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ABSTRACT

Societies and cultures influence students’ understandings of  the Nature of  Science (NOS). An approach to pro-
mote an accurate understanding of  the nature of  science is to manage the learning based on students’ contexts 
through the integration of  their social, cultural, and religious stories. Hence, this study investigated the pedagogi-
cal effects of  Islamic scientist history on seventh graders’ understandings of  the nature of  science in an Islamic 
private school, Yala Province, Thailand. Through a mixed-methods convergent design, data were collected from 
30 seventh graders in an Islamic private school of  Yala who were selected through a convenience sampling. The 
instruments were: (1) a NOS questionnaire; and (2) a semi-structured interview on the understanding of  the na-
ture of  science. The quantitative data were statistically analyzed using mean, standard deviation, and a dependent 
t-test. The qualitative data were analyzed through content analysis and categorized into three groups based on the 
views of  the nature of  science: Informed Views (IV), Transitional Views (TV), and Naive Views (NV). Results 
revealed that the students who learned from the history of  Islamic scientists had gained higher mean scores on the 
understanding of  the nature of  science at the .05 significance level and transformed their views from Transitional 
(TV) and Naive (NV) to Informed (IV) in every aspect of  the nature of  science. This can be summarized that 
applying the history of  Islamic scientists with the explicit reflective NOS teaching is practical in Islamic private 
school. To make this change happen in the unique school context, science teachers must devote time to analyzing 
the NOS hidden in the history of  Islamic scientists. In addition, another Islamic context, such as local Islamic 
wisdom, could also promote the understanding of  the NOS for students in private Islamic schools.
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INTRODUCTION

Understanding the Nature of  Science 
(NOS) is an element that defines a scientifically li-
terate individual and the ultimate goal of  learning 
science (Abd-El-Khalick, 2013; Next Generation 
Science Standards [NGSS], 2013; McDonald 
& Abd-El-Khalick, 2017; Michel & Neumann, 
2017). An accurate understanding of  NOS can 
lead to meaningful science learning, understan-
ding of  science, scientific interests, and abilities 

to establish scientific knowledge (Clough, 2018). 
Although NOS is vital in science learning, resear-
chers discovered that students’ understandings of  
NOS remain insufficient and inaccurate (Sagsa-
ard et al., 2014; Karakas, 2017; Wicaksono et al., 
2018).

By reviewing approximately five decades 
of  research related to the teaching and learning 
Nature of  Science (NOS), it is accepted that 
explicit reflective instruction is the best way to 
learn the nature of  science (Lederman, 2007). 
Many researchers have reported the effectiveness 
of  the explicit reflective approach (e.g., Garcı´a-
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Carmona & Dı´az, 2016; Williams & Rudge, 
2016; Gathong & Chamrat, 2019). However, 
many influencing factors of  such misconceptions 
were identified, e.g., science content presented in 
textbooks (Ayik & Costu, 2020), science teachers’ 
understanding of  NOS (Buaraphan, 2018; Leder-
man & Lederman, 2019) as well as social and 
cultural factors (Alghamdi & Malikan, 2020). 
Different cultures play roles in shaping a distinct 
understanding of  NOS (Sutherland & Dennick, 
2002). This condition especially applies to reli-
gions, which usually produce tremendous effects 
on understanding (Wan et al., 2013; Nelson et al., 
2019). Coping with this conflict is a complex chal-
lenge for science educators contemplating how to 
meet this challenge and deal with the teachers’ 
and students’ concerns about the harming of  re-
ligious belief  (Afalo, 2018). In order to enhance 
students’ understanding of  NOS in a particular 
culture, explicit reflective instruction must be re-
visited. It would be better to learn NOS based on 
students’ cultural backgrounds (Das et al., 2019). 
In cultures where religion has a significant in-
fluence on peoples’ lives, such as Islamic culture, 
the development of  science curricula should be 
made regarding context associated with religion 
(Mansour, 2010; Afalo, 2018). A further research 
study should examine how to develop students’ 
understanding of  NOS in the context of  different 
culturally rich countries.

