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ABSTRACT One of the main challenges in science education is interpreting existing studies to improve scientific process skills.
The main purpose of this study is to bring together the quantitative findings obtained on the relationship between scientific process
skills and academic achievement in science education, to highlight the relevant gaps in 5838 samples, and to interpret the overall
effect size. The bibliographic research was carried out through the ERIC and ProQuest databases, especially in the Science Education
Research category. Two hundred thirty-four articles published between 2005 and 2020 were obtained. Following the application of
the inclusion criteria, 18 articles were selected according to the random-effects model, resulting in an average effect size of 0.56. Two
moderator variables with a significant correlation between science achievement and scientific process skills were analyzed (Q =
417.082; df = 17; p <.05; 12 = 95.22). The percentage of the moderator variables explaining the relationship was interpreted by meta-
regression analysis. Educational inferences have shown a requirement for further research at the high school and university levels on
the relationship between science method skills and scientific achievement.
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1. INTRODUCTION

Concepts are at the center of science education (Enger
& Yager, 2001). Rather than defining their meanings,
science courses require questioning the underlying reasons
for these concepts. Why does hot air rise, for instance?
How does sound move in the atmosphere? (NCERT,
2005). Because it is not enough to just transfer the existing
knowledge to students and provide them with problem-
solving skills that they cannot use in their daily lives
(Rillero, 1998). One of the main points of the literature on
the necessity of acquiring science education through
inquiry is the development of scientific process skills.

Science educators argue in the literature that the
development of scientific process skills directly affects
science achievement and science literacy. Scientific process
skills constitute a large part of the science literacy of
individuals. Many studies claim that science literacy must
be supported by scientific process skills acquired from an
eatly age (Kirch, 2007; Limatahu & Prahani, 2018; Meador,
2003; Martin, Sexton & Gerlovich, 2001). Another group
of authors concluded that students' academic achievement
increased as a result of the activities carried out to develop
scientific process skills in the science course (Aktamis &
Ergin, 2008; Arda¢ & Mugaloglu, 2002; Geban, 1990;
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Turpin, 2000). Also, the main goal of national and
international science teaching programs is to develop the
conceptual understanding and the skills that will enable
students to become science literate in the future (AAAS,
1998; TMoNE, 2006; TmoNE, 2019; TMoNE, 2020).
Science literate individuals have decision-making and
problem-solving skills and can learn and think creatively
and logically. That keeps them one step ahead throughout
their lives (National Research Council, 1997; cited: Cakir &
Sartkaya, 2010). Also, science-literate individuals conduct
research, ask questions, solve problems, and are open to
criticism (Afacan, 2016; Sadler, 2004; Fettahoglu, 2012).
For all these reasons, scientific process skills should be
reconsidered and interpreted for different variables for
science literacy and success.

Science education programs implemented in Turkey
also stress that developing scientific process skills is
important. However, it has been observed that student
success is low in examinations in which these skills are
measured at the international level (PISA 2015 and PISA
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2018, TIMSS 2015, TIMSS, 2018). In national
examinations, student success is generally low to measure
science achievement (Bakanligi, 2019). For this reason, the
barriers and variables in the development of scientific
process skills need to be tethought. Also, the national
literature is not sufficient to meet this need. It is possible
to find many studies on scientific process skills in the
literature. It has been observed that scientific process skills
help students develop their creativity by making them think
like scientists (Lind, 2002; Meador, 2003; Ozdemir &
Dikici, 2017; Setiani, Surasmi & Tresnaningsih, 2020; Yoo
& Kang, 2015). Also, it has been stated in some studies that
the effective use of scientific process skills is critical in the
formation and development of scientific literacy
(Anderson, 2002; Colvill & Pattie, 2002; Handayani,
Adisyahputra & Indrayanti, 2018; Kaya, Bahceci, & Altuk,
2012; Keil, Haney & Zoffel, 2009). In some studies, it has
been demonstrated that active use of scientific process
skills in lessons has developed students’ attitudes (Bilgin,
2000; Juhji & Nuangchalerm, 2020; Movahedzadeh, 2011;
Zeidan & Jayosi, 2015), reasoning ability (Oloyede &
Adeoye, 2012; Markawi, 2013; Settlage & Southerland,
2007), and critical thinking skills (Darmaji, Astalini &
Kuswanto, 2020; Jeskova et al., 2016; Jatmiko et al., 2018;
Tanti, Indica, Kuswanto, Utami, & Wardhana, 2020). The
application of various methods and techniques in the
lessons has been shown to help the development of
scientific process skills (Ika & Doa, 2021; Mulyeni, Jamaris,
& Supriyati, 2019; Setiawan, Suwondo & Syafii, 2021;
Sholahuddin, Yuanita, Supardi, & Prahani, 2020). There are
also studies on the use of science process skills by teachers
in the teaching process and to determine their level of
knowledge on the subject (Al-Rabaani, 2014; Chabalengula,
Mumba, & Mbewe, 2012; Gultepe, 2016; Setyowati, 2020;
Turkmen & Kandemir, 2018). Also, Irwanto, Rohaeti &
Prodjosantoso (2019) stated that scientific process skills
increase students’ ability to absorb scientific knowledge;
and develop critical thinking, decision making, and
problem-solving skills.

When the relational studies conducted on scientific
process skills were examined, it was seen that its
relationship with the academic achievement variable was
mostly examined. It has been determined that training
aimed at developing scientific process skills in the science
course increases students' academic success (Aktamis &
Ergin, 2008; Arda¢ & Mugaloglu, 2002). Likewise, there is
a similar trend abroad (Geban, 1990; Nasir, Fakhrunnisa &
Nastiti, 2019; Turpin, 2000). In relational studies
conducted between scientific process skills and academic
achievement, a positive relationship was observed (Dogan,
Dogan, Atilgan, Batcioglu & Demirci, 2002; Feyzioglu,
2009; Harlen, 1999; Jackson, 2000; Koray, Koksal,
Ozdemir & Presley, 2007; Ozdemir, 2004; Saat, 2004;
Sittirug, 1997; Unutkan, 2006). The importance of this
relationship has been proven. Still, there is a need to bring
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together all adhering studies' findings and rethink

moderator variables in national and international literature.

The effort to see the whole is important to capture and

interpret the relevant gaps.

On the other hand, the studies conducted are numerous
and well-established to allow meta-analysis. Since thete is
no meta-analysis study on scientific process skills in
science, it is thought that this study will contribute to the
literature. The teaching level and scale type, which were
supposed to affect the data obtained from primary studies,
were selected as moderator variables. It is necessary to gain
scientific process skills gradually. It aims to acquire basic
process skills at the primary school level and integrated
skills at secondary and higher levels (Akgiin, Ozden, Cinici,
Aslan & Berber, 2014). In addition, it is important whether
there is a difference between the data collection tools
whose validity and reliability have been provided before
and the data collection tools developed by THE
researchers themselves. In this study, within the scope of
the general question “how do teaching strategies, methods
and techniques support the development of science
process skills?” the following questions were sought:

1. What is the general effect size of the relationship
between scientific process skills and academic
achievement?

2. Isthere a significant difference between the effect sizes
of the studies according to the teaching level and the
type of scale used in the studies (moderator variables)?

3. To what extent do the moderator variables explain the
relationship between scientific process skills and
academic achievement?.

