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Abstract

Creativity and critical thinking are important goals of early childhood curriculum. There are various
ways to support these important goals. In the context of this study, our goal is to determine the views of
early childhood teachers based on design-based activities. Mixed method was used in the study. The
quantitative data examined 88 early childhood teachers’ creativity by using Marmara Creative Thinking
Tendency Scale. Creativity scores of the teachers differed significantly according to the variables of age,
gender and educational level. These scores were grouped as low-medium-high and 12 teachers were
selected for semi-structured interviews based on the Creative Thinking Tendency Scale scores. The
interview analysis revealed that the teachers did not provide examples directly related design while
expressing their ideas on creativity, development areas and critical thinking. When the teachers'
examples related to design were examined, teachers mostly included examples from science education.
In the last step of the study, the activity plans taken from the three teachers who participated in the
interview were examined. When planning design-based activities, teachers included a plan based on the
age group of the students and clearly determine the materials to be used. However, teachers did not
discuss design parameters and data collection that is critical to support creativity and critical thinking.
Design is a relatively new field at early childhood education. Providing teachers with professional
development can contribute positively to the implementation of design based activities supporting
creativity and critical thinking.
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OKUL ONCESi OGRETMENLERININ YARATICI DUSUNME EGILiMLERI
VE TASARIM TEMELLI UYGULAMALARDAKI ELESTIiREL
DUSUNMENIN INCELENMESI

Oz

Yaraticilik ve elestirel diisiinme okul dis1 6grenme 6gretim programinin 6nemli 6gelerindendir ve bu
becerileri desteklemenin bir¢ok farkli 6rnegi bulunmaktadir. Bu calisma 6zelinde bu beceriler okul
oncesi 0gretmenlerinin tasarim temelli aktiviteleri uygulamalarinda incelenmistir. Calismada karma
yontem kullanilmistir. Nicel boyutta 88 okul dncesi 6gretmenine Marmara Yaratici Diisiinme Egilimleri
Olgegi uygulanmustir. Ogretmenlerin yaraticihik puanlarmin yas, cinsiyet ve egitim durumu
degiskenlerine gore anlamli diizeyde farklilik gosterdigi bulunmustur. Verilerin analizinden sonra
Olcekten alinan puanlar diisiik, orta ve yiiksek puanlar seklinde gruplanmistir. Arastirmanin nitel
boyutunda her puan grubundan katilimcilar belirlenmis ve 12 6gretmene yari-yapilandirilmis gériisme
formu uygulanmigtir. GOrligme analizinde Ogretmenlerin yaraticilik, gelisim alanlar1 ve elestirel
diisiinme konularindaki fikirlerini belirtirken tasarima yonelik Ornekler vermedigi gozlenmistir.
Ogretmelerin tasarim hakkinda goriisleri incelendiginde ise dgretmenlerin daha gok fen bilimleri
alanindan Ornekler verdigi goriilmiigtir. Arastirmanin son basamaginda goriismeye katilan i
ogretmenden alinan aktivite planlar1 incelenmistir. Ogretmenlerin tasarim aktivitelerinde 6grencilerin
yas grubuna gore bir planlama yaptigi ve kullanilacak olan materyalleri net olarak belirledigi
goriilmektedir. Ancak Ogretmenlerin yaraticilik ve elestirel disiinmeyi destekleyecek tasarim
parametrelerini ve veri toplamay1 desteklemedigi goriilmektedir. Okul oncesi donemde tasarim temelli
uygulamalarin incelenmesi yeni bir alandir. Ogretmenlere bu konuda hizmet-igi egitim verilmesi
tasarima ait detaylarin erken yaglardan itibaren tasarim temelli aktivitelerde yaraticilik ve elestirel
diisiinmeyi daha etkili bir sekilde uygulanmasina olumlu katki sunabilir.

Anahtar Kelimeler: Yaraticilik, Tasarim Temelli, Elestirel Diisiinme, Okul Oncesi

Introduction

21st century skills require students and teachers new competencies. These competencies have
a dimension that calls for seeking and building information, and this dimension is closely
related to problem-solving, creativity, and critical thinking (Claro & Ananiadou, 2009). There
are several problem types (such as story, decision-making, and design challenges), and each
problem type calls upon a particular set of cognitive abilities. Problems encourage modeling,
which in turn encourages pupils to use critical thinking (Jonassen, 2011). Jonassen (2011)
further said that the setting and problem-type have an impact on creativity. With this idea in
mind, the objective of this study is to investigate how creativity and critical thinking are related
in the context of design-based learning in early childhood education.

Importance of Critical Thinking and Creativity

The development of the concept of creativity begins in early childhood. The early childhood
period defines the period from the birth of the child to the age of 6. In other words, it is in the
same scope as the preschool period. This period is critical in many aspects of the child's
development. It is a period when social-emotional, motor, and cognitive development are at the
highest level and the child is very sensitive to environmental stimuli. It is important that the
activities prepared for the education of the child in the pre-school period are planned and
implemented in a way that can attract the attention of the child, reveal his creative thinking
skills, and support him to be active in the process (Y1ldiz-Bigak¢1 & Giirsoy, 2010).

Together with creativity, critical thinking is another important skill required for the 21st century
that includes problem-solving and higher-order thinking skills. It is one of the thinking skills
guiding societal connections (Eldeleklioglu & Ozkilig, 2016). Today's children access
information much faster than adults and their societal connections include social media and
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virtual platforms. Therefore, the accuracy of the information obtained and how this information
will be used have great importance. Students need to know how and from where to get the
information correctly and to structure and internalize this information in the most meaningful
way. In order to support this, students should be given the opportunity to develop their critical
thinking skills from an early age (Kurnaz, 2017).

