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Abstract

For more than a decade, STEM educational approaches have attracted the attention
of educators. The aim of this study was to examine the effects of the Early STEM
Education Program (ESTEMEP) on children’s science process skills. The study utilized
the semi-experimental research design and it was conducted with 26 six-year-old
children in Istanbul during the 2017-2018 academic year. The “Preschool Science
Process Skills Scale for 60-72 Month Old Children” was used in the study as a data
collection tool. Before starting the education process, pretests were conducted with
the experimental and control group. Secondly, the ESTEMEP was applied to the
experimental group twice a week for 10 weeks, after which both groups were given
a posttest. The covariance analysis test and Mann-Whitney U test were used for
analyses, and the results show that, although the groups shared similar scores in the
pretests, there was a significant difference in favor of the experimental group in the
posttest scores. This finding shows that the ESTEMEP program is effective in the
acquisition of science process skills (SPS).
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Introduction

Science process skills

Today the number of studies and accumulation of knowledge are rapidly increasing
thanks to both technological innovations and newly developed tools. The skills that
scientists use in the process of revealing knowledge are called science process skills
(SPS). In other words, science process skills are the behaviours of scientists that can
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be applied, taught and used in many fields (Padilla et al., 1984). These thinking skills,
which are used for creating knowledge, thinking about problems and formulating
results (Lind, 1998), are skills that not only scientists but everyone uses in their daily
lives (Carin & Bass, 2001). Although science process skills are classified in different
ways by researchers, many studies have divided science process skills into two
categories: basic skills and combined skills. As the development of individual basic
skills affects the acquisition of others (Kuhn et al., 2001), it represents the foundation
for the acquisition of high-level skills (combined skills) (Meador, 2003). Considering
the cognitive maturity of an individual, acquiring basic skills is appropriate for the
younger age group (preschool and primary school), and the acquisition of combined
skills is reserved for middle school and high school group (experimenting, creating
models, interpreting data, etc.) (Soydan, 2017). In other words, competence in basic
science process skills has an important role in the acquisition of advanced skills by
laying the groundwork for attaining combined science process skills.

Definitions of basic science process skills are as follows:

Predicting: foreseeing the future based on available information (Harlen & Jelly, 1997).
Therefore, the wider a person’s knowledge of the subject is, the more likely they are to
make correct predictions (Monhardt & Monhardt, 2006). Before making predictions
in science education, children should be encouraged and supported to establish cause-
effect relationships by asking questions such as “Why do you think so?” (Soydan, 2017).
In other words, talking to children about the possibilities relating to events that have
not yet happened, asking qualified questions on the basis of their existing knowledge
and newly added information will support children in establishing connections
between events as well as support them in constructing information in their minds.

Inferring: the ability to infer is defined by Myers et al. (2004) as reaching some
conclusions or generalizations based on the learned information. The ability to make
conclusions is influenced by the quantity and quality of the observations made by
children during activities (Soydan, 2017). In this respect, it is important that children
are guided by open-ended questions by the educator and have the opportunity to
examine using different materials during observation. It should be noted that the
prediction skill entails a statement about the future, while the inferring skill generates
ideas about events that happened in the past.

Communicating: establishing scientific communication means sharing the findings of
experiments, experiences and observations with various symbols, shapes and forms in
a way that other people can understand (Buyuktaskapu, 2010). In other words, it is the
skill of expressing the events examined and observed during the process in different
ways and sharing them with other people. Young children can share these in different
ways, such as talking, drawing pictures and creating graphics.

Observing: it is the examination of objects or events with one’s senses or tools and
devices (microscope, thermometer, etc.) that support these senses (Myers et al., 2004).
When observing objects with young children, attention is paid to the differences between
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the objects rather than their similarities, and the general properties of these objects are
emphasized rather than the detailed properties (Roden et al., 2005; Carin et al., 2005).

Sorting-Classifying: Carin (1993) states that the classification skill entails the ability
to group events, information or objects according to their similarities or differences.
When planning activities that support children’s classification skills, their developmental
characteristics should be considered. Preschool children who are in the pre-procedural
period can group items according to one characteristic, but may have problems in
grouping according to multiple characteristics (Soydan, 2017). For example, when
children are given 6 stones, 3 black and 3 white, and 6 erasers, 3 white and 3 black, and
asked to group them, some do it according to colour and some according to structure.
When asked how else they can group them, few children will be able to answer the
question correctly and name both features.

Measuring: it is the numerical expression of the properties of objects and events in
a certain unit with the use of appropriate tools (Myers et al., 2004). While studying
measurement skills with children, it is recommended to use non-standard measurement
tools (Soydan, 2017). One of the reasons for this may be that children do not yet know
how to use a standard measurement tool (Copley, 2000). Examples of non-standard
measurements are measuring length by step, spanning or using objects such as pencils.

Children are innately willing and curious about research. This curiosity should be
supported from the first years of life, and the child should be guided to maintain it
systematically and correctly. According to Elkind (2001), children’s acquisition of science
process skills should be supported by providing appropriate formal experiences from
the first moments in life. The role of the educator here is not to convey information
to children but to provide them with science process skills and support children in
acquiring knowledge and scientific principles on their own (Lapadat, 2000). STEM
educational approach, which has been popular in recent years and has been shown
to be effective in many studies, supports this role of educators.

Science, technology, engineering, math (STEM) educational
approach

The STEM educational approach is an interdisciplinary approach (Akgunduz et al.,
2015; Bybee, 2010; Sneideman, 2013). Piaget defined the concept of discipline as a field
of teachable knowledge, which has its own content, method, education and procedure
(Piaget, 1972, acc. to Jacobs, 1989). The interdisciplinary approach presents an in-depth
focus on a subject of a certain discipline with the help of other related disciplines
(Jacobs, 1989). In other words, the interdisciplinary approach starts from a problem,
which it places in the focus of research, which is followed by gathering information
from other related disciplines and proposing solutions based on making associations
between the problem and the disciplines. Although science, technology, engineering
and math were initially gathered under the name STEM by the NSF (National Science
Foundation) in 2001, their history dates back to the early 19 century in different
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names or different combinations (Ostler, 2012). According to Merril, STEM education
can be accomplished if the fields of study are handled as a single dynamic without
being divided into disciplines (Merril, 2009, acc. to Erdogan & Stuessy, 2015). These
disciplines cannot be considered independent from each other since they coexist
in nature (Moomaw, 2013), which means that STEM is an integrative educational
approach (Bybee, 2010; Kelley & Knowles, 2016). Corlu et al. (2014) claimed that the
STEM approach is the result of integration of at least two disciplines and indicated
that teachers and students’ interests, knowledge and skills are among the factors that
shape this process.

Importance of the STEM educational approach

The STEM approach provides an opportunity for the individual to use the information
obtained from different fields in an effective and original way and to handle them as
a whole, go beyond memorized information and produce solutions to the problems
encountered in daily life with the information obtained from different disciplines.
A certain age-appropriate level of knowledge and a readiness is expected from the
individual in order to utilize the STEM approach. It aims to raise individuals with ability
to think differently and innovatively, enables students to think in an interdisciplinary
manner like engineers, produce appropriate solutions to existing problems and to
determine the most suitable among the proposed solutions (Bybee, 2010). It has been
emphasized in different studies that STEM education is significant in the acquisition
of qualifications that the industry and technological development require from both
individuals and society. It is grounded on engineering approach to problems and coming
up with solutions with the use of science and mathematics combined with technology
(Kennedy & Odell, 2014). The fact that US students’ mathematics achievement was
lower than the success of students from other countries influenced the emergence of
STEM as a concept (Gonzalez & Kuenzi, 2012). It was thought that STEM education
would increase the success and interest of students in this discipline. Development
of a positive attitude towards STEM disciplines and strengthening STEM skills could
contribute to the economic development of the country by meeting the need for qualified
personnel in these disciplines. Sanders (2009) and Kelley and Knowles (2016) have
shown that another benefit of STEM is its contribution to economies and amassing
labour force, thus supporting the development of countries.

STEM education is part of formal and informal education from the pre-school education
level (Moomaw, 2013) to the post-doctorate level (Gonzalez & Kuenzi, 2012). It is a very
important goal to reveal and develop the potential of children in the preschool period,
and in this way increase the level of children’s readiness in other education levels (Polat
& Bardak, 2019). Gunsen and Uyanik Balat (2017) mention three important factors,
namely curriculum, teacher training and family, in helping children in preschool gain
STEM skills. An appropriate education program for children, which is one of these
three important factors, should support children’s simple academic skills and make
them feel that these academic skills have various purposes and benefits (Katz, 2010).
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Sparkes (2017) states 7 stages for suitable implementations for the pre-school level.
These stages are asking questions, imagining, planning, creating, testing, developing
and communicating. This order can be completed in one go, or if necessary, it can
revert to the previous stages at any stage. To summarize, in STEM implementation,
children ask questions, examine the problem from a critical point of view, produce
solutions to problems with original thoughts, they are productive and they cooperate
and communicate in groups. It was claimed by Aldemir and Kermani (2016) that
STEM activities which are well-built, full of stimuli and developmentally appropriate
support preschool children’s high level of STEM understanding and collaboration.
In their study, Wan et al. (2020) categorized STEM related early childhood studies
in four types: programming robots, traditional engineering design, digital games
and comprehensive approach. In another study, 13 students between the age of 4
and 5 participated in a 2-week intervention program, which involved using 15 iPad
educational applications for learning numeracy (Miller, 2018). Children’s pre- and
post-performance scores on numeracy skills were assessed and little difference was
found between the overall post-intervention scores of children who used iPads and
those who did not (Miller, 2018).

According to Tugluk and Ocal (2017), inclusion of STEM education will also encourage
children to be curious, research and learn by doing. DeJarnette (2018), observed that
children who participated in hands-on STEAM-modelled lessons were smiling and
talking excitedly during their visit at the STEM center. Aldemir and Kermani (2017) also
stated that STEM activities could develop young children’s proficiency in mathematics,
science and engineering concepts. Furthermore, according to Malone et al. (2018),
engineering design activities could help children to gain deeper understanding of the
work of scientists and engineers.

In early years, if children start to build STEM concepts and skills, these acquired skills
and concepts will help them to further explore more complex and abstract concepts after
entering elementary school (Geary et al., 2013; Locuniak & Jordan, 2008). Furthermore,
research shows that children’s early experiences in science, technology, engineering
and mathematics will increase their probability of dealing with and succeeding in
these areas in the future (Hassan et al., 2019; Park et al., 2017). In other words, the
fact that children receive STEM education at an early age may positively affect their
future orientation to STEM-related jobs, and this may be beneficial in meeting the
STEM workforce needs of society. In his research, Atik (2019) examined the impact of
STEM applications on preschool children’s SPS. The research results show that STEM
applications are statistically significant in improving children’s SPS. Akcay (2019)
examined the impact of STEM applications on preschool children’s problem-solving
skills and the results showed a significant difference in favour of the experimental
group. In another study, researchers analyzed the impact of science activities attended
by families on 5-6 year old children’s science process skills and attitudes towards science
(Yilmaz, 2017). According to the results, children who participated in the program
had significantly better posttest scores.
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The importance of early exposure to STEM was highlighted by some studies (Bagiati
et al., 2010; Bybee & Fuchs, 2006). In the literature, most of the studies on STEM
education were conducted at the higher education or university level, which shows
the need for conducting research on applying STEM in the early years (Martin-Paez
& Aguilera, 2019). In this context, the research question of this study was set:

“What is the effect of an education program based on the STEM approach on
preschool children’s science process skills?”

