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Abstract

This study used the Latent Dirichlet Allocation (LDA) topic model to analyze pre-service
teachers’ views on the nature of science (NOS). This approach can be used to automate the
classification of documents, and at the same time, the researcher does not need to deduce
with a NOS framework prior to evaluation. Participants were 155 pre-service teachers stud-
ying at the Shandong Normal University in China. To gather our data, we used an open
questionnaire, namely, the Views of Nature of Science Questionnaire—Form C (VNOS-C).
LDA topic modeling was used to classify the document, which was divided into 12 top-
ics. By comparing the LDA topic modeling results with the theoretical framework behind
the VNOS-C questionnaire, we categorized these 12 topics into eight descriptive aspects
of the NOS: The Empirical Nature of Scientific Knowledge, Observation, Inference, and
Theoretical Entities in Science, Scientific Theories and Laws, The Theory-Laden Nature
of Scientific Knowledge, The Social and Cultural Embeddedness of Scientific Knowledge,
The Myth of The Scientific Method, The Tentative Nature of Scientific Knowledge, and
The Nature of Scientific Theory. The results show that pre-service teachers usually hold
naive or mixed views of the NOS. In addition, each aspect of NOS is not independent of
each other but interrelated and influencing each other. In the future, more consideration can
be given to the relationship between each aspect of NOS.
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1 Introduction

There is a general consensus in the current education reform to develop students’ view of the
nature of science (NOS) (Bell et al., 2011). Teaching and learning related to the NOS can
contribute to epistemic insight, that is, NOS-related pedagogies can help us recognize how
and why we should understand science and the power and limitations of science (Erduran &
Kaya, 2018). Research has recognized that teacher NOS views play a central role in student
understanding of the NOS and that improving pre-service teachers’ understanding of the NOS
is an important first step in improving student understanding of the NOS (Abd-El-Khalick
& Lederman, 2000; Bell et al., 2011; Osborne et al., 2003). To improve pre-service teacher
views of the NOS, the first step was typically to assess pre-service teacher views of the NOS
(Lederman, 1992). Such investigations can introduce teacher-trainers to the view of the NOS
held by pre-service teachers and help teacher-trainers prepare their own teaching.

In previous studies (e.g., Abd-El-Khalick., 2013; Akerson et al., 2017; Ozgelen et al., 2013;
Zion et al., 2020), the data processing methods used by researchers to assess pre-service teach-
ers’ view of the NOS can be divided into two kinds: using hand-coded documents and helping
researchers process the data with the help of instruments. In both methods, researchers ana-
lyze terms, keywords, and phrases that contain the view of NOS, but participants’ responses
may involve sentences that do not contain terms, keywords, and phrases related to their view
of NOS, even though these sentences may still express their view of NOS (Ozgelen et al.,
2013; Zion et al., 2020). In addition, previous researchers assessed the NOS of pre-service
teachers based on a NOS framework. The basic idea is that researchers need to deduce a NOS
framework through research literature before assessing the pre-service teachers’ view of the
NOS and then assess the view of the NOS of pre-service teachers based on the NOS frame-
work (e.g., Abd-El-Khalick., 2013; Akerson et al., 2017; Demirdogen et al., 2016; Zion et al.,
2020). In this way, there may be different results due to the different NOS frames deduced by
researchers.

LDA topic modeling is an important text analysis technology (Ramageet al., 2009). LDA
topic modeling method can connect words with similar meanings, distinguish the specific
usage of multi-meaning words, and then automatically classify a large number of documents
with high quality according to the meaning of the sentence and the related situation described
(Alghamdi & Alfalgi, 2015). In other words, LDA topic modeling not only analyzes sentences
containing NOS-related keywords or phrases, but also includes those that can express par-
ticipants’ view of the NOS but do not contain NOS-related keywords or phrases. In addition,
LDA topic modeling is an unsupervised classification method (Roberts et al., 2014). This
method can be used to categorize a large number of unmarked documents to get at the under-
lying topics in the documents (Momtazi, 2018). This means that this method does not require
the researcher to deduce a NOS framework. Researchers can determine the meaning and label
of each topic based on the LDA classification results (Bastani et al., 2019), which is the NOS
view held by the participants. This reduces the risk of affecting the research results due to the
different NOS frameworks deduced by the researcher.

