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ABSTRACT
Background: Nowadays, new technologies as an integral part 
of the educational setting have created unique opportunities for 
teachers to apply various instructional and teaching methods to 
better educate students. This paper aimed at investigating the effect 
of the flipped classroom method on the nature of science (NOS) and 
achievement. 
Methods: This was a pretest-posttest semi-experimental study 
with control group. The population included all tenth grade female 
students of Tabriz city in the 2017-2018. The sample size consisted 
of 45 students of tenth grade selected by cluster sampling method 
in which 23 of them were in the experimental group and 22 of them 
were in the control group. Data gathering tools in this study included 
the questionnaire of NOS (Liang et al, 2008) and an teacher made 
achievement exam in biology course. Data were analyzed using 
covariance analysis. 
Results: Results showed that in the whole group comparison, 
the mean score of achievement in the experimental group was 
significantly higher than that in the control group (P=0.02). There 
was no significant difference on effect of flipped classroom on the 
NOS between two groups (P=0.07).
Conclusion: The Flipped Classroom has led to an increase in 
learning in students, thus it affects their academic development, but 
it did not affect students’ nature of science.
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Introduction
Today our schools all over the country 

increasingly need to reform teaching 
methods. Little reforms in present teaching 
methods don’t solve current problems 
and insufficiencies of school education. 
Accordingly, teaching methods are changing 
in schools.  Along with these changes, 
teachers are looking for the best plan and 
action to present strong evidences of positive 
effects of new teaching methods on students 
’achievement (1). One of the strategic plans 
for improving teaching and learning process 
is using information and communication 
technology capabilities as an accessible 
and comprehensive knowledge source and 
teaching tools (2). One of the important and 
clear purposes in high school is reaching 
adequate perception of the NOS in high 
school periods. Right perception of NOS 
can develop the critical thinking in students 
and connect learned concepts to their daily 
life and future. Thus it can provoke the 
creativity and begin innovation and hereby 
scientific prosperity is provided (3). Karimi 
and Mehrmohammadi have stated hereupon 
that it is necessary for science educators to 
recognize scientific efforts and the quality of 
its connection to science. They can help their 
students only in case of complete perception 
of NOS. Adequate perception of NOS is one 
of main components of scientific literacy 
(4). Scientific literacy is closely related to 
NOS and NOS has an important role in the 
development scientific literacy. Based on the 
theory of scientific literacy, NOS is essential 
for learning lots of life skills such as problem 
solving, creativity, and critical thinking (5). 
Also there is a need for scientific skills to 
learn most of daily skills such as problem 
solving, creativity and critical thinking (6).The 
nature of science deals with the epistemology 
of science and considers the knowledge as a 
way of acquiring knowledge or a set of values 
and beliefs which are inseparable from growth 
and development of scientific knowledge (7-9). 

Although the concept of science is 
defined in different forms but in general 
terms it refers to the value, methods and 

ideas that are required in the growth of 
scientific knowledge. Therefore, the nature 
of science lies in methods and scientific 
approaches. One understands the nature of 
science properly who uses scientific methods 
to deal with phenomena and solve different 
scientific problems and has  the right attitude 
to science such as variability, acquisition 
and experiment which is built and evaluated 
human thinking and non - deduction based on 
one or two observations (10). As an individual 
or a member of a society all of us, in one 
or another way, have a set of interests in the 
acquisition of scientific literacy. Adequate 
understanding of the nature of science is 
one of the main components of scientific 
literacy (9). Nevertheless, understanding 
NOS was the subject of researches for years 
and results show educators and students don’t 
have adequate perception of NOS (2, 7, 11-
18). It demonstrates that teaching efforts in 
the last years were not useful and effective 
in understanding NOS or teaching educators 
in this field (19). Education specialists 
perceived that in order to improvement of 
students ’performance in Science lesson and 
also in attempt to profound understanding of 
students in this lesson, major changes should 
be done in current teaching methods (20). Liu 
et al stated that performance of the twelfth 
grade students at science lesson has decreased 
from 1995 – 2005 (21).

Also in our country there are some 
weaknesses at biology and the results of 
TIMSS study show that Iranian students have 
gotten very poor results in science lesson 
test and this indicates a low level of quality 
of Science education besides worldwide 
standards (22-26). At the recent decades, 
constructivist teaching methods are replaced 
with direct teaching method. Constructivism 
is a psychological and philosophical view that 
according to it, most people form what they 
learn and understand (27). The constructive 
learning emphasizes that the learner actively 
creates knowledge based on prior knowledge 
and experiences (28). 