Methodology
The aim of the study

The current study aimed to investigate the effect of the STEM Program on the science
process skills of 60-66 month-old children attending pre-school. Thus, it focused on
answering the following questions:

What is the effect of the Early STEM Program (ESTEMEP) on children’s science
process skills?

Is there any difference between the posttest results on the Preschool Science Process
Skills Scale between the experimental and control group?

Are the skills children acquired during the program’s implementation (experimental
group) retained?

Preparation of the ESTEMEP program

Relevant literature was thoroughly researched while preparing the program. ESTEMEP
activities were mostly created by the first author of this study, in line with the literature
and examples therein. The activities published by Moomaw (2013) and Sparkes (2017)
were taken as examples while creating the program, for example, different types of
surfaces were provided for the children to examine: rough, smooth and slippery. Then
the children were shown a wooden board with three different surfaces: less rough,
very rough and slippery. They were asked to predict on which surface the toy racecar
would go faster. Then the slope of the board was increased and the children were
asked about whether the car would go faster or slower. The activity continued with
the children changing the slope and playing with the cars. In order to transform what
the children experienced into a product, they were asked to form groups and create
a racetrack with different difficulty levels. After that, the produced racetracks were
evaluated and compared.

General background and participants

This research, which aimed to examine the effects of the STEM Program (ESTEMEP)
designed for 60-66 month old preschool children on their science process skills, was
conducted using the semi-experimental research method. This method does not
utilize random, but convenient sampling, that is, the groups were already formed
(Buyukozturk et al., 2008). However, the experimental group was chosen randomly.
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Parents did not know to which groups their children belonged. Classroom teachers and
the researcher conducting the pre-post tests were aware of the children’s distribution
in the groups. Children from both groups had similar daily routines in the course of
the program’s implementation.

The mentioned daily routine entailed a program prepared in line with the
recommendations and indicators of the preschool education curriculum published
by the Ministry of National Education in 2013. This program does not provide the
content of the activities, but plans age-appropriate skills that children should acquire.
Schools in each region were given a task of designing activities that support these
acquisitions and respect the assigned indicators. The daily routine entailed children
coming to school at 8:30 a.m., planning the day, free time, breakfast, the day’s activity,
lunch, rest, afternoon activities, a snack, evaluation and going home.

The attendance rate for both groups was similar. The aim of using the experimental
research model was to assess the impact of the independent variable on the dependent
variable. After the application of pretests with all participants, the independent variable
(ESTEMEP) was applied (for 10 weeks) to one part of the participants (experimental
group). Then, the posttests were conducted and the impact of the application evaluated
(Fraenkel & Wallen, 2009). According to Fraenkel and Wallen (2009), programs lasting
more than eight weeks are beneficial for students.

The research sample consisted of 26 children between 60 and 66 months of age
attending a kindergarten in Istanbul during the 2017-2018 academic year. 15 children
were in the experimental group and 11 in the control group. Before the start of the study,
necessary permissions from institutions and parents were obtained, and the parents
were informed about the process. The children were also informed about the study and
knew that the participation in the activities was voluntary. Cluster sampling method
was used, i.e. the study was conducted without changing the nature or structure of the
classes. The experimental and control group were determined randomly. Demographic
information about the participants is given in Figure 1.

18
16
14

12

10

m Male

mm Female

Experiment Control Total

Figure 1. Gender distribution of the children in the experiment and control group

533



Ocal Dérterler and Tugluk: Effects of the STEM Education Program on Preschool Children's Science Process Skills

Figure 1 shows that 15 (58 %) out of 26 children were in the experimental group
while the other 11 (42 %) were in the control group. When the gender distribution
of the experimental group is examined, it is seen that 4 (27 %) children were female
and the remaining 11 (73 %) male. Gender distribution of the control group shows,
on the other hand, that 6 (54 %) out of 11 children were female and 5 (46 %) male.

The sampling power of the study was analyzed. The power is defined as the probability
of finding a difference when, in fact, a difference exists (Fraenkel & Wallen, 2009).
It was determined that the sampling power of the study was 0.80 and the effect size
0.22,according to the number of groups and values of means and standard deviations.
While the power level of the sample is sufficient, it can be stated that the effect sizes are
sufficient but weak (Power> 0.70, effect size> 0.15, Kocher, 1999) The sample’s power
and effect sizes were calculated using G * Power software, Version 3.1.7.

Instruments and procedures

This research utilized the quantitative method, and the data were collected via
Personal Information Form and Preschool Science Process Skills Scale for 60-72-Month-
Old Children developed by Ozkan (2015).

Personal Information Form consists of questions about the child’s name, gender,
age, parents’ education level and the family’s income.

Preschool Science Process Skills Scale for 60-72 Month Old Children. Factor load
values of the scale range from 0.89 to 0.96. Cronbach’s alpha coefficient 0.81 found the
split-half reliability result to be 0.79. The scale consists of 31 items and has four sub-
dimensions: prediction-inference-scientific communication, classification, assessment
and observation. The answers were scored with 1 point for correct and 0 points for
incorrect answer. The maximum overall score was 31 and the minimum 0. Some
examples of sub-dimensions of the scale are given below.

Prediction-Inference-Scientific Communication:

Third task of this dimension: “I have two ice cubes of the same size in my hand. I'll
throw one in hot water and one in cold water. Tell me which melts faster”

Classification:

First task of this dimension: “There are blocks of different colors here. Group these
blocks according to their similarities.”

Photograph 1. First task in the classification sub-dimension
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Second task of this dimension: “There are some geometric shapes here. Group these
shapes according to their similarities”

Photograph 2. Second task in the classification sub-dimension

Assessment:

Sixth task of this dimension: “There are three objects here. Pick them up one by one
and tell me which one is the lightest.” Although volumes of the boxes are the same,
their weights are different. If the child shows the lightest one, they gain 1 point, and
if not, they gain 0 points.

Photograph 3. Sixth task of the assessment sub-dimension

Observation:
Fourth task in this sub-dimension: “There are sticks here. Rank these sticks from
the shortest to the longest.”
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Photograph 4. Fourth task of the observation sub dimension

For each task children gain 1 point if they complete it correctly. If their answer is
false, they get 0 points. The test was administered individually to each child by the
researcher in an empty classroom. The personal information form was filled out by
the teachers using information from the children’s files. Before starting the education
process, all participants filled out the pretest, after which experimental and control
groups were determined and STEM activities conducted with the experimental group
twice a week, in the course of 10 weeks. Meanwhile, the control group followed regular
daily routine. Upon the program’s completion, final-tests were conducted and finally,
after one month, the retention test was applied to the experimental group.

Data analysis

The collected data were analyzed with SPSS. The frequency distributions were
calculated according to participants’ gender.

Non-parametric tests were conducted since the numbers of participants in the
experimental and control group was under 15 (Fraenkel & Wallen, 2009). Since the small
size of the sample (under 30) requires it (Buyukozturk et al., 2008), the distribution’s
normality was also examined. The results of the applied Shapiro-Wilk’s test showed
that the data were not normally distributed neither for individual sub-dimensions
nor for the overall scale (p<.05).

The study used the Wilcoxon Test in order to compare the pretest-posttest results
of the participants in the experimental and control group, Mann Whitney U Test
to compare the posttest scores of the experimental and control group (except for
prediction-inference-scientific communication sub-dimension), ANCOVA test to
compare the prediction-inference-scientific communication sub-dimension of the
experimental and control group, and Wilcoxon-Signed Rows Test to compare the
experimental group’s posttest and retention test scores.

Because there was a significant difference in pretest results in favour of the control
group in terms of prediction-inference-scientific communication sub-dimension of the
scale, ANCOVA analysis was applied for the comparison of experimental and control
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in prediction-inference-scientific communication sub-dimension. While applying the
ANCOVA analysis, histogram results were considered and the distribution’s normality
assumed because there is no version of ANCOVA for non-parametric analysis.

Results

This section looks at whether the applied ESTEMEP has had a significant impact on the
experimental group children’s science process skills acquisition and if the kindergarten’s
routine daily flow has considerably affected the control group children’s science process
skills acquisition. Moreover, the study also examined whether a difference existed in
the control and experimental group between the initial state and the one ten weeks
after, i.e. after the program’s completion. Another point that was researched was the
retention of the applied ESTEMP’s benefits. According to the results, the effects of the
implementation continued in the retention test. The results of the Mann Whitney U
Test for comparing the pre-test scores of the groups are given in Table 1.

Table1
The results of Independent Mann Whitney U Test regarding the comparison of experimental and control group children’s
results for the overall scale and its sub-dimensions

N Mean Sum of U
Groups rank ranks P
Prediction- Experimental 15 1047 157.00
Inference-Scientific 37.00 .016
Communication Control n 17.64 194.00
. . Experimental 15 12.03 180.50
Classification 60.50 232
Control 11 15.50 170.50
Experimental 15 14.17 209.50
Assessment 72.50 597
Control 11 12.59 141.50
. Experimental 15 13.97 209.50
Observation 75.50 .699
Control 11 12.86 141.50
) . Experimental 15 11.57 173.50
Science Process Skills 53.50 128
Control 1 16.14 177.50

According to Table 1, a statistically significant difference was found in favour of the
control group in terms of prediction-inference-scientific communication (U=37.00,
p<.05). It is observed that the mean rank of the experimental group’s prediction-
inference-scientific communication skill is M.R.=10.47 and the control group’s
M.R=17.64. The data presented in Table 1 show no statistically significant difference
in the scores of classification, assessment, observation and the overall scale (p>.05). It
can be inferred, according to the obtained data, that the groups are mutually similar,
except in the first sub-dimension.

