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world where science and technology are changing very rapidly personal and social 

decisions like: How big a threat is climate change? Are genetically engineered foods 

good to eat? Is an electric vehicle worth the price? Require a clear understanding of 

scientific knowledge and how it is generated (Metz, 2015). Based on such premises some 

authors argued that developing an understanding about the nature of scientific knowledge 

is even an end in itself  (Lombrozo et al., 2008). Thus, attention should be given to 

NOSK instruction in order to reach the desired level of scientific literacy and attain the 

presumed benefits of scientific literacy. 

Teachers' and students' understandings of NOSK are objectives in science education 

and remain a high priority for science education and science education research. With this 

regard, Tao ( (2003) stated that a good grasp of the nature of scientific knowledge is an 

essential goal of science education. In addition to the importance of NOSK by its own 

right, developing an understanding of NOSK is also important for a better understanding 

of science (N. G. Lederman et al., 2013). Krajewski and Schwartz (2014) argued that 

integrating NOSK and content in daily lessons is key not only to understand the content 

but also NOSK. An empirical study by Michel and Neumann (2017) confirmed that a 

positive significant relationship existed between NOSK understanding and science 

content learning. 

Although science subjects are offered in many countries in the world, the goals of the 

curricula across countries have a wide variety (Iqbal et al., 2009). There are differences 

concerning the specific content to be included in contemporary science courses and the 

methods of instruction to be used.  Such differences are unavoidable, as the science 

discipline is rapidly expanding and the curricula present only a small sample of the 
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level engaged in synchronous discussion, and the other engaged in asynchronous 

discussion. Each class was divided into five groups, with each group consisting of four to 

five students. While students in the synchronous groups spent 45 minutes (one class) 

analyzing a scientific news story on Facebook, students in the asynchronous group had 

three days to finish their discussion of one news story. 

Huang et al. (2014) used a Likert type scale to assess the three features of NOSK 

(5 items for each), ranging from strongly agree (5 point) to strongly disagree (1 point). 

Inputs from four science education doctoral students and two scholars reviewed to 

establish validity of the instruments. The reliability of the three aspects of NOSK are 

reported to be satisfactory (accumulative = 0.83, creative = 0.69, community = 0.82) and 

the overall reliability of the scale was 0.86.  They analyzed pretests through multivariate 

analysis technique and reported that pre-intervention results showed no statistically 

significant difference in the performance of students between the synchronous and 

asynchronous groups of students in terms of general NOS views, content-related NOSK 

views, and science knowledge. Moreover, t-test results on three science examinations of 

first semester indicated no statistically significant difference between the synchronous 

(N=42) and asynchronous (N=41) groups.  

The intervention lasted three weeks which encompassed eight classes, each class 

period lasting 45 minutes. After administering the pretests, the instructor explained to the 

students the content of learning activities as well as features of NOSK and the 

significance of understanding it. To help students understand NOSK, this study posted 

seven scientific news stories on Facebook which allowed students to analyze the 

accumulative, creative, and community of NOSK in each designated scientific news 
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intervention is part of a course (although it has merits as I already mentioned before), we 

cannot be sure whether the result is purely from this course based intervention alone or 

influenced by other courses offered in parallel. Moreover, the participants were pre-

existing classes (i.e., they are not randomly selected and assigned), thus they cannot be 

taken as representatives of pre-service science teachers in their state or country, which 

makes the generalizability (or transferability) of findings untenable. Furthermore, after 

the completion of the course the finding revealed that there were still some pre-service 

teachers  who struggle at three aspects of NOSK, namely scientific method, tentativeness 

of NOSK and understanding differences between theory and law, especially the last two 

aspects are reported to be areas of greatest struggle. All these limitations, which include 

lack of representativeness in terms of the study population, lack of control (results 

potential interference with other courses. Further research is necessary to determine the 

extent to which the results of this study may be generalized.  