In southern Thailand, most citizens are 
Muslim, only believe in Allah, and regard him 
as the creator of  everything in the universe (Lil-
lahkul & Supanakul, 2018). Most students in this 
area attend Islamic private schools that offer si-
multaneously secular-Islamic education (Vong-
montha, 2012; Saree et al., 2018) under the super-
vision of  the Ministry of  Education through the 
combined administration of  the Basic Education 
Core Curriculum BE 2551 (2008) and the Islamic 
Education Curriculum BE 2546 (2003) (Baka, 
2011). From a preliminary study done in the re-
search site, it was found that science teachers in 
three Islamic private schools in Yala, a province 
in southern Thailand, taught the nature of  scien-
ce implicitly, as they only emphasized students’ 
authentic experiments and practices and neg-
lected to provide information, Islamic context, 
and discussion about the aspects of  the nature 
of  science (Safkolam et al., 2017). As a result, 
such a learning approach could not promote an 
adequate understanding of  the nature of  science. 
A solution to these problems is an inclusion of  
social, cultural, and religious stories relevant to 
students’ context in the learning (Mansour, 2010; 
Afalo, 2018; Fitriani & Fibriana, 2020).

Fouad et al. (2015) and Afalo (2018) sugge-
sted that the history of  famous Islamic scientists 
should be incorporated into the Nature of  Science 
learning for Islamic students. This approach can 
significantly decrease the conflict between scien-
ce and religion. Accordingly, Mansour (2010) has 
also suggested that the Islamic view and the recei-
ved view of  science share the same methodology. 
They both involve experimentation, observation, 
and theoretical work. However, limited numbers 
of  researches had integrated Islamic context, 
especially the history of  Islamic scientists, into 
NOS learning.

The explicit reflective teaching using the 
history of  science can be taught through multip-
le pedagogical strategies (e.g., vignettes, scien-
ce stories, case studies of  scientific history, and 
scientific narratives) for students across educatio-
nal levels from kindergarten to higher education 
(Stinner et al., 2003). If  appropriately applied, 
any of  these strategies can tangibly promote an 
understanding of  NOS. Considering the fact that 
(1) there are limitations to individually study Isla-
mic scientists as thorough information on a single 
Islamic scientist is unavailable; (2) records of  spe-
cific studies lack an illustration on how a scienti-
fic concept was developed in series; (3) a single 
Islamic scientific story or event already includes 
multiple scientists contributed a story. Hence, the 
case studies of  scientific history become a sound 
strategy to learn NOS in Islamic scientists in this 
research.

This study deployed explicit reflective NOS 
teaching as a baseline. It is a practical approach to 
promote NOS understanding. However, there was 
a limited number or no research done on applying 
the case studies of  Islamic scientific history with 
the approach. It is noteworthy to explore further 
based on a research question of  “how does the 
history of  Islamic scientists affect the 7th-grade 
students’ nature of  science understanding?” Con-
sequently, this study aimed to quantitatively and 
qualitatively compare students’ understanding of  
the NOS before and after learning through an ex-
plicit reflective approach using Islamic scientist 
history in an Islamic private school, Yala Provin-
ce, Thailand. 

METHODS

This research employed a mixed-methods 
convergent design (Creswell, 2018) where quan-
titative and qualitative data were simultaneously 
collected, compared, and interpreted. The justifi-
cation behind the choice of  this design was that 
it was able to provide a comprehensive answer to 
the research question and improve the construct 
validity.
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The studied group was thirty seventh-
graders in an Islamic private school of  Yala pro-
vince, Thailand. It was the only class under the 
first researcher’s supervision, so it was selected 
through convenience sampling. Since these stu-
dents are culturally distinctive from those in ot-
her regions, their understanding of  NOS might 
subsequently differ, especially when religion 
plays a significant role in shaping such an under-
standing (Wan et al., 2013). Consequently, the 
researcher was keen to explore further into this 
student group. The intervention was a learning 
unit based on the history of  Islamic science titled 
“Learn Science with Islamic Scientists”. It was 
created aligning with the science standards and 
indicators in the basic education core curricu-
lum B.E.2551 (Ministry of  Education, 2008) and 
NOS emerging from the history of  selected Isla-
mic scientists. The learning unit introduced mul-
tiple historical case studies of  the Islamic scien-
tists, i.e., Jabir ibn Hayyan, Ibn al-Haytham, and 
Al-Farsi. It took 15 hours to complete the unit (3 
hours a week). The learning process was adapted 
from multiple studies (Lin & Chen, 2002; Stinner 
et al., 2003) to include the following five steps.