According to Table 2, statistically significant difference was found between the
experimental group children’s pre- and posttest results for the overall scale and its
sub-dimensions in favour of the posttest (p<.05). According to this result, it can be
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said that the applied ESTEMEP has had a positive impact on the experimental group
children’s science process skills.
Table 2

The results of Wilcoxon-Signed Rows Test regarding the comparison of the experimental group children’s results on the
pretest-posttest for the overall scale and its sub-dimensions

Mean Sum of 2
rank ranks P
Prediction- Negative Row 0 .00 .00 343 001
Inference-Scientific Positive Row 15 8.00 120.00 ' ’
Communication Equal 0
Negative Row 0 .00 .00
. .001
Classification Positive Row 14 7.50 105.00 333 00
Equal 1
Negative Row 1 8.00 8.00
Assessment Positive Row 10 5.80 58.0 2.24 025
Equal 4
Negative Row 1 4.00 4.00
. 2.65 .008
Observation Positive Row 10 6.20 62.00
Equal 4
N i . .
‘ . ega.tlve Row 0 00 00 3.41 001
Science Process Skills  Positive Row 15 8.00 120.00
Equal 0
Table 3

The results of Wilcoxon-Signed Rows Test regarding the comparison of the control group children’s pre-and posttest
results for the overall scale and its sub-dimensions

N Mean Sum of
rank ranks P
Prediction- Negative Row 2 2.00 4,00
Inference-Scientific Positive Row 8 6.38 51.00 241 .016
Communication Equal 1
Negative Row 4 6.38 25.50
Classification Positive Row 6 492 29.50 20 83
Equal 1
Negative Row 2 5.00 10.00
Assessment Positive Row 5 3.60 18.00 70 48
Equal 4
Negative Row 4 6.25 25.00
Observation Positive Row 5 4.00 20.00 31 75
Equal 2
Negative Row 2 3.00 6.00
Science Process Skills  positive Row 8 6.31 49.00 2.20 027
Equal 1

According to Table 3, statistically significant difference was found between control
group children’s results on the pretest and posttest for prediction-inference-scientific
communication sub-dimension and the overall scale (p<.05) in favour of the posttest.
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According to this result, it can be said that the applied routine curriculum has had
a positive impact on the control group children’s prediction-inference-scientific
communication scientific process skill (p>.05).

Table 4

The results of ANCOVA regarding the comparison of experimental and control group children’s posttest results for
Prediction-Inference-Scientific Communication sub-dimension

Variance Source Sum of Squares  df  Mean of Squares F Significance Level (p)
Prediction-

Inference-Scientific 32.257 1 32.257 10.928 .003
Communication

Group 40.457 1 40.457 13.707 .001

Error 67.889 23 2.952

Total 2067.00 26

Corrected Total 119.885 25

Table 4 shows a significant difference between the children who participated in the
ESTEMEP and those who did not (F=13.707, p<.05). While there is a difference in
favour of the control group in the pretests, posttests indicate a difference in favour of
the experimental group. This shows that children who participated in the ESTEMEP
program scored higher in this sub-dimension of the scale, compared to children who
attended preschool but did not participate in the supporting program.

Table 5

The results of Mann Whitney U Test regarding the comparison of experimental and control group children’s posttest
scores for the overall scale and its sub-dimensions

Mean Sum of

Groups N rank ranks v P
Classificati Experimental 15 17.70 265.50 19.50 001
assification Control 11 7.77 85.50 ’ '
A Experimental 15 16.20 243.00 42.00 027
ssessment Control 1 9.82 108.00 ' ’
ob ' Experimental 15 16.47 104.00 38.00 016
servation Control 1 9.45 247.00 ' ’
E : tal 15 17.40 261.00
Science Process Skills xperimenta 24.00 002
Control 1 8.18 90.00

According to Table 5, there was a statistically significant difference between the
children who participated in the ESTEMEP and those who did not in terms of results
for classification, assessment, observation and the overall scale (U=19.50, p<.05;
U=42.00, p<.05; U=38.00, p<.05; U=24.00, p<.05). The table shows the mean rank of
the experimental groupss classification skill of M.R=17.70 and M.R=7.77 for the control
group. The mean rank of the experimental group’s assessment skill was M.R=16.20
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and of the control group M.R=9.82. The obtained mean rank of the experimental
group’s observation skill was M.R=16.47, and of the control groups M.R=9.45. The
mean rank of the experimental group’s results on the overall scale was M.R=17.40,
whereas the control group’s was M.R=8.18. This shows that science process skills of
the children who participated in the ESTEMEP were higher in 3 sub-dimensions and
the overall scale, when compared to the children in the control group, who attended
the routine curriculum.

Table 6

The results of Wilcoxon-Signed Rows Test regarding the comparison of the experimental group children’s posttest-
retention scores for the overall scale and its sub-dimensions

n Mean Sum of ,
rank ranks P
Prediction- 15 6.75 27.00
Inference-Scientific Posttest .55 .58
Communication Retention Test 15 5.57 39.00
Classification Posttest 15 3.00 9.00 151 131
Retention Test 15 1.00 1.00
Posttest 15 2.00 4.00
Assessment 57 564
Retention Test 15 2.00 2.00
Posttest 15 4.38 17.50
Observation . 63 527
Retention Test 15 3.50 10.50
Science Process Skills Posttest 15 >:00 20.00 .78 434
Retention Test 15 5.83 35.00

According to Table 6, there is no statistically significant difference in the posttest
and retention test scores of the children participating in the program in terms of
all the sub-dimensions and the overall scale scores (p>.05). This result shows the
long-term effect of applying the ESTEMEP on science process skills retention of the
experimental group.

Discussion and conclusion

The results of this research show a statistically significant difference between the
experimental group children’s pretest and posttest results for the overall scale and its
sub-dimensions, i.e. prediction-inference-scientific communication, classification,
assessment and observation skill. It can be inferred from this result that the applied
ESTEMEP has considerably influenced preschool children’s overall science process
skills. It is important to examine each sub-dimension and the overall result on the scale
separately because each sub-dimension measures a different variable. For example,
while a child may have a weak result in , for example, measuring skills, he/she may
have a high overall result. It is therefore important to consider the overall result as well
as results in individual sub-dimensions if one aims to obtain an in-depth cognisance
of the researched construct.
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Atik (2019) and Bal (2018) acquired similar findings in their research in which they
examined the impact of STEM applications on preschool children’s SPS. In their study,
which examined the impact of STEM applications on preschool children’s problem-
solving skills, Akcay (2019) found a significant difference in favour of the experimental
group. Buyuktaskapu (2010) found that the constructivist science education program
developed as part of the study had a positive impact on the preschool children’s science
process skills. In another study, in which the impact of the science curriculum on
preschool children’s SPS was analyzed (Ozkan, 2015), it was stated that the applied
program was influential. In their study, Aladé et al. (2016) showed that child-targeted
educational media can support preschoolers’ learning of a novel measurement skill.
Yilmaz (2017) analyzed the impact of science activities attended by families on the
5-6 year-old children’s science process skills and attitudes towards science and found
a statistically significant difference in the posttest scores of the children who had
participated in the program. These findings are in line with Toprakkaya’s (2016) study
on questioning-based science activities applied in outdoor space, Yagcr’s (2016) study
on nature and environment applications and Gunsen et al’s (2018) study on the impact
of a constructivist science education program on children’s SPS.

There is no significant difference between the control group children’s pretest and
posttest scores in classification, assessment and observation sub-dimension. However,
there is considerable difference in the control group’s pretest-posttest scores of the
prediction-inference-scientific communication sub-dimension and the overall scale
in favour of the posttest. It can be concluded based on this result that the routine
curriculum had a considerable positive impact on the mentioned sub-dimension and
the overall result of the children from the control group. This result is similar to the
results obtained by Buyuktaskapu (2010) and Yilmaz (2017), whereas it is different from
those by Akcay (2019), Bal (2018), Ozkan (2015), Toprakkaya (2016) and Yagc1 (2016).

While a statistically significant difference was in favour of the control group’s pretests
results on the prediction-inference-scientific communication sub-dimension of the
scientific process scale, the posttest shows a statistically significant difference in favour
of the experimental group. The groups were the same in the other sub-dimensions and
the overall scale scores, while there was a significant difference determined in favour
of the experimental group in the posttests. This shows that children who participated
in the ESTEMEP scored higher in the prediction-inference-scientific communication
sub-dimension of the scale than the children who did not participate. In addition, a
considerable difference was found in the classification, assessment, observation and
overall scale scores in favour of the children from the experimental group. These
findings are similar to the findings of Akcay (2019), Ozkan (2015), Buyuktaskapu
(2010), Toprakkaya (2016) and Yilmaz (2017) in the relevant literature. In another study,
Sarag (2018) examined the effects of STEM practices on students’ learning in a meta-
analysis study. In this study, 23 articles published between 2010 and 2017 on primary,
secondary and tertiary education were analysed. The effect sizes for students were
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calculated in academic achievement, science process skills and attitudes towards STEM
disciplines. The study reported a significant effect of 0.820 for science process skills.
There was no statistically significant difference found between the experimental
group children’s posttest and retention test scores in terms of all sub-dimensions and
the overall scale. This shows the long-term effect of applying the ESTEMEP. This
finding is in line with the results of many studies in the literature (Akcay, 2019). In
their study, Becker and Kyungsuk’s (2011) identified that cohesive STEM lessons within
the curriculum resulted in a positive impact on elementary students’ achievement.

This study shows the importance of ESTEMEP in early years. According to the
current study, compared with regular preschool education program in Turkey, STEM
educational approach has a positive effect on children’s science process skills, i.e.
predicting, inferring, communicating, observing, classifying and measuring. A study
conducted by Watts et al. (2014) shows that preschool children’s math ability predicted
their achievement in math at the age of 15. Therefore, we expect that earlier experiences
of the experimental group could have an effect on their achievement in STEM related
areas and their job preference later on (Sheehan et al., 2018). According to the study
results, in-service training can be offered to preschool teachers about ESTEMEP
education, and they can be supported to develop awareness and a positive attitude
about the issue. There are a few studies about the STEM educational approach at the
preschool level. Qualitative or mixed studies ought to be conducted to gain a more
in-depth understanding of this concept. Further studies can be done to examine the
impact of STEM applications on preschool children’ different abilities (such as critical
and creative thinking and problem solving). Studies should be conducted with different
participants or a larger sample, so that generalizations can be made.

There are some limitations of this study. The study is a quantitative study based
on the data obtained from a scale. It is important to carry out qualitative or mixed-
methods studies to more deeply understand the topic. Because of the children’s age,
the size of the sample was small. Further research studies ought to be conducted on
bigger samples. As a possible drawback of this study, the gender ratio between the
experimental and control group could also be mentioned.

References

Akcay, B. (2019). STEM etkinliklerinin anaokuluna devam eden 6 yas cocuklarin problem cozme
becerilerine etkisi. [Master’s Thesis, Yildiz Technical University].

Aladé, E, Lauricella, A. R., Beaudoin-Ryan, L., & Wartella, E. (2016). Measuring with Murray:
Touchscreen technology and preschoolers’ STEM learning. Computers in Human Behavior,
62, 433-441. https://doi.org/10.1016/j.chb.2016.03.080

542



Croatian Journal of Education, Vol.25; No.2/2023, pages: 527-558

Aldemir, J., & Kermani, H. (2017). Integrated STEM curriculum: Improving educational
outcomes for Head Start children. Early Child Development and Care, 187(11), 1694-1706.
https://doi.org/10.1080/03004430.2016.1185102

Akgunduz, D, Aydeniz, M., Cakmakei, G., Cavas, B., Corlu, M.S., Oner, T., & Ozdemir, S.
(2015). STEM egitimi turkiye raporu. Scala Basim Yayim.