One of the methods of teaching and 
learning which can be effective in students̀  
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learning and improve that is the idea of 
flipped classroom. Activeness of learner is the 
other important component of this teaching 
method. Flipped teaching is also known by 
other names such as substitute class, reverse 
instruction, reverse teaching and blended 
learning (29).

Ng and Butt have defined the flipped 
classroom as follows ‘ Flipped courses require 
students to come to the class after viewing the 
required materials so that they can participate 
in the class activities. These learning 
materials such as video recorded lectures, 
PowerPoint presentations are delivered to 
students through an alternate medium such 
as podcasts or video-on-demand services (30, 
31).  Toto and Maher have also described this 
method’ component of this teaching method. 
Students spend time in the classroom working 
on activities, such as solving problems, 
writing code, or discussing concepts with their 
peers. This creates a learning environment 
where students learn by collaborating with 
their peers. Many studies have shown that 
working with peers in class activities such 
as programming exercises improves overall 
learning, increases confidence in students and 
makes coding fun.  Students generally find 
the flipped model to be a more enjoy able 
learning experience. (32, 33).

Many studies have shown that working with 
peers in class activities such as programming 
exercises improves learning and increases 
self confidence in students (34-36).The results 
of Herreid research indicate that flipped 
classroom has a positive effect on students’ 
learning; because they found this method 
more effective than giving lecture by the 
teacher (37). Wang in his research in which he 
investigated the effect of flipped Classroom on 
students’ achievement, showed that this new 
method can increase the students’ motivation 
and their achievement (38). The results and 
findings of Mohanty&Parida (2016), Nwosisi 
et al. (2016), Guy & Marquis (2016), Tanner 
& Scott (2015), and Strayer (2012) indicated 
that flipped Classroom teaching enriches 
students’ achievement (39-43).

According to the mentioned contents and 

importance of NOS and the importance of 
learning and flipped classroom teaching 
method have positive impact on students’ 
independency, development of knowledge, 
skills, attitudes, and retention? Moreover, by 
considering the features of current age, human 
being is facing by explosion of information 
and development of technology, the system of 
education has the obligation to organize the 
Biology curriculum in a way that attends all 
students’ cognitive and personality abilities 
and to reach necessary abilities to face with 
super complexity and overcharging. Using 
the advantages of science and technology 
and new teaching methods, they have the 
capability to face new developments.

1-Flipped classroom has a positive effect 
on the students’ attitude to NOS.

2-Flipped classroom has a positive effect 
on the students’ achievement in Biology.

Methods
A pretest-posttest quasi-experimental 

design with control group has been used in 
this research. study population consisted of 
secondary school girls in the fourth region 
of Tabriz (300 students), which is in the 
academic year is 2017-2018 and the criterion 
for entering a statistical sample consists of the 
tenth grade students possessing the gender 
of female. The sample size in experimental 
studies is recommended to be at least 20 in 
each group (44). With due attention to this 
citation, the whole class was selected as the 
sample for each of the sample groups which 
according to Tabriz Education organization, 
this number is 20 or more for each class.  
Students of tenth grade were selected to be 
in the sample using cluster random sampling. 
First, the fourth region of Tabriz was chosen 
as a sample in random cluster manner. At the 
next stage, one of the high schools was taken 
from within the region chosen in the first 
stage and then at the third stage two Biology 
classes in tenth grade were chosen as a sample 
and randomly divided into experimental and 
control groups. Data were analyzed using one 
way variable covariance analysis (ANCOVA) 
in SPSS version 19.0. 
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Tools
Nature of science (NOS) Questionnaire: 

NOS questionnaire was used to measure 
students’ NOS beliefs. This 5 point Likert 
scale consisted of 24questions with 6 subscales 
including observation and inference, Change 
in scientific theories, change in Scientific 
rules (for) theories, cultural and social 
impact on science, imagination and creativity 
in scientific investigations and scientific 
research methodology. Liang et al. have 
measured the reliability of this instrument by 
calculating Cranach’s alpha at three countries 
including United States of America (0.67), 
China (0.61) and Turkey (0.67) (45). At current 
research Cronbach’s Alpha of 0.74 is reported. 
This questionnaire is also valid and reliable 
in Iran, so that it is known as the most cited, 
strongest and most influential tool and it has 
different forms in many countries (45). In the 
process of face and content validation, after 
translation, the questionnaire was given to 5 
educational specialists and after remarks and 
making corrections in that, the questionnaire 
was confirmed in terms of face and content 
validity.