2. METHOD

The meta-analysis method was used in this study to
examine the relationship between scientific process skills
and academic achievement. Meta-analysis is a statistical
analysis method that helps one to have a common
judgment by bringing together various quantitative
research results (Lipsey & Wilson, 2001) to reach larger
results (Biytkoztirk et al., 2014) and allow the results to
be evaluated with a larger sample. Meta-analysis takes place
through a statistical combination of quantitative research
results and does not include qualitative research results.
This study brought examples and results of relational
studies examining the relationship between scientific
process skills and academic achievement.
2.1 Data Collection and Analysis

To tind answers to the questions of the research, articles
and theses between 2005 and 2020 examining the
relationships between scientific process skills and academic
achievement were scanned. Four databases were used:
ProQuest, ERIC, Google Scholar. Articles and theses were
searched with the keywords “scientific process skills” and
“science process skills.” According to Lipsey & Wilson
(2001), studies included in meta-analysis should be
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included within certain limits. In this context, inclusion
criteria were determined while selecting all the studies
included in this larger study:

a. Conducted between 2005-2020

b. Studies examining the relationship between scientific
process skills and academic achievement

Containing the correlation coefficient (7) value

A specified number of samples

Availability of full text

Being a master’s/ doctoral thesis or an article
published in scientific journals.
Within the scope of the research, 234 studies were
determined by considering the above criteria. Later, when
the studies were examined in detail, studies with qualitative
research findings and no r and p values were not included.
As a result, 18 studies were analyzed using the
Comprehensive Meta-Analysis v3.0 statistics program.
Demographic information about the studies included in the
analysis is presented in Table 1

The effect sizes were taken as a basis for the

interpretation of the analyses. The correlation value was
converted to Fisher’s g-value. The analyses were carried out
with these values because Fishet’s z is a value that considers
the sample size. Effect sizes based on Cohen, Manion &

moe oo

2.2 Validity and Reliability Studies

To conduct meta-analysis studies, the studies should
not cause publication bias, and the effect sizes should show
normal distribution. Therefore, it is necessary to examine
the publication bias of each study to identify studies that
have a heavy impact on the overall effect size and adversely
affect the normal distribution of the data. Publication bias
is one of the most important factors affecting meta-analysis
results.

First, a funnel plot was examined to determine whether
the publication bias of the studies was due to the general
effect size. In this graph, publication bias is interpreted
according to the line in the middle. In the absence of
publication bias, the individual effect size of each study is
expected to be around this line and within the funnel
(Dinger, 2014). The distribution of the effect sizes of the
studies included in this study is presented in Figure 1.

As shown in Figure 1, the oval shapes representing the
effect size of each study included in the meta-analysis were
gathered symmetrically around the middle line expressing
the general effect size. According to the funnel scatter plot,
it can be said that 18 studies whose common effect sizes

Funnel Plot of Standard Error by Fisher's Z

Marrison’s (2007) correlation are interpreted depending on AN
the direction of the relationship. Concerning this, the o1 y R
correlation coefficient is used as the effect size based on 5 °
the order of the relationship. Interpretation of effect sizes : ™ °©
based on the correlation coefficient: Very weak if between 5
+ 0.00 and * 0.10; weak if between + 0.10 and 0.30;
medium if between * 0.30 and 0.50; strong if between * o
0.50 and 0.80; powerful effect if £ 0.80 and above. As the 20 s 1o o5 0o U: 1 . 20
moderator variable, the scale type and the education level Fishers 2
in which the study was conducted were considered. Figure 1 Funnel Scatter Plot
Table 1 Demographic Characteristics of Studies Included in the Meta-Analysis
Author Year Education level Scale Type
Aktas & Ceylan, 2016 2016 University Okey, Wise and Burns (1982)
Aktas, Aktas & Kalayct, 2020 2020 Secondary school Smith and Welliver (1994)
Karar & Yenice, 2012 2012 Secondary school Okey, Wise and Burns (1982)
Durmaz & Mutlu, 2014 2014 Secondary school Smith and Welliver (1994)
Hirga, 2013 2013 University Others
Raj & Devi, 2014 2014 High school Others
Jeon & Park, 2014 2014 Secondary school Others
Aydogdu & Buldur, 2013 2013 University Others
Sinan & Usak, 2011 2011 University Others
Irwanto, 2018 2018 University Others
Opztiirk, 2008 2008 Secondary school Others
Aydogdu,2006 2006 Secondary school Okey, Wise and Burns (1982)
Gdiler, 2010 2010 Secondary school Others
Tan, 2010 2010 High school Others
Arslan, 2019 2019 Secondary school Aydaogdu et al. (2012)
Longo, 2012 2012 Secondary school Others
Oztiirk, Tezel & Acat, 2011 2011 Secondary school Others
Delen & Kesercioglu, 2012 2012 Secondary school Aydaogdu et al. (2012)
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Table 2 Effect Sizes, Weights, and General Effect Size of the Studies Examined within the Scope of the Research

(Fisher’s Z)

Weight [Random) Study name

‘ Fisher's 2 ‘ p-Value Relative weight

0,234 0,000 6.03| Raj & Devi,2014

0,234 0,000 5891 Delen & Kesercioglu, 2012
0,306 0,001 555 | Tan,2010

0,318 0,000 5641 Aydoddu & Buldur,2013
0,347 0,000 566 | Aktas & Ceylan,2016
0,380 0,000 5921 Aktag, Aktas & Kalayc, 2020
0.406 0,042 4,05 | Hirga, 2013

0412 0,000 583] Longo,2012

0427 0,036 4,00] Sinan & Usak,2011

0524 0,000 590] liwanto,2013

0,586 0,000 5731 Aydoddu,2006

0,590 0,000 592] Arslan, 2019

0,696 0,000 508 | Jeon & Park, 2014

0,788 0,000 6.04] Karar & Yenice,2012
0,846 0,000 607] Oztiirk, 2008

0,846 0,000 6071 Oztiirk, Tezel & Acat,2011
1,020 0,000 5az2| Giiler, 2010

1,053 0,000 465 Durmaz ve Mutlu, 2014
0,557 0,000

Fisher's 2 and 95% Cl Model

-1.00 -050 0.00 0.50 1.00

-

—_—
—
—

—1+— Random

were examined within the scope of meta-analysis did not
have publication bias. However, since not all of the
individual effect sizes of the studies were in the funnel,
more than one confidence test showing the status of
publication bias was conducted, and the results were also
examined. When the test results are examined, it is revealed
that Rosenthal's fail-safe N test results ate statistically
significant (Z = 36,126, p=< 0.01, number of missing studies
that would bring the p-value to> o = 7155). Seven thousand
one hundred fifty-five studies are needed to eliminate the
significance of the meta-analysis result. For the Classic fall-
safe N-Rosenthal's Safe N test, the higher the number of
studies, the lower the publication bias. Few studies examine
the relationship between scientific process skills and
academic achievement. For this reason, since it does not
seem possible to reach this number, it is interpreted as an
indication that there is no publication bias. Since p = 0.05
according to Begg and Mazumdar rank correlation
(Tau=0.98; z-value for tau= 0.57; p-value (1-tailed): 0.28; p-
value (2-tailed)=0.57) and Egger’s regression intercept (t
value= 0.56; df:16; p-value (1-tailed): 0.29; p-value (2-tailed)
= 0.58) test results, we can say that publication bias does
not exist at the rate of 95%.

