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Abstract

This study aimed to examine guided inquiry-based learning effect, which is in the "human body systems" unit
at the seventh-grade level, on academic achievement and scientific process skills. In this direction, guided inquiry-
based learning activities developed by the researchers were applied to the experimental group for 9 weeks. The control
group was given lessons as recommended in the curriculum. The study was conducted with 46 seventh-grade students.
The experimental group, in which guided inquiry practices designed by the researchers were carried out, consisted of
23 students. The other group formed the control group in which learning was provided by the direct instruction method.
Data were obtained by scientific process skills test and academic achievement test. These tests were applied before
and after the lessons to both groups. When the data were analyzed, it was seen that the academic achievement test
average score of the experimental group was higher when compared to the control group. However, this difference
between the mean scores was not statistically significant. It was concluded that there was a statistically significant
difference in favor of the experimental group in the mean scores of the science process skills test. Accordingly, it is
thought that guided inquiry-based learning can contribute to students' basic scientific process skills, but its contribution
to academic success in terms of remembering concepts is not significant.
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Rehberlikli Arastirma-Sorgulamaya Dayali Ogrenme Uygulamalari
Oz

Bu ¢alismada, yedinci sinif diizeyinde "viicudumuzdaki sistemler” {initesinde yer alan, rehberlikli arastirma-
sorgulamaya dayali 6grenmenin akademik basari ve bilimsel siire¢ becerileri iizerindeki etkisinin incelenmesi
amagclanmistir. Bu dogrultuda arastirmacilar tarafindan gelistirilen rehberlikli arastirma-sorgulama temelli 6grenim
aktiviteleri deney grubuna 9 hafta siiresince uygulanmigtir. Kontrol grubuna ise miifredatta onerildigi sekilde ders
anlatim1 yapilmistir. Arastirma 46 yedinci sinif 6grencisi ile yiiriitiilmiistiir. Arastirmacilar tarafindan tasarlanan
rehberlikli arastirma-sorgulama uygulamalariin gergeklestirildigi deney grubunu 23 6grenci olusturmustur. Diger
grup ise dogrudan dgretim yontemi ile 6grenmenin saglandigi kontrol grubunu olusturmustur. Veriler bilimsel siire¢
becerileri testi ve akademik basari testi ile elde edilmistir. Bu testler her iki gruba da derslerden 6nce ve sonra
uygulanmistir. Sonuglar incelendiginde, deney grubunun akademik basari testi puan ortalamasinin kontrol grubu ile
karsilagtirildiginda daha yiiksek oldugu goriilmiistiir. Ancak ortalama puanlart arasindaki bu farklilik istatistiksel
olarak anlamli bulunmamustir. Bilimsel siire¢ becerileri testinin ortalama puanlarinda deney grubu lehine istatistiksel
olarak anlamli bir fark oldugu sonucuna varilmistir. Buna gore, rehberlikli aragtirma-sorgulamaya dayali §grenmenin
ogrencilerin temel bilimsel siire¢ becerilerine katki saglayabilecegi ancak kavramlarin hatirlanmasi noktasinda
akademik basariya katkisinin anlamli olmadig1 distiniilmektedir.

Anahtar kelimeler: Rehberlikli aragtirma-sorgulama, akademik basari, bilimsel siire¢ becerileri.
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INTRODUCTION

Human beings have been curious about their environment throughout history. As a result of this curiosity,
humans have applied to sometimes rational and sometimes irrational ideas in order to have the knowledge.
Furthermore, humans have put the new rational ideas, reached through the mind, into certain phases while
converting them into knowledge. The encountered rational ideas have been supported, changed or disproved with
the newly obtained data and approaches. Thus, many ideas developed which are interconnected and valid
(American Association for the Advancement of Science [AAAS], 2009). In order to reach the most accurate one
among these ideas that it has developed, human being has made observations, conducted experiments, analyzed
the data obtained by using its sensory organs, made inferences and discussed them. As a matter of fact, it has
reached scientific knowledge by using these methods. Therefore, in the course of time, it has been deduced that
scientific knowledge is not linear, can change in the light of new data, is eclectic and interdisciplinary.