Atik, A. (2019). STEM etkinliklerinin bilimsel surec becerileri uzerine etkisi: 5 yas ornegi. [Master’s
Thesis, Trabzon University].

Bal, E. (2018). FeTeMM (fen, teknoloji, muhendislik, matematik) etkinliklerinin 48-72 aylik okul
oncesi cocuklarinin bilimsel surec ve problem cozme becerileri uzerindeki etkisinin incelenmesi.
[Master’s Thesis, Marmara University].

Bagiati, A., Yoon, S. Y., Evangelou, D., & Ngambeki, I. (2010). Engineering curricula in
early education: Describing the landscape of open resources. Early Childhood Research
& Practice, 12(2).

Becker, K., & Kyungsuk, P. (2011). Effects of integrative approaches among science, technology,
engineering, and mathematics (STEM) subjects on students’ learning: A preliminary meta-
analysis. Journal of STEM Education: Innovations & Research, 12(5/6), 23-37.

Buyukozturk, S., Cakmak, E. K., Akgun, O. E., Karadeniz, S., & Demirel, E. (2008). Bilimsel
arastirma yontemleri. Pegem Yayinlari.

Buyuktaskapu, S. (2010). 6 yas cocuklarinin bilimsel surec becerilerini gelistirmeye yonelik
yapilandirmaci yaklasima dayali bir bilim ogretim programz onerisi. [Doctoral Dissertation,
Selcuk University].

Bybee, R. W. (2010). What is STEM education? Science, 329(5995), 996-996. https://doi.
org/10.1126/science.1194998

Bybee, R. W., & Fuchs, B. (2006). Preparing the 21st century workforce: A new reform in
science and technology education. Journal of Research in Science Teaching: The Official
Journal of the National Association for Research in Science Teaching, 43(4),349-352. https://
doi.org/10.1002/tea.20147

Carin, A.A. (1993). Teaching science through discovery. Macmillan Publishing Company.

Carin, A.A., & Bass, J.E. (2001). Teaching science as inquiry. Pearson Prentice Hall, Inc.

Carin, A.A., Bass, J.E., & Contant, T.L. (2005). Methods for teaching science as inquiry. Pearson
Prentice Hall.

Copley, J.V. (2000). The young child and mathematics. National Association for the Education
of Young Children.

Corlu, M.S., Capraro, R.M., & Capraro, M.M. (2014). Introducing STEM education: Implications
for educating our teachers for the age of innovation. Egitim ve Bilim, 39(171), 74-85.

DeJarnette, N. K. (2018). Implementing STEM in the early childhood classroom. European
Journal of STEM Education, 3(3), 18. https://doi.org/10.20897/ejsteme/3878

Elkind, D. (2001). Developmentally appropriate education for 4 year olds. Theory into Practice,
28(1), 47-52. https://doi.org/10.1080/00405848909543378

Erdogan, N., & Stuessy, C. (2015). Examining the role of inclusive STEM schools in the
college and career readiness of students in the United States: A multi-group analysis on the
outcome of student achievement. Educational Sciences: Theory & Practice, 15(6) 1518-1529.

543



Ocal Dérterler and Tugluk: Effects of the STEM Education Program on Preschool Children's Science Process Skills

Fraenkel, J.R., & Wallen, N.E. (2009). How to design and evaluate research in education.
McGraw-Hill.

Geary, D. C.,Hoard, M. K., Nugent, L., & Bailey, H. D. (2013). Adolescents’ functional numeracy
is predicted by their school entry number system knowledge. PLoS ONE, 8(1), e54651.
https://doi.org/10.1371/journal.pone.0054651

Gonzalez, H. B., & Kuenzi, J. J. (2012). Science, technology, engineering, and mathematics
(STEM) education: A primer. Congressional Research Service, Library of Congress.

Gunsen, G., & Uyanik Balat, G. (2017). Okul oncesi donemde STEM yaklasimu1. In B.
Akman, G. Uyanik Balat, & T. Giiler Yildiz (Eds.), Okul oncesi donemde fen egitimi (137-
156). Pegem Akademi.

Gunsen, G., Fazlioglu, Y., & Bayur, E. (2018). Yapilandiric1 yaklasima dayali bilim ogretiminin
5 yas cocuklarinin bilimsel surec becerilerine etkisi. Hacettepe Universitesi Egitim Fakultesi
Dergisi, 33(3), 599-616. https://doi.org/10.16986/HUJE.2018036552

Harlen, W., & Jelly, S. (1997). Developing science in the primary classroom. Addison Wesley
Longman.

Hassan, M. N., Abdullah, A. H., Ismail, N., Suhud, S. N. A., & Hamzah, M. H. (2019).
Mathematics curriculum framework for early childhood education based on science,
technology, engineering and mathematics (STEM). International Electronic Journal of
Mathematics Education, 14(1), 15-31. https://doi.org/10.12973/iejme/3960

Jacobs, H. H. (1989). Interdisciplinary curriculum: Design and implementation. Association
for Supervision and Curriculum Development.

Katz, L. G. (2010). STEM in the early years. https://ecrp.illinois.edu/beyond/seed/katz.html

Kelley, T.R., & Knowles. J.G. (2016). A conceptual framework for integrated STEM education.
International Journal of STEM Education, 3(1), 11. https://doi.org/10.1186/s40594-016-0046-z

Kennedy, T. J., & Odell. M.R.L. (2014). Engaging students in STEM education. Science
Education International, 25(3), 246-258.

Kocher, P, Jaffe, J., & Jun, B. (1999). Differential power analysis. In Annual international
cryptology conference (388-397), Springer. https://doi.org/10.1007/3-540-48405-1 25

Kuhn, D., Black, J., Keselman, A., & Kaplan, D. (2001). The development of cognitive skills to
support inquiry learning. Cognition and Instruction, 18(4),495-523. https://doi.org/10.1207/
S1532690XCI1804 3

Lapadat, J.C. (2000). Construction of science knowledge: Scaffolding conceptual change
through discourse. Journal of Classroom Interaction, 35(2), 1-14.

Lind, K. (1998). Science in early childhood: Developing and acquiring fundamental concepts
and skills. Early Childhood Science, Mathematics and Technology Education.

Locuniak, M. N., & Jordan, N. C. (2008). Using kindergarten number sense to predict
calculation fluency in second grade. Journal of Learning Disabilities, 41(5), 451-459. https://
doi.org/10.1177/0022219408321126

Malone, K. L., Tiarani, V., Irving, K. E., Kajfez, R., Lin, H., Giasi, T., & Edminston, B. W. (2018).
Engineering design challenges in early childhood education: Effects on student cognition
and interest. European Journal of STEM Education, 3(3), 11. https://doi.org/10.20897/

ejsteme/3871

544



Croatian Journal of Education, Vol.25; No.2/2023, pages: 527-558

Martin-Paez, T., Aguilera, D., Perales-Palacios, E J., & Vilchez-Gonzélez, ]. M. (2019). What
are we talking about when we talk about STEM education? A review of literature. Science
Education, 103(4), 799-822. https://doi.org/10.1002/sce.21522

Meador, K.S. (2003). Thinking creatively about science suggestions for primary teacher.
Gifted Child Today, 26(1), 25-29. https://doi.org/10.4219/gct-2003-93

Monbhardt, L., & Monhardt, R. (2006). Creating a context for the learning of science process
skills through picture books. Early Childhood Education Journal, 34(1), 67-71. https://doi.
0rg/10.1007/s10643-006-0108-9

Moomaw, S. (2013). Teaching STEM in the early years: Activities for integrating science, technology,
engineering, and mathematics. Redleaf Press.

Myers, B.E., Washburn, S.G., & Dyer, J.E. (2004). Assessing agriculture teachers’ capacity
for teaching science integrated process skills. Journal of Southern Agricultural Education
Research, 54(1).

Ostler, E. (2012). 21st century STEM education: A tactical model for long-range
success. International Journal of Applied Science and Technology, 2(1), 28-33.

Ocal, S. (2018). Okul oncesi egitime devam eden 60-66 ay cocuklarima yonelik gelistirilen STEM
programinmin cocuklarin bilimsel surec becerilerine etkisinin incelenmesi. [Master’s Thesis.
Yildiz Technical University].

Ozkan, B. (2015). 60-72 aylik cocuklar icin bilimsel surec becerileri olceginin gelistirilmesi ve
beyin temelli ogrenmeye dayanan fen programinin bilimsel surec becerilerine etkisi. [Master’s
Thesis. Marmara University].

Padilla, .M., Okey, J.R., & Garrard, K. (1984). The effects of instruction on integrated science
process skill achievement. Journal of Research in Science Teaching, 21(3), 277-287. https://
doi.org/10.1002/tea.3660210305

Park, M. H., Dimitrov, D. M., Patterson, L. G., & Park, D. Y. (2017). Early childhood teachers’
beliefs about readiness for teaching science, technology, engineering, and mathematics. Journal
of Early Childhood Research, 15(3), 275-291. https://doi.org/10.1177/1476718X15614040

Polat, O., & Bardak, M. (2019). Erken cocukluk doneminde STEM yaklasimui. International
Journal of Social Science Research, 8(2), 18-41.

Roden, J., Ward, H., Hewwlett, C., & Foreman, J. (2005). Teaching science in the primary
classroom: A practical guide. Paul Chapman Publishing.

Sanders, M. (2009). STEM, STEM Education, Stemmania. The Technology Teacher, 68(4), 20-26.
Sneideman, J. M. (2013). Engaging children in STEM education early! Feature Story. Natural

start alliance and NAAEE. http://naturalstart.org/feature-stories/engaging-children-
stemeducation-early

Sarag, H. (2018). The effect of science, technology, engineering and mathematics-STEM
educational practices on students’ learning outcomes: A meta-analysis study. The Turkish
Online Journal of Educational Technology, 17(2), 125-142.

Sheehan, K. J., Hightower, B., Lauricella, A. R., & Wartella, E. (2018). STEM media in the
family context: The effect of STEM career and media use on preschoolers’ science and math
skills. European Journal of STEM Education, 3(3), 17. https://doi.org/10.20897/ejsteme/3877

Soydan, S. (2017). Bilimsel surec becerileri. In B. Akman, G. Uyanik Balat, T. Guler Yildiz.
(Eds.) Okul oncesi donemde fen egitimi. (5" ed., pp. 51-94). An1 Yaymcilik.

545



Ocal Dérterler and Tugluk: Effects of the STEM Education Program on Preschool Children's Science Process Skills

Sparkes, V.P. (2017). STEM nedir? Ayrint1 Yayinlari. https://doi.org/10.22233/20412495.0717.28

Toprakkaya, I. M. (2016). 55-72 aylik cocuklara dis alanda uygulanan sorgulama tabanl
bilim etkinliklerinin bilimsel surec becerilerine etkisinin incelenmesi. [Master’s Thesis, Okan
University].

Tugluk, M. N., & Ocal, S. (2017). Examination of STEM education and its effect on economy:
Importance of early childhood education. Educational Research And Practice, 362.