Achievement test: It was a teacher-made 
test with 16 items which was used in both 
Pre – test and Post – test. The test questions 
included four extensive answers questions, 
four short answers, four blank questions,  four 
multi-choice questions. The test was graded 
by adding one score to every correct answers 
and zero to incorrect ones. The validity of 
the test was confirmed by specialists. In the 
process of checking the validity of content, 
after preparing the test, it was given to several 
educational specialists, biology specialists 
and biology teachers. After their review and 
making reforms in the test, face validity and 
content validity of that was approved and its 
reliability in pre/posttest has been verify edas 
0.72 and 0.74by Kuder – Richardson.

Procedure
In this study at first, the NOS questionnaire 

has been implemented for two groups of 
experimental and control in Biology. In 
order to implement this intervention, the 

teacher of the flipped classroom was taught 
by the researcher about the details of flipped 
classroom and the process and procedure of 
this style. Experimental group was taught by 
flipped classroom method for ten sessions 
of one-hour (each session 50 minutes), the 
content of the textbook was designated in the 
form of power point and animation and it was 
given to the students before teaching and they 
were requested to watch CDs before coming 
to the class and study their textbooks while 
watching them and wherever they had faced 
a problem, take notes and bring them to the 
class to ask for solution and discuss about 
them. In fact, there was no teaching in the 
classroom and all was about asking questions 
and solving problems, while the control group 
followed their routine instruction. After 
teaching sessions, teacher made Post – test 
achievement and the NOS were implemented 
in Biology course. During its implementing  
by the teacher, the researcher was present as 
a supervisor at the school.

Results
Students participating in this study with 

an average age of 16.6 were in tenth grade of 
experimental science field, and both groups 
were at middle level in terms of academic 
achievement.

The results of descriptive data of NOS 
variables in Pre – test and Post – test of 
groups are shown in Table 1.

1-Flipped classroom has not affected the 
students’ attitude to NOS.

Table 1 shows the descriptive statistics of 
the NOS in pre - test and post-test in the case 
study (flipped experiment group and control 
group).

2-Flipped classroom has a positive effect 
on the students’ achievement in Biology.

In Table 2, shows descriptive data 
represented students’ achievement scores in 
biology at Pre – test and Post – test in control 
and experimental groups.

1: flipped classroom has a positive effect 
on the NOS.

For testing the hypothesis that flipped 
classroom has a positive effect on the 
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acattitude towards NOS, analysis of 
covariance (ANCOVA) has been used. The 
results of analysis of covariance (ANCOVA) 
with regard to the effect of flipped classroom 
on attitude towards NOS in the control and 
experimental groups are shown in Table 3.

As the results of Table 4, there is no 
significance difference between groups 
at attitude towards NOS (P=0.07 >0.05). 
Therefore, the research’s hypothesis has 
rejected and null hypothesis has accepted.

2: Flipped Classroom has a positive 

effect on the achievement in Biology course.
For testing the hypothesis that flipped 

classroom has a positive effect on the 
achievement in Biology course, analysis of 
covariance (ANCOVA) has been used The 
results of analysis of covariance (ANCOVA) 
with regard to the effect of flipped classroom 
on the achievement in Biology course in the 
control and experimental groups are shown 
in Table 3.

The results of Table 3 showed that there is a 
significant difference in achievement between 

Table 1: Descriptive data of the NOS variables in Pre – test and Post – test in control and experimental 
groups

Post – testPre – testNGroupVariable
STDMeanSTDMean
1.5814.351.2212.3523ExperimentalObservation and inference   
1.7114.201.5112.7722Control
1.9015.912.0413.4323ExperimentalChange in scientific 

theories 2.1914.681.6313.7722Control
215.131.9613.1723ExperimentalChange in Scientific 

rules(for) theories 2.3714.681.3213.1422Control
1.3710.520.989.3923ExperimentalSocial and cultural impact 

on science 0.879.851.049.4422Control
1.7014.571.5512.3023ExperimentalImagination and Creativity 

in scientific investigation 1.4914.331.4212.8622Control
1.7216.172.4813.8323ExperimentalScientific research 

methodology 1.5415.091.6013.7322Control

Table 2: Descriptive data of achievement scores in Biology at Pre – test in groups
StdMeanStdMeanNGroupVariable
2.0517.561.7213.4823ExperimentalAchievement
2.6116.391.4313.9522Control