2.5. Summary and conclusion  

Modern conceptions of nature of science (NOSK) need to be cultivated to both 

the teachers and students. However, there are gaps in the NOSK understanding of 

students and teachers. All of the interventions were course based which are parts of an in-

service or pre-service science teacher education program. The program levels range from 

Kindergarten to secondary schools teacher education programs. The researchers used 

different types of research approaches (designs) that include explicit and reflective 

instruction, conceptual change model, project based instruction, and argumentation based 

instruction, problem solving approach. More than half of the studies used a single group 
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In order to assess higher order level thinking it is not sufficient to rely on closed 

ended paper-and-pencil items. Research findings revealed that constructivist assessments 

help students to develop higher-order thinking and become independent, autonomous 

learners (Abulnour, 2016).  The qualitative approaches provided more in depth 

assessments of teachers and students' conceptions of NOSK while not contradicting with 

results from quantitative approaches (N. G. Lederman, 1992).    
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grade level to ensure a fair representation of the subgroups. Then the participants were 

selected using systematic random sampling technique. 

The student population in the selected schools by grade level and gender, and the 

total population is presented in Table 3. 

Table 3 

Student population in the selected secondary schools  

Grade 10 students were considered as samples because of the fact that about half 

of the students terminate learning science subjects at this grade level. That is, after 

completing Grade 10, some of the students would join technical and vocational colleges; 

the world of work; or some would join to social science streams if promoted to grade 11. 

In such cases, there is less likely to get science education in a formally organized way. 

Grade 12 students were included aiming to investigate at the completion of secondary 

schooling, to what extent natural science students were informed about the nature of 

scientific knowledge. In addition, including grade 10 and 12 students as a study 

population enabled the researcher to examine whether the science subjects offered after 

grade 10 had a developmental role on students NOSK conception by comparing the two 

Grade levels.  

  
Name of secondary school 

  
Total 
  

Grade 10 Grade 12 
Male Female Total Male Female Total 

Nigus Tekile Haymanot  580 684 1264 - - -  

Debre Markos  - - - 272 177 449  

Tana Haik 554 453 1016 338 354 692  

 Total 1134 1137 2280 610 531 1141 3421 
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Although the sample for this study was selected from only three high schools; 

from two cities in the Amhara region, the researcher did not believe it to be a likely threat 

to the representativeness of the population. This assumption is based on the fact that the 

schools in Ethiopia follow the national curriculum, which could result in homogeneous 

learning and teaching in terms of quantity as well as quality. Moreover, these schools are 

among the most senior schools that accommodate broader social and cultural contexts, 

providing a deeper and more comprehensive understanding of educational phenomena. 

3.3.2.1. Demographic characteristics of selected students 

Table 4 presented the characteristics of the students who participated in this study.  

Grade 10 students were 66 (M= 31, F= 35), and grade 12 students were 68 (M= 39, F= 

29) who completed the questionnaire. The age of grade 10 students ranged from 15 to 23 

with a mean of 17.46 and an SD of 1.47. The age of grade 12 students ranged from 16 to 

23 with a mean of 18.66 and an SD of 1.35. 

Table 4 

Demographic characteristics of selected students 

    Sex Grade level 

Secondary school name 

Total 
Tekile 

Haymanot Debre Markos Tana Haik 
Male  Grade 10 14 0 17 31 

Grade 12 0 18 21 39 
Total 14 18 38 70 

Female  Grade 10 22 0 13 35 
Grade 12 0 13 16 29 

Total 22 13 29 64 
Total  Grade 10 36 0 30 66 

Grade 12 0 31 37 68 
Total 36 31 67 134 
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used in different languages and cultures for assessing the NOSK views of college 

students, primary and secondary school teachers, and secondary school students. Liu and 

Lederman (2007) used seven of the VNOS-C items to assess prospective elementary 

science teachers in Taiwan. These seven items together with VNOS-D+ items were 

adapted and used in the present open-ended questionnaire. The VNOS-C instrument was 

used to elicit both quantitative and qualitative data in many NOSK researchers (e.g., 

Mercado et al., 2015; Sangsa-ard et al., 2014). 

3.3.4. Translation procedure 

The questionnaire was prepared in English and translated into Amharic by the 

present researcher. The translation was reviewed in terms of meaning and word selection 

according to the original text by three peers who were PhD candidates in the field of 

educational psychology. Then, two language experts who were competent in both 

Amharic and English reviewed and validated the translation. Finally, the principal 

supervisor of this research, who had rich experiences in educational and psychological 

research, provided comments for improvement on the meaningfulness of the 

questionnaire.  The suggestions provided by peers, language experts and the supervisor 

helped to improve the quality data collection instruments.  