To determine the analysis model, whether the effect size
is homogeneously distributed is tested. According to this
result, if the effect size is not fixed to homogenous, the use
of the random effects model is appropriate (Borenstein,
Hedges, Higgins & Rothstein, 2013). The fact that the
studies used in this study are based on social sciences
research carried out at different educational levels and
varied in terms of the scale indicates that the random-
effects model is more suitable. The Q value obtained due
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to the homogeneity test is statistically significant (Q = 417,
082, p = 0.000). This value is larger than the critical value,
and having p < 0.05 indicates heterogeneous effect size
distribution. On the othetr hand, to determine whether

heterogeneity between studies exists! *, the (95, 224) value
has been checked. According to this value, it can be said
that there is a 95%-high level of heterogeneity.

3. RESULTS AND DISCUSSION

Findings on the sub-problems of the research are given
here. First of all, the effect size of the studies examined
within the scope of meta-analysis and meta relation is
presented. Then, the findings related to the effect sizes of
the study group's level type and scale type variables and
metaregression scores were presented.

3.1 Findings Regarding the General Effect Size of the
Relationship Between Scientific Process Skills and
Academic Achievement

The analysis results for the sub-problem “What is the
general effect size of the relationship between scientific and
academic process skills?” are shown below. Data on the
effect sizes, upper and lower limits, 3—p values, and weights
of the studies are presented.

In Table 2, the effect size value for the relationship
between scientific process skills and academics is 0.557
according to the random-effects model. Accordingly, the
effect size value indicates a strong relationship (Cohen,
Manion & Morrison, 2007). Therefore, as the scientific
process skills increase or decrease, the level of academic
achievement increases or reduce strongly. All of the studies
examined have a positive effect. Within the scope of meta-
analysis, information on the effect sizes, weights, Fisher’s
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Table 3 Effect Size and Metarelation Analysis Test Results According to the Education Level of the Study Group Examined

within the Scope of the Research

Moderator N  EffectSize  Standard Alt Upper sd Qs R* P
error Limit  limit
Level Middle 11 0.126 0.142 0.151 0.404
School
High School 2 0.320 0.194 0.702 0.060
University 5 0.184 0.158 0.494 0.127
Total 18  0.588 0.114 0.366 0.811 3 8.78 027 0.032

Table 4 Effect Size and Metarelation Analysis Test Results According to the Scale Type Used in the Studies

Moderator N  EffectSize Standard  Lower Upper sd Q R* p
Scale type error Limit limit

Okey,Wise, & Burns 4 0.043 0.1951 0.339 0.425

Smith & Welliver 2 0141 0.2362 0.321 0.604

Aydogdu et al. 2 0.122 0.2259 0.565 0.319

Others 10 0.086 0.2014 0.307 0.481

Total 18  0.535 0.1037 0.332 0.738 4 1.04 0.0 0.90

Regression of Fisher's Zon School Grade

175

150
1,25
1,00
0,75 4
050 4

025 4

Fisher's Z

0,00 —
-0,25
-0,50

-0,75

-1,00

S

Secondary

College High

School Grade

Figure 2 Meta -regression scatter plot according to the type of teaching level

Z, and p values of the studies included in this study are
provided. The study with the most significant effect size is
1.053 by Durmaz & Mutlu (2014), and the study with the
smallest effect size is the study of Raj and Devi (0.234).
When examined in terms of weight, the study with the
highest weight is Raj and Devi (6.08), and the one with the
least weight is 4.00 Sinan & Muhammet (2011).
3.2 Findings Regarding the Effect Size According to the
Education Level and Meta-regression Analysis as the
Moderator Variable

The results of subgroup and meta-regression analysis
made according to the random-effects model to determine
the effect of the study group included in the meta-analysis
on the total effect size are given in Table 3.

According to the findings, it was noted that there was a
statistically significant difference between the effect sizes
of the groups according to the type of education level
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addressed in the studies [Q = 8.78; pE.OS]. It is seen that
the largest effect size is in the high school group (0.320),
and the lowest effect is in the middle school group. On the
other hand, this moderator variable explains 27% of the
relationships between scientific process skills and science
achievement [R? analog = 0.27, Q = 8.78, df = 3, p =
0.0323]. The scatter plot of the moderator type is given in
Figure 2. According to the Fishet's Z regression scattet
plot, the explanation percentage according to the scientific
process skills and science achievement learning level type
mostly affected the answers of middle school students.
3.3 Findings Regarding Effect Size and Metarelation
Analysis According to the Scale Type Used in Studies as
Moderator Variable

The results of subgroup and meta-regression analysis
made according to the random-effects model to determine
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Regression of Fisher's Z on Scale Type
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Figure 3 Meta-regression scatter plot according to the level of education

the effect on the total effect size according to the type of
scale used in the studies are given in Table 4.

According to the findings obtained, it was observed that
there was no statistically significant difference between the
effect sizes of the groups according to the type of scale

used in the studies [Q = 1.40; pE.OS]. Therefore, there is
no need to interpret the regression situation. Scale type
effect size scores are close to each other. The scatter plot
of the moderator type is given in Figure 3.

When the relationship between scientific process skills
and science achievement was examined according to the
type of scale based on the Fisher’s Z regression scatter plot,
the researchers mostly used the scales they developed
themselves.

CONCLUSION

In this meta-analysis study, which examines the
relationship between scientific process skills and academic
achievement, individual effect sizes and overall effect sizes
of 18 studies (sample numbers = 5838) were calculated in
accordance with the selection criteria. Also, it was
determined whether there is a difference between the effect
sizes of the studies examining the relationship between
scientific process skills and academic achievement
depending on the moderator variables (teaching level, scale
type).

Rosenthal’s fail-safe N test, Begg and Mazumdar Rank
Correlations, and Egger’s Linear Regression Method were
used to determine the validity and publication bias of the
study. As a result of the reliability tests, it was decided that
there was no publication bias. After calculating the
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individual effect sizes of the studies included in the meta-
analysis, the random-effects model was used due to the
heterogeneity test performed to calculate the overall effect
size by combining these effect sizes. According to the
random-effects model, the combined effect size has been
found as.55 (at a 95% confidence level. Between 56 and
61).

The first finding obtained from the researchers
determined that there is a moderate and positive
relationship between scientific process skills and academic
achievement. According to this finding, as the use of
scientific process skills increases, their academic success
also increases. Each study examining the relationship
between scientific process skills and academic achievement
yielded a significant effect size. When these effect sizes are
combined according to the random-effects model, it has
been observed that the overall effect size is significant as a
result of the calculated Z test (p <.05). The variables that
have the greatest effect on students’ acquisition of scientific
process skills are academic competence and cognitive
development (Germann, 1994). Feyzioglu (2009), who was
not included in the study because of not meeting the
selection criteria, examined the relationship between
scientific process skills and academic achievement
separately as basic skills and combined skills. He found a
positive relationship between basic and integrated scientific
process skills and academic achievement.

Similarly, Aydogdu, Yildiz, Akpmar & Ergin (20006)
stated that there is an important relationship between
scientific process skills and academic achievement at the
secondary school level. Also, Aktamis & FErgin (2008)
stated that science courses based on scientific process skills
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are important in increasing student success. Their higher
scientific process skills can explain students' success in
science lessons at school (Karatay, 2012; Meri¢ & Karatay,
2014; Sittirug, 1997; Tezcan, 2011).