Table 3: The results of ANCOVA of the effect of flipped classroom on attitude towards NOS
Model The dependent 

variables
Type III Sum of 
Squares

Df Mean of 
squares

F Sig. Eta

Group attitude towards NOS 886.83 21 42.23 1.75 0.07 0.51
Error attitude towards NOS 845.65 35 24.16
Total attitude towards NOS 319996.0 58

Table 4: The results of ANCOVA of the effect of flipped classroom on the achievement in Biology 
course
Model The dependent 

variables
Type III Sum of 
Squares

Df Mean of 
squares

F Sig. Eta

Group Achievement in Biology 24.45 1 24.45 5.34 0.02 0.11
Error Achievement in Biology 192.06 42 4.57
Total Achievement in Biology 13242.62 45
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experimental group and control group 
(P=0.02, f. 5.34). Therefore, the research’s 
hypothesis based on the positive effect of 
flipped classroom on the achievement in 
Biology course is being confirmed.

Discussion
The aim of the current paper was to 

investigate the effect of the flipped classroom 
method on the NOS and achievement of the 
tenth grade students in Biology .Results 
indicated that flipped classroom has not 
been able to affect the aspects of NOS 
including observation and inference, change 
in scientific theories, change in scientific 
rules (for) theories, social and cultural impact 
on science, imagination and creativity in 
scientific investigations and scientific research 
methodology. The results of this research 
are in line with the findings of Leader man 
(2007), Kang et al. (2005), Dagan &Abd-
El-Khalick (2007), Bektas&Geban (2010), 
Fathiazar (1998), Saeedi et al. (2011), and 
Liaghat et al. (2011) (2, 7, 11-17).

On specifying these results, it can be 
said that different factors can be effective 
on students’ perception towards NOS, 
which one of them are educators. If the 
purpose of education is to train students 
with scientific literacy and high perception 
from the NOS, so first of all it is necessary 
to develop these features in the teachers. 
Forming and development of adequate 
perception of NOS is one of the significant 
and prominent goals of science education in 
high schools. Science educators also need 
to correct perception of the NOS .One of 
the responsibilities of teachers is to transfer 
correct perception of NOS to students. Such 
a scientific perception in science educators 
is important in this regard that it affects 
teaching method and presentation manner 
of scientific content. Mentality of educator 
about NOS, consciously or unconsciously, 
will have effect on his teaching and also in 
inspiration of his viewpoint to students (17). 
Another factor that can affect the inadequate 
understanding of NOS, is the condition of 
textbooks .It should be mentioned that, 

unfortunately many researches indicate that 
the curriculum element especially content 
in regard to components of NOS are in 
undesirable situation. Considering the aim of 
education is developing scientific literacy and 
enhancing perception of the NOS in students, 
components of NOS should be taken into 
account in designing and developing the 
curriculum and be used in quadrant elements 
of curriculum; because one of the most 
important and major resources of education 
for students are textbooks (content). Gallager 
has noticed in his findings that the science 
courses are more looking for the terminology 
of knowledge in science than NOS. Henry 
et al. stated that there is a little connection 
between the content of scientific books and 
NOS. The content of these books represent 
the science as an invariable fact (46).The 
factors that have caused the inverted method 
to affect the understanding of the NOS was 
the lack of the number of training sessions in 
the flipped method. Since with twelve training 
sessions, students cannot be expected to gain 
complete understanding of NOS.

In explaining this research finding, it can 
be said that in flipped classrooms students 
can have group activity in the classroom to 
solve problems and collaborate in learning. 
Also the flipped classrooms increase the 
interaction between the students and teachers 
and students participate in classroom 
activities. The student is responsible for 
his own learning and the motivation of the 
student and teacher is high.

Another factor affecting this finding is 
that there is emphasis on more interaction 
between students-students and students-
teacher, flexibility and adaption with learner’s 
condition, enhancement of the motivation in 
students, and paying attention to individual 
differences in flipped classrooms. Moreover, 
teachers create an attractive learning 
environment by integrating the technology 
in their teaching method. Students use 
technology for learning.
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