Connected with these, the early childhood education curriculum places creativity at the center.
The curriculum supports children's gaining different and original experiences in accordance
with their learning methods and environments, and developing their skills to express themselves
in this way, by keeping their individual differences (MoNE, 2013). In addition, critical thinking
is presented as one of the fundamental ideas (MoNE, 2013). The development of these skills in
elementary school depends on supporting these skills starting from the early childhood period.
the curriculum underlines that it is critical to ensure teachers must be creative and include these
skills in the learning environments accordingly (MoNE, 2013).

The constant focus on creativity, which is also emphasized in OECD reports, emphasizes how
crucial it is for 15-year-old students to develop creative thinking, which they can do by actively
participating in the development, evaluation, and enhancement of ideas that can result in novel
and practical solutions, scientific advancements, and significant expressions of imagination.
However, it is crucial to keep in mind that creativity is closely related to 21st century abilities
(Claro & Ananiadou, 2009) and OECD reports (Hyslop-Margison et al., 2001; McGuire, 2007).
We will go over how this emphasis translates to early childhood studies in the next section.

Solving difficult problems and using critical thinking are significant cognitive abilities that are
developing in job advertisements, according to research by Rios et al. (2013) who looked at
140 000 job listings. Numerous educational publications (Bocconi et al., 2016) and policy
documents place a strong emphasis on these abilities (European Commission, 2007; National
Research Council, 2012). In connection with this, numerous nations began revising their
curricula by highlighting the requirement for a new pedagogy (European Commission, 2007).
This transformation in Europe has been centered on the science education curricula. The
European Commission's 2007 report identified inquiry-based science education as a means of
fostering students' capacity for both critical and creative thinking.

Academic studies also present a rise in interest in creativity and critical thinking. For instance,
more than 8300 papers mention critical thinking in their abstracts, while nearly 12000 mention
creativity in the Web of Science (WoS) database. On the other hand, when we include early
childhood or kindergarden/kindergarten in the search query, the number of creative studies
drops to 340 studies, and the number of critical studies drops to 125 studies in their abstracts.

In conclusion, there is a rising demand for creativity and critical thinking on a global scale, but
the number of studies in early childhood remains relatively lower. Departing from this need,
the first objective of this study is to determine the level of creativity for early childhood
education teachers. As stated by Jonassen (2011) creativity is linked to the specific context and
Shively et al. (2018) underlined the importance of design-based application supporting
creativity and critical thinking. Departing from this, we then examined how critical thinking is
interpreted in early childhood education through design-based applications.

Importance of Design in Early Childhood Education

According to Alves-Oliveira et al. (2022), a number of initiatives targeted design-based
examples to foster children's creativity. In connection with this, there are many curriculum
examples discussing the importance of design. The Design & Technology Course in England
aims to build generations with the knowledge and abilities to design, make high-quality designs
and prototypes, and think creatively. These individuals will be able to critique and develop ideas
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and designs of others as well as their own (Design & Technology Programs of Study: Key Stage
3, 2013). The objectives outlined in this course are also mirrored in a several curricula in
Tiirkiye. For instance, at the end of the eighth grade, Instructional Technology and Design
curriculum requires students to create an original product while addressing an issue (MoNE,
2012).

Students are expected to critically analyze the problem situation in the revised version of this
curriculum and create a toy out of electronic garbage (MoNE, 2018a). Students are required to
create original projects as part of the fifth and sixth grade curriculum in order to address issues
they face on a daily basis (MoNE, 2018b). In this setting, producing unique work directly relates
to students' growth as creative and critical thinkers (MoNE, 2018b). The early childhood
education program, which is related to these courses, also places a lot of emphasis on problem
solving and creativity in various learning goals: "produces solutions to problem situations" and
"proposes creative solutions to the problem" (MoNE, 2013). Teachers are also expected to
support "children's imagination, creative and critical thinking skills" (MoNE, 2013).

The strong emphasis on design-based examples in curricula increased the number of articles in
this field. A recent review research looked at how various target groups study engineering
design and design-based learning. This review research demonstrated that there were very few
studies undertaken in early childhood education, and the vast majority of design studies were
focused on higher education (Delen & Yiiksel, 2022). Aguirre-Munuz and Pantoya (2016) note
that there is a lack of thorough research on engineering design in early childhood education in
relation to this conclusion. Connected with these findings, only two out of 88 early childhood
education studies from the 2016-2019 period in Tiirkiye focused on design-based learning
(Ormanct & Cepni, 2019). However, over the past few years, this pattern is changing. 25 kids
between the ages of 4 and 7 took part in a 9-hour workshop in Aguirre-Munoz and Pantoya's
(2016) design study that covered the basics of design, bioethics, and gene editing. In a different
study, Bartholomew et al. (2019) created open-ended design challenges based on well-known
children's rhymes (e.g., create a system that will allow the black sheep and its owner to divide
the wool into three bags, develop a method to stop the spider from scaling the water spout,
develop a system to warn young children when animals start to stray). To summarize, the
number of design-based studies is increasing globally but there are fewer examples in early
childhood education.