2 Literature Review
There is widespread consensus that effective teachers are a critical factor for student learn-

ing (Hanuscin et al., 2011). Some studies (e.g., Gess-Newsome & Lederman, 1995) show
that the relationship between teachers’ ideas and their practice in the classroom is not a
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direct or a simple linear relationship; that is, teacher views of the NOS cannot be directly
transformed into classroom practice to improve student views of the NOS, and it is clear
that teachers cannot effectively design and teach courses on concepts they do not under-
stand (Abd-El-Khalick et al., 1998). In addition, Abd-El-Khalick (2013) suggests that
teachers with a well-informed understanding of NOS are in a better position to build robust
inquiry learning environments where they can openly draw students’ attention to relevant
NOS ideas. Therefore, it is vital to improve teacher understandings of the NOS. However,
as highlighted above, doing so requires determining the current views of the NOS held by
pre-service teachers and providing information to teacher trainers.

To date, scholars have conducted numerous investigations on pre-service teachers. For
example, Lederman (2007) summarizes the various instruments and trends in the assess-
ment of NOS. Scholars have doubted the validity of one type of such instruments—stand-
ardized and convergent paper and pencil instruments—for the evaluation of pre-service
teachers’ NOS views (Lederman et al., 2002) for the following reasons: (1) respondents
perceive and interpret an instrument’s project in a similar way to the instrument’s devel-
oper, and (2) such standardized instruments usually reflect the experts/academics who
developed the instruments views on the NOS, which, because subjective, are necessarily
biased (Abd-El-Khalick et al., 1998). Compared with such a standardized instrument, an
open questionnaire allows participants to explain their understanding of the NOS (Leder-
man et al., 2002). Therefore, the use of open questionnaires can more well-informed assess
pre-service teacher views of the NOS. The data processing methods of researchers on open
questionnaires can be divided into two kinds: one is completely by hand-coding processed,
and the other is that researchers process the data with the help of instruments.

The first type involves the researcher processes the data by hand-coding. Mesci et al. (2020)
assessed pre-service teachers’ views of the NOS with the Views of Nature of Science Question-
naire [VNOS-270] (Lederman et al., 2002). The method used in their study is based on an exist-
ing classification proposed by Khishfe and Abd-El-Khalick (2002) to identify participants’ NOS
views. The researchers based their analysis on a participant’s ability to express the meaning of
NOS aspects using words, expressions, and phrases in response to a question and then to cat-
egorize participants into specific aspects of the NOS (e.g., tentative) on the basis of their reac-
tions to each item and decide on their views on specific aspects of the NOS (informed, naive, or
not categorized). Other scholars (e.g., Akerson et al., 2017; Demirdégen et al., 2016; Zion et al.,
2020) who employed open questionnaires also used a similar method for data analysis.

The second type involves researchers process data with the help of instruments. Ozge-
len et al. (2013) administered the Views of Nature of Science Questionnaire Version B
(VNOS-B) to 37 pre-service science teachers (PSTs) to assess their conceptions of the
NOS. The PSTs’ responses to the VNOS-B were word-processed and entered into the
NVivo 8 qualitative data analysis software; subsequently, they designed a three-stage data
analysis technology. First, the author assigned a phrase or word relevant to the aspect of
the NOS addressed in the PSTs’ statements (e.g., subject, empirical, subjective). Second,
sentences containing phrases or words that reflected a view of the NOS (e.g., subjectiv-
ity) were reviewed in more detail; next, the participants’ views on specific aspects of the
NOS (e.g., subjectivity) were considered. Third, the opinions expressed in all the sen-
tences were classified and then divided into naive, mixed, and informed according to their
degree of consistency with the contemporary consensus on the NOS (Lederman, 1992).
Sorensen et al. (2012) used a similar method of data analysis involving written tasks (dis-
cussing questions about the NOS by writing articles) and interviews as data sources. This
style of data analysis used software to qualitatively analyze the meanings of the keywords
and phrases used by participants, locate the sentences corresponding to the keywords and
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phrases, classify sentences according to the meaning of the sentences, and determine the
participants’ views of the NOS.