Step 1: engagement; the teacher grabbed 
the students’ attention with problematic questi-
ons faced by scientists, lesson-related problems, 
and articles on the history of  a specific Islamic 
scientist. Step 2: search for answers; the students 
examined the history of  Islamic scientists and 
discussed them with the entire class. The teacher 
led the discussion with questions on the nature of  
science discovered in the history of  these Islamic 
scientists. Either the students or the teacher simu-
lated an experiment similar to the one conducted 
by the historical scientists. The teacher stood by 
to offer suggestions, facilitate the students, and 
asked them exploratory questions about the ex-
periments when some issues were worth an exp-
lanation. Upon completing the experiments, the 
entire class concluded and discussed the results. 
Step 3: knowledge and conceptual expansions; 
the students presented different inferences pro-
posed by the scientists and referred to historical 
events when scientists proposed conflicting infe-
rences within the scope of  the lessons. The teach-
er encouraged them to discuss further by asking 
questions. Step 4: exchanges of  ideas; the students 
shared ideas and drew connections to the scien-
tific concepts extracted from history. The teacher 
introduced additional scientific concepts that are 
relevant to the students’ learning interests. Step 5: 
conclusions and reflections on the nature of  sci-
ence; The class members collaborated to summa-
rize scientific concepts and reflect on the nature 
of  science found in scientists’ records.                                  

The study employed two research instru-
ments, a NOS questionnaire and a semi-structu-
red interview on the understanding of  NOS. The 
NOS questionnaire composed of  28 items emp-
loyed a 5-level Likert scale: strongly agree, agree, 
neither agree nor disagree, disagree and strongly 
disagree. The items included positive and negati-
ve statements which were adapted from multip-
le measures for understanding NOS, including 
Views of  Nature of  Science C (VNOS-C) (Le-
derman et al., 2002), the Student Understanding 
of  Science and Scientific Inquiry (SUSSI) (Li-
ang et al., 2008), and the Views on Science and 
Scientific Inquiry (VOSSI) (Reid-Smith, 2013). 
The items covered three domains of  the nature 
of  science (i.e., the scientific worldview, scientific 
inquiry, and scientific enterprise) and seven me-
asurable aspects (i.e., NOS 1: science can explain 
natural phenomena, NOS 2: science knowledge 
is tentative, NOS 3: scientific knowledge requires 
empirical and verifiable evidence, NOS 4: scien-
tific methods can vary without fixed procedu-
res, NOS 5: social and cultural influences affect 
scientists’ conducts, NOS 6: observations and 
inferences, and NOS 7: science relies on imagi-
nation and creativity). The content validity of  the 
NOS questionnaire was verified by three experts 
in the field of  science education. The index of  
item-objective congruence is in the range between 
0.67-1.00. After trying out with 30 seventh-grade 
students, Cronbach’s alpha reliability coefficient 
was calculated and equaled 0.822.      

The interview questions were open-ended 
and formulated from the constructed NOS questi-
onnaire. Two questions were extracted from each 
aspect. While the students were interviewed, they 
were given opportunities to explain their previo-
us questionnaire responses further. The questions 
were asked with an emphasis on the students to 
explain why. The interview questions were tried 
out with seventh-grade students to check the lan-
guage usage and how well students understand 
the questions.

Researchers autonomously collected quan-
titative and qualitative data. Before learning, the 
students were asked to complete the question-
naire. The derived data were generated to mean 
scores on the understandings of  NOS, which 
were subsequently classified into the three groups 
based on their pre-learning views towards the 
nature of  science using Niyomwong’s (2015) cri-
teria as shown in Table 1 (quantitative criteria). 
Later, six student representatives of  each group 
were selected to participate in the interviews on 
each aspect. The interviewees were asked for 
permission for audio recordings. Afterward, the 
students resumed their learning through the five 
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lessons on the history of  Islamic scientists. After 
learning, the students once again answered the 
NOS questionnaire. The researcher subsequently 
ran interviews with the same six student repre-
sentatives. The responses from the NOS question-
naire were scored and calculated to mean scores 
and standard deviation to analyze quantitative 

data. For the positive items, strongly agree, agree, 
neither agree nor disagree, disagree, and strongly 
disagree were scored 5, 4, 3, 2, and 1 respectively 
and vice versa for the negative items. Then, the 
pre-test and post-test mean scores of  overall and 
individual aspects were compared using a depen-
dent t-test.