Previous research offered support for showing kids how to solve different design problems.
Creativity became a key theme in design-based learning studies as the number of studies grew.
Design-based learning, according to Marmon (2019), provides chances for creativity and
innovation. In addition, Alves-Oliveira et al. (2022) evaluated studies from 1950 to 2020 with
kids between the ages of 5 and 13 and stressed the need of comprehending how treatments and
programs may encourage creativity from a young age.

Shively et al. (2018) added that design is a context based experience and there is little known
about how to support context-based learning in K-12 education. To explore early childhood
teachers’ ideas about creative thinking, we conducted interviews. These interviews investigated
critical thinking and design based learning. In the final stage, we collected design based
activities and investigated how teachers integrate creativity and critical thinking to support
developmental areas through design based activities. The research questions in this study were:

1- What was the level of creative thinking tendency for early childhood teachers
based on gender, age, level of education, and school type?

2- What were early childhood teachers’ ideas concerning creativity, critical
thinking and design based learning?
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3- How did early childhood teachers support creativity and critical thinking in
design-based activities?

To answer the first research question, we worked with early childhood teachers working in an
eastern city located in Tiirkiye. Then, we selected smaller purposeful groups for research
question 2 and 3. More details about this process are presented in methods (see Figure 1).

Method

Explanatory sequential design, one of the mixed method designs employed in this study
(Subedi, 2016). In the quantitative phase, we examined the creativity of early childhood
teachers. Qualitative phase consisted of the interviews and activity plans. During the interviews,
teachers were divided into low, moderate, and high creativity groups based on the findings of
the quantitative phase. Then we collected design-based activities to examine critical thinking.

Participants

The study's target population was pre-school teachers working in Turkish public schools
connected to the Ministry of National Education who were instructing students between the of
60 and 72 months. The sample was chosen using the convenience sampling technique that gives
the researcher advantages in terms of time, money, and labor is the practical sampling method
(Gurbetolu, 2018). 88 early childhood teachers who work in a city located in eastern Tiirkiye
were chosen as the research sample. Purposive sampling technique was used in the qualitative
phase. The participants for the interviews and design-based activities in the qualitative stage
were chosen using criteria sampling. As stated by Coyne (1997), the criteria can be developed
by the researcher and Marmara Creative Thinking Tendency Scale scores were used in this
study as a criterion in the selection of teachers for interviews. The interview group consisted of
12 teachers who received high, medium, and low scores on the scale. The maximum score could
be obtained from the scale was 125, and the lowest score in our sample was 50 (the lowest score
that could be received from the scale was 25). Based on the results teachers gathered from the
scale, we created groups as follows:

-Scale score 50-75: Low group (T7, T8, T11, T12)
-Scale score 76-100: Medium group (T1, T6, T9)
-Scale score 101-125: High group (T2, T3, T4, T5, T10)

There were four teachers in low group, three teachers in medium group and five teachers in the
high group. In the final section, several teachers who received high scores were asked to submit
a lesson plan related to design based practices. Three teachers (T2, T3, T4) returned seven
lesson plans (two teachers shared two lesson plans, one teacher shared three plans), and we
analyzed these lesson plans in the final stage. In this step, we only focused on the high creativity
group since the activities were collected after interviews. During the interviews, high creativity
group presented more details and we asked teachers from this group to present their activities.
Figure 1 summarizes the participant group related to each research question (RQ).

RQ-2: RQ-3:

12 Teachers Selected to 3 Teachers to
examine teachers' ideas investigate creativity
about creativity, critical and critical thinking in
thinking and desing design based
based learning applications

RQ-1:
88 Teachers in

Quantitative Phase to
explore Creative
Thinking Tendency

Figure 1. Participant Group for Each Research Question
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Data Collection Tools

Marmara Creative Thinking Tendency Scale was used to gather quantitative data. Ozgenel and
Cetin (2017) created the "Marmara Creative Thinking Tendency Scale" to determine teachers'
creative thinking tendencies. Necessary permissions were obtained to use the scale and the scale
was used in the quantitative data phase. The data acquired from the Marmara Creative Thinking
Tendency Scale were analyzed using the SPSS 22 program. Ozgenel and Cetin (2017) reported
the reliability coefficient cronbach alfa as 0.87. In our study, the reliability coefficient cronbach
alfa was 0.95. Then we examined the normality for the distribution. The skewness was -1,165
and the kurtosis was found 1,129. The distribution of the data is normal based on the values
presented in Kline (2011). The link between the instructors' scores on the scale and the factors
of gender, age, level of education, and school type was examined using an independent samples
t-test. Teachers’ creativity levels were created based on the scores they received from the scale.

In line with the purpose and sub-purposes of the research (see Figure 1), a semi-structured
interview form was used for the participant group. The semi-structured interview form was
prepared based on the literature review and expert opinions. The semi-structured interview form
was modified by the interview form prepared by Progression and Pedagogy of Design [P2D]:
Contextualizing Design based Pedagogy in Teacher Education Programs Erasmus+ project
team. First version of the interview form primarily focused on understanding how teachers
support design-based practices, critical thinking and plan design based activities. When
modifying this form, we added questions related to the early childhood education (e.g.
developmental areas). There were four sections in the interview. The first section aimed at
determining how teachers support their creative thinking skills in the classroom environment
and their ideas about creative thinking. In the second section of the interview form, there were
questions to determine their ideas and practices about critical thinking. In the third section of
the interview form, focused on teachers’ ideas on design-based learning. In the final section,
teachers were asked questions about how they make plans in their classroom for design-based
learning.