While reaching scientific knowledge in the classroom environment, students must follow the processes
scientists used throughout the years. The processes that aim to reach scientific knowledge are expressed as the
scientific process in the literature (Tan & Temiz, 2003). The scientific process begins with the question stemming
from curiosity and continues with some of the integrated skills such as experimenting, controlling the variables in
the experiment, hypothesizing, interpreting data and modelling as it may also include basic steps such as
observations, measurements, inferences, classification, estimation and communication (Greenspan, 2016).
Naturally, it is requisite to use the methods and strategies that make possible to practice for the students' scientific
processes in the classroom environment for students to recognize and use these steps. When the literature is
examined, it is seen that the method stating that the students should reach the knowledge on their own through
scientific skill processes is expressed as inquiry-based learning (Bell, Smetana, & Binns, 2005; Worth, Duque &
Saltiel, 2009).

When the studies conducted are examined, it is seen that there is not only one accepted definition of inquiry
(Anderson, 2002; Furtak et al., 2012; Hmelo-Silver, Duncan, & Chinn, 2007; Keys & Bryan, 2001; Kirschner,
Sweller, & Clark, 2006; Minner et al., 2010; Newman et al., 2004). According to National Science Education
Standards “inquiry into authentic questions generated from student experiences [to be] the central strategy for
teaching science” (National Research Council, 1996, p. 31). Linn, Bell & Davis (2004) call for inquiry is the
process of willingly attempting to diagnose problems, seeking information, making assumptions, making research
plans, generating distinctive alternatives, having critical experiences, using small group discussions and
constructive models. Therefore, inquiry-based learning is an approach based on asking questions outside the line
of scientific process skills (Crawford, 2007). Considering inquiry-based learning there are two significant results:
first, students need genuine scientific practices to learn from their own experiences; second, these practices need
to be educative (Cetin & Eymur, 2018). By inquiry-based teaching students could engage in learning (Bacak &
Jon Byker, 2021). For avoiding science instruction as textbook based, inquiry-based learning presents students
activities like observing, measuring, questioning, investigating, and communicating (Rosenthal, 2018).

According to Banchi & Bell (2005) there are 4 different levels of inquiry-based learning: confirmatory,
structured, guided, and open-ended. But planning from the point of view inquiry-based learning seems to be
paradoxical (Bykeret al., 2018). Because of the notion that inquiry-based learning happens without much planning
or support (Bacak & Jon Byker, 2021).

. Confirmation Structured Guided "
Teacher Directed Open Inquiry Student Directed

Figure 1. Phases of Inquiry-Based Learning (Bacak & Jon Byker, 2021)

The term inquiry refers to at least three separate categories in terms of activities: how students learn, an
approach that is used by teachers and what scientists do (Minner, Levy & Century, 2010). Students learn best with
their physical and mental activities in environments where they are active (Harlen, 2013). Inquiry enables students
to develop their own conceptual learnings and scientific process skills regarding scientific phenomena (Minner,
Levy & Century, 2010). For this reason, the inquiry is very appropriate for the nature of learning. In inquiry-based
science education students actively participate and enjoy learning and it is very important for students to
understand scientific knowledge, develop their knowledge and figure out how scientists work while examining the
world (Harlen, 2013; NRC, 1996; Worth et al., 2009). Furthermore teachers should assist the students related to
the learning environment by guiding them (Vosniadou, 2003). Besides, inquiry is a way of structuring scientific
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knowledge, and accordingly, it involves a nonlinear process that supports the continuous development of solutions,
key ideas, and strategies (Harlen, 2013). These strategies called as scientific process skills which are used by
scientists to gain scientific knowledge (Inter Academy Partnership [IAP], 2010; Kegeci, 2014; National Research
Council [NRC], 2000). For this reason, inquiry-based learning is an effective approach in terms of understanding
the nature of science (van Uum, Verhoeff & Peeters, 2016).