Scholars generally consider an open questionnaire more difficult to analyze than stand-
ardized and convergent paper and pencil instruments (Roberts et al., 2019) because it uses
“manual coding.” “Manual coding” means that the researcher (or the researcher uses soft-
ware) specifies phrases or words related to the NOS mentioned in the responses based
on the respondents’ responses to the questionnaire and then classifies the views of the
respondents as naive, mixed, or informed according to their agreement with the opinions
expressing consensus views. “Manual coding” presents added difficulty because it typi-
cally requires researchers to divide the questionnaire into several dimensions according to
their theoretical expectations or exemplary past studies and, moreover, also requires several
human coders, whose work is compared (Artstein & Poesio, 2008; Robertset al., 2019).
The biggest limitation of using the “manual coding” method of data processing is that the
basic units of analysis are terms, keywords, and phrases that contain views of the NOS, and
then this method will ignore some information (Akerson et al., 2017; Demirdogen et al.,
2016; Mesci et al., 2020; Ozgelen et al., 2013; Zion et al., 2020). More specifically, par-
ticipant responses may involve sentences that do not contain terms, keywords, and phrases
related to their views of the NOS even though such sentences may still express their views
of the NOS. Therefore, using the above two kinds methods cannot well-informed deter-
mine participant views of the NOS. In addition, whether researchers analyze data manually
or by means of instruments, researchers need to process and analyze data based on a NOS
framework. For example, Mesci et al. (2020) conduct data analysis according to the clas-
sification method proposed by Khishfe and Abd-El-Khalick (2002), while Ozgelen et al.
(2013) code using the method of Lederman et al. (2002). We do not deny the rationality of
the classification or coding methods proposed by the researchers (such as Abd-El-Khalick,
2012; N. G. Lederman et al., 2002). However, the results may be affected by the fact that
the researchers used different NOS frameworks for data processing. In order to make up for
these limitations, we may need a new data processing method.

Topic modeling is a prominent document analysis technique that has been widely
accepted in many communities, such as machine learning and the social sciences (Rama-
geet al., 2009). The approach is divided into several more specific modeling techniques,
such as latent semantic indexing (LSI) (Deerwester et al., 1990), probabilistic latent
semantic analysis (PLSA) (Hofmann, 2001), latent Dirichlet allocation (LDA) (Blei et al.,
2003), and correlated topic models (Lafferty & Blei, 2006). Of these models, LDA topic
modeling is most widely applied (Morstatter & Liu, 2018). The LDA model is a hierar-
chical Bayesian model that can connect words with similar meanings and distinguish the
particular usage of a word with multiple meanings (Alghamdi & Alfalqi, 2015). However,
the purpose of topic modeling is not to understand the meaning of words in a document
(Buenaiio-Fernandez et al., 2020); instead, topic modeling seeks to determine the topics
under study in a collection of documents (Momtazi, 2018). In other words, LDA topic
modeling is different from the software analysis techniques used by Ozgelen et al. (2013).
LDA topic modeling does not only consider sentences containing terms, keywords, and
phrases that contain a view of the NOS but analyzes all viewpoints of the participants.
In addition, LDA topic modeling is an unsupervised classification method (Roberts et al.,
2014). This method can be used to categorize a large number of unmarked documents to
get at the underlying topics in the documents (Momtazi, 2018). To better understand the
process of topic modeling, it is helpful to imagine it as the opposite of creating a docu-
ment from an existing topic (Foster & Inglis, 2019). For example: “Topic 1” as “creativ-
ity.” The paragraph describing “creativity” may contain words such as creation, reasoning,
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imagination, and cleverness, but each of these words has a different probability of rep-
resenting Topic 1, and words with high probability are better at expressing Topic 1 than
words with low probability. We may analyze a completed document for three topics and
find that the document comprises 50% of the words in Topic 1, 30% in Topic 2, and 20%
in Topic 3. Topic modeling is the reverse of this process: in topic modeling, we start with
documents and calculate their most suitable topic composition. This means that researchers
can infer participants’ views of the nature of science directly from the classification results
of the LDA topic modeling, without requiring them to deduce a NOS framework from the
literature or previous research results, which may avoid the risk of influencing results due
to differences in NOS frameworks.
To sum up, the research questions of this paper are as follows:

1. What views of NOS do pre-service teachers hold based on using LDA topic modeling?
Compare the results of the LDA topic modeling method with the NOS framework behind
the questionnaire used in this study (Views of the Nature of Science Questionnaire—
Form C (VNOS-C)).

3 Method
3.1 Participants

The participants of this study consisted of 155 pre-service middle school science teach-
ers (64 males and 91 females, with an average age of 20) studying physics at the Shan-
dong Normal University in China. All participants had similar social and educational
backgrounds: they studied physics, chemistry, and biology in high school and had com-
pleted courses in mechanics, electromagnetics, thermology, and the history of physics, to
name but a few. All participants are from the course physics Experimental Design (and
Research). This is their degree course, and everyone in their major is going to take this
course. The training objectives of this course are as follows: (1) learn to use theoretical
knowledge of physics to guide experiments; (2) deepen the training of analyzing problems
and solving practical problems and improve the skills and level of experimental measure-
ment; (3) strengthen the cultivation of the whole process of completing scientific experi-
ments; and (4) try the research of scientific research subjects.

The questionnaire survey was conducted in a supervised classroom environment with
a class that functioned as a unit, and all students participated voluntarily. Considering the
openness of the VNOS-C questionnaire, we did not set a time limit for its completion. The
participants generally took 90-120 min to complete the questionnaire. In addition, we
informed them in advance that we just wanted to know their views on NOS-related issues,
and their responses to the questionnaire would not have any impact on their course. When
answering each item, we encouraged the participants to express their own views as much as
possible and to use specific examples to support their views.

3.2 Data Collection and Instruments
Although philosophers, historians, sociologists, and educators have often disagreed about

the specific meaning of the NOS, they agree on its most important aspects, for example,
currently it would be difficult to reject the theory-laden nature of scientific observations or
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defend a deterministic/absolutist or empiricist conception of NOS (Lederman et al., 2002).
We agree with this general consensus because existing instruments to assess teacher and
student views of the NOS based on these understandings have proved reliable and valid
(Pavezet al., 2016), and moreover, the NOS aspects that inform these instruments are also
affirmed by many curriculum documents across nations (Abd-El-Khalick, 2014; Olson,
2018).

This study used the Views of the Nature of Science Questionnaire—Form C (VNOS-
C) (Lederman et al., 2002) as its instrument for data collection. The VNOS-B, VNOS-
C, and VNOS-D questionnaires are intended to assess the same aspects of the NOS, with
the differences being either the additional context-specific questions in forms B and C or
the developmental appropriateness and language of VNOS-D. In addition, the two ques-
tionnaires, VNOS-B and VNOS-C, take a long time. VNOS-C usually takes 1.5 h, while
VNOS-D is generally less than 1 h (Lederman, 2007). Since this study is a textual analysis
of pre-service teachers’ responses to the NOS, pre-service teachers are required to express
their views in maximum detail. Therefore, the VNOS-C questionnaire was selected in this
study.