The interviews were conducted face-to-face with the participants and were recorded by voice
recorder with the voluntary consent of the participants. All interviews were transcribed and data
were coded by two researchers. The researchers used thematic analysis employed an inductive
methodology to create conclusions based on the qualitative data (Herzog et al., 2019). In this
process, the researchers reduce the amount of raw data; find themes; compare themes; develop
codes; and assess the reliability of codes (DeCuir-Gunby et al., 2011). All disagreements
between coders were resolved in several meetings and the data were presented based on
teachers’ creativity scores under the findings.

The activity plans were coded by a rubric that was also prepared during the P2D ERASMUS+
project. This rubric was prepared to analyze design-based activities that were implemented in
various countries during the project. Design is an experience supporting creativity and critical
thinking (Shively et al., 2018). Departing from this, the rubric investigates how teachers
consider important elements of the design process when planning design-based activities. Both
researchers coded the activity plans by using the rubric presented in Table 1. Activities coded
by both researchers and disagreements were resolved in discussion meetings.
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Table 1. Design based activity evaluation rubric

Features/ 0 1
Description
A- Select design Teachers fail to select constraints Teachers select design constraints
constraints
B- Define design Teachers fail to define parameters =~ Teachers define design parameters
parameters

C- Find evidence related Teachers fail to include evidence Teachers present evidence related to

to design parameters related to design parameters design parameters
D- Define (implicit) Teachers fail to define criteria for Teachers discuss how evidence related to
criteria  for deciding deciding which design is better parameters would work for the design

which design is better

E- Identify materials & Teachers do not identify materials Teachers identify materials & tools to

tools to create the & tools to create the prototype create the prototype

prototype

F- Define how the Teachers do not define how the Teachers present how parameters worked
prototype satisfies  prototype satisfies original goal for the design

original goal
G- Define how to improve Teachers do not define how to Teachers define aspects that could be
the design product improve the design product improved in the design product

Ethical Procedures

The research is conducted under the Usak University Ethical Committee Approval (taken on
09.12.2021). All participants signed an informed consent before completing the Marmara
Creative Thinking Tendency Scale. In the qualitative part, purposive sampling was used and
participants who were willing to participate in the interviews from different attended the
interviews. These scores were not shared with the participants. The researchers selected
participants based on their scores for the interviews. In the final stage, we requested lesson
plans from all teachers in the high group, and only three of them shared their activity plans. We
used these lesson plans in the final stage of the analysis.

Results

What was the level of creative thinking tendency for early childhood teachers based on
gender, age, level of education, and school type?

In this section, we will first present quantitative results, and then switch to qualitative results.

51
28
. S
N :
Low Medium High

Figure 2. Early Childhood Teachers’ Creative Thinking Tendency Scores

Figure 2 presents the early childhood teachers’ creativity levels based on the Marmara Creative
Thinking Tendency Scale. Majority of the teachers in our sample was in the high creativity
group and teachers’ average score was 97.8 over 125.
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Table 2. Examination of Teacher’s Creativity Scores

Variables N X Standard Deviation t p
Gender Female 63 3,98 5,57 2,202 ,030
Male 25 3,68 6,68
School Type Independent 43 4,01 4,56 1,797 ,076
kindergarten
Kindergarten 45 3,78 7,03
Age Higher than 30 25 3,67 8,08 -2,236 ,028
Lower than 30 63 3,98 4,79
Level of Masters 15 4,29 2,73 2,865 ,005
Education Bachelors 73 3,81 6,22

After determining the creative tendency, the scores of the teachers were analyzed using the
independent sample t-test. Table 2 presents there is a significant difference between the creative
thinking tendency of female and male teachers [ts¢ =2,202 p<.05]. The mean score of female

teachers (5_{:3, 98) is higher than the mean score of male teachers (f=3, 68). Effect size
(Cohen’s d) was found as 0,05.The average score of teachers working in independent

kindergartens (i =4,01) is higher than the average score of teachers working in kindergartens (
X=378). However, this difference was not statistically significant [tse=1,797 p>0,05]. It has
been determined that the average score of the teachers under the age of 30 (¥=3,98) is higher

than the average score of the teachers above the 30 (i=3,67). This difference represents a
statistically significant difference [tse= -2,236 p<0,05]. Effect size (Cohen’s d) was found as

0,05. It was observed that the average score of teachers who hold a master’s degree (?_i =4,29) is
higher than the average score of teachers only have a bachelor’s degree (¥=3,81). This

difference is statistically significant [tss=2,865 p<0,05]. Effect size (Cohen’s d) was found as
0,10. All effect sizes were small (Cohen, 1988).

What were early childhood teachers’ ideas concerning creative thinking, critical thinking
and design based learning?

In this section, we will report teachers’ ideas on creative thinking, critical thinking and design
based learning. The classification of codes is based on the scores teachers’ creative thinking
tendencies.

Table 3. Teachers' Ideas about Creative Thinking

Question ~ What does creative thinking or creativity mean to you? Please explain.

Code Codes from lower scores: Codes from medium scores: Codes from high scores:
Originality (T8, T11, T12) Originality (T1, T6, T9) Originality (T3, TS, T10)
Being yourself (T7) Being yourself (T2, T4)

Question Which teaching methods and techniques do you use to support creative thinking skills in the
classroom? Please give an example.