If we look at inquiry from the approach perspective, learning is another thing to write about. Inquiry is
expressed as cyclic since the new information learned in the process will produce new questions (Justice et al.,
2002). Inquiry, which is a cyclic process, is also preferred in the subjects or concepts that students have difficulty
in learning (IAP, 2010). Since "human body systems" unit subjected to the practice in this study contains many
abstract concepts like digestive system, excretory system etc. that cannot be seen by students, it is not easy to learn
these concepts by the students. As a matter of fact, there are many studies in the literature revealing that the subjects
in this unit are difficult to learn (Nagy, 1953; Prokop & Fanéovi€ova, 2006; Ramadas & Nair, 1996; Reiss &
Tunnicliffe, 2001; Teixeira, 2000). In this context, it is important to visualize and concretize the subjects that are
difficult to learn. For students, being active, learning by devoting themselves to the process and reaching
knowledge on their own contribute to the concretization of the knowledge (Harlen, 2013; Johnson, 2004;
Vosniadou, 2003). Therefore, the difficulties that students have can be eliminated and a significant learning can
be achieved by making many concepts and subjects, which are specified as difficult to learn, visual, written and
audible by using inquiry-based practices.

In the literature, it is been highlighted that inquiry helps gain knowledge and improve scientific skills
(Cairns, 2019; Stout, 2001; Sullivan, 2008; Wu & Hsieh, 2006). Inquiry-based science learning also is a bridge
between scientists and students, because in an inquiry-based science learning atmosphere students become
engaged class and learn new knowledge like a scientist through inquiry activities. By making inquiry, students can
achieve higher levels of understanding (Abdi, 2014). Besides, inquiry-based learning is good at developing
students’ higher-order thinking skills (Friesen & Jardine, 2009). It is seen in the literature that inquiry-based
science helps developing students’ higher levels of achievement and scientific process skills. So, what if the
academic achievement test is easy and what about the scientific process skills test is basic? The importance of this
study is to show up the effect of guided inquiry-based learning practices on gaining basic knowledge and basic
scientific skills. On the other side this study’s findings can provide information related to the effectiveness of
inquiry-based science and gaining basic knowledge and basic scientific skills. And this study seeks to establish
empirical support (or refutation) of those inquiry-based practices.

Research Questions

This study aimed to examine inquiry-based learning effect on academic achievement and scientific process
skills in in “human body systems” unit which is found at the seventh-grade level. With this aim, the answers were
sought for the following questions:

(1) Is there any significant gain in the academic achievement test mean scores of the students in the
experimental group in inquiry-based learning?

(2) Is there any significant gain in the scientific process skills test mean scores of the students in the
experimental group in inquiry-based learning?

METHOD

Research Design

The research was conducted with pretest-posttest quasi-experimental design with non-equivalent control
group (Creswell, 2013) since it contains two groups as control group and experimental group consisting of the
students’ receiving education in classes. Inquiry was the teaching method in the experimental group. The lessons
were processed through the direct instruction method in the control group.

Participants

The study was conducted at a public secondary school in the Central Black Sea Region. The reason behind
choosing such a school was the support of the teacher and the school administration on such research and
conformity of the physical conditions of the school to the lesson plans. The study group was formed with 46
seventh grade students in two similar classrooms. The permissions for the study was obtained for the students in
the two classrooms. A pretest was implemented to determine whether the two groups were similar in terms of
academic achievement and scientific process skills before teaching the lessons. One class of the study group was
randomly determined as the experimental group (n=23) while the other group was the control group (n=23). There
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were 10 female and 13 male students in the control group and 7 female and 16 male students in the experimental
group. Lessons were conducted by the same teacher in both groups. For the experimental group, inquiry-based
learning activities were developed by researchers and in the control group, traditional teaching was followed. The
researcher prepared the content of the practice held in lessons in the experimental group in this study. The duty of
the teacher in this study is to perform the activities determined by the researcher, i.e., the teacher was not asked to
create an activity. Inquiry-based learning practices were carried out for the study group for 7 weeks. Lessons in
the control group were examined as prescribed by the curriculum.