3.3 The VNOS-C Questionnaire

The VNOS-C questionnaire consists of ten items that can be used to assess pre-service
teacher views on the eight aspects of the NOS, namely, (1) The Empirical Nature of Scien-
tific Knowledge. Science relies on the observation of nature and makes judgments accord-
ing to the observed results. However, scientists do not always observe the natural phenom-
ena directly but need to interpret them from the theoretical framework through human
perception or with the help of specific instruments. (2) Observation, Inference, and Theo-
retical Entities in Science: observation is not the same as inference, and students need to
make a clear distinction between the two concepts; observation is a descriptive statement
of natural phenomena, while inference is a statement of phenomena that are not directly
accessible to the senses. (3) Scientific Theories and Laws: scientific theory is a highly
developed and proven internal interpretative system, which is usually based on assumptions
and axioms, and cannot be directly measured, only supported by indirect evidence and ver-
ified by theory; a law is a descriptive statement between observable phenomena. Theory
and law are two different types of knowledge. They do not transform each other, nor are
they subordinate. (4) The creative and imaginative nature of scientific knowledge: although
science is empirical, the development of scientific knowledge involves the creativity and
imagination of both non-scientists and scientists. (5) The Theory-Laden Nature of Scien-
tific Knowledge: scientists’ prior knowledge, beliefs, life circumstances, and expectations
influence their work, and these factors may influence the research methods they use and
the interpretation of their observations. (6) The Social and Cultural Embeddedness of Sci-
entific Knowledge: science influences, and is influenced by, a variety of cultural elements
and domains, including social structures, worldviews, power structures, and philosophical,
religious, political, and economic factors. (7) The Myth of the Scientific Method: one of
the misunderstandings of the scientific method is for students to think that scientists at
work always follow certain procedures, such as comparison, test, speculation, and hypoth-
esis. Indeed, scientists sometimes follow certain procedures; however, in the process of the
development of scientific knowledge, there is no single scientific method. (8) The Tenta-
tive Nature of Scientific Knowledge: scientific knowledge (e.g., facts, theories, and laws),
while reliable and enduring, is by no means absolute or certain (Abd-El-Khalick, 2012; N.
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G. Lederman et al., 2002; N. Lederman, 2007). In addition, in order to further explore the
views of participants, N. G. Lederman et al. (2002) formulated an interview protocol for
NOS when using the questionnaire and selected some participants to explain their answers
to an item in VNOS-C. However, an increasing number of qualitative researchers have
realized that interview is not a neutral way to obtain data but the result of interaction and
mutual influence between two people (or more) (McDonald, 2010). In other words, the data
obtained from the interviews are not only from the participants, and cannot fully represent
their views. Therefore, in this study, only open-ended questionnaires were used to evalu-
ate participants’ views on the NOS, instead of questionnaires combined with interviews.
However, in order to obtain participants’ opinions more clearly on each item, we required
participants to explain their opinions with specific examples when answering each item in
the VNOS-C questionnaire—for example, the second item in the VNOS-C questionnaire:
“What is an experiment? Please give specific examples to support your opinion.”

In this study, participants responded to the 10 items in the VNOS-C questionnaire,
and each participant’s responses was made into a separate document, with each document
containing a participant’s view of the NOS according to the questionnaire. One hundred
fifty-five questionnaires were collected after excluding questionnaires with incomplete
responses.

3.4 Pre-processing and Statistical Analysis

This section describes in detail how to use the method of LDA topic modeling for data
analysis. The LDA algorithm is a probabilistic generative model of a topic. Its basic idea is
that a document is composed of a random mixture of potential topics, and each document
is a function of potential variables called topics (Buenafio-Fernandez et al., 2020). In other
words, each document is modeled as a mixture of bag-of-words topics, and each topic is a
discrete probability distribution, which defines the probability of each word appearing on
a given topic. Figure 1 shows the detailed operation of the LDA algorithm. LDA assumes
that each document (M) composed of N words can be expressed as the probability distribu-
tion of Dirichlet on the potential topics. The parameters § and a are the Dirichlet priors of
@k and 6d, respectively. Values of these parameters larger than 1 will result in a smooth
distribution of topics or words, while values below 1 will result in a sparse distribution
of fewer topics or words (Bastani et al., 2019). The words in the document are observable
variables (Wd,n), the topic distribution for each document (8d) and the topic assignment

K represents the

K — number of topics
o=
\ \(

Number of
documents

QL is the Dirichlet prior on the distribution of topic-words;