Code Codes from lower scores: Codes from medium scores: Codes from high scores:
Drama (T11) Scamper technique(T1) Brainstorming, argumentation
Brainstorming, Drama. Activity completion (T2, T3, T4, T10)
argumentation, six thinking (T9) Q&A (T4, T5)
hats (T7, T8) Questioning (T6, T9) Design. Completion Works
Questioning (T12) Learning stations technique, (T10)
Six thinking hats (T8) Six thinking hats (T6) Learning stations technique (T2,
T3, T4)
Solving a problem (T5)
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Interview analysis presented that teachers’ explanations are relatively similar about creativity
when compared by their creativity scale scores, and teachers listed numerous activities to
support creative thinking (see Table 3). Teachers discussed creativity as a thinking activity (e.g.
six thinking hats). Only teachers from the high group mentioned the inclusion of design when
discussing teaching methods and techniques to support critical thinking.

Table 4. Teachers’ Ideas about Critical Thinking

Question  How do you define critical thinking?
Code Codes from lower scores:  Codes from medium scores: Codes from high scores:
Examination, analysis Questioning, being objective Original idea (T2)
(T8) (T1) Thinking positive-negative (T3)
Thinking positive- Thinking  positive-negative Total thinking, analysis (T4)
negative (T7) (T6) Thinking deeply (T5)
Total thinking, analysis Questioning, different Thinking different or consequential
(T11, T12) perspective (T9) points, questioning (T10)
Question Can you support critical thinking when engaging in design based applications? Please explain how.
Code Codes from lower scores:  Codes from medium scores: Codes from high scores:
By questioning designs By doing experiments (T1) By showing examples (T2)
(T7, T8, T11, T12) By analyzing process and By questioning designs (T3, T4,T10)
problem situations (T6) By developing perspectives (T5)
By developing perspectives
(T9)
Question  How can critical thinking support the design process and products?
Code Codes from lower scores:  Codes from medium scores: Codes from high scores:
Quality of design and Developing process and Developing process and products by
products increases products  with  different analyzing (T2)

through critical thinking
(T11,T12)

Developing process and
products by analyzing
(T7)

Identifying and correction
of deficiencies (T8)

perspective (T1)

By evaluation of products (T6)
Developing  process  and
products by analyzing (T9)

Quality of design and products
increases through critical thinking
(T3)

Identifying  and
deficiencies (T4)
Thinking what worked (T5)

By supporting higher-order thinking

correction  of

skills (T10)

Similar to the previous interview questions, we first prompted teachers to define critical
thinking (see Table 4). Teachers defined critical thinking as a cognitive process by presenting
different aspects (e.g. considering different perspectives) of the thinking process: “Critical
thinking is the process of evaluating something with both its good and bad sides and revealing
the difference between its good and bad sides (T6)”. Another teacher added “To be able to look
at events from a different perspective. To question the accuracy of the information presented to
us (T9)”. In this process, teachers did not state any ideas related to design. On the other hand,
when teachers were asked about the role of critical thinking in design-based applications,
teachers emphasized different perspectives. Teachers stated that children can develop different
perspectives through design, and therefore their critical thinking skills will improve: “For
example, students can try different ideas to understand what works and this helps students to
begin criticizing their ideas through the mechanism they created. As students criticize, they gain
experience so that they can do better. Thus, the quality of the products increases. As in the
example of sculpture, they tried different methods in the next art events and came up with better
products (T11)”.

Teachers in the lower group primarily stated the final design products, but teachers in middle
and high groups had a broader perspective by including problem solving and design evaluation:
“As children produce, they begin to think better. They immediately develop a solution to the
problem. Thanks to the evaluation methods we use, they look critically at their designs
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automatically. This way it is supported. So there is a difference between the first period and this
period. The children started to say their deficiencies before I completed them. I think that shows
their progress.” Science continued to be at the center of several examples: “Let's assume a child
who sees yogurt drink waiting in a glass. As a child, we expect him to first wonder why when
water and yogurt separate, rather than accept it outright. Then we expect him to investigate
why, in his critical thinking process. The child will then learn the difference in density and gain
knowledge as a result of his curiosity. We expect him to benefit from this experience while
producing new things and new ideas by transferring this to other examples in his daily life. In
other words, we expect him to interpret what he sees in education and transfer it to other parts
of life (T2)”.

Table 5. Teachers’ Ideas about Design based Learning
Question How do you define design based learning?

Code Codes from lower scores: Codes from medium scores: Codes from high scores:
Science and art activities STEM (science, engineering, STEM, Experiment (T4)
(T7,T8 T11, T12) technology, mathematics), Problem based applications
Problem based applications (  Experiment (T1) (T2,T3,T5,T10)
T11) Problem based applications (T6)

Planned applications( (T9)
Question Which teaching methods should be use in design-based learning?

Code Codes from lower scores: Codes from medium scores: Codes from high scores:
Drama, Argumentation Drama, Argumentation methods Methods that develop children
methods (T8) (T1, T6) (T10)

Questioning (T7, T11, T12)  Q&A(T9) Drama (T3, T4, T5)
Argumentation methods (T2,
T3, T4, TS)
Activity completion,
Questioning (T5)

Question How can different development areas be supported by implementing design-based learning?