Lesson Plans

As an introduction lesson (40+40 minutes) for students, “Mystery Boxes” activity created by Matthews
(2006) was performed for understanding the logic of inquiry. In this activity, boxes are an analogy for science.
During the activity, students develop skills for discussion, developing a claim, making observation, consensus,
and group work.

As it is written in the Turkish national program; digestive system, digestive system organs, physical and
chemical digestion, digestive system health, excretory system, excretory system organs, excretory system health,
nervous system, nervous system health, central and peripheral nerves system, reflexes, endocrine glands, endocrine
glands health, sense organs, sense organs health, sense organs relationships, organ donation and organ
transplantation topics were learned from the students.

After the first lesson, the courses were studied by taking into consideration the research planning based
learning course planning steps on the Learning Designer web page. In Table 1, the course plan steps, and their
contents are given briefly.

Table 1. Course Plan Levels and Contents

Read- Collaborate Discuss Investigate Practice Produce
Watch-
Listen
The These The The Concepts, Using
students studies were  group concepts that analogy, the concepts,
shared the discussed by discussions emerged in the Anatomy 4D products such
research that group work. were discussions were were applied as model and
they made. continued with  investigated. with  activities concept maps
additional such as. were created.
questions  of
the  teacher.
There was a
deeper debate.

Sample Lesson Plan (Digestive System Lesson-1 (2 Lessons 40 + 40 minutes)

Read-Watch-Listen (5 minutes): The students came to class with interesting news / information as instructed
in the previous lesson. They shared interesting news / information with their friends. Here, the teacher left open
the way to find news on the internet for some students not to come with news (or the teacher could come up with
some interesting news or information in his hand). Alternatively, this interesting information can also be asked to
students in question form. The teacher asked the students “What is the most interesting information for you?” and
received their opinions.

Collaborate (5 minutes): Then, the students were divided into groups of 3-4 people to identify and list the
digestive system organs by sharing their digestive organs, digestive systems, and experiences.

Discuss (15 minutes): The students discussed with each other to make definitions and lists in the group.
The teacher played a guiding role in the definitions obtained in the discussion and asked some guiding questions
when necessary.

Investigate (15 minutes): After the group listed the digestive system organs, they searched the information
about the digestive system organs from the book and the internet (web pages that could be searched by the
researcher could be given to the students by the researcher as QR codes. However, in this study, students wanted
to do the research themselves and not be restricted. Therefore, QR codes are not used). The resource books that
the groups would benefit from were made available at their desks at the beginning of the lesson. In each lesson,
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books were available at the students' desks to be used as secondary sources with the internet. Then they shared the
information they wanted to share in the group. After sharing the information, students were asked to find “the
human body” worksheet of the Anatomy 4D program on the internet. However, although the students could not
get print outs, the worksheet was obtained from the internet. If there is a possibility to print / print out, students
may also be asked to take their own printouts.

Practice (10 minutes): The human body worksheet of the Anatomy 4D program was given to each group
(Figure 1). All members of the groups practiced the locations and functions of the digestive system organs in
virtual reality.

Produce (30 minutes): The students prepared and presented a concept map by drawing by hand (they may
be asked to create a concept map by using programs such as lucidchart, popplet, coggle, scratch if computer class
is available). While creating the concept map, the students were reminded that the shapes of the organs of the
system could be included. Before drawing, the students drew the shapes they examined in the required parts of the
concept map (the students could print these and paste). Alternatively, if every student could access computers,
students can bring shapes the organs to the classroom with flash memory and they can use the programs such as
lucidchart, popplet, coggle and scratch to create a concept map.