Wan, Z.H., Jiang, Y., & Zhan, Y. (2020). STEM education in early childhood: A review of
empirical studies, Early Education and Development. https://doi.org/10.1080/10409289.2
020.1814986

Yagci, M. (2016). Okul oncesi donem cocuklarinin bilimsel surec becerilerinin gelismesinde doga ve
cevre uygulamalarinin etkisinin incelenmesi. [Master’s Thesis. Abant Izzet Baysal University].

Yilmaz, G. (2017). Aile Katilimli Fen Etkinliklerinin 5-6 Yas Grubu Cocuklarin Bilimsel Surec
Becerileri Ve Bilime Kars1 Tutumlarina Etkisi. [Master’s Thesis, Uludag University].

Siimeyye Ocal Dorterler

Kitahya Dumlupinar University, Dumlupinar Vocational Scho-
ol, Programme of Child Development

DPU Evliya Celebi Yerleskesi

Kutahya Tavsanli Yolu 10. km, 43100 Merkez/Kutahya, Turkey
smyocal@gmail.com

Mehmet Nur Tugluk

Yildiz Technical University, Faculty of Education,
Department of Preschool Education

Davutpasa Kamplisii Davutpasa Mah.

Davutpasa caddesi, 34220 - Esenler - istanbul, Turkey
mntugluk@yildiz.edu.tr

546



Croatian Journal of Education, Vol.25; No.2/2023, pages: 527-558

Utjecaj STEM obrazovnoga
programa na vjestine
znanstvenoga misljenja
predskolske djece

Sazetak

Pristupi STEM obrazovanja vec vise od desetljeca privlace paznju edukatora.
Cilj je ovoga istraZivanja ispitati utjecaj programa ranoga STEM obrazovanja
(PRSTEMO) na vjestine znanstvenoga razmisljanja djece. IstraZivanje je imalo
polueksperimentalni dizajn i obuhvatilo je 26 djece u dobi od Sest godina. Provedeno
je u Istambulu tijekom 2017./2018. skolske godine. Kao mjerni instrument u
istrazivanju je koristena Skala vjestina znanstvenoga razmisljanja predskolske
djece u dobi od 60 do 72 mjeseca. Prije pocetka obrazovnoga procesa s kontrolnom i
eksperimentalnom grupom proveden je predtest. Uslijedila je primjena PRSTEMO-a
u eksperimentalnoj skupini dva puta tjedno u periodu od 10 tjedana. Nakon toga su
obje skupine riesavala posttest. Za analizu podataka koristeni su Mann Whitney U
test i analiza kovarijance. Rezultati pokazuju da su grupe imale slicne rezultate u
predtestu i znacajnu razliku u korist eksperimentalne skupine u posttestu sto znaci
da je rani STEM obrazovni program ucinkovit u stjecanju vjestina znanstvenoga
misljenja (VZM) predskolske djece.

Kljucne rijeci: predskolsko obrazovanje; STEM; vjestine 21. stoljeca; vjestine
znanstvenoga misljenja.

Uvod

Vjestine znanstvenoga misljenja

U danasnje vrijeme broj istrazivanja i koli¢ina znanja ubrzano rastu zahvaljujuci

tehnoloskim inovacijama i novim alatima. Vjestine koje koriste znanstvenici u procesu
otkrivanja novih spoznaja zovu se vjestine znanstvenoga misljenja (VZM). Drugim
rije¢ima, vjestine znanstvenoga misljenja su ponasanja znanstvenika koja se mogu
primijeniti, poucavati i koristiti u mnogim podrucjima (Padilla i sur., 1984). Te vjestine,
tj. vjestine koje se koriste za stvaranje znanja, razmisljanje o problemima i formuliranje
rezultata (Lind, 1998) vjestine su kojima se svi koriste u svakodnevnom Zivotu, a ne
samo znanstvenici (Carin i Bass, 2001). Iako istrazivaci razlicito klasificiraju vjestine
znanstvenoga misljenja, vecina istrazivanja dijeli ih u dvije kategorije: osnovne vjestine
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i kombinirane vjestine. Kako razvoj jedne od tih vjestina utjece na razvoj drugih (Kuhn
i sur., 2001), usvajanje tih vjestina kod djece predstavlja osnovu za stjecanje vjestina
visoke razine (kombiniranih vjestina) (Meador, 2003). S obzirom na kognitivnu zrelost
pojedinca stjecanje osnovnih vjestina moze biti namijenjeno za mladu dobnu skupinu
(predskolska dob i osnovna $kola), a stjecanje kombiniranih vjestina rezervirano za
viSe razrede osnovne i srednju $kolu (eksperimentiranje, stvaranje modela, tumacenje
podataka itd.) (Soydan, 2017). Drugim rije¢ima, kompetencija u osnovnim vjestinama
znanstvenoga misljenja ima vaznu ulogu u stjecanju naprednih vjestina, tj. predstavlja
temelj za kombinirane vjestine znanstvenoga misljenja.

Definicije osnovnih vjestina znanstvenoga misljenja su sljedece:

Predvidanje: Predvidanje buducnosti na osnovi postojecih informacija (Harlen i
Jelly, 1997). Sto osoba viSe zna o nekoj temi, vierojatnije je da ¢e ona donositi to¢na
predvidanja (Monhardt i Monhardt, 2006). Prije predvidanja u obrazovanju u podrudju
znanosti djecu bi trebalo poticati i podrzavati u uspostavljanju uzro¢no-posljedi¢nih
odnosa postavljajuci im pitanja poput: ,Zasto tako misli§?“ (Soydan, 2017). Drugim
rije¢ima, razgovor s djecom o mogué¢nostima vezanim uz dogadaje koji se jo$ nisu zbili
te postavljanje primjerenih pitanja na koja djeca odgovaraju na osnovi postojecega
znanja i novih informacija, pomo¢i ¢e djeci u povezivanju dogadaja, kao i konstruiranju
znanja u njihovim umovima

Zakljucivanje: Myers i suradnici (2004) definiraju sposobnost razmisljanja kao
donosenje zakljucaka ili generalizacija na osnovi dobivenih informacija. Sposobnost
zakljucivanja je pod utjecajem kvantitete i kvalitete dje¢jega promatranja tijekom
aktivnosti (Soydan, 2017). U tom smislu vazno je djeci postavljati pitanja otvorenoga
tipa i dozvoliti im da tijekom opservacija istrazuju koristeci razne materijale. Treba
napomenuti da vjestina predvidanja podrazumijeva izjavu o budu¢nosti, a vjestina
zakljucivanja ideju o dogadajima koji su se dogodili u proslosti.

Komuniciranje: Uspostavljanje znanstvene komunikacije je dijeljenje rezultata
eksperimenata, iskustava i promatranja u obliku razli¢itih simbola i formi na nacin
koji drugi ljudi mogu razumjeti (Buyuktaskapu, 2010). Drugim rije¢ima, to je vjestina
izrazavanja proucavanih i promatranih dogadaja na razli¢ite nacine, tj. njihovoga
dijeljenja s drugim ljudima. Djeca mlade dobi mnogu ihpodijeliti na razli¢ite nacine,
npr. razgovorom, crtanjem ili slikanjem.

Promatranje: Ispitivanje predmeta ili dogadaja osjetilima i instrumentima (mikroskop,
termometar itd.) koja potpomazu osjetila (Myers i sur., 2004). Pri promatranju predmeta
djeca mlade dobi ¢esto vise pridaju paznju razlikama medu predmetima nego njihovim
sli¢nostima, a naglasavaju opca svojstva tih predmeta, ne detalje (Roden i sur., 2005;
Carin i sur., 2005).

Razvrstavanje-Klasificiranje: Prema Carinu (1993) vjestina klasificiranja odnosi
se na grupiranje dogadaja, informacija ili objekata prema njihovim sli¢nostima ili
razlikama. Prilikom planiranja aktivnosti za razvoj dje¢jih vjestina klasifikacije u obzir
treba uzeti njihove razvojne karakteristike. Predskolska djeca u predoperacijskom
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stadiju mogu grupirati predmete prema jednoj osobini, ali mnoga imaju problema u
grupiranju prema viSestrukim karakteristikama (Soydan, 2017). Na primjer, kada se
djeci da ukupno 6 kamencica, od kojih su tri crna i tri bijela, i ukupno $est gumica,
tri bijele i tri crne, i kada ih se trazi da ih grupiraju, neki to ¢ine prema boji, a neki
prema strukturi predmeta. Kada ih se pitalo kako ih se jo§ moze grupirati, malo je
djece sposobno odgovoriti to¢no, tj. re¢i prema obje znacajke.

Mjerenje: Numericki izraz svojstava predmeta i dogadaja u nekoj cjelini s primjerenim
alatima (Myers i sur., 2004). Prilikom ucenja vjestina mjerenja s djecom, preporuceno
je koristiti se nestandardnim mjernim instrumentima (Soydan, 2017). Jedan od razloga
za to moze biti da djeca jo$ ne znaju kako se koristiti standardnim alatima za mjerenje
(Copley, 2000). Primjeri nestandardnih mjera su mjerenje duzine korakom, pedljima
ili upotrebom predmeta poput olovaka.

Djeci je urodena volja i znatizelja za istraZivanjem. Ta znatiZelja treba se njegovati
od prvih godina Zivota, a dijete bi u tom procesu trebalo voditi na sustavan i ispravan
nacin. Prema Elkindu (2001), stjecanje vje$tina znanstvenoga razmisljanja djece trebalo
bi podupirati kroz primjerna formalna iskustva od rodenja. Uloga edukatora u tom
procesu nije prenositi djeci informacije, ve¢ ih opremiti vjestinama znanstvenoga
miSljenja i primjenjivati pristup poucavanja zasnovan na tim vjestinama, kako bi djeca
sama usvojila znanje i znanstvene principe (Lapadat, 2000). STEM obrazovani pristup,
koji se u zadnje vrijeme popularan i dokazano ucinkovit, podupire ovu ulogu edukatora.