Code Codes from lower scores: Codes from medium scores: Codes from high scores:
Design affects development Integrated activities (T1) Integrated activities (T3)
of area (T7) Design affects development of Design affects development of
Developing different areas area (T6) area (T2, T4)

(T8) Integration of design and Developing different areas (T5)
Integration of design and activities (T9) Integration in activities (T10)

activities (T11,T12)
Next, we asked about teachers’ ideas about design-based learning (see Table 5). All groups
linked design-based learning to problem solving: “Based on the concept of design, I can try to
define it as the creation of solutions and inventions for situations or events that did not exist
beforehand or need to be developed (T10)”. There was also an emphasis on science: “I think it
could be doing experiments in science activities or producing a mechanism (T12).” The
connection to science was also prevalent when teachers discussed the activities to support
design-based applications. All groups stated argumentation and also included drama activities.

Teachers did not discuss development areas when they were presenting ideas about design-
based learning. When teachers were asked specifically about the connection between
development areas and design-based learning, teachers started to discuss development areas:
“Social-emotional area can be developed if there is a design-based group work. In addition,
cognitive areas can improve as thinking skills improve. Language skills can develop as children
cooperate among themselves. But we do not implement these very often (T6)”. Another teacher
also discussed different developmental areas: “Design supports many areas such as creative
thinking, motor skills, observation, and using previous knowledge. Therefore, design process
also supports the development processes. I use it as often as possible. In any case, the main task
of children in pre-school period is to create new ideas, support curiosity, research and
questioning. Students should not learn concepts directly and this is why I prefer to use these
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methods in my activities (02)”. Teachers are aware of design based activities, but they
presented differences in terms of the frequency of these activities. This could be one reason to
explain why design does not become part of their responses when they were asked general
questions.

Table 6. Teachers' Plans about Design-Based Learning

Question ~ What do you pay attention to when planning a design-based learning? How do you differentiate design

based learning when you compare it with other practices in your classroom?

Code Codes from lower scores:  Codes from medium scores:  Codes from high scores:
A process that produces Active, supports higher Open-ended, unstructured (T2)
solutions, An original order thinking skills (T1) Scientific process (T3)
process (T7) Problems from daily life, A Problems from daily life (T4)

Suitable for children (T8, process that produces Supporting all-round development (T5)

T11, T12) solutions (T6) Project-based processes (T10)
Suitable for children (T9) Suitable for children (T3, T4,T10)

Question ~ When and how do you decide what students should do during the design process?

Code Codes from lower scores:  Codes from medium scores:  Codes from high scores:
Children in a decision- Guidance for children who Decide with kids (T3)

making position (T7, T8, request support (T1) According to the children’s needs (T2, T4,
T11) According to the children’s T5)
According to the need (T6, T9) Advanced planning (TS5, T10)

children’s need (T12)

Question  How do you determine the design problem for students?

Code Codes from lower scores: ~ Codes from medium scores:  Codes from high scores:
Daily life Connected to ability of the Daily life (T2,T3,T4,T5,T10)
(T7,T8,T11,T12) group (T1,T6) Connected to ability of the group (T10)
Connected to ability of the Daily life (T6)
group (T8, T11) Spontaneous (T9)

Teachers stated the importance of increasing the number of instances: “I honestly don't have
much of an idea. I think it should be used more (T7)”. But, teachers did not discuss the role of
design unless they were prompted to mention design in different questions. In the final section
of the interview, we focused on understanding how they can support and planned design-based
learning (see Table 6). In this process, we emphasized on how teachers can plan design-based
learning in their classrooms by comparing design-based learning with other practices. Teachers
in all groups underlined the importance of problems: “While planning a design-based lesson,
we first need to identify a problem situation. Then I help them find solutions to this problem
and support them in this process. There are not many challenges in art activities, so while doing
some different but original product creation activities, they can think for themselves in art and
create an original work of art (T6)”.

Then we asked teachers about students’ role in these activities. Teachers focused on making
advanced planning and continuous support during these activities: “I think planning before the
process is effective. During the process, | try to ensure that the process is advanced through
group decisions, by making regular meetings when students need it (T5)”. Another teacher also
stated the importance of providing a free environment for students: “They mostly decide on
their own in the process. I intervene when they ask (T8)”. One of the teachers defined this
process as “(not) focusing on a single path in the process (T1)”.

Due to the emphasis on problems, we finally asked teachers about how they determine the
problems for students. Teachers in different levels stated the importance of daily life problems:
“I try to identify the interesting problem situations that students encounter or may encounter in
their daily lives (T10)”. All groups also added the importance of suitability for the age group.
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How did early childhood teachers plan design based activities?

In this section, we evaluated seven activity provided by three teachers from high creative
thinking tendency group.
Table 7. Evaluating Each Activity with Design-Based Activity Evaluation Rubric

Features/Description  Activity 1 Activity  Activity  Activity  Activity  Activity  Activity
2 3 4 5 6 7

A- Select design 1 1 0 1 0 0 0
constraints

B- Define design 0 1 0 0 0 0 0
parameters

C- Find evidence 0 1 0 0 0 0 0
related to design
parameters

D- Define (implicit) 1 1 0 0 0 0 0
criteria for deciding

which design is

better

E- Identify materials 1 1 0 1 1 1 1
& tools to create the
prototype

F- Define how the 0 0 0 0 0 0 0
prototype satisfies
original goal

G- Define how to 0 1 0 0 0 0 1
improve the design
product

Total Score 3 6 0 2 1 1 2

A summary of the coding is provided in Table 7. The results clearly present that teachers do not
focus on planning design based learning in a detailed way. The main aspect that was found in
the design based activities was the discussion materials. Three activities also included
constraints for the design (e.g., focusing on roads, mosques, schools, parks, shops, stadiums in
a city planning activity, considering only what birds need in autumn, designing only the surface
of the moon). Two activities included the improvements for the design (e.g., how to improve
water-proof designs, modifying the forest model). This is an interesting result since the big
majority of the activities did not include the parameters and how to collect data related to the
parameters. This means students were allowed to a very open design process in which students
were not provided enough scaffolding for thinking how they may collect data. Failing to include
these crucial aspects can lead to a superficial discussion of creativity and critical thinking.
Teachers were not clear about what to expect from the design process, and this means the design
experience had vague criteria for students. Students did not know what was clearly expected
from them. A detailed description of each activity is provided individually in this section.