The students were divided into different groups (every lesson teacher has made different groups) for the
next lesson and the students were asked to come to the next lesson by modeling all the digestive organs they
learned with play dough. The reason for planning the groups in advance was to inform the students about the
groups to adjust the seating arrangement of the groups before the lesson and thus to save time. Groups for this and
every subsequent lesson are planned and notified to students
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Figure 2. The Human Body Worksheet '

Data Collection Process

Inquiry-based learning practices were carried out to the study group for 7 weeks within the scope of the
human body systems unit. While preparing this study plan, attention was paid to complete the achievements within

the time recommended in the program. All data collection tools and week-by-week lesson plans applied to both
the experimental and control groups are given in Table 2.

! https://www.commonsense.org/education/app/anatomy-4d
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Table 2. Data Collection Tools, and Week-By-Week Lesson Plans Applied to Both the Experimental and Control
Groups

Implementation Week Experimental Group (Lesson Duration) Control Group (Lesson Duration)

Week 1 Pretest  (academic  achievement  test) | Pretest (academic achievement test)
application application
Magic Boxes (2)

Week 2 Digestive System Lesson-1 (2) Digestive System (4)
Digestive System Lesson-2 (2)

Week 3 Digestive System Lesson-3 (2) Digestive System (2)
Excretory System Lesson-1 (2) Excretory System (2)

Week 4 Excretory System Lesson-2 (2) Excretory System (2)
Supervisory and Regulatory Systems Lesson- | Supervisory and Regulatory Systems (2)
12

Week 5 Supervisory and Regulatory Systems Lesson- | Supervisory and Regulatory Systems (4)
2(2)
Supervisory and Regulatory Systems Lesson-
3

Week 6 Supervisory and Regulatory Systems Lesson- | Supervisory and Regulatory Systems (2)
4(2) Sense Organs (2)
Sense Organs Lesson-1 (2)

Week 7 Sense Organs Lesson-2 (2) Sense Organs (4)
Sense Organs Lesson-3 (2)

Week 8 Sense Organs Lesson-4 (2) Sense Organs (2)
Organ Donation and Transplantation Lesson-1 | Organ Donation and Transplantation (2)
0]

Week 9 Posttest  (academic  achievement test) | Posttest (academic achievement test)
application application
Semi-Structured Interview

Data Collection Tools
The academic achievement test

To measure the academic achievements of the students regarding the “Human body systems” unit, the
Academic Achievement Test developed by Yerlikaya and Giines (2017) was used. The mean item difficulty index
(p) of the academic achievement test was found to be 0.66 and the values of the items difficulty indexes varied
between 0,37 and 0,81. With this the mean item discrimination index (r) was detected as 0.61. and the values of
the discrimination power indexes varied between 0,40 and 0,89. For internal validity, KR-20 value was examined
and detected as 0.90. In other words, it can be stated that the academic achievement test developed by Yerlikaya
and Giines (2017) and consisting of 4 options and 45 items is a test that is easy and can distinguish between the
cognizant and incognizant, comply with acquisitions and purpose and have sufficient validity and reliability.

The scientific process skills test

This test was developed by Okey, Wise and Burns and it consists of 36 items which were translated into
Turkish by Ozkan, Askan and Geban (1992). The form was applied to 8th grade and reduced to 28 items because
of the validity and reliability (Aydogdu, 2006). In the study conducted by Aydogdu (2006), the validity and
reliability study of the test was conducted with 336 7th grade students within the scope of making it suitable to the
cognitive level of the 7th grade students and the adaptation of the test to the 7th grade level was performed. The
reliability of the test, which was adapted to seventh grades, was calculated as 081. As a result of this adaptation, a
reliable Scientific Process Skills Test consisting of 4 options and 26 items was obtained. Response categories of
this test is dichotomous (0 or 1). In this study, the data related to scientific process skills were obtained with the
scale adapted by Aydogdu to seventh grades.