Znanstveni-tehnoloski-inzenjerski-matematicki (STEM) obrazovni

pristup

STEM obrazovni pristup je interdisciplinarni pristup (Akgunduz i sur., 2015; Bybee,
2010; Sneideman, 2013). Koncept discipline definirao je Piaget kao polje znanja koje
se moze pouditi, koje ima svoj sadrzaj, metodu, obrazovanje i postupak (Piaget, 1972,
prema Jacobs, 1989). Interdisciplinarni pristup fokusira se na predmet istraZivanja u
specifi¢noj disciplini i, osim toga, dubinski proucava predmet koriste¢i druge povezane
discipline (Jacobs, 1989). Drugim rije¢ima, u interdisciplinarnom pristupu u srediste
dolaze problem i disciplina iz koje taj problem proizlazi. Zatim se prikupljaju informacije
iz razli¢itih disciplina vezanih uz problem i predlaze se rjesenje uspostavljanjem veza
izmedu problema i dobivenih informacija. Iako znanost, tehnologija, inZenjerstvo i
matematika predstavljaju prve discipline koje je okupio naziv STEM NSF-a (Nacionalnog
udruzenja za znanost) iz 2001. godine, njihova povijest pocinje u ranom 19. stolje¢u u
razli¢itim imenima ili kombinacijama (Ostler, 2012). Prema Merrilu, STEM obrazovanje
moZe se ostvariti ako se poljima proucavanja pristupa kao cjelini, a da ih se ne dijeli
u discipline (Merril, 2009, prema Erdogan i Stuessy, 2015). Te se discipline ne mogu
smatrati neovisnima jedna o drugoj jer u prirodi postoje zajedno (Moomaw, 2013),
§to znaci da je STEM integrativni obrazovni pristup (Bybee, 2010; Kelley i Knowles,
2016). Corlu i suradnici tvrde da je STEM pristup rezultat integracije najmanje dvije
discipline te da su interesi, znanje i vjestine ucitelja i u¢enika medu faktorima koji
oblikuju taj proces.
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Vaznost STEM obrazovnoga pristupa

STEM pristup osigurat ¢e priliku za pojedina¢nu upotrebu informacija dobivenih
iz razli¢itih polja na uc¢inkovit i originalan nacin, za njihovu obradu u cjelini koja
nadilazi puko pamdéenje informacija te stvaranje rjeSenja za svakodnevne probleme
pomocu dobivenih informacija. Od pojedinaca se ocekuje odredena razina znanja
i spremnosti prema dobnoj skupini. Ovaj pristup nastoji odgojiti pojedince sa
sposobnostima drugacijega i inovativnoga razmisljanja o vlastitu znanju, omoguditi
udenicima da razmisljaju interdisciplinarno poput inZenjera, stvaraju kvalitetna
rje$enja za postojece probleme i odabiru najprimjerenije rje$enje medu predlozenima
(Bybee, 2010). Istrazivanja naglasavaju da je STEM obrazovanje znacajno u stjecanju
kvalifikacija koje pred pojedince i drustva stavljaju industrija i tehnoloski razvoj.
STEM obrazovanje zasnovano je na inzenjerskom pristupu problemima i stvaranju
rje$enja upotrebom znanosti i matematike u kombinaciji s tehnologijom (Kennedy
i Odell, 2014). Cinjenica da su u¢enici u SAD-u imali slabiji uspjeh u matematici od
onih u drugim zemljama, utjecao je na pojavu STEM-a kao koncepta (Gonzalez i
Kuenzi, 2012). Smatralo se da ¢e STEM obrazovanje povecati uspjeh i interes u¢enika
za ovu disciplinu i razviti pozitivne stavove prema STEM disciplinama i razvoju STEM
vjestina, te tako doprinijeti ekonomskom razvoju zemlje zadovoljavajuéi potrebu za
kvalificiranim osobljem u tim disciplinama. Sanders (2009) i Kelley i Knowles (2016)
pokazali su jo$ jednu korist STEMA: doprinos ekonomiji zemalja i stvaranju radne
snage koja pomaze razvoj.

STEM obrazovanje dio je formalnoga i neformalnoga obrazovanja od predskolske razine
(Moomaw, 2013) do poslijediplomskoga obrazovanja (Gonzalez i Kuenzi, 2012). Vrlo je
vazno otkriti i razviti potencijal djece u predskolskom razdoblju i na taj nac¢in povecati
razinu spremnosti djece za druge obrazovne razine (Polat i Bardak, 2019). Gunsen i
Uyanik Balat (2017) navode kurikul, obrazovanje u¢itelja i obitelj kao tri vazna faktora
u procesu stjecanja STEM vjestina predskolske djece. Primjeren obrazovni program za
djecu trebao bi podupirati jednostavne akademske vjestine djece i dati im osjecaj da
te vjestine imaju raznolike svrhe i koristi (Katz, 2010). Sparkes (2017) navodi sedam
stadija za odgovarajuce primjene na razini predskolskoga obrazovanja: postavljanje
pitanja, zami$ljanje, planiranje, stvaranje, testiranje, razvijanje i komunikacija. Ovaj
redoslijed moZe se zavrsiti odjednom ili se proces, ako je to potrebno, moze vratiti
unatrag u bilo koji stadiji. Iz navedenoga slijedi da u primjeni STEM aktivnosti djeca
postavljaju pitanja, ispituju problem s kritickim stavom, stvaraju rjeSenja za probleme
s originalnim razmigljanjem, produktivna su te suraduju i komuniciraju u grupnom
radu. Aldemir i Kermani (2016) tvrde da su dobro osmisljene STEM aktivnosti pune
poticaja i primjerene razvoju osnova za visoku razinu STEM razumijevanja predskolske
djece i njihovu suradnju. U svojem istrazivanju Wan i suradnici (2020) kategorizirali su
studije o STEM podrucju u obrazovanju ranoga djetinjstva u Cetiri tipa: programiranje
robota, tradicionalni inZenjerski dizajn, digitalne igre i sveobuhvatni pristup. U drugom
istrazivanju trinaest u¢enika u dobi od Cetiri i pet godina sudjelovalo je u intervencijskom

550



Croatian Journal of Education, Vol.25; No.2/2023, pages: 527-558

program koji je trajao dva tjedna i ukljuc¢ivao koriStenje 15 obrazovanih aplikacija za
ucenje racunanja na iPad-u (Miller, 2018). Ocijenjene su djecje vjestine ra¢unanja u
predtestu i posttestu te je ustanovljena mala razlika izmedu cjelokupnih rezultata na
posttestu djece koja su se koristila iPad-om i one koja nisu (Miller, 2018).

Prema Tugluku i Ocalu (2017), uvodenje STEM obrazovanja takoder ¢e potaknuti
djecu da budu znatiZeljna, istrazuju i u¢e kroz aktivnost. DeJarnette (2018) je primijetio
da su se djeca koja su sudjelovala u neposrednoj nastavi STEM modeliranja smijala
i uzbudeno govorila tijekom njihova posjeta STEM centru. Osim toga, Aldemir i
Kermani (2017) navode da STEM aktivnosti mogu razviti znanje djece mlade dobi o
matematickim, znanstvenim i inZzenjerskim konceptima. Osim toga, prema Maloneu
i suradnicima (2018), aktivnosti inZenjerstva mogu pomo¢i djeci da steknu dublje
razumijevanje posla znanstvenika i inZenjera.

Ako djeca u ranoj dobi po¢nu stjecati STEM koncepte i vjestine, oni ¢e im pomoci
u daljem istrazivanju slozenih i apstraktnih ideja nakon osnovne $kole (Geary i sur.,
2013; Locuniak i Jordan, 2008). Osim toga, istrazivanja pokazuju da rana iskustva
djece u znanosti, tehnologiji, inZenjerstvu i matematici povecavaju vjerojatnost da
¢e se baviti i uspjeti u tim podru¢jima u buduénosti (Hassan i sur., 2019; Park i sur.,
2017). Drugim rije¢ima, STEM obrazovanje djece u ranoj dobi moze pozitivno utjecati
na njihovu buducu orijentaciju na poslove u STEM podrudju, $to predstavlja korist za
drustvo s potrebom za radnom snagom u STEM podrudju. Atik je u svojem istrazivanju
(2019) ispitivao utjecaj STEM aplikacija na VZM predskolske djece. Rezultati toga
istrazivanja pokazali su da STEM aplikacije statisticki znacajno pobolj$avaju vjestine
znanstvenoga misljenja djece. Akcay (2019) je istrazivao utjecaj STEM aplikacija na
vjestine rjeSavanja problema predskolske djece i pronasao znacajnu razliku u korist
eksperimentalne skupine. U jo$ jednoj studiji istrazivaci su analizirali utjecaj znanstvenih
aktivnosti obitelji na vjestine znanstvenoga misljenja petogodi$njaka i Sestogodi$njaka
te njihove stavove prema znanosti (Yilmaz, 2017). Rezultati su pokazali zna¢ajnu razliku
u rezultatima posttesta u korist djece koja su sudjelovala u programu.

Vaznost ranoga izlaganja STEM-u naglasena je u istrazivanjima (Bagiati i sur., 2010;
Bybee i Fuchs, 2006). U povezanoj literaturi ve¢ina istrazivanja o STEM obrazovanju
provedena su na razini visokoga obrazovanja, $to otkriva potrebu za provodenjem takvih
istrazivanja u ranim godinama (Martin-Paez i Aguilera, 2019). S obzirom na to, slijedi
istrazivacko pitanje ove studije: ,,Koji je utjecaj obrazovnog programa zasnovanoga na
STEM pristupu na vjestine znanstvenoga misljenja predskolske djece?”

Metode

Cilj istrazivanja

Ovim istrazivanjem nastojalo se ispitati utjecaj STEM programa na vjestine znanstvenoga
misljenja predskolske djece u dobi od 60 do 72 mjeseca. Stoga su formulirana sljedeca
istrazivacka pitanja:

Koji je utjecaj ranoga STEM programa (ESTEMEP) na vjestine znanstvenoga
misljenja djece?
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Ima li razlike izmedu eksperimentalnih i kontrolnih skupina u rezultatima posttesta
na Skali vje$tina znanstvenoga misljenja predskolske djece?

Jesu li se postignuti ishodi djece koja su sudjelovala u programu (eksperimentalna
skupina) zadrzali?

Priprema ESTEMEP programa

Prilikom pripreme PRSTEMO-a detaljno je pregledana relevantna literatura.
Aktivnosti programa ve¢inom je kreirao prvi autor ovoga rada, u skladu s literaturom
i primjerima u literaturi. Aktivnosti koje su osmislili Moomaw (2013) i Sparkes (2017)
sluzile su kao primjeri prilikom kreiranja programa. Na primjer, s djecom su se ispitivale
razli¢ite povrsine - gruba, glatka, klizava. Zatim se djeci pokazala drvena daska s tri
razli¢ite povrSine: manje gruba, vrlo gruba i skliska. Od njih se trazilo da predvide
na kojoj ¢e povrsini trkadi auti¢ i¢i najbrze. Zatim se povecao nagib ploce pa su djeca
trebala odgovoriti na pitanje hoce li auti¢ i¢i brze ili sporije. Aktivnost se nastavila tako
da su djeca mijenjala nagib i igrala se s auti¢cima. Kako bi djec¢je dozZivljaje pretvorili
u produkt, djeca su se grupirala i radila trkace staze razlicite tezine. Nakon toga su
stvorene trkace staze koje su ocijenjene i usporedene.

Opca pozadina i sudionici

Ovo istrazivanje, kojim se nastojalo ispitati utjecaj STEM programa (PRSTEMO) na
vjestine znanstvenoga misljenja predskolske djece starosti 60 do 72 mjeseca, provedeno
je kao polu-eksperimentalno istraZivanje u kojemu je izbor grupa bio namjeran, tj.
nisu promijenjene strukture ve¢ postojecih vrtickih skupina (Buyukozturk i sur., 2008).
Nasumic¢no je odabrana eksperimentalna skupina. Za razliku od razrednih uditelja
i istrazivaca, roditelji nisu znali kojoj skupini djeca pripadaju. Tijekom provedbe
programa, djeca iz obje skupine imala su slicne dnevne rutine.