Table 1. Criteria for the Groups of  Nature of  Science Understanding, Descriptions, and Mean-Score 
Classification

Groups of NOS Understanding Qualitative Criteria
Quantitative Criteria 

(Mean Scores)

Inform view: IV Students’ explanations are entirely 
consistent with the currently accepted 
aspects of  NOS.

3.41-5.00

Transitional view: TV Students’ explanations are partially 
consistent with the currently accepted 
aspects of  NOS.

1.71-3.40

Naive view: NV Students’ explanations are entirely in-
consistent with the currently accepted 
aspects of  NOS, irrelevant to the ques-
tions, or completely missing.

Below 1.71

 For qualitative data, the interviews were 
transcribed and analyzed by a content analysis 
(Schreier, 2012) to classify the students into the 
three groups based on their views of  NOS using 
criteria as shown in Table 1 (qualitative criteria). 
The results were then validated for reliability 
by thesis advisors and NOS experts. The num-
ber and percentage of  students in each group 
were counted. Further, changes in pre-and post-
learning NOS understanding were compared to 
explain the students’ transformation of  the un-
derstanding of  NOS. The interview data were 
recorded in number codes, e.g., Student 10 and 
Student 23, and to avoid traces of  identifiable in-
formation such as the students’ names. Eventu-
ally, both the quantitative and qualitative results 

were combined, compared, and interpreted to 
conclude and display the effects of  Islamic scien-
tist history on seventh graders ‘ understanding of  
the nature of  science in an Islamic private school 
context.

RESULTS AND DISCUSSION

Based on the research instruments used in 
this study, the students’ pre and post-understan-
ding of  the nature of  science were collected via 
a questionnaire and a semi-structured interview. 
The results from the questionnaire revealed that 
the post-test mean scores were higher than the 
pre-test ones at the .05 statistical significance level 
overall and aspect, which can be seen in Table 2.

Table 2. The Comparison of  the Pre-test and Post-test Mean Scores of  the Understanding of  NOS

Aspect of NOS n k
Pre-test Post-test

t pM
1

SD M
2

SD

NOS 1 30 28 2.37 0.83 4.34 0.43 -14.008* .000

NOS 2 30 28 2.70 0.37 4.14 0.33 -15.568* .000

NOS 3 30 28 3.03 0.31 4.02 0.67 -11.644* .000

NOS 4 30 28 2.40 0.68 4.22 0.72 -9.825* .000

NOS 5 30 28 2.92 0.36 4.39 0.46 -12.472* .000

NOS 6 30 28 2.63 0.44 4.29 0.65 -13.119* .000

NOS 7 30 28 2.33 0.85 4.66 0.62 -13.642* .000

Overall 30 28 2.62 0.32 4.29 0.44 -21.363* .000
*p < .05
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The two representatives of  each group (IV, 
TV, and NV) were selected to participate in the 
interviews on each aspect. The interview findings 
indicate that before learning about the history of  
Islamic scientists, most students had Naive Views 
(NV) of  science in all the NOS aspects. More spe-
cifically, every student (100%) had Naive Views 
(NV) of  NOS in four aspects (i.e., scientific kno-
wledge is tentative, scientific methods can vary 
without fixed procedures, social and cultural in-

fluences affect scientists’ conducts, and science 
relies on imagination and creativity). Whereas 
most of  them (66.67%) equally had Naive Views 
(NV) of  NOS in three aspects (i.e., science can 
explain natural phenomena, scientific knowledge 
requires empirical and verifiable evidence, and 
observations and inferences). Furthermore, none 
was found to have Informed Views (IV) of  NOS. 
The interview findings are presented in Table 3.      