Data Analysis

Within the scope of the study, as pretest and posttest, academic achievement test and scientific process
skills test were applied to both groups. While scoring the tests, correct answers were given 1, wrong answers were
given 0 and they were proportioned in a way that the total score was 100. While the lowest score is 0 that the
students can get from the academic achievement test and scientific process skills test, the highest score is 100.
When evaluating the scores obtained from the tests, the mean values of experimental and control groups were
analyzed statistically. During this analysis, the data obtained were analyzed using the SPSS package program and
Microsoft Excel.
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Determining whether the data is normally distributed is important for choosing the statistical method to be
used. For this reason, the distributions of the data were examined first. Since the study group was smaller than 50,
the results of the Shapiro-Wilk test were examined to test whether the data were appropriate for the normal
distribution. The Shapiro Wilk values regarding the academic achievement test and scientific process skills test of
both experimental and control groups are given in Table 3.

Table 3. Shapiro-Wilk Values for Experimental and Control Groups (p)

Academic Achievement Test Scientific Process Skills Test
Experimental Group (pre-test) 0,44 0,017*
Experimental Group (post-test) 0,184 0,126
Control Group (pre-test) 0,299 0,699
Control Group (post-test) 0,270 0,706

* p <.05 means non-normal distribution

When Table 3 is examined, it is seen that the scientific process skills test of the experimental group shows
non-normal distribution before the practice and the distribution of all other data is normal. While parametric tests
were used in the data showing normal distribution, non-parametric tests were used in the data showing non-normal
distribution. Table 4 shows the tests used when analyzing the data.

Table 4. Distributions of Tests Applied to Data Obtained from Experimental and Control Groups

Pre-test Post-test
Academic achievement test independent samples t-test independent samples t-test
Scientific process skills Mann-Whitney U test independent samples t-test

While analyzing the data in this study, Mann-Whitney U test was used for non-parametric tests for unrelated
analyses and in cases with normal distribution (all other cases), t-test was used for independent samples for
unrelated analyzes from parametric tests (Table 4). The Mann-Whitney U test, which is one of the tests that can
be used if the data cannot meet the normal distribution assumption, is the non-parametric equivalent of the t-test
for independent samples used to determine the differences between two averages (Biiyiikoztiirk, 2011). The t-test
for independent samples is a parametric test used to test the difference between two independent means
(Biytikoztiirk, 2011). In other words, for this test to be applied, the data must be in accordance with the normal
distribution (Biiyiikoztiirk et al., 2010).
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Findings
The Academic Achievement Test Results

In figure 3 and 4 pre and post test results of the academic achievement test of control and experiment groups
are given.
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Figure 3. Numbers of Student Giving Correct Answers to Academic Achievement Test (Pre-Test)
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Figure 4. Numbers of Student Giving Correct Answers to Academic Achievement Test (Post-Test)
Academic achievement test means of the experimental and control group students in pre-test

Table 5. Independent Samples T-Test Findings of the Academic Achievement Test Means of Experimental and
Control Group Students for Pre-Test

N X S sd t p
Experimental Group 23 44.61 9.70 44 -0.08 93
Control Group 23 44.87 11.99

Before the practice, the academic achievement test mean of the experimental group was 44.61; academic
achievement test arithmetic mean of the control group was detected as 44.87. The independent samples t-test was
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used to determine whether there was a statistically significant difference between the academic achievement test
means of the experimental and control group before the practice. According to the results of the t-test, there was
no statistically significant difference between the academic achievement test means of the experimental and
control groups before the practice (t (44) =-0.08, p>.05) (Table 5). According to this result, it can be stated that
there is no difference between the groups in terms of academic achievement before the practice.

