheerei, J., & Issah, M. (2021). Pre-service teachers’ perceptions of barriers to 

promoting critical thinking skills in the classroom. SAGE Open, 11(3), 

21582440211036094. https://doi.org/10.1177/21582440211036094  

Krathwohl D. R. (2002). A revision of Bloom's taxonomy: an overview. Theory into Practice, 

41(4), 212-218. https://doi.org/10.1207/s15430421tip4104_2  

Lai, E.R., & Viering, M. (2012). Assessing 21st century skills: Integrating research findings. 

New Jersey: Pearson. 

Lesest, B., & Wolbers, M. H. J. (2020). Critical thinking, creativity and study results as 

predictors of selection for and success of excellence programs in Dutch higher education 

ınstitutions. European journal of higher education, 11(1), 29-43. 

https://doi.org/10.1080/21568235.2020.1850310  

Lombardi, L., Mednick, F. J., De Backer, F., & Lombaerts, K. (2022). Teachers' perceptions of 

critical thinking in primary education. International Journal of Instruction, 15(4), 1-16. 

https://doi.org/10.29333/iji.2022.1541a  

Ma, H., Zhao, M., Wang, H., Wan, X., Cavanaugh, T. W., & Liu, J. (2021). Promoting pupils’ 

computational thinking skills and self-efficacy: A problem-solving instructional 

approach. Educational Technology Research and Development, 69(3), 1599-1616. 

https://doi.org/10.1007/s11423-021-10016-5  

McDonald, S. D. (2017). Enhanced critical thinking skills through problem-solving games in 

secondary schools. Interdisciplinary Journal of E-Learning & Learning Objects, 13, 

79-96. https://doi.org/10.28945/3711  

Miller, J. (2019). STEM education in the primary years to support mathematical thinking: Using 

coding to identify mathematical structures and patterns. Zdm Mathematics 

Education, 51(6), 915-927. https://doi.org/10.1007/s11858-019-01096-y  

Ministry of Education (MoNE) (2018a). Bilişim teknolojileri ve yazılım dersi programı 

[Information Technologies and Software Curriculum]. Ankara Board of Education, 

Ankara. 

Ministry of Education (MoNE) (2018b). Fen bilimleri dersi öğretim programı [Science course 

curriculum]. Ankara: Board of Education. 

Mongar, K. (2022). Alignment of the environmental science textbooks, examinations and 

curriculum framework to achieve the teaching objectives. Journal of Turkish Science 

Education, 19(1), 52-70  

Moonma, J., & Kaweera, C. (2022). A study of critical thinking skills practice in collaborative 

writing in EFL context. Asian Journal of Education and Training, 8(1), 8-14. 

https://doi.org/10.20448/edu.v8i1.3656  

More, T. (1890). Utopia. Oxford: Oxford University Press.  

Moreno-León, J., Robles, G., & Román-González, M. (2015). Dr. Scratch: Automatic analysis 

of scratch projects to assess and foster computational thinking. RED. Revista de 

Educación a Distancia, (46), 1-23.  

Mullis, I. V. S., & Martin, M. O. (2017). TIMSS 2019 assessment frameworks. TIMSS and 

PIRLS International Study Center. Lynch School of Education, Boston College. 

Retrieved from http://timssandpirls.bc.edu/timss2019/frameworks/ 

https://doi.org/10.1177/21582440211036094
https://doi.org/10.1207/s15430421tip4104_2
https://doi.org/10.1080/21568235.2020.1850310
https://doi.org/10.29333/iji.2022.1541a
https://doi.org/10.1007/s11423-021-10016-5
https://doi.org/10.28945/3711
https://doi.org/10.1007/s11858-019-01096-y
https://doi.org/10.20448/edu.v8i1.3656
http://timssandpirls.bc.edu/timss2019/frameworks/


Participatory Educational Research (PER), 10 (2);82-104, 1 March 2023 

Participatory Educational Research (PER) 

 
-103- 

Mullis, I. V., & Martin, M. O. (2019). PIRLS 2021 assessment frameworks. TIMSS and PIRLS 

International Study Center. Lynch School of Education, Boston College.  Retrieved 

from https://files.eric.ed.gov/fulltext/ED606056.pdf  

Mutakinati, L., Anwari, I., & Kumano, Y. (2018). Analysis of studentsâ€™ critical thinking 

skill of middle school through STEM education project-based learning. Jurnal 

Pendidikan IPA Indonesia, 7(1), 54-65. https://doi.org/10.15294/jpii.v7i1.10495  

National Research Council (NRC). (2012). A framework for K-12 science education: Practices, 

crosscutting concepts, and core ideas. Washington, DC: The National Academies Press.  