Activity 1

In the first activity, teacher primarily focused on stages of the activity to design their dream
house. Students were first asked to use their imagination in the planning phase. Children were
expected to take an active role in the planning process. Students were asked to think about
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“roads, mosques, schools, parks, shops, stadiums” in a city. In this way the teacher supported
students to consider constraints. Teacher asked students to use salt ceramics. The material used
at this stage was a very good choice in terms of its suitability and usefulness for the
developmental level of children. The resulting design was a product of children's imagination.
But, teacher did not list any parameters. Material choices, and how to improve design products
were not discussed.

Activity 2

The development level of the student group was taken into consideration during the design
process. This activity also considers constrains well. Students were prompted to think about
what birds may need during autumn. During the activity, students were given a piece of paper
and asked to draw weather-proof objects that can be used to feed the birds. During this activity,
students only drew and children were free to choose materials. The activity mentioned a
parameter by asking students to consider weather-proof objects. After completing the design,
students were asked to test whether the designs are resistant to cold weather, and how they
could be improved by evaluating the missing aspects is discussed with the method of discussion.
Overall, this activity fulfilled the majority of the criteria in the rubric.

Activity 3

The third activity was basically a science experiment. The teacher asked students to imagine
that students are all scientists and that the classroom is a laboratory. Teacher stated that they
were going to do an experiment together. Teacher performed the experiment and presented that
when one end of the straw is closed with a finger, the liquid inside does not spill. The teacher
continued to discuss the results with the children during the activity and students were not
engaged with the design process.

Activity 4

This activity also put the emphasis on science. Teacher introduced Galileo and Galilei’s
telescope. The teacher continued to explain the telescope function of a telescope and how
Galileo used it. The surface of the moon is designed with using aluminum foil. The teacher
asked students to design the surface of the moon and the teacher also provides students a
specific material. Although teacher discussed the constraints and materials, the teacher did not
discuss the parameters (e.g. size). The parameters were missing, and the activity did not focus
on how to improve the design product.

Activity 5

In this design activity, teacher first started with an introductory video about rockets and then
provided wooden blocks to students. Each group was asked to build a rocket. Students were
allowed to use other objects in the class while making their rocket. Students were given a
specific time to complete the design and then students name their rockets. Then students were
asked “where would you like to go in space with your rocket?”. Each student then built the
rocket. This design activity also provided the list of materials to students, but never discussed
any parameters with the students. Students were not asked to discuss how they could improve
their designs.

Activity 6

Activity 6 also focuses on science by making students discuss gravity. Students were given the
opportunity to draw and then place their drawings on the wall. Then students were asked to
discuss why the paint on their drawing would go down when it is placed on the wall. This
activity provided specific materials, but did not consider design related parameters.
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Activity 7

In the last activity, students were asked to create a forest by diving into four groups: spring
forest, summer forest, autumn forest, and winter forest. Students were given soil to create their
forests. Students were allowed to create animal models. Then students described their forests.
The teacher did not list specific parameter for the design, but the teacher asked how students
can modify their models at the end. Students were allowed to add new materials when revising
their designs.

Discussion and Conclusion

Creativity became an important skill for 21st century jobs (Bocconi et al., 2016), and it has
become an important skill starting from kindergarten (MoNE, 2013). Early childhood teachers’
creativity scale average was 97.8 over 125. This is consistent with other studies reporting high
creative thinking tendency score for early childhood teachers (Coban, 2016; Meral & Sahin,
2019). In our analysis, we found early childhood teachers’ creativity differs significantly by
age, gender, and education level. It is important to note that, all the effect sizes were small
(Cohen, 1988). Previously, Kose et al. (2016) found that creative thinking skills differed
significantly by gender, and this difference was in favor of female early childhood teachers.
Inceoglu and Kosar (2008) measured the creative thinking skills of computer education and
instructional technology teacher candidates, and reported that female teacher candidates are
more creative than male teacher candidates. In addition, Ugurlu and Ceylan (2014) reported
that teachers with a graduate degree had higher creativity scores. In a more recent study, Coban
and Inan (2019) found that female early childhood teachers had higher scores and teachers
creativity scores gradually increase by age when comparing early childhood teachers in their
20s and 30s. However, we did not find significant differences according to school type.
Previously, Uzman (2003) also concluded that teachers' creativity levels differ significantly
according to the type of school in which they work. Since we worked only in one city, teachers
can easily collaborate between each other and this may have cause relatively similar scores for
different schools. The creativity scores of teachers working in independent kindergartens were
higher in our sample.