Spomenuta dnevna rutina predstavlja program pripremljen u skladu s naputcima i
odredbama kurikula za predskolsko obrazovanja Ministarstva drzavnoga obrazovanja
iz 2013. godine. Program ne nudi sadrzaj aktivnosti, ali odreduje vjestine koje bi djeca
trebala usvojiti prema dobnim skupinama. Skole u svakoj regiji dobile su zadatak
kreirati aktivnosti za stjecanje ciljanih ishoda i indikatore prema njihovim regionalnim
karakteristikama. Tijek dana bio je sljedeci: dolazak u $kolu u 8.30, planiranje aktivnosti
za taj dan, slobodne aktivnosti djece, dorucak, sudjelovanje u aktivnosti dana, rucak,
odmor, poslijepodnevne aktivnosti, uzina, evaluacija. Nakon opisanoga tijeka djeca
odlaze ku¢ama.

Stopa pohadanja nastave za obje grupe bila je sli¢na. Cilj upotrebe eksperimentalnoga
istrazivackog modela bio je procijeniti utjecaj nezavisne varijable (PRSTEMO) na
zavisnu varijablu (VZM). Nakon $to su svi sudionici rijesili predtest, proveden je kreirani
program u trajanju od deset tjedana, s odredenim brojem sudionika (eksperimentalna
skupina). Nakon toga proveden je posttest i ocijenjen utjecaj provedbe programa
(Fraenkel i Wallen, 2009). Prema Fraenkelu i Wallenu (2009), programi koji traju duze
od osam tjedana korisni su za neke ucenike.
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Uzorak ovoga istrazivanja obuhvatio je 26 djece starosti od 60 do 72 mjeseca koja
su pohadala vrti¢ u Istambulu tijekom 2017./2018. $kolske godine, a od toga ih je 15
bilo u eksperimentalnoj skupini i 11 u kontrolnoj skupini. Prije pocetka istrazivanja
dobivene su potrebne dozvole od institucija i roditelja djece, koji su isto informirani o
procesu istrazivanja. Djeca su takoder dobila informacije o istraZivanju te su da znala
da ne moraju sudjelovati u aktivnostima ako to ne Zele. Upotrijebljena je metoda
uzorkovanja klastera, a istrazivanje provedeno bez promjene prirode i strukture
predskolskih skupina. Eksperimentalna i kontrolna skupina odredene su nasumic¢no.
Slika 1 predstavlja demografske karakteristike sudionika.

Slika 1.

Prvi graficki prikaz pokazuje da je 15 (58 %) od 26 djece bilo u eksperimentalnoj
skupini, a ostalih 11 (42 %) u kontrolnoj skupini. S obzirom na spol, uocljivo je da
je u eksperimentalnoj skupini bilo 4 djevojéice (27 %) i sedam djecaka (73 %),a u
kontrolnoj skupini bilo je 6 djevojcica (54 %) i 5 (46 %) djecaka.

Analizirana je valjanost uzorka istrazivanja, koja predstavlja vjerojatnost pronalazenja
razlike u slu¢aju kada ona postoji (Fraenkel i Wallen, 2009). U ovome istrazivanju
vrijednost dobroga pristajanja uzorka bila je 0,80 i veli¢ine uc¢inka 0,22 prema broju
skupina i razinama aritmeticke sredine i standardne devijacije. Dok su vrijednosti
pristajanja uzorka dovoljne, za razine veli¢ine u¢inka moze se rec¢i da su dovoljne,
ali slabe (Power> 0,70, veli¢ina u¢inka> 0,15, Kocher, 1999). Vrijednosti pristajanja i
veli¢ine uéinka izra¢unati su upotrebom G * Power softver, verzija 3.1.7.

Instrumenti i postupci

U ovome istrazivanju koristena je kvantitativna metoda, a podatci su sakupljeni
putem Obrasca s osobnim informacijama i Skale vjestina znanstvenoga misljenja
predskolske djece starosti od 60 do 72 mjeseca koju je kreirao Ozkan (2015).

Obrazac s osobnim informacijama sadrzi podatke o imenu djeteta, spolu i dobi,
razini obrazovanja majke i oca i prihodu obitelji.

Skala vjestina znanstvenoga misljenja predskolske djece starosti od 60 do 72 mjeseca
- vrijednosti zasi¢enja faktora skale bile su u rasponu od 0,89 do 0,96. Cronbachov
alpha koeficijent 0,81 found the split-half reliability result to be 0,79. Skala se sastoji
od 31 Cestice i Cetiri poddimenzije. Te poddimenzije su predvidanje, zaklju¢ivanje
i znanstvena komunikacija, klasifikacija, procjena i opservacija. To¢ni odgovori
vrednovali su se jednim bodom, a rezultat za neto¢an odgovor bio je nula. Maksimalan
ukupan rezultat na skali bio je 31, a minimalan 0. Neki primjeri poddimenzija skale
predstavljeni su u nastavku.

Poddimenzija predvidanja-zakljucivanja-znanstvene komunikacije:
Tre¢i zadatak ove dimenzije:,,U ruci imam dvije kocke leda jednake veli¢ine. Jednu
¢u staviti u vrucu, a drugu u hladnu vodu. Reci mi koja ¢e se prije otopiti.*
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Poddimenzija klasifikacije:
Prvi zadatak u ovoj dimenziji: ,Ovdje vidi§ kocke razli¢itih boja. Grupiraj ih prema
slicnosti.”

Fotografija 1.

Drugi zadatak u ovoj dimenziji: ,,Ovdje vidi$§ neke geometrijske oblike. Grupiraj ih
prema sli¢nostima.“

Fotografija 2.

Poddimenzija procjene:
Sesti zadatak ove dimenzije: ,,Ovdje su tri predmeta. Podigni ih jednog po jednog i

reci koji je najlaksi.“ Iako su volumeni kutija jednaki, njihove su tezine razli¢ite. Ako
dijete pokaze najlaksi, dobiva jedan bod.

Fotografija 3.

Poddimenzija promatranja:
Cetvrti zadatak u ovoj dimenziji: ,Ovdje vidis $tapice. Poslozi ih od najkracega do
najduzega”

Fotografija 4.

Za svaki ispravno rijeSen zadatak djeca su dobivala jedan bod. Neto¢no rije$eni zadatci
nisu nosili bodove. Svako dijete je individualno rjesavalo uz prisutnost istrazivaca u
praznoj uionici. U¢itelji su ispunjavali obrazac s osobnim informacijama koriste¢i
informacije u dosjeima djece. Prije poletka programa sa svim sudionicima proveden
je predtest i odredene su eksperimentalna i kontrolna skupina. U eksperimentalnoj
skupini provedene su STEM aktivnosti dva puta tjedno tijekom deset tjedana. U
meduvremenu, kontrolna skupina slijedila je ve¢ ustaljenu svakodnevnu rutinu.
Nakon toga provedeni su zavrsni testovi. U konacnici je proveden i test retencije s
eksperimentalnom skupinom, mjesec dana nakon provedbe projekta.

Analiza podataka

Prikupljeni podatci analizirani su u SPSS programu. Distribucije ucestalosti izra¢unate
su prema varijabli spola sudionika.

Provedeni su neparametrijski testovi buduci da je broj sudionika u eksperimentalnoj
i kontrolnoj skupini bio manji od 15 (Fraenkel i Wallen, 2009). Provedena je i provjera
normalnosti distribucije podataka zbog maloga uzorka (manje od 30 ispitanika)
(Buyukozturk i sur., 2008). Prilikom analize rezultata Shapiro-Wilk testa otkriveno je da
podatci nisu pokazali normalnu distribuciju kroz skalu i njezine poddimenzije (p<,05).

U istraZivanju je primijenjen Wilcoxon test za usporedbu rezultata na predtestu i
posttestu sudionika u eksperimentalnoj i kontrolnoj skupini. Nadalje, primijenjen je
Mann Whitney U test kako bi se usporedili rezultati na posttestu eksperimentalne
i kontrolne skupine (osim za poddimenziju predvidanja-zaklju¢ivanja-znanstvene
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komunikacije). Takoder je provedena analiza kovarijance (ANCOVA) radi usporedbe
poddimenzije predvidanja-zaklju¢ivanja-znanstvene komunikacije eksperimentalne i
kontrolne skupine i Wilcoxonov test sume rangova za usporedbu rezultata sudionika
u eksperimentalnoj skupini na posttestu i testu retencije.

Zbog znacajne razlike u rezultatima predtesta u korist kontrolne skupine u
poddimenziji predvidanja-zaklju¢ivanja-znanstvene komunikacije, upotrijebljena je
analiza kovarijance (ANCOVA) za usporedbu rezultata eksperimentalne i kontrolne
skupine na posttestu. Prilikom provedbe analize kovarijance razmatrani su rezultati
histograma uz pretpostavku normalne distribucije podataka jer ne postoji verzija
ANCOVA-e za neparametrijsku analizu.

Rezultati

U ovome dijelu rada razmatra je li primijenjeni program (PRSTEMO) znacajno utjecao
na vje$tine znanstvenoga razmisljanja djece u eksperimentalnoj skupini u usporedbi
s onima djece u kontrolnoj skupini koja su slijedila uobi¢ajeni odgojno-obrazovni
program. Osim toga, ovdje su predstavljeni rezultati o zadrzavanju stecenih vjestina,
tj. usporeduje se pocetno stanje djece i ono nakon deset tjedana. Rezultati pokazuju
da su ucinci primjene programa zadrzani u testu retencije. U Tablici 1 prikazani su
rezultati predtesta eksperimentalne i kontrolne skupine.

Tablica 1.

Podatci iz Tablice 1 pokazuju znacajnu razliku u korist kontrolne skupine u dimenziji
predvidanja-zakljucivanja-znanstvene komunikacije (U = 37,00, p < ,05). Vidi se da
je srednji rang eksperimentalne skupine za dimenziju predvidanja, zaklju¢ivanja i
znanstvene komunikacije MR = 10,47, a u kontrolnoj skupini on iznosi MR = 17,64.
Nije ustanovljena znacajna razlika u rezultatima dimenzija klasifikacije, procjene i
promatranja i ukupnom rezultatu skale (p > ,05). MozZe se zakljuciti da su skupine
sli¢ne, osim u prvoj poddimenziji.

Tablica 2

Iz Tablice 2 vidljiva je statisticki znacajna razlika izmedu rezultata u predtestu i
posttestu djece eksperimentalne skupine u svim dimenzijama skale i ukupnom rezultatu.
Prema tome, moze se zaklju¢iti da je primijenjeni program imao pozitivan utjecaj na
vjestine znanstvenoga razmisljanja djece u eksperimentalnoj skupini.