The study's second finding revealed a significant
difference between the effect sizes of the studies examining
the relationship between scientific process skills and
academic achievement, depending on the teaching level
among the moderator variables. In other words, it creates
a significant difference between effect sizes calculated to
determine the relationship between scientific process skills
and academic achievement. While the greatest effect on the
education level where the studies are applied is at the high
school level (.320), the lowest impact level is at the
secondary school level (.126). The teaching level also
explains around 27% of the relationship between scientific
process skills and academic achievement. In this 27% slice,
according to the Fisher’s Z regression scatter plot, the
meta-analysis results mostly include middle school
students’ answers. Scientific process skills that should be
acquired from an early age (Kirch, 2007; Limatahu &
Prahani, 2018) are proportional to students’ cognitive
capacities (Ferreira, 2004). Using these findings, it can be
said that there is a gap in the study of high school and
university-level scientific process skills. Also, another
finding obtained was that the type of scale used in the
studies was not a significant moderator variable.
Accordingly, scale type does not significantly differ
between effect sizes calculated to determine the
relationship between scientific process skills and academic
achievement. While the largest effect size among scale
types was the scale developed by Smith (1994), the smallest
effect size was the scale developed by Burns, Okey, & Wise
(1982). When looking at the scales used, the time frame
between the development dates is quite broad. Although all
of them measure the same feature, both the characteristics
of the individuals and the constantly evolving conditions
presently have changed during this period. Based on this, a
significant difference can be created among effect sizes by
using scales based on gaining current competencies in
today's conditions. As a result, this study has analyzed the
subject and the literature and emphasized the points that
need to be improved to develop scientific process skills.

LIMITATIONS

The study has some limitations. The sample chosen for
this study includes ERIC, ProQuest, and Google Scholar
publications. The research category includes health
correlational studies within the scientific framework. As a
result, we assume that we missed some unpublished studies
in our sample. The level of relationship between scientific
process and achievement is weak in studies included in the
meta-analysis (Raj & Devi, 2014); The difference in the
medium (Longo, 2012) and strong level (Oztiirk, 2008) is
related to similar effects. This limitation shows that we
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represent the field even though we have a sample, and it
demonstrates that there is no publication bias. Also, studies
included in the meta-analysis are limited to inclusion
criteria and studies conducted between 2005 and 2020.

RECOMMENDATIONS

In future studies, the relationship between sub-
dimensions of scientific process skills and academic
achievement can be examined with the help of meta-
analysis. In addition, the effect of different moderator
variables on the relationship between scientific process
skills and academic achievement can be examined.

REFERENCES

Afacan, O. (2016). “Bilimin dogas: ve Fen-Teknolgji-Toplum-Cevre (FTTC)
Liiskisi [Nature of Science and the Relationship of Science-Technology-Society-
Environment]”. Bilimin Dagast ve Ogretimi [Nature and Teaching of
Stcience]. Ankara: Pegem Academy.

Akgiin, A., Ozden, M., Cinici, A, Aslan, A. & Berber, S. (2014).
Teknoloji destekli Ogretimin  bilimsel siire¢ becerilerine  ve
akademik bagariya etkisinin incelenmesi /An investigation of the
effect of technology based education on scientific process skills and
academic achievement/. Electronic Journal of Social Sciences, 13(48), 27-
46. https://doi.org/10.17755/esosder.97729

Aktamis, H. & Ergin, O. (2008, June). The effect of scientific process
skills education on students' scientific creativity, science attitudes
and academic achievements. In _Asia-Pacific Forum On Science
Learning and Teaching. 9 (1) , 1-21.

Aktag, 1. & Ceylan, E. (2016). Fen bilgisi 6gretmen adaylarinin bilimsel
stre¢ beceti dizeylerinin belitlenmesi ve akademik bagatiyla iliski
diizeyinin incelenmesi [Determination of pre-service science
teachers’ science process skills and investigating of relationship
with general academic achievement|. Mustafa Kemal University Journal
of Social  Sciences  Institute, 13(33), 123-136. Retrieved from
https://dergipark.org.tr/en/pub/mkusbed/issue/19579 /209084

Aktas, S., Aktas, 1., & Kalaycy, S. (2020). Duygusal zeka, bilimsel stireg
becerileri ve fen bagarisi arasindaki iliski [The relattonship between
emotional intelligence, scientific process skills and science
achievements). International Jonrnal of New Trends in Arts, Sports &
Science  Education (IJ[TASE) ISSN: 2146-9466, 9(4), 166-177.
Retrieved from
http://www.ijtase.net/ojs/index.php /IJTASE /article /view/1024

Al-Rabaani, A. (2014). The acquisition of science process skills by
Omani’s pre-service social studies’ teachers. Eurgpean Journal of
Educational Studies, 6(1), 13-19.

American Association for the Advancement of Science (AAAS).
(1998). Blueprints for reform: Science, mathematics, and technology education.
Oxford University Press.

Anderson, R. D. (2002). Reforming science teaching: What research says
about inquiry. Journal of Science Teacher Education, 13(1), 1-12.
https://doi.org/10.1023/A:1015171124982

Ardag, D. & Mugaloglu, E. (2002). Bilimsel stireglerin kazanimina
yonelik bir program ¢alismasi [A program study for the acquisition
of scientific processes|. Proceedings of /. National Science and
Mathematics Symposinm, I, 226-231.

Arslan, 1. (2019). Ortaokul 8. sunif igrencilerinin bilimsel siire¢ becerilers,
akademife  bagariars, rutin olan wve rutin olmayan problemlerdeki test
basarilar: arasindafki iliskilerin analizi [An analysis of relationship between
scientific process skills, academic success and the success of the poblems test
success and non-routine problems of the middle school 8 th grade students.].
Master’ Thesis, Kocaeli, Turkey: Kocaeli University.

Aydogdu, B. (2006). [tkigretim fen ve teknoloji dersinde bilimsel siirec becerilerini
etkileyen degiskenlerin belirlenmesi [wdentification of variables effecting science
process  skills in primary science and  technology conrse]. Doctoral
dissertation, Tzmir, Turkey: Dokuz Eyliil University.

J.Sci.Learn.2022.5(2).363-372


https://doi.org/10.17755/esosder.97729
https://dergipark.org.tr/en/pub/mkusbed/issue/19579/209084
http://www.ijtase.net/ojs/index.php/IJTASE/article/view/1024
https://doi.org/10.1023/A:1015171124982

Journal of Science Learning

Article

Aydogdu, B., & Buldur, S. (2013). An investigation of pre-service
classroom teachers’ science process skills in terms of some
vatiables. Journal of Theoretical Educational Science, 6(4), 520-534.
http://dx.doi.org/10.5578 /keg.6713

Aydogdu, B., Yildiz, E., Akpinar, E. & Ergin (2006). ilkégretim
ogrencilerinin  bilimsel siire¢ becerilerini etkileyen degiskenler
[|Variables effecting elementary school ~students’  science  process  skills).
Constructivism and Its Reflections on Science Education Symposium, Private
Tevfik Fikret Schools.

Bakanligi, M. E. (2019). ortadgretim kurumlarina iliskin merkezi sinav
raporu. TC Milli Egitim Bakanlig.