3.3.5. Validity of the instrument 

The items used in this study were developed by adapting from previous studies 

which were validated and widely used that provided a basis to construct validity.  The 

validity of the instrument was established with undergraduate and graduate college 

students, pre-service elementary teachers, and pre-service and in-service secondary 
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students, to participate voluntarily without any coercion. The purpose and the expected 

time to complete the study was explained to the participants. They were also informed 

that they can ask questions or raise concerns at any time about the nature of the study or 

the methods that will be used.  

Other important ethical issues include treating research participants with respect and 

protecting the participants from both physical and psychological harm (Fraenkel et al., 

2012). Accordingly, this study treated participants with respect and protect their physical 

and psychological wellbeing.  Written informed consent is necessary if participants are 

exposed to more than minimal risk (Shaughnessy et al., 2012). Minimal risk is described 

as any harm or discomfort participants may experience is not greater than what they 

might experience in their daily lives or during routine physical or psychological tests 

(Shaughnessy et al., 2012). Shaughnessy et al. argued that many psychological laboratory 

studies that involve lengthy paper-and-pencil tests are likely no greater than minimal risk. 

This study, which involved students to participate in an educational classroom situation, 

and teachers in completing questionnaires in their own time is, therefore, expected to be 

no more than minimal risk. Thus, only oral consent was obtained in this study.  

The right of participants to withdraw from the study at any time without compelled to 

give reason was addressed to the participants. The participants were informed that data 

gathered from them would be used in writing a research report and direct quotes from 

them may be used in the paper but their names and other identifying information would 

be kept confidential.  Informing participants that the information they provide will be 

kept confidential has also other advantages. If participants know that their responses will 
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sources of knowledge: Q#1) What is science? And Q#2) What makes science (or a 

scientific discipline such as physics, biology, etc.) different from other subjects/ 

disciplines (religion, philosophy, etc.)?  

Table 8 

Frequency counts and percentage of grade 10 students' conceptions of NOSK 

 
NOSK aspect 

Response category Frequency 
counts 

Percent 
   % 

 
Empirical NOSK  (Q1 &Q2) 
 

Informed 0 0.00 
Syncretic (Has merit) 9 13.64 
Naïve 57 86.36 
Unclassified 0 0.00 

 
Tentative NOSK (Q3&Q9) 
 

Informed 26 39.39 
Syncretic (Has merit) 15 22.73 
Naïve 24 36.36 
Unclassified 1 1.52 

 
Subjective NOSK (Q4&Q7) 
 

Informed 24 36.36 
Syncretic (Has merit) 22 33.33 
Naïve 15 22.73 
Unclassified 5 7.58 

 
Distinction between scientific 
theories and laws (Q5) 
 

Informed 0 0.00 
Syncretic (Has merit) 4 6.06 
Naïve 51 77.27 
Unclassified 11 16.67 

 
Creativity and imagination 
(Q6) 
 

Informed 7 10.61 
Syncretic 18 27.27 
Naïve 34 51.52 
Unclassified 7 10.61 

 
Inferential NOSK  (Q8) 
 

Informed 3 4.55 
Syncretic 12 18.18 
Naïve 29 43.94 
Unclassified 22 33.33 

 
Society, culture and science 
(Q10) 
 

Informed 16 24.24 
Syncretic 16 24.24 
Naïve 28 42.42 
Unclassified 6 9.09 
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demonstrated an informed view that although scientific knowledge is durable, it is subject 

to change either in light of new evidence or by reinterpretation of existing knowledge.  

However, there are about 36% of grade 10 and 31% of grade 12 students who 

harbored a naïve conception of the changeable nature of scientific knowledge. These 

students demonstrated that once scientific knowledge is produced it is everlasting. The 

following excerpts show the students uninformed conceptions of the tentative NOSK.  

I think it cannot be changed. Because the knowledge resulting from research is 

based on their field of study, they philosophize on it, and capacitate themselves; 

thus, how this knowledge can be changed? Because they philosophize on the 

reality/ concrete truth and therefore it cannot be changed. (S37) 

It [scientific knowledge] cannot be changed. For example, scientists produced 

knowledge by researching something; that knowledge will never change. 

Participant (118) 

These students both are females, S37 a grade 10, and S118 a grade 12, argued that 

knowledge produced by scientists is concrete truth (S37) and that knowledge cannot be 

changed (S37 & S118). Such conceptualization of the NOSK is clearly to the opposite of 

contemporary NOSK conception. Therefore, their conceptions are naïve.  