Table 3. Percentages of  the Students’ View of  NOS Before and After Learning According to the In-
terviews

Aspect of NOS

Frequency (Percentage) of Students’ View of NOS Before and After Learning

IV TV NV

     Before After Before After  Before   After

NOS 1 0 (0.00) 6 (100.00)  2 (16.67) 0 (0.00) 4 (66.67) 0 (0.00)

NOS 2 0 (0.00) 6 (100.00)  0 (0.00) 0 (0.00)   6 (100.00) 0 (0.00)

NOS 3 0 (0.00) 6 (100.00)  2 (33.33) 0 (0.00) 4 (66.67) 0 (0.00)

NOS 4 0 (0.00) 6 (100.00)  0 (0.00) 0 (0.00)   6 (100.00) 0 (0.00)

NOS 5 0 (0.00) 6 (100.00)  0 (0.00) 0 (0.00)   6 (100.00) 0 (0.00)

NOS 6 0 (0.00)  5 (83.33)  2 (33.33) 1 (16.67) 4 (66.67) 0 (0.00)

NOS 7 0 (0.00) 6 (100.00)  0 (0.00) 0 (0.00)   6 (100.00) 0 (0.00)

Based on the results from Table 3, after 
learning about the history of  Islamic scientists, 
it was found that every student (100%) had In-
formed Views (IV) in six aspects, except for ob-
servations and inferences in which the majority 
(66.67%) had Informed Views (IV) and the mi-
nority (16.67%) had Transitional Views (TV). 
After learning, interview results showed that the 
numbers of  students with Transitional Views (TV) 
and Naive Views (NV) significantly decreased in 
all aspects when compared to those of  the before 
learning results. This result is compatible with the 
dependent t-test. 

Moreover, table 4 suggested that before 
learning, most students had Naive Views (NV) 
in every aspect of  NOS. This result is consistent 
with the quantitative result. What further know is 
the reason behind the students’ responses. Some 
of  them drew connections to religious beliefs 
when supplying reasons on three aspects, i.e., 
science can explain natural phenomena, scienti-
fic knowledge is tentative, and requires empirical 
and verifiable evidence. After learning, most stu-
dents developed Informed Views (IV) of  NOS, 
and this transformation of  perspective reflected 
that they gained a better understanding of  NOS 
after studying the history of  Islamic scientists. 
We know that the history of  science with expli-
cit reflective teaching can promote NOS under-

standing, as many researchers have done and 
reported the effectiveness of  using the history of  
western science with explicit reflective instructi-
on (Garcı´a-Carmona & Dı´az, 2016; Williams 
& Rudge, 2016; Gathong & Chamrat, 2019). Ho-
wever, teaching NOS in a rich culture of  Islamic 
students had to be adapted to meet the Islamic 
context. In a rich-culture society, it is difficult for 
students to distinguish between “the social”, “the 
religious,” and “the scientific” (Kim & Hamdan 
Alghamdi, 2020). The researchers decided to 
use Islamic scientists as role models to reflect 
the nature of  science in their context. The 5-step 
learning process was adapted and applied to the 
class in order to promote students’ understanding 
of  NOS. This process lets students practice and 
learn by themselves. Each learning activity ref-
lects the nature of  science combined with the his-
tory of  Islamic scientists and scientific concepts 
providing opportunities for all students to reaso-
nably and scientifically discuss and do the expe-
riments. This learning process is based on the 
theory of  constructivism emphasizing how stu-
dents construct their own knowledge and under-
standing to make meaningful learning to students 
(Olusegun, 2015). The following is the samples 
of  individual results of  the students’ interviews 
on the NOS aspects that are presented in Table 4. 
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Table 4. The Interviews Findings by Aspect Before and After Learning

Aspects of 
NOS

Before learning After learning

NOS 1 “Allah is the creator who gave birth to the 
Earth and the universe. Everything is already 
explained in the Quran.” (Student 1) (NV)

“Science can be used to explain different natural 
phenomena through observing, inferring, and ex-
perimenting. Al-Farsi experimented on the rain-
bow. He observed, experimented, and interpreted 
that the rainbow has three colors.” (Student 1) (IV) 

“While studying science, the teacher said 
that science is the knowledge that can explain 
different natural phenomena... Only Allah 
would know and explain everything.” (Stu-
dent 25) (TV)