Bilgin, I. (2006). The effects of hands-on activities incorporating a
cooperative learning approach on eight grade students'science
process skills and attitudes toward science. Journal of Baltic Science
Education, (9). http://oaji.net/articles/2014/987-1404214209.pdf

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2013).
Meta-analize giris [Introduction to meta-analysis]. (Trans. S. Dinger).
Ankara: An1 Publishing.

Burns, J. C., Okey, J. R, & Wise, K. C. (1985). Development of an
integrated process skill test: TIPS IL. Journal of research in science
teaching, 22(2), 169-177.

Biyiikoztiirk, S., Kilig-Cakmak, E., Akgin, O. E., Karadeniz, S., &
Demirel, F. (2014). Bilimsel arastima yontemleri |Scientific research
methods|(18 th ed.). Ankara: Pegem Academy.

Chabalengula, V. M., Mumba, F., & Mbewe, S. (2012). How pre-service
teachers’ understand and perform science process skills. Exrasia
Journal of mathematics, science and technology education, 8(3), 167-176.
https://doi.org/10.12973 /eurasia.2012.832a

Cohen, L., Manion, L., & Motrison, K. (2007). Research methods in
edncation. Routledge.

Colvill, M., & Pattie, I. (2002). Science skills: the building blocks for
scientific literacy. Investigating, 18(3), 20-22.

Cakir, N. K., & Sarikaya, M. (2010). An evaluation of science process
skills of the science teaching majors. Procedia-Social and Behavioral

1592-1596.

Sciences, 9,
https://doi.org/10.1016/4.sbspro.2010.12.370

Darmaji, D. A. K., Astalini, R. P., & Kuswanto, M. 1. (2020). Do a
science process skills affect on critical thinking in science?
Differences in urban and rural. Inz | Ewval & Res Edue
ISSN, 2252(8822) 8822.
h files d full 2

Delen, 1. &Kesercloglu T. (2012) How mlddle school students’ science
process skills affected by Turkey’s national curriculum
change?. Journal of Turkish science education, 9(4), 3-9. Retrieved from
http://tused.org/index.php/tused/article/view/465

Dinger, S. (2014). Editim bilimlerinde nygulamal meta-analiz [Applied meta-
analysis in educational sciences|. Pegem Atif Indeksi, 2014(1), 1-133.

Dogan, D., Dogan, E., Atlgan, H., Batcioglu, K., & Demirci, B. (2002).
Farkli iniversitelerin egitim fakiltelerindeki genel kimya laboratuart
sinif ¢evresinin  bazi degiskenler acisindan degerlendirilmesi
[Evaluation of general chemistry laboratory classroom
environment in education faculties of different universities in terms
of some variables|. UFBMEK  kitabi/ PDF/ Kimya/ Bildiri/ t161.
pdf, 11, 2008.

Durmaz, H., & Mutlu, S. (2014). The Effects of an Instructional
Intervention on 7 th Grade Students' Science Process Skills and
Science Achievement. Cukurova University Faculty of Education
Journal, 43(2). https://dergipark.org.tr/en/download/article-
file/46541#page=161

Durmaz, H., & Mutlu, S. (2014). The Effects of an Instructional
Intervention on 7 th Grade Students' Science Process Skills and
Science Achievement. Cukurova University Faculty of Education
Journal, 43(2). Retrieved from
https://dergipark.org.tr/en/download/article-
file/46541#page=161

Enger, S. K., & Yager, R. E. (2009). Assessing student understanding in science:
A standards-based K-12 handbook. Corwin Press.

DOI: 10.17509/ jsl.v5i2.39356 370

Ferreira, L. B. M. (2004). The role of a science story, activities, and dialogue
modeled on philosophy for children in teaching basic science process skills to fifth
graders. Montclair State University.

Fettahoglu, P. (2012). Fen bilgisi igretmeni adaylarmm cevre okuryazarlginin
gelistirilmesine yinelik olarak argiimantasyon ile probleme dayals igrenme
yaklagmnmn kullanimi [The usage of argumentation-based and problem-based
learning approaches intended for developing the environmental literacy of pre-
service science teachers]. Doctoral dissertation, Ankara, Turkey: Gazi
University.

Feyzioglu, B. (2009). An investigation of the relationship between
science process skills with efficient laboratory use and science
achievement in chemistry education. Journal of Turkish science
education, 6(3), 114-132.
http://www.tused.org/index.php/tused/article/view /132

Geban, O. (1990). [k farkls igretim yinteminin lise seviyesindeki igrencilerin
kimya  bagariarma, bilimsel islems  becerilerine ve kimyaya kars: olan
tutumlarma etkisi [The effect of two different teaching methods on high school
students' chemistry achievements, scientific processing skills and attitudes
towards chemistry]. Yayinlanmamis Doktora Tezi. Orta Dogu Teknik
Universitesi, Ankara.

Germann, P.J. (1994). Testing a Model of Science Process Skills
Acquisition: an Interaction with Parents’ Education, Preferred
Language, Gender, Science Attitude, Cognitive Development,
Academic Ability, and Biology Knowledge. Journal of Research in
Stcience Teaching. 31 @, 749-783.
https://doi.org/10.1002/tea.3660310707

Gultepe, N. (2016). High school science teachers' views on science
process  skills. International  Journal of Environmental and Science
Education, 11(5), 779-800. https://eric.ed.gov/?id=E]1114270

Giler, Z. (2010). I/kigretim igrencilerinin SBS puaniar: ile ders bagariar,
bilimsel siireg becerileri ve mantiksal diisiinme yetenekleri arasindaki iliski
[The relationship fementary students? test scores of level determination
exam, course achievements, science processing skills and logical thinking
skills](Unpublished master’s thesis). Bolu, Turkey: Abant {zzet
BaysalUniversity.

Handayani, G., Adisyahputra, A., & Indrayanti, R. (2018). Correlation
between integrated science process skills, and ability to read
comprehension to scientific literacy in biology teachers
students. Biosfer:  Jurnal ~ Pendidikan — Biologi, 11(1), — 22-32.
https://doi.org/10.21009 /biosferjpb.11-1.3

Harlen, W. (1999). Purposes and procedures for assessing science
process  skills. Assessment  in Education:  Principles, — Policy &
Practice, 6(1), 129-144. https://doi.org/10.1080/09695949993044

Hirca, N. (2017). The influence of hands on physics experiments on
scientific process skills according to prospective teachers’
experiencesl. Enropean  Journal of Physics Edncation, 4(1), 6-14.
Retrieved from http:
journal.org/index.php /EJPE/article/view /77

Tka, Y. E., & Doa, H. (2021). The Development of Physics Students’
Worksheets Based on Science Process Skills in Basic Physics
Course At Flores University. Jurnal Pendidikan Fisika, 9(1), 35-45.

Irwanto, 1., Rohaeti, E., & Prodjosantoso, A. K. (2019). Analyzing the
relationships between preservice chemistry teachers’ science
process skills and critical thinking skills. Journal of Turkish Science
Education, 16(3), 299-313.

Irwanto, R., & Prodjosantoso, A. K. (2018). Undergraduate students’
science process skills in terms of some variables: a perspective from
Indonesia. Journal of Baltic Science Education, 17(5), 751.