\ [3 is the Dirichlet prior on the distribution of document-topics;
>

64d is the topic mixture of the dth document;
Zd,n is the topic assignment for the nth word in document d.;

Wd,n is the nth word in document d;
K reprecents the number of topice, assuming it is known;
o 6d N Each topic ¢k (1k= K) is the distribution over a fixed vocabulary.
N4 A4 M

The number of words in a
given document

Fig. 1 Latent Dirichlet allocation (LDA) for topic modeling (Momtazi, 2018)
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for each word (Zd) are unknown (hidden) variables, and we need to infer the unknown
variables from the observable variables. LDA has the significant advantage of using Bayes-
ian learning to infer unobserved structures by computing their posterior distributions from
joint distributions (Bastani et al., 2019). In other words, LDA topic modeling can provide
two main outputs: topics @k and their proportions (importance) in each document 6d. In
this study, LDA topic modeling is used to discover the topic of the documents.

In this study, our data comes from the responses of pre-service teachers to the VNOS-
C questionnaire. Each participant’s answer to the questionnaire is made into an electronic
document, and all documents constitute a text database. Figure 2 provides an overview of
the flow through which we processed the data using LDA in this study. Before applying
the LDA to model to the text body, we pre-processed the text body, which involved delet-
ing special symbols that were not materially significant for classification, such as numbers,
English letters (such as m, g), punctuation marks, special symbols, and full-width character
stops (Foster & Inglis, 2019). We obtained all the significant words in each document by
pre-processing our text database (the red circle in Fig. 1: Wd,n). In addition, when using

document document document document
1 2 3 o D

a text database

[ text pre-processing ]

use the perplexity assessment
model to determine the
number of topics

TR
./ LDA >
N 4
topic 1 topic 2 topic 3 topic k topic 1  topic2 s | topicik
word1 0.3 word1 04 word1 0.16 word1 0.2 document1  0.07 02 = o.01
word2 0.12 word2 0.2 word2 0.12 word2 0.15 document2  0.05 0.03 <= || 006
wordm 0.001 wordm 0.02 wordm 0.001 word m 0.003 documentN  0.06 0.02 s 0.12

Fig.2 An overview of LDA
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topic modeling for analysis, it is necessary to predetermine the number of topics the algo-
rithm should find (Blei et al., 2003). Perplexity is a commonly used indicator in LDA topic
modeling (Jacobi et al., 2015). In addition, Jacobi et al. (2015) stress that perplexity should
be only used to initially determine the number of topics—in social sciences, the interpret-
ability of the subject is the more important goal. Therefore, according to perplexity (we
tested from 2 to 50 topics in steps of 1) and the interpretability of the LDA topic modeling
result, we determined that 12 topics should be included in our text database. Finally, LDA
topic modeling was performed. Through the operational LDA algorithm, we obtained top-
ics @k and their proportions (importance) in each document 6d. Each topic is represented
by a set of words (Momtazi, 2018). The proportion of each word in a topic is different. The
higher the proportion value is, the more representative it is of the topic. The total propor-
tion value of all words is equal to 1.

The results of LDA topic modeling are the document topic probabilistic model and
discrete probability distribution of different words with probability vectors for each topic.
Researchers can determine the labels and meanings of topics based on the results of LDA
classification (Bastani et al., 2019). In other words, researchers do not need to reason about
a NOS framework but can determine the NOS views held by participants based on the
labels and meanings of each topic. In the results of LDA topic modeling, each topic is com-
posed of a set of words, and the proportion (importance) of each word in the topic is dif-
ferent. The greater the proportion, the better it can explain the topic. Through experiments
and checks, Morstatter and Liu (2018) found that the proportion of all words contained in a
certain topic is ranked from the largest to the smallest. Then you can use the first 20 words
to identify the hashtag and meaning of the topic. Sugimoto et al. (2011) used the same
approach and also analyzed the document with the proportion associated with each topic to
better unpack their topic results. The statistical analysis method of the current study uses
the same method as Sugimoto et al. (2011), focusing on the top 20 words and the document
with the highest correlation with each topic to determine the label and meaning of each
topic.