Science can explain the occurrences of  rainbows, 
cloud formations, and rain through experimen-
tation and observation. For instance, Al-Farsi 
experimented on the rainbow and found that 
the rainbow has three colors.” (Student 25) (IV)

NOS 2 “No one can discover a planet but Allah.” 
(Student 10) (NV)

“Scientists have been trying to research 
observations, experimentation, and in-
terpretations. More planets could be dis-
covered. Knowledge of  science can con-
stantly change. When scientists unveil new 
information supplied with verifiable evidence, ob-
solete knowledge is removed.” (Student 10) (IV) 

“Scientists might no longer find planets in the 
future.” (Student 26) (NV)

“Since scientists are constantly researching 
and experimenting, there is a higher chance 
of  discovering more planets. Knowledge of  
science can be changed if  newer information 
contradicts the old one, and there is clear and 
reliable evidence to support it. For instance, 
Ptolemy once made a vague inference about 
how humans see objects. However, Ibn al-Hay-
tham ran experiments and observations until 
clear evidence was found. Consequently, Ptol-
emy’s inference was refuted.” (Student 26) (IV)

NOS 3 “Science does not need evidence.” (Student 
4) (NV)

Scientists rely on evidence to confirm their 
findings. People trust them with evidence. 
When Jabir experimented on perfume ex-
traction from roses, he used rose water 
as supporting evidence.” (Student 4) (IV)

Science must have evidence because it is used 
to prove that the findings are reliable. Some 
matters cannot be explained by science be-
cause it is Allah’s business, and so, there is no 
evidence to support.” (Student 11) (TV)

“Scientists need evidence. Evidence makes 
people trust them. It proves that the discovery 
is real. Jabir’s experiment on gold extraction dis-
covered gold dissolving acid.” (Student 11) (IV)

NOS 4 “There is no other scientific method, except 
for experimentation, that would help scien-
tists discover scientific knowledge.” (Student 
10) (NV)

“Scientists have many ways to uncover sci-
entific knowledge such as observing, experi-
menting, and interpreting.” (Student 10) (IV) 

“The steps within a scientific method can-
not be switched around. They must be in se-
quence.” (Student 23) (NV) 

“Scientific methods have unfixed steps. A 
method can either start by observing or stat-
ing a problem. When Al-Farsi experimented 
on the rainbow, he began by stating a prob-
lem. Ibn al-Haytham also began by observing 
the mosque upside down.” (Student 23) (IV)
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NOS 5 “The work of  a scientist is not relevant to so-
cieties.” (Student 3) (NV)

“The work of  a scientist is relevant to societies 
and communities. They work with the goals of  
societies and communities. When Jabir experi-
mented in a laboratory, some people despised his 
work and burned down his laboratory. Although 
he could not continue with the experiment, he did 
not stop there and kept trying.” (Student 3) (IV)

“A scientific discovery only begins from a sci-
entist’s interest.” (Student 10) (NV)

“The works of  scientists are relevant to commu-
nities and societies. They work for the communi-
ties. Jabir experimented with perfume extraction 
to offer people in the community an opportu-
nity to bath with rose water.” (Student 10) (IV)

NOS 6 “Making observations and inferences rely on 
the same parts of  the body.” (Student 8) (NV)

“Observations, experimentation, and mak-
ing inferences are essential to scientists. When 
I experimented with extracting perfume from 
roses, I observed the boiling water with crushed 
rose. I watched a video about an experiment on 
gold dissolving acid. When white acids were 
mixed, I observed and noticed that the solution 
turned orange. It takes eyes, nose, and maybe 
all the five sensory units to observe, and we 
are not to use our opinions. However, if  you 
want to make an inference, you can explain 
the results from the observation and add your 
knowledge and opinions. For instance, in the 
experiment on the occurrence of  the rainbow, 
colors should be observed.” (Student 8) (TV)

“Scientists make observations and infer-
ences...Making observations and inferences 
are not different because both use the same 
parts of  the body.” (Student 11) (TV)