Jackson, L. (2000). Increasing critical thinking skills to wmprove problem-solving
ability in mathematics.
https://files.eric.ed.gov/fulltext/EID446995.pdf

Jatmiko, B., Prahani, B. K., Munasir, S., Wicaksono, L., Erlina, N., &
Pandiangan, P. (2018). The comparison of OR-IPA teaching model
and problem based learning model effectiveness to improve critical
thinking skills of pre-service physics teachers. Journal of Baltic Science
Education, 17(2), 300.
https://search.proquest.com/docview/2344386563°pq-

origsite=gscholar&fromopenview=true

WWW.cu-

J.Sci.Learn.2022.5(2).363-372


http://dx.doi.org/10.5578/keg.6713
http://oaji.net/articles/2014/987-1404214209.pdf
https://doi.org/10.12973/eurasia.2012.832a
https://doi.org/10.1016/j.sbspro.2010.12.370
https://files.eric.ed.gov/fulltext/EJ1274675.pdf
http://tused.org/index.php/tused/article/view/465
https://dergipark.org.tr/en/download/article-file/46541#page=161
https://dergipark.org.tr/en/download/article-file/46541#page=161
https://dergipark.org.tr/en/download/article-file/46541#page=161
https://dergipark.org.tr/en/download/article-file/46541#page=161
http://www.tused.org/index.php/tused/article/view/132
https://doi.org/10.1002/tea.3660310707
https://eric.ed.gov/?id=EJ1114270
https://doi.org/10.21009/biosferjpb.11-1.3
https://doi.org/10.1080/09695949993044
http://www.eu-journal.org/index.php/EJPE/article/view/77
http://www.eu-journal.org/index.php/EJPE/article/view/77
https://files.eric.ed.gov/fulltext/ED446995.pdf
https://search.proquest.com/docview/2344386563?pq-origsite=gscholar&fromopenview=true
https://search.proquest.com/docview/2344386563?pq-origsite=gscholar&fromopenview=true

Journal of Science Learning

Article

Jeon, S., & Park, J. H. (2014). Analysis of relationships of scientific
communication skills, science process skills, logical thinking skills,
and academic achievement level of elementary school
students. Journal of the Korean Association for Science Education, 34(7),
647-655. https://doi.org/10.14697 /jkase.2014.34.7.0647

Jeskova, Z., Lukag, S., Hancova, M., Snajder, L., Gunis, J., Balogova, B.,
& Kires, M. (2016). Efficacy of inquiry-based learning in
mathematics, physics and informatics in relation to the
development of students inquiry skills. Journal of Baltic Science
Education, 15(5), 559.
https://search.proquest.com/docview/2343744264°pq-
origsite=gscholar&fromopenview=true

Juhji, J., & Nuangchalerm, P. (2020). Interaction between science
process skills and scientific attitudes of students towards
technological pedagogical content knowledge. Journal for the
Education of Gifted Young Scientists, 8(1), 1-16.
https://doi.org/10.17478 /jegys.600979

Karar, E. E., & Yenice, N. (2012). ilkégretim 8 siuf Sgrencilerinin
bilimsel siire¢ beceri diizeylerinin bazi degiskenler acisindan
incelenmesi [Analysis of the scientific process skill levels of primary
school 8th grade students based on different variables]. Cukurova
University Journal of Social Sciences Institute, 21(1), 83-100. Retrieved
from
https://dergipark.org.tr/en/pub/cusosbil /issue /4389 /60332

Karatay, R. (2012). 7. Sunuf Fen ve Teknolgji Dersi Ogretim Program: Unite
Konularma Yinelik  Bilimsel Siirec Becerileri Testinin - Gelistirilmesi
[Developing a science process skills test regarding the units of the 7th grade
Stcience and Technology education program| (Unpublished master’s thesis).
Canakkale, Turkey: Canakkale Onsekiz Mart University.

Kaya, V. H., Bahceci, D., & Altuk, Y. G. (2012). The relationship
between primary school students’ scientific literacy levels and
scientific process skills. Procedia-Social and Behavioral Sciences, 47, 495-
500. https://doi.org/10.1016/j.sbspro.2012.06.687

Keil, C., Haney, J., & Zoffel, J. (2009). Improvements in student
achievement and science process skills using environmental health
science problem-based learning curricula. The Electronic Journal for
Research in Science & Mathematics Education.
https://ejrsme.icrsme.com/article/view /7782 /5549

Kirch, S. A. (2007). Re/Production of science process skills and a
scientific ethos in an eatly childhood classtoom. Cultural Studies of
Stcience Eduncation, 2(4), 785-845.
https://link.springer.com/article/10.1007 /s11422-007-9072-y

Koray, O., Kéksal, M. S., Ozdemir, M., & Presley, A. I. (2007). The
effect of creative and critical thinking based laboratory applications
on academic achievement and science process skills. Elementary
Education Online, 6(3). http://ilkogretim-

online.org.tr/index.php/io/article/viewFile /1892 /1728

Limatahu, 1., & Prahani, B. K. (2018, March). The effectiveness of
CCDSR learning model to improve skills of creating lesson plan
and worksheet science process skill (SPS) for pre-service physics
teacher. In Journal of Physics: Conference Series (Vol. 997, No. 1, p.
012032). 10P Publishing.
https://iopscience.iop.org/article/10.1088 /1742-
6596/997/1/012032/pdf

Lind, K. (2002). Science in eatly childhood: Developing and acquiring
fundamental concepts and skills. Dzalogne on Early Childbood Science,
Mathematics, and Technology Education. (pp. 73-83). ERIC database.
(ED427866)

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. SAGE
publications, Inc.

Longo, C. M. (2012). Effects of an inquiry-based science program on critical
thinking, science process skills, creativity, and science fair achievement of middle
school students. Doctoral dessertation. Danbury, USA: Western
Connecticut State University
https://repository.wesu.edu/educationdis/602utm source=repos

itory.wesu.edu%2Feducationdis%02F60&utm medium=PDF&ut
m_campaign=PDFCoverPages

DOI: 10.17509/ jsl.v5i2.39356 371

Longo, C. M. (2012). Effects of an inquiry-based science program on critical
thinking, science process skills, creativity, and science fair achievement of middle
school students. Doctoral dessertation. Danbury, USA:  Western
Connecticut State University
https://repository.wesu.edu/educationdis/602utm source=trepos
itory.wesu.edu%2Feducationdis%02F60&utm medium=PDF&ut
m_campaign=PDFCoverPages

Markawi, N. (2013). Pengaruh keterampilan proses sains, penalaran, dan
pemecahan masalah terhadap hasil belajar fisika [The effect of
science process skills, reasoning, and problem solving on physics
learning outcomes|. Formatif: Jurnal llmiah Pendidikan MIPA, 3 (1),
11-25.

Martin, R. E., Sexton, C. M., & Gerlovich, J. A. (2001). Teaching science for
all children. Allyn and Bacon.

Meador, K. S. (2003). Thinking creatively about science suggestions for
primary teachers. Gifled Child Today, 26(1), 25-29.
https://doi.org/10.4219%2Fgct-2003-93

Merig, G., & Karatay, R. (2014). Ortaokul 7 ve 8. siuf dgrencilerinin
bilimsel siire¢ becerilerinin incelenmesi [Analyzing middle school
seventh and eight class students science process skills]. Journal of
History School, 7(18), 653-669. http://dx.doi.org/10.14225/Joh485

Movahedzadeh, F. (2011). Improving students’ attitude toward science

through  blended  learning. Scence  Education — and — Civic
Engagement, 3(2), 13-19. http://necsce.net/wp-
content/uploads/2016/12/seceij summer 2011 pdf.pdf#page=
13

Mulyeni, T., Jamaris, M., & Supriyati, Y. (2019). Improving basic science
process skills through inquiry-based approach in learning science
for ecarly elementary students. Journal of Turkish — Science
Education, 16(2), 187-201.
http://www.tused.org/index.php/tused/article/view/89/51

Nasir, M., Fakhrunnisa, R., & Nastiti, L. R. (2019). The implementation
of project-based learning and guided inquiry to improve science
process skills and student cognitive learning outcomes. International
Journal - of Environmental and Science Education, 14(5), 229-238.