National Research Council (NRC). (2015). Guide to implementing the next generation science 

standards. Washington, DC: The National Academies Press.  

Niemelä, P. (2017, October). All rosy in Scratch lessons: No bugs but guts with visual 

programming. 2017 IEEE Frontiers in Education Conference (FIE) (pp. 1-9). IEEE. 

USA. https://doi.org/10.1109/FIE.2017.8190612 

North Central Regional Educational Laboratory  (NCREL). (2003). EnGauge 21st century 

skills: Digital literacy for the digital age. Napierville, IL and Los Angeles, CA: NCREL. 

Nouri, J., Zhang, L., Mannila, L., & Norén, E. (2020). Development of computational thinking, 

digital competence and 21st century skills when learning programming in K-9. 

Education Inquiry, 11(1), 1-17. https://doi.org/10.1080/20004508.2019.1627844  

Oluk, A., & Korkmaz, Ö. (2016). Comparing students' scratch skills with their computational 

thinking skills in terms of different variables. International Journal of Modern 

Education and Computer Science (IJMECS), 8(11), 1-7. 

https://doi.org/10.5815/ijmecs.2016.11.01  

Oluk, A., Korkmaz, Ö., & Oluk, H. A. (2018). Scratch’ın 5. sınıf öğrencilerinin algoritma 

geliştirme ve bilgisayarca düşünme becerilerine etkisi [The effect of using Scratch on 

developing skills related to algorithm development and computational thinking]. 

Turkish Journal of Computer and Mathematics Education (TURCOMAT), 9(1), 54-71.  

Organisation for Economic Co-operation and Development (OECD). (2018). The future of 

education and skills-education, learning compass 2030. Retrieved from 

https://www.oecd.org/education/2030-project/about/ 

Ouhıba M., (2022). The role of literature in boosting EFL university students’ critical thinking: 

Case of first-year students in Algeria. Arab World English Journal (AWEJ), 13(1) 477-

485. https://dx.doi.org/10.24093/awej/vol13no1.31  

Partnership for 21st Century Skills (P21). (2009). P21 framework definitions. Retrieved from 

http://www.p21.org/storage/documents/P21_Framework_Definitions.pdf 

Paul, R., & Elder, L. (2009). The miniature guide to critical thinking concepts and tools. 

Lanham: Rowman & Littlefield. 

Quattrucci, J. G. (2018). Problem-Based approach to teaching advanced chemistry laboratories 

and developing students’ critical thinking skills. Journal of Chemical Education, 95(2), 

259-266. https://doi.org/10.1021/acs.jchemed.7b00558  

Ridlo, S. (2020). Critical thinking skills reviewed from communication skills of the primary 

school students in STEM-based project-based learning model. Journal of Primary 

Education, 9(3), 311-320. https://doi.org/10.15294/jpe.v9i3.27573  

Ristanto, R., Sabrina, A., & Komala, R. (2022). Critical thinking skills of environmental 

changes: a biological ınstruction using guided discovery learning-argument mapping 

(GDL-AM). Participatory Educational Research, 9(1), 173-191. 

https://doi.org/10.17275/per.22.10.9.1  

Rodríguez-Martínez, J. A., González-Calero, J. A., & Sáez-López, J. M. (2020). Computational 

thinking and mathematics using Scratch: An experiment with sixth-grade 

students. Interactive Learning Environments, 28(3), 316-327. 

https://doi.org/10.1080/10494820.2019.1612448  

https://files.eric.ed.gov/fulltext/ED606056.pdf
https://doi.org/10.15294/jpii.v7i1.10495
https://doi.org/10.1109/FIE.2017.8190612
https://doi.org/10.1080/20004508.2019.1627844
https://doi.org/10.5815/ijmecs.2016.11.01
https://www.oecd.org/education/2030-project/about/
https://dx.doi.org/10.24093/awej/vol13no1.31
http://www.p21.org/storage/documents/P21_Framework_Definitions.pdf
https://doi.org/10.1021/acs.jchemed.7b00558
https://doi.org/10.15294/jpe.v9i3.27573
https://doi.org/10.17275/per.22.10.9.1
https://doi.org/10.1080/10494820.2019.1612448


Effect of web-based collaborative learning method with Scratch on critical thinking skills of 5th grade… G. Alp, N. Bulunuz 

 

Participatory Educational Research (PER)  

-104- 

Ruggiero, R. V. (2012). Beyond feelings: a guide to critical thinking. New York: McGraw Hill. 