Academic achievement test means of the experimental and control group students in post-test

Table 6. Independent Samples t-Test Findings of the Academic Achievement Test Means of Experimental and
Control Group Students for Post-Test

N X S Sd t )4
Experimental Group 23 74.52 16.59 44 1.95 .06
Control Group 23 64.17 19.32

After the practice, the academic achievement test mean of the experimental group was 74.52; the academic
achievement test mean of the control group was detected as 64.17. Therefore, the mean value belonging to the
academic achievement test of the experimental group is higher after the practice. The independent samples t-test
was used to determine whether there was a statistically significant difference between the academic achievement
test means of the experimental and control group after the practice. According to the results of this test, there was
no statistically significant difference between the academic achievement test means of the experimental and
control groups (t (44) = 1,95, p >.05) (Table 6).

Scientific Process Skills Test Results

In figure 5 and 6 pre and post test results of the scientific process skills test of control and experiment
groups are given.
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Figure 6. Numbers of Student Giving Correct Answers to Scientific Process Skills Test (Post-Test)
Scientific process skills test means of the experimental and control group students in the pre-test

Table 7. Mann-Whitney U Test Findings of the Scientific Process Skills Test Means of Experimental and Control
Group Students for Pre-Test

N Sum of Ranks Mean Rank U Z p
Experimental Group 23 22.72 552.50 246.50 -0.40 .70
Control Group 23 24.28 558.50

Before the practice, the scientific process skills test mean of the experimental group was 42.261; the
scientific process skills test mean of the control group was detected as 42.09. Mann-Whitney U test was used to
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determine whether there was a statistically significant difference between the scientific process skills test means
of the experimental and control group before the practice. According to the results of the Mann-Whitney U test,
there was no statistically significant difference between the academic achievement test means of the experimental
and control groups before the practice (U = 246.50, p>.05) (Table 7). According to this result, it can be stated that
there is no difference between the groups in terms of scientific process skills before practice.

Scientific process skills test means of the experimental and control group students in post-test

Table 8. Independent-Samples T-Test Test Findings of the Scientific Process Skills Test Means of Experimental
and Control Group Students for Post-Test

N X S sd t P
Experimental Group 23 53.04 16.10 44 4.74 .00
Control Group 23 3235 13.43

The experimental group has a higher mean value of the scientific process skills test after the application.
After the practice, the scientific process skills mean of the experimental group was 53.04; the scientific process
skills mean of the control group was detected as 32.35. Therefore, the mean value belonging to the scientific
process skills test of the experimental group is higher after the practice. The independent samples t-test was used
to determine whether there was a statistically significant difference between the scientific process skills test means
of the experimental and control group after the practice. According to the results of this test, there was a statistically
significant difference between the scientific process skills test means of the experimental and control groups (t
(44) =4.74, p<.05) (Table 8). The scientific process skills test scores of the experimental group are statistically and
significantly higher than the scores of the control group.