://www.ijese.net/makale indir/IJESE 2118 article 5d3ec5d
2e3687.pdf

NCERT, T. (2007). National curricutum framework 2005 (No. id: 1138).

Oloyede, O. I, & Adeoye, F. A. (2012). The relationship between
acquisition of science process skills, formal reasoning ability and
chemistry achievement. International Journal of African & African-

American Studies, 8(1), 1-4.
https://ojcs.isg.siue.edu/ojs/index.php/ijaaas /article /view /664
779

Ozdemir, G., & Dikici, A. (2017). Relationships between scientific
process skills and scientific creativity: Mediating role of nature of
science knowledge. Journal of Education in Science Environment and
Health, 3(1), 52-68. https://doi.org/10.21891/jeseh.275696

Ozdemir, M. (2004). Fen egitiminde bilimsel siirec becerilerine dayali laboratuar
yonteminin akademik  bagary, tutum ve kalwiia etkisi [The effects of
cooperative learning based on constructivist approach in primary social studies|
(Unpublisahed master’s thesis). Zonguldak , Turkey: Zonguldak
Karaelmas University.

Oztiirk, N. (2008). [/kggretim yedinci sunf igrencilerinin fon ve teknolofi dersinde
bilimsel siireg becerilerini kaganma diizeyleri[Primary seventh grade students'
level of gaining science process skills in science and technology conrse]. Master's
thesis, Eskisekir, Turkey: Eskisehir Osmangazi University.

Ovztiirk, N. (2008). [1kggretim yedinci sinf grencilerinin fon ve teknolofi dersinde
bilimsel siireg becerilerini kaganma diizeyleri[Primary seventh grade students'
level of gaining science process skills in science and technology conrse]. Mastet's
thesis, Eskisekir, Turkey: Eskisehir Osmangazi University.

Oztiirk, N., Tezel, O., & Acat, M. B. (2011). Ilkégretim Sgrencilerinin
BSB kazanma dizeyleri ile basarilari ve fene yonelik tutumlar
arasindaki iliski [The relationship between primary students’
acquisition levels of sps and their attitudes towards science and
success |. Journal of Ulndag University Faculty of Education, 24(2), 389-
423. Retrieved from

: i ub/uefad/issue/16694/173524

J.Sci.Learn.2022.5(2).363-372


https://doi.org/10.14697/jkase.2014.34.7.0647
https://search.proquest.com/docview/2343744264?pq-origsite=gscholar&fromopenview=true
https://search.proquest.com/docview/2343744264?pq-origsite=gscholar&fromopenview=true
https://doi.org/10.17478/jegys.600979
https://dergipark.org.tr/en/pub/cusosbil/issue/4389/60332
https://doi.org/10.1016/j.sbspro.2012.06.687
https://ejrsme.icrsme.com/article/view/7782/5549
https://link.springer.com/article/10.1007/s11422-007-9072-y
http://ilkogretim-online.org.tr/index.php/io/article/viewFile/1892/1728
http://ilkogretim-online.org.tr/index.php/io/article/viewFile/1892/1728
https://iopscience.iop.org/article/10.1088/1742-6596/997/1/012032/pdf
https://iopscience.iop.org/article/10.1088/1742-6596/997/1/012032/pdf
https://repository.wcsu.edu/educationdis/60?utm_source=repository.wcsu.edu%2Feducationdis%2F60&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.wcsu.edu/educationdis/60?utm_source=repository.wcsu.edu%2Feducationdis%2F60&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.wcsu.edu/educationdis/60?utm_source=repository.wcsu.edu%2Feducationdis%2F60&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.wcsu.edu/educationdis/60?utm_source=repository.wcsu.edu%2Feducationdis%2F60&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.wcsu.edu/educationdis/60?utm_source=repository.wcsu.edu%2Feducationdis%2F60&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.wcsu.edu/educationdis/60?utm_source=repository.wcsu.edu%2Feducationdis%2F60&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.4219%2Fgct-2003-93
http://dx.doi.org/10.14225/Joh485
http://ncsce.net/wp-content/uploads/2016/12/seceij_summer_2011_pdf.pdf#page=13
http://ncsce.net/wp-content/uploads/2016/12/seceij_summer_2011_pdf.pdf#page=13
http://ncsce.net/wp-content/uploads/2016/12/seceij_summer_2011_pdf.pdf#page=13
http://www.tused.org/index.php/tused/article/view/89/51
http://www.ijese.net/makale_indir/IJESE_2118_article_5d3ec5dae3687.pdf
http://www.ijese.net/makale_indir/IJESE_2118_article_5d3ec5dae3687.pdf
https://ojcs.isg.siue.edu/ojs/index.php/ijaaas/article/view/664/779
https://ojcs.isg.siue.edu/ojs/index.php/ijaaas/article/view/664/779
https://doi.org/10.21891/jeseh.275696
https://dergipark.org.tr/en/pub/uefad/issue/16694/173524

Journal of Science Learning

Article

PISA, (2015). MEB Uluslararast Ogrenci Degetlendirme Programi PISA
2015 Ulusal Raporu [TMoNE International Student Assessment
Program PISA 2015 National Report]. http://pisa.meb.gov.tr
(Access: 13.02.2021)

PISA, (2018). MEB Uluslararast Ogrenci Degerlendirme Programi PISA
2018 Ulusal Raporu [TMoNE International Student Assessment
Program PISA 2015 National Report|. http:
(Access: 13.02.2021)

Raj, R. G., & Devi, S. N. (2014). Science process skills and achievement
in science among high school students. Scholarly Research Journal for
Interdisciplinary Studies, 2(15), 2435-2443.

Rillero, P. (1998). Process skills and content knowledge. Science
activities, 35(3), 3.

Saat, R. M. (2004). The acquisition of integrated science process skills in
a web-based learning envitonment. Research in Science & Technological
Eduncation, 22(1), 23-40.
https://doi.org/10.1080/0263514042000187520

Sadler, T. D. (2004). Informal reasoning regarding socioscientific issues:
A critical review of research. Journal of Research in Science Teaching: The
Official  Journal of the National Association for Research in Science
Teaching, 41(5), 513-536. https://doi.org/10.1002/tea.20009

Setiani, R., Surasmi, W. A., & Tresnaningsih, S. (2020, Match).
Effectiveness of Project Based Laboratory Learning to Increase
Student’s Science Process Skills and Creativity. In Journal of Physics:
Coﬂfereme Sme.r (Vol 1491, No 1, p. 012006). IOP Publishing.
h

pisa.meb.gov.tr

6596/1491/1 01200() pdf

Setiawan, R. R., Suwondo, S., & Syafii, W. (2021). Implementation of
Project Based Learning Student Worksheets to Improve Students'
Science Process Skills on Environmental Pollution in High
Schools. Journal of Educational Sciences, 5(1), 130-140.