Tablica 3

Podatci u Tablici 3 pokazuju statisticki znac¢ajnu razliku izmedu rezultata predtesta
i posttesta u korist posttesta djece iz kontrolne skupine u dimenziji predvidanja,
zakljucivanja i znanstvene komunikacije i rezultata na cjelokupnoj skali (p < ,05). Prema
tome, moze se zakljuciti da je primijenjeni redovni kurikul imao pozitivan u¢inak na
vjestine znanstvenoga misljenja djece iz kontrolne skupine u dimenziji klasifikacije,
procjene i promatranja (p > ,05).
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Tablica 4

Podatci prikazani u Tablici 4 prikazuju znadajnu razliku izmedu djece koja su
sudjelovala u programu i one koja nisu (F = 13,707, p < ,05). Iako postoji razlika u
korist kontrolne skupine u predtestu, rezultati posttesta pokazuju razliku u korist
eksperimentalne skupine. Ovaj rezultat govori u prilog tome da su djeca koja su
sudjelovala u primjeni programa imala viSe rezultate u ovoj dimenziji skale, nego ona
koja su pohadala redovni program i nisu sudjelovala u PRSTEMO-u.

Tablica 5

Rezultati u Tablici 5 pokazuju statisticki znacajnu razliku izmedu djece koja su
sudjelovala u programu i one koja nisu u dimenzijama klasifikacije, procjene i promatranja
i rezultatima cjelokupne skale (U = 19,50, p <,05; U = 42,00, p <,05; U = 38,00, p <,05;
U = 24,00, p <,05). Srednji rang za vjestinu klasifikacije u eksperimentalnoj skupini
iznosio je MR = 17,70, a srednji rang kontrolne skupine MR = 7,77. Srednji rang vjestine
procjene u eksperimentalnoj skupini iznosio je MR = 16,20, a u kontrolnoj skupini
MR = 9,82. Srednji rang vjestine promatranja u eksperimentalnoj skupini bio je MR
= 16,47, a u kontrolnoj MR = 9,45. Naposljetku, srednji rang za cjelokupnu skalu u
eksperimentalnoj skupini iznosio je MR = 17,40, a u kontrolnoj skupini MR = 8,18. Ovi
rezultati pokazuju razvijenije vjestine znanstvenoga misljenja djece koja su sudjelovala
u primjeni PRESTEMO-a u 3 dimenzije i cjelokupnoj skali, u usporedbi s djecom iz
kontrolne skupine, koja su pohadala redovni program.

Tablica 6

Iz Tablice 6 vidljivo je da nije ustanovljena statisticki znacajna razlika izmedu rezultata
posttesta i testa retencije djece koja su sudjelovala u programu za sve poddimenzije i
rezultat cjelokupne skale (p > ,05). Ovaj rezultat pokazuje dugoro¢ni uc¢inak primjene
PRSTEMO-a na vjestine znanstvenoga misljenja djece iz eksperimentalne skupine.

Rasprava i zakljucak

Rezultati ovoga istrazivanja pokazuju statisticki znacajnu razliku izmedu predtesta
i posttesta djece iz eksperimentalne skupine za sve poddimenzije skale - predvidanje/
zakljuc¢ivanje/znanstvena komunikacija, klasifikacija, procjena i promatranje te za
cjelokupnu skalu. Prema tome, moze se zaklju¢iti da je primjena programa znacajno
utjecala na vjestine znanstvenoga misljenja djece predskolske dobi u eksperimentalnoj
skupini u cijelosti i prema svim poddimenzijama skale. Vazno je ukupan rezultat
na skali i pojedina¢ne dimenzije jer svaka mjeri drugu varijablu. Na primjer, dijete
moze imati nedovoljno razvijene vjestine mjerenja, a visok ukupan rezultat vjestina
znanstvenoga misljenja.

Atik (2019) i Bal (2018) dosli su do sli¢nih rezultata u svojem istrazivanju u kojem su
ispitivali utjecaj STEM aplikacija na vjestine znanstvenoga misljenja predskolske djece.
Nadalje, u svojem istrazivanju utjecaja STEM aplikacija na vjestine rjeSavanja problema
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predskolske djece Akcay (2019) je otkrio znacajnu razliku u korist eksperimentalne
skupine. U jo$ jednom istrazivanju Buyuktaskapu (2010) je pokazao da program
konstruktivistickoga znanstvenog obrazovanja ima pozitivan utjecaj na vjestine
znanstvenoga misljenja predskolske djece. Jos je jedno istrazivanje ispitivalo utjecaj
kurikula znanosti, zasnovanoga na ucenju putem zaklju¢ivanja, na vjestine znanstvenoga
misljenja predskolske djece (Ozkan, 2015), u kojemu je otkriveno da je primijenjeni
program imao pozitivan utjecaj. U svojem istrazivanju Alade i suradnici (2016) pokazali
su da obrazovani mediji namijenjeni djeci pomazu u procesu ucenja novih vjestina
mjerenja. Yilmaz (2017) je u svojem istrazivanju utjecaja znanstvenih aktivnosti obitelji
na vjestine znanstvenoga misljenja i stav prema znanosti petogodis$njaka i $estogodi$njaka
otkrio statisti¢ki znacajnu razliku izmedu rezultata predtesta i posttesta sudionika u
provedbi programa. Ti su rezultati sukladni onima koje je dobio Toprakkaya (2016) u
svojem istrazivanju znanstvenih aktivnosti zasnovanih na propitivanju i primijenjenih
na otvorenom, Yagctjevom (2016) istrazivanju aplikacija o prirodi i okolini te rezultatima
istrazivanja Gunsena i suradnika (2018) utjecaja konstruktivistickogaa znanstveno-
obrazovnog programa na vjestine znanstvenoga misljenja djece.

U ovom istrazivanju nije ustanovljena znacajna razlika izmedu rezultata predtesta i
posttesta u poddimenzijama klasifikacije, procjene i promatranja. Ipak, pronadena je
znacajna razlika u rezultatima predtesta i posttesta u dimenziji predvidanja-zakljuc¢ivanja-
znanstvene komunikacije i cjelokupnoj skali kontrolne skupine u korist posttesta. Ovaj
rezultat navodi na zaklju¢ak da redovni kurikul ima znacajan pozitivan utjecaj na
jedan dio vjestina znanstvenoga misljenja djece u kontrolnoj skupini, tj. predvidanje,
zakljucivanje i znanstvenu komunikaciju. Ovaj je rezultat u skladu s rezultatima koje
su dobili Buyuktaskapu (2010) i Yilmaz (2017), a razlikuje se od onih do kojih su dosli
Akcay (2019), Bal (2018), Ozkan (2015), Toprakkaya (2016) i Yagct (2016).

U predtestu je ustanovljena znacajna razlika u korist kontrolne skupine za poddimenziju
skale znanstvenoga misljenja predvidanja-zaklju¢ivanja-znanstvene komunikacije,
a posttest pokazuje znacajnu razliku u korist eksperimentalne skupine. Skupine su
medusobno jednake u drugim poddimenzijama i rezultatima cijele skale. Nasuprot
tome, otkrivena je zna¢ajna razlika u korist eksperimentalne skupine u posttestovima,
§to pokazuje da su djeca koja su sudjelovala u PRSTEMO-u imala vise rezultate u
poddimenziji predvidanja-zaklju¢ivanja-znanstvene komunikacije, nego djeca koja
nisu sudjelovala u provedbi programa. Osim toga, ustanovljena je znacajna razlika
u vjestinama klasifikacije, procjene i promatranja i rezultatima cjelokupne skale u
koristi djece iz eksperimentalne skupine. Ovi su rezultati u skladu s rezultatima Akcay
(2019), Ozkana (2015), Buyuktaskapua (2010), Toprakkayaja (2016) i Yilmaza (2017) u
relevantnoj literaturi. U jo§ jednom istrazivanju Sarag (2018) je ispitivao utjecaj STEM
praksi na ucenje ucenika koriste¢i metaanalizu. U tom istrazivanju analizirana su 23
rada o osnovnom, srednjoskolskom i visokom obrazovanju objavljena izmedu 2010.
i 2017. godine. Veli¢ine u¢inka izra¢unate su za akademski uspjeh ucenika, vjestine
znanstvenoga misljenja i stavove prema STEM disciplinama. Veli¢ina ucinka vjestina
za vjeStine znanstvenoga misljenja iznosila je 0,820.
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Nije pronadena znacajna razlika u posttestu i testu retencije djece u eksperimentalnoj
skupini na svim poddimenzijama i cjelokupnoj skali. Ova ¢injenica pokazuje dugoro¢ni
uc¢inak primjene PRSTEMO-a i sukladna je rezultatima istrazivanja u literaturi (Akcay,
2019). U svojem istrazivanju Becker i Kyungsuk (2011) su ustanovili da kohezivna nastava
u STEM podrudju rezultira pozitivnim utjecajem na uspjeh ucenika u osnovnoj koli.

Ovo istrazivanje pokazuje vaznost PRSTEMO-a u ranim godinama. Prema ovom
istrazivanju, u usporedi s klasi¢nim kurikulom, STEM pristup obrazovanju ima
pozitivan uc¢inak na vje$tine znanstvenoga misljenja djece, tj. predvidanje/zakljucivanje/
komuniciranje, promatranje, klasificiranje i mjerenje. IstraZivanja Wattsa i suradnika
(2014) pokazuje da su matematicke sposobnosti predskolske djece prediktor njihova
uspjeha u matematici u dobi od 15 godina. Ocekivano je da ¢e ranija iskustva
eksperimentalne skupine imati u¢inak na njihov uspjeh u STEM podru¢jima i kasnije
na njihov odabir zanimanja (Sheehan i sur., 2018). S obzirom na rezultate ovoga
istrazivanja, uciteljima se moze osigurati profesionalno usavr$avanje u podrucju
PRSTEMO-a te im treba pruziti potporu u razvijanju svijesti i pozitivnoga stava o toj
temi. Postoje malobrojna istrazivanja o STEM obrazovanom pristupu na predskolskoj
razini. Stoga je potrebno provoditi kvalitativne ili mijesane studije kako bi se steklo
dublje razumijevanje ovoga koncepta. Dalja istrazivanja mogu se provoditi kako bi se
ispitao u¢inak STEM aplikacija na predskolsku djecu u razli¢itim varijablama (poput
kritickoga misljenja, kreativnoga misljenja i rjeSavanja problema). IstraZivanja se
mogu provoditi s razli¢itim sudionicima i na ve¢em uzorku. Na taj se nacin rezultati
istrazivanja mogu usporediti i generalizirati.

Ovo istrazivanje ima neka ograni¢enja. Ono je kvantitativno i zasnovano na
podatcima dobivenim primjenom skale. Vazno je provesti kvalitativno ili mijeSano
istrazivanje kako bi se steklo dublje razumijevanje ovoga pitanja. Ovaj je uzorak bio
malen zbog dobi djece. Prijedlog za buduca istrazivanja je da se provedu na ve¢em
uzorku. Neravnomjeran omjer spolova izmedu kontrolne i eksperimentalne skupine
takoder se moZe shvatiti kao nedostatak ovoga istrazivanja.
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