Discussion & Conclusion

In this study, an easy academic achievement test Yerlikaya and Giines (2017) was performed to determine
inquiry practices’ effects on academic achievement. It was determined that the experimental groups’ academic
achievement was increased after the practice. It draws attention that this increase is more than the group in which
lessons were taught through the direct instruction method. However, it was determined that this increase between
the two groups was not statistically significant. The result of this study matches some studies’ results in the
literature (Chung, 2004; Miller, 2014; Poderoso, 2013; Witt & Ulmer, 2014). According to Miller (2014), inquiry
led to an increase in the academic achievement means; however, this increase was not statistically significant. Witt
& Ulmer (2014) stated that seventh graders academic achievement scores are not statistically different between
control and experimental group. Poderoso (2013) found no evidence that emphasizing inquiry-based science
program is associated with significant differences in mean science benchmark achievement scores. Chung (2004)
found there were no statistical significant differences looking at achievement test scores. van Riesen et al. (2018)
has found no evidence that inquiry-based learning is effective for learning conceptual knowledge. On the contrary
these findings, it was concluded in some studies that inquiry had a statistically significant, positive relationship
with academic achievement (e.g., Cairns, 2019). It is thought that this result obtained in the study conducted may
have more than one reason. One of these reasons may be related to the fact that the achievement test used in this
study was an easy test and this could be caused an increase in the academic achievement levels of both groups.
Because inquiry-based learning is good at developing students’ higher-order thinking skills (Friesen & Jardine,
2009). Therefore, the same rate of the increases in both groups in the achievement test might result from the fact
that the scale was easy. Another reason may be the use of guided inquiry-based learning method in this study.
Therefore, it is thought that conducting the same study with open-ended inquiry practice will lead to a higher
increase in academic achievement. Students must master inquiry (guided to open-ended) step-by-step (Bell,
Smetana, & Binns, 2005). However, the students were in a guided inquiry-based learning environment for the first
time. Another issue to take into consideration about the reason is that the inquiry activities in this study were
carried out during only one unit. In other words, the reason for not obtaining a significant difference between the
experimental and control group after the instruction process in academic achievement test means may be due to
the limitation of the inquiry practice with only one unit. In fact, Harlen (2013) states that inquiry is a long process.
Newman et al. (2004) stated that a school year would not be sufficient for students to understand all the details of
the subject. Beyond these van Riesen et al. (2018, 2022) conducted studies about the inquiry-based learning. Even
in their first study (2018) they couldn’t reach a significant difference between the groups according to conceptual
knowledge gain, their last study shows that inquiry-based learning helps students to gain conceptual knowledge.
When all these findings are taken into consideration, it is seen that a longer time is needed to fully understand the
concepts and skills learned. In addition, all these reasons, it is thought that the additional courses privately taken
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by the students in both experimental and control groups outside the school may have influenced this result. Beyond
all these according to Burris & Garton (2007) “while students may have a deeper understanding of the material,
that understanding is not represented at a content knowledge level”. So, if an academic test is consisted of basic
concepts and easy, there could be no difference found looking at the students’ scores. But if it considered student-
oriented learning, deeper understanding and reaching a knowledge like a scientist, inquiry-based science should
be used by teachers as an approach. Even if it is a long process, meaningful learning can be reachable by using
inquiry-based science.

The scientific process skills test was used in this study to determine the basic scientific process skills in a
guided inquiry-based practices. It was determined that while the groups were initially homogenous in terms of the
scientific process skills test, the experimental group where inquiry-based practices were performed showed
statistically significant difference after the unit was completed. In other words, this inquiry-based practice
positively developed the scientific process skills. In some studies, in the literature, it is also stated that the inquiry
environment positively affects scientific process skills (Stout, 2001; Sullivan, 2008; Wu & Hsieh, 2006). In
addition to recognizing the scientific process skills at the beginning and during the process with various activities
on the inquiry environment, the use of these skills by the students during the practice may be the reason of this
significant increase on the scientific process skills test environments. Therefore, it can be said that the use of
scientific process skills was developed through various activities carried out on the inquiry-based learning
environment. Longo (2012) detected a significant difference in favor of the group where the lesson was taught
with the inquiry on the scientific process skills test environments. Considering these skills, it is seen that some
studies worked separately about the skills. Dori, Zohar, Fischer-Shachor, Kohan-Mass & Carmi (2018) find that
question posing, and graphing skills are improving in the inquiry. Wu & Hsieh (2006) studied about some skills,
and they find out the inquiry learning environment develops students’ causal relationships determining, defining
the duration of reasoning, and data using as argument skills. At the same time, some studies stated that there is an
improvement in some students' skills depends on the level of inquiry (Arnold, Kremer, & Mayer, 2014; Kuhn,
2016; Zimmerman, 2007).

According to all these results, training can be given to teachers about inquiry at all levels and studies can
be conducted to design practices together with students. Because deeper understanding and reaching knowledge
like a scientist are crucial in science classrooms. So, inquiry-based science should be used as an approach and
teaching strategy by teachers for making students active learners. Also, without time and content limitation,
students’ areas of interest can be determined and practices in which students can create their own contents and
teachers only guide them can be planned.
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