Sasson, I., Yehuda, I., & Malkinson, N. (2018). Fostering the skills of critical thinking and 

question-posing in a project-based learning environment. Thinking Skills and Creativity, 

29, 203-212. https://doi.org/10.1016/j.tsc.2018.08.001  

Schaal, S., Schaal, S., & Lude, A. (2015). Digital Geogames to foster local biodiversity. 

International Journal for Transformative Research, 2(2), 16-29. 

https://doi.org/10.1515/ijtr-2015-0009  

Schönfelder, M. L., & Bogner, F. X. (2018). How to sustainably increase students’ willingness 

to protect pollinators. Environmental Education Research, 24(3), 461-473. 

https://doi.org/10.1080/13504622.2017.1283486  

Statter, D., & Armoni, M. (2020). Teaching abstraction in computer science to 7th grade 

students. ACM Transactions on Computing Education (TOCE), 20(1), 1-37. 

https://doi.org/10.1145/3372143  

Stobaugh, R. (2013). Assessing critical thinking in middle and high schools: Meeting the 

common core. Londra: Routledge. 

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 

(IPBES) (2019). Global assessment report on biodiversity and ecosystem services. 

Retrieved from https://ipbes.net/global-assessment  

Van Laar, E., van Deursen, A. J., van Dijk, J. A., & de Haan, J. (2017). The relation between 

21st-century skills and digital skills: A systematic literature review. Computers in 

Human Behavior, 72, 577–588. https://doi.org/10.1016/j.chb.2017.03.010   

Weintrop, D., Beheshti, E., Horn, M., Orton, K., Jona, K., Trouille, L., & Wilensky, U. (2016). 

Defining computational thinking for mathematics and science classrooms. Journal of 

Science Education and Technology, 25(1), 127-147. https://doi.org/10.1007/s10956-

015-9581-5 

Weng, X., Cui, Z., Ng, O. L., Jong, M. S., & Chiu, T. K. (2022a). Characterizing Students’ 4C 

Skills Development During Problem-based Digital Making. Journal of Science 

Education and Technology, 31(3), 372-385. https://doi.org/10.1007/s10956-022-

09961-4  

Weng, X., Ng, O. L., Cui, Z., & Leung, S. (2022b). Creativity Development with Problem-

Based Digital Making and Block-Based Programming for Science, Technology, 

Engineering, Arts, and Mathematics Learning in Middle School Contexts. Journal of 

Educational Computing Research, 0, 1-25. 

https://doi.org/10.1177/07356331221115661  

World Economic Forum (WEF). (2020). The global risk report. Retrieved from 

https://www.weforum.org/reports/the-global-risks-report-2020   

World Wide Fund for Nature (WWF). (2020). Doğanın Yok Oluşu ve Pandemilerin Yükselişi 

[The Extinction of Nature and the Rise of Pandemics]. Retrieved from 

https://www.wwf.org.tr/?9920/Doganin-Yok-Olusu-ve-Pandemilerin-Yukselisi 

Yeşilyurt, E. (2021). Critical thinking and its teaching: A conceptual overview of all dimensions 

and elements. The Journal of International Social Research, 14(77), 816-828.  

Zhang, L., & Nouri, J. (2019). A systematic review of learning computational thinking through 

Scratch in K-9. Computers & Education, 141, 103607. 

https://doi.org/10.1016/j.compedu.2019.103607  

https://doi.org/10.1016/j.tsc.2018.08.001
https://doi.org/10.1515/ijtr-2015-0009
https://doi.org/10.1080/13504622.2017.1283486
https://doi.org/10.1145/3372143
https://ipbes.net/global-assessment
https://doi.org/10.1016/j.chb.2017.03.010
https://doi.org/10.1007/s10956-015-9581-5
https://doi.org/10.1007/s10956-015-9581-5
https://doi.org/10.1007/s10956-022-09961-4
https://doi.org/10.1007/s10956-022-09961-4
https://doi.org/10.1177/07356331221115661
https://www.weforum.org/reports/the-global-risks-report-2020
https://doi.org/10.1016/j.compedu.2019.103607