Setiawan, R. R., Suwondo, S., & Syafii, W. (2021). Implementation of
Project Based Learning Student Worksheets to Improve Students'
Science Process Skills on Environmental Pollution in High
Schools. Journal ~ of  Educational — Sciences, 5(1), 130-140.
https://jes.cjournal.unri.ac.id/index.php /JES /article /view/8078

Settlage, J., & Southerland, S. A. (2007). Teaching science to every child: Using
culture as a starting point. Taylor & Francis.

Setyowati, E. (2020). Implementation of FAST Learning on
Introductory Biology to Improve Science Process Skills on
Madrasah  Ibtidaiyah Teachers Prospective. Jurnal — Penelitian
Pendidikan IPA, 5(2), 45-52.
http://dx.doi.org/10.26740/jppipa.v5n2.p45-52

Sholahuddin, A., Yuanita, L., Supards, Z. I., & Prahani, B. K. (2020).
Applying The Cognitive Style-Based Learning Strategy in
Elementary Schools to Improve Students’ Science Process
Skills. ]ommz/ of Tﬂr/ém/ﬂ Science Edmﬂﬂm 77(2)
htt < 1/articl /97

289-301.
7

Sinan, O & Muhammet U. S A K (2011) B1yolo]1 Ogretmen
adaylarlmn bilimsel ~ siire¢  becerilerinin  degetlendirilmesi
[Evaluating of prospective biology teachers’ scientific process
skills|. Mustafa Kemal University Journal of Social Sciences Institute, 8(15),
333-348.
https://dergipark.org.tr/en/pub/mkusbed/issue/19555/208676

Sinan, O., & Muhammet, U. . A. K. (2011). Biyoloji 6gretmen
adaylarinin  bilimsel  siire¢  becerilerinin - degerlendirilmesi
[Evaluating of prospective biology teachers’ scientific process
skills|. Mustafa Kemal University Journal of Social Sciences Institute, 8(15),
333-348. Retrieved from
https://dergipark.org.tr/en/pub/mkusbed/issue/19555/208676

Sittirug, H. (1997). The predictive value of science process skills, attitude
toward science, and cognitive development on achievement in a
thai teacher institution. Unpublished PhD Thesis, University of Missonri-
Columbia.

Smith, R. (1994). Validation and teliability of the Eldetly Mobility
Scale. Physiotherapy, S0(11), 744-747.

Tanti, T., Kurniawan, D. A., Kuswanto, K., Utami, W., & Wardhana, 1.
(2020). Science Process Skills and Critical Thinking in Science:

DOI: 10.17509/ jsl.v5i2.39356 372

Urban and Rural Disparity. Jurmal Pendidikan IPA Indonesia, 9(4),
489-498.
https://journal.unnes.ac.id/nju/index.php/jpii/article/view/241
39/11137

Tezcan G. (2011). 6. Suuf Fen ve Teknoloji Dersi Ogretim Programi Unite
Konularma Yinelik  Bilimsel Siirec  Becerileri Testinin - Gelistirilmesi
[Developing a science process skills test regarding the units of the 6th grade
science and technology edncation program) (Unpublished master’s thesis).
Canakkale , Turkey: Canakkale Onsekiz Mart University.

TIMSS, (2015). Uluslararas: Matematik ve Fen Egitimleri Arastirmast
TIMSS 2015 On Raporu [International Mathematics and Science
Education Research TIMSS 2015 Preliminary Report].
http://timss.meb.gov.tr (Access: 13.02.2021)

TIMSS, (2018). Uluslararast Matematik ve Fen Egitimleri Arastirmast
TIMSS 2015 On Raporu [International Mathematics and Science
Education Research TIMSS 2018 Preliminary Report].
http://timss.meb.gov.tr (Access: 13.02.2021)

TMoNE (Turkish Ministry of National Education) (2006). Elementary
Science and  Technology Ankara, Turkey.
http://mufredat.meb.gov.tr

TMoNE, (2019). MEB Ortaégretim Kurumlarina Tlisin Merkezi Sinav
Raporu [Central Examination Report for TMoNE Secondary
Education Institutions]. http://meb.gov.tr (Access: 13.02.2021)

TMOoNE, (2020). MEB Ortadgretim Kurumlarina Tlisin Merkezi Sinav
Raporu [Central Examination Report for TMoNE Secondary
Education Institutions] . http://meb.gov.tr (Access: 13.02.2021)

Turkmen, H. & Kandemir, E. M. (2018). Ogretmenlerin bilimsel siireg
becerileri 6grenme alani algilar Gizerine bir durum ¢alismast [A case
study on teachers' perceptions of scientific process skills learning
area|. Journal of Eurgpean Education, 1(1), 15-24. http://eu-

EE /article/view/171

Turpin, T. J. (2000). A study of the effects of an integrated, activity-
based science curriculum on student achievement, science process
skills, and science attitudes, upon the science process skills of urban
elementary students. Journal of Education, 37(2).

Unutkan, O. P. (2006). A study of pre-school childten's school readiness
related to scientific thinking skills. Turkish Online Journal of Distance
Education, 7(4), 78-85.
https://dergipark.org.tr/en/pub/tojde/issue /16926 /176679

Yoo, P. K., & Kang, B. (2015). A Study of Effects of Creativity-
Personality Education on Science Related Attitudes and Science
Process Skills in Elementary School Students. Jourmal of Fisheries and
Marine Sciences Eduncation, 27(6), 1704-1716.
https://doi.org/10.13000/JEMSE.2015.27.6.1704

Zeidan, A. H., & Jayosi, M. R. (2015). Science process skills and attitudes
toward science among  palestinian  secondary  school
students. World Journal of Education, 5(1), 13-24.
http://dx.doi.org/10.5430 /wije.v5nlpl3 .

Curriculum.

journal.org/index.ph

J.Sci.Learn.2022.5(2).363-372


http://pisa.meb.gov.tr/
http://pisa.meb.gov.tr/
https://doi.org/10.1080/0263514042000187520
https://doi.org/10.1002/tea.20009
https://iopscience.iop.org/article/10.1088/1742-6596/1491/1/012006/pdf
https://iopscience.iop.org/article/10.1088/1742-6596/1491/1/012006/pdf
https://jes.ejournal.unri.ac.id/index.php/JES/article/view/8078
http://dx.doi.org/10.26740/jppipa.v5n2.p45-52
http://www.tused.org/index.php/tused/article/view/977
https://dergipark.org.tr/en/pub/mkusbed/issue/19555/208676
https://dergipark.org.tr/en/pub/mkusbed/issue/19555/208676
https://journal.unnes.ac.id/nju/index.php/jpii/article/view/24139/11137
https://journal.unnes.ac.id/nju/index.php/jpii/article/view/24139/11137
http://timss.meb.gov.tr/
http://timss.meb.gov.tr/
http://mufredat.meb.gov.tr/
http://meb.gov.tr/
http://meb.gov.tr/
http://eu-journal.org/index.php/JEE/article/view/171
http://eu-journal.org/index.php/JEE/article/view/171
https://dergipark.org.tr/en/pub/tojde/issue/16926/176679
https://doi.org/10.13000/JFMSE.2015.27.6.1704
http://dx.doi.org/10.5430/wje.v5n1p13