“Making observations differ from making infer-
ences because observations rely on senses ob-
tained from ears, eyes, noses, tongues, and skins 
to create an explanation. Making inferences used 
observed results and existing knowledge to cre-
ate an explanation. When experimenting occur-
rence of  the rainbow, a flashlight provided light to 
the glass of  water and paper for the background. 
Three colors were observed. While using the 
flashlight, we used our eyes to observe and no-
ticed the three colors. However, the rainbow has 
seven colors. The room was too bright, and that 
gave use three colors. This explanation is how 
inference is made because we already know that 
the rainbow has seven colors.” (Student 11) (IV)

NOS 7 “Imagination and creativity have nothing to 
do with science. “Science is only about ex-
perimenting.” (Student 3) (NV)

“We do not see the shapes of  atoms in the 
naked eyes. So, it takes imagination and cre-
ativity. If  the experiment cannot be simply 
explained, scientists need to use imagina-
tion and creativity. Science requires imagi-
nation and creativity.” (Student 3) (IV)

“Scientists only use experiments. Using 
imagination is the expression of  personal 
ideas without evidence, and that makes it un-
reliable.” (Student 11) (NV)

“Scientific knowledge is established through 
many methods, and it does not only apply to 
experimentation. Sometimes, it takes imagi-
nation and creativity to get the right infor-
mation. When Al-Farsi experimented on the 
occurrence of  the rainbow, he used a round 
glass instead of  rain droplets. It means that 
he based his experiment on imagination and 
creativity until he was able to explain that the 
rainbow has three colors.” (Student 11) (IV)
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Both quantitative and qualitative results 
revealed that the case study of  Islamic scientists’ 
history helped the students developed more In-
formed Views (IV) of  NOS. In this study, the stu-
dents had the opportunity to take an active role in 
the discussion, debates, and do scientific experi-
ments, which resemble what the Islamic scientists 
with strict adherence to Islam performed scien-
tifically in the context of  Islam. This learning 
pattern was proven to promote the understanding 
of  NOS. Reflecting on ideas about science while 
learning allows students to associate NOS with 
events in everyday life (Tolvanen et al., 2014; Nur 
& Fitnat, 2015; Wolfenburger & Canella, 2015; 
Thiangchanthathip, 2016). 

At the same time, as scientific work had 
done in Islamic social context by Islamic scien-
tists, students could accept how the Islamic scien-
tists with strict adherence to Islam mitigated the 
formerly intense ideological conflicts between 
science and religion and began to accept and re-
cognize the nature of  science according to Islamic 
culture and context (Tabel et al., 2011; Winslow 
et al., 2011). The reason relies on the suggestion 
of  Costa (1995) and Meyer & Crawford (2011), 
who said that when science classrooms embra-
ce real-life cultures, meaningful learning is pos-
sible. If  a student comes from a background that 
aligns with the scientific way of  knowing, science 
instruction will uphold their worldviews.

Although, using the history of  Islamic 
scientists could provide students with an infor-
med view in almost all aspects of  NOS, except 
in the aspect of  observation and inference, which 
some students had held transitional views even 
after learning. Before learning, students percei-
ved that observation and inference were similar. 
After learning, they could explain and distinguish 
observation from inference but could not give a 
clear example of  inference even though this as-
pect was included in all lessons. Students were 
asked to identify differences between those two 
terms emerging from the historical case studies, 
but they seldom reflected on their practical expe-
riences. It might be a limitation of  this study.

CONCLUSION

This study suggests that a case study of  Is-
lamic scientists’ history can promote NOS under-
standing among Islamic students. The students 
who learned from the history of  Islamic scientists 
the students increased mean scores on the under-
standing of  the nature of  science at the .05 sig-
nificance level and transformed their views from 
Transitional (TV) and Naive (NV) to Informed 

(IV) in every aspect of  the nature of  science. It 
can be concluded that integrating the history of  
Islamic scientists and the explicit reflective NOS 
teaching is a helpful teaching method to promote 
students’ understandings of  NOS, especially in 
a particular context like Islamic private schools. 
For Thailand and countries with an Islamic con-
text included, these research results will enable 
people who are involved in the education admi-
nistration and management sector to look back 
into science teaching and learning. These could 
lead to a change in educational policy related to 
promoting the nature of  science to the students 
in the unique school context in the future. Furt-
hermore, the synthesized formula could be imple-
mented in curricular development to promote the 
understanding of  the nature of  science for stu-
dents in private Islamic schools.
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