In addition, several studies indicate that creativity can be developed when it is supported by the
right experiences (Awang & Ramly, 2011; Karpova et al., 2011; Webster, 1990). The common
point in these studies is to provide students with a process through which they can express
themselves, regardless of their age group. For example, Webster (1990) stated in an example
from music education that creativity is not just the work that students put forward at the end,
but that the preparation process that students experience while creating the piece and analyzing
other pieces are also parts of the creative thinking process. As stated by Jonassen (2011),
creativity is linked to the specific context. Moreover, Shively et al. (2018) added that design
based experiences can support critical thinking and creativity. In connection with these ideas,
we investigated early childhood teachers’ ideas and practices related to creativity and critical
thinking with an emphasis on design.

Previous design-based learning studies stated that there are very few studies investigating
design in early childhood education (Aguirre-Munuz & Pantoya, 2016; Delen & Yiiksel, 2022;
Ormanct & Cepni, 2019). Several studies presented numerous examples depicting early
childhood children being capable of completing complex design challenges (Aguirre-Munuz &
Pantoya, 2016; Bartholomew et al., 2019). Teachers play a vital role to support children’s
development in early childhood and our results showed that early childhood education teachers
plan various activities to support developmental areas and consider critical thinking in their
activities. Connected with our results, Coban and Inan (2019) reported that early childhood
teachers perceive themselves to be creative. However, how early childhood teachers transform
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creativity should be carefully evaluated. Although early childhood teachers plan various
activities, how they planned these activities presented numerous gaps in design-based learning.
Teachers rarely considered limitations for students and teachers did not consider the inclusion
of parameters. Missing all these aspects can become confusing for early childhood students.
For instance, in activity 6 the teacher only included a science experiment. Students were
expected to create a drawing related to gravity, but students did not have any criteria moving
forward (e.g., what should be size of the drawing, what were some details that were expected
from students). Since gravity is a concept that is hard understood by middle school students
(Y1lmaz and Ince Aka, 2022), drawing gravity without any clear guidelines can be puzzling for
early childhood students. When students do not clearly understand what the design process
entails, it would be really hard to prompt the creativity and critical thinking through the design
process. A recent review by Puig-Mauriz et al. (2021) reported the scarcity of critical thinking
interventions in K-12 education. Our results adds a new perspective to these limited number of
studies by depicting the paucity of design details presented to early childhood students to
develop their creativity and critical thinking in design-based activities.

In addition, several design-based activities (e.g., Activity 3) only presented a science
experiment. This presents a big misconception and adds a new dimension for design-based
learning studies. English (2016) stated that science is the dominant discipline for STEM
education studies. A recent meta-analysis confirmed this result by reporting science as the
primary discipline for design-based learning experimental studies (Delen & Sen, 2023). In
addition to the dearth of examples in early childhood education (Aguirre-Munuz & Pantoya,
2016; Delen & Yiiksel, 2022; Ormanci1 & Cepni, 2019), our study highlights that how early
childhood teachers define and implement design is worth examining in further studies. As stated
by Royalty (2018), design can promote original and creative thinking by teaching design to
those who aren't designers, but little is known about how this could be implemented in the
classroom.

It is important to underline that teachers in the high creativity group were able to provide a
wider range of examples to illustrate the relationship between critical thinking and design-based
activities. This could be related to the various connections between critical thinking and
creativity (Claro & Ananiadou, 2009; Hyslop-Margison et al., 2001; McGuire, 2007). These
skills are also connected in different curriculum documents in Tiirkiye (MoNE, 2012; MoNE,
2018b). However, teachers did not list any design-based activities when discussing
developmental areas or critical thinking. When considering this result with the gaps found in
design-based activities, we can conclude that teachers need support to translate “perceived
creativity” into action for design-based learning.

Early childhood teachers received high scores in the creativity scale. However, they were not
able to present how they could support creativity in design-based activities. Teachers were
attentive to students’ age level when planning design-based activities, and the main aspect they
emphasized was the selection of materials. However, the design process also investigates how
different parameters work. Shanta and Wells (2020) stated that design is inextricably linked to
innovation, to solve an ill-defined, authentic problem within the confines of the resources at
hand and the parameters of real-world settings. Shanta and Wells (2020) also added that
designing solutions for problems should be enforced by limitations and parameters.
Engineering education studies continue to emphasize understanding constraints and parameters
(Huang et al., 2020), and recent studies have also started to discuss these for teacher education
(Gleason & Jaramillo Cherrez, 2021).

To support critical thinking, a complex real-life problem-solving situation can be presented to
students (Awang & Ramly, 2011) and teachers in our sample, primarily focused on including
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problems that are connected to age group and daily life. Critical thinking is defined as the
process of evaluating and analyzing a process from different perspectives. This thinking process
emerges as an effective cognitive process (Karademir, 2013). One of the most important
features of the critical thinking process is being able to ask "why" questions about the judgments
made during or as a result of the process (Ekinci & Aybek, 2010). Seferoglu and Akbiyik (2006)
emphasized that teachers who can think critically can support this ability in their classrooms.
Early childhood education teachers were discussing the importance of these "why" questions
(evaluating the quality of design and products, identifying and correcting deficiencies, thinking
about what worked).

Our study only included a sample from one city and we reported small effect sizes. The data
were collected after the pandemic and this had an impact on the number of participants and new
studies need to focus on bigger study populations. The activities were only collected from the
high creativity group and future studies can examine how teachers’ perceived creativity might
have an impact on design-based learning. Despite these limitations, our study also added a new
dimension to the argument that the lack of design-based examples in early childhood education
is not the gap. Early childhood education teachers would need more professional development
support to understand the fundamentals of the design process. These professional development
efforts should consider understanding how early childhood education teachers perceive
creativity and critical thinking in design based learning.
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