There are some proportion of students who have demonstrated intermediate 

(syncretic) conceptions of tentative NOSK. There were 23% of grade 10 students and 

17% of grade 12 students had syncretic views on tentative NOSK. These students simply 

expressed that scientific knowledge is changeable without providing any further 

explanation.  
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although at some phases like during the planning before the beginning of experimentation 

or at the end of the research during reporting. Therefore, these students views are 

classified us uninformed because scientists use their CI at all phases of the investigation.   

There are few proportion of participants from both grades 10 (10.61%) and 12 

(22.06%) who demonstrated informed conceptions of CI NOSK. These students thought 

that scientists use their creativity and imagination when doing scientific research. The 

following quoted excerpts are examples of their informed conceptions: The following 

quoted excerpts are examples of their informed conceptions: 

They use [creativity & imagination].  For example, in space science although 

there is no tangible evidence about black hole different explanations are given 

through imagination. (S76) 

They must use because when they try to get a finding, for example, to find a 

vaccine for Corona [COVID-19] they guess (hypothesize] a possible solution and 

prepare plan for practical work. Therefore, I think scientists use their imagination 

and creativity. (S84) 

The arguments of students, S76 and S84 (both males), showed that scientists use 

their imagination and creativity during scientific investigation and this conception is in 

line with the contemporary view of NOSK.  

About 27% of grade 10 students and 18% of grade 12 students had syncretic 

opinions about how scientists employ creativity and imagination in their study. These 

students did not, however, elaborate on their reasons for not utilizing CI. 

In general, the secondary school students who participated in this study exhibited 

naïve conceptions of contemporary NOSK. 
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Figure 3 

Graphical depiction of students' NOSK conceptions by grade level 

The graph is aimed at providing a simplified representation of students' NOSK 

conceptions by grade level based on the data in Table 8 and Table 9 by extracting the 

informed and naïve views while leaving the intermediate and not classifiable categories.  

As shown in the Figure, the trend of NOSK views to both grade levels is similar. A 

substantial proportion of students showed informed views on the subjective, cultural, and 

tentative aspects, and low on the creativity aspect. Figure 3 also depicted that a very high 

proportion of students from both grade levels exhibited naïve NOSK views of the 

empirical and the nature of theories and laws; and no student demonstrated informed 

views on these two aspects. 

When we look at closely the differences between the two grade levels, grade 10 

students showed more naïve views than grade 12 students. Stated in another way, grade 
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Table 11 

U test between grade 10 and grade 12 students NOSK conceptions 

Test Statisticsa 

 Empirical Tentative Subjective 

Theory/ 

Law 

Imagination/ 

Creativity Inferential Cultural 

Mann-Whitney U 2228.00 1772.50 1581.50 1544.00 1787.00 494.50 1253.00 

Wilcoxon W 4574.00 3917.50 3472.50 3084.00 3557.00 1397.50 3144.00 

Z -.096 -1.56 -2.415 -.290 -.241 -1.01 -3.20 

Asymp. Sig. (2-

tailed) 
.923 .119 .016 .771 .810 .314 .001 

a. Grouping Variable: Grade 

The U test result, as can be seen from Table 11, indicated that a significant difference 

was observed in two of the five aspects. They are 1) Grade 12 students scored 

significantly higher mean rank (71.40) than grade 10 students (56.93) on the subjective 

NOSK, U (NG10=61, NG12=67) = 1581.5, z = -2.42, p<.05. 2) Grade 12 students also 

showed a significantly higher mean rank score (70.62) on the social/ cultural NOSK than 

grade 10 students' mean rank score (51.54); U (NG10=61, NG12=60) =1253, z = -3.20, p 

<.05. Thus, the null hypothesis that states that there is no difference between grade 12 

and grade 10 students in their conceptions of NOSK is rejected as their conceptions are 

significantly on the subjective and cultural NOSK. This indicated that as grade level 

increases the students' NOSK understanding also increases. 
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Table 12 

Hypothesis test summary using U test between the grade levels

 

On four of the seven aspects of NOSK Mann-Whitney U test reveals no significant 

difference between the mean rank score of grade 10 and grade 12 students. Thus, the null 

hypothesis that assumes that there is no difference between the two groups is not rejected. 
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Table 15 

Hypothesis test summary between conceptions of the two genders 

 

The male students mean rank score (55.44) is significantly lower than the mean 

rank score of female students (67.25), U (NMale= 64, NFemale=57) = 1468, z = -1.98, p<. 












































































































