4 Research results
4.1 The Pre-service Teachers’ Views of the NOS

This section presents the LDA results. Table 1 lists the top 20 words associated with each
topic and the proportion value of each word, arranged in descending order of proportion
values. In each topic, the higher the proportion of the word, the more closely related the
word is to the topic, or the better the word explains the meaning of the topic. In addition,
we can observe that the same word appears in more than one topic, for example, “science”
(appearing in topics 2, 3, 7, 9, 10, 11, and 12, respectively) and “theory” (appearing in
topics 1, 4, 5, 6, 11, and 12, respectively). The same terms, phrases, or keywords express
different meanings in different contexts (Jaeger et al., 2019). If we consider the word “sci-
ence” separately from the context, the meaning is the same, but the meaning of the word
“science” in different contexts is different. When the same word appears in different topics,
it provides a context for the word, and the meaning expressed is also different.

Sugimoto et al. (2011) determined the label and meaning of each topic according to the
top 20 words most related to the topic and the documents most representative of the topic.
This study adopts the same method as Sugimoto et al. (2011). Since each document is long
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and contains multiple topics, we chose only the excerpts that best highly relevant to each
topic. The excerpts that best represent Topic 1 are as follows:

... Experiments are used to test theories or verify certain phenomena. At this stage,
most of the experiments that students are exposed to concern learning a certain theory
in theoretical classes, and then consolidating that theoretical knowledge through exper-
iments and checking for deficiencies. Students are familiarized with the equipment and
processes of experiments so that they can keep in touch with higher-level experiments
after re-creation. An experiment enables researchers to develop something that they
think can be established based on the theory. The experiment at this time is the process
of trying to find an ideal state for a specific goal...

... Changes will occur and scientific theories will change; however, due to this uncer-
tainty, we possess the need to learn and continue to develop. If a scientific theory
remains the same, we only need to learn its application; the theory does require study-
ing. With the development and progress of society and the advancement of experimen-
tal equipment, we have secured better conditions to study, verify, improve, and apply
the scientific and theoretical knowledge we have gained, maintain a questioning atti-
tude, and discover problems. It is precisely because scientific theories will change that
they can create more powerful possibilities, which is why we spend our energy learning
about them...

... A scientist’s determination of the characteristics of a species is limited to their the-
ory, which can explain the characteristics of existing phenomena. By observing and
experimenting, they come up with a theory that can describe these characteristics while
distinguishing them from the characteristics of other species. However, these character-
istics will change, and their accuracy is difficult to verify. Scientists can derive theories
from phenomena, but without a representative representation of the present, it is dif-
ficult to predict. For example, there is no good way to completely screen for genetic
changes in a recessive gene, including as it relates to the current pandemic (new coro-
navirus disease outbreak), and it is difficult to fully grasp its characteristics and control
it in a short time...

Because of the language differences, it may be confusing to read, and in order to make

it easier for the reader to obtain the excerpted information, we only select some sentences
from the excerpt. Topic 1 selects the following sentences:

... Experiments are used to test theories or verify certain phenomena... an experiment
enables researchers to develop something that they think can be established based on
the theory...

. scientific theories will change... with the development and progress of society
and the advancement of experimental equipment, we have secured better conditions
to study, verify, improve, and apply the scientific and theoretical knowledge we have
gained, maintain a questioning attitude, and discover problems...

. a scientist’s determination of the characteristics of a species is limited to his the-
ory... these characteristics will change, and their accuracy is difficult to verify...

The sentences that best represent the other topics are shown in Table 2.
From Tables 1 and 2, we can determine the label and meaning of each topic. Due to

space limitations, we take Topic 1 as an example to explain in detail how to understand the
focus depicted in Topic 1 based on the two types of information mentioned above.
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For Topic 1, among the 20 words with the highest proportion value listed above, “the-
ory” has the highest proportion value for the topic and is the most representative word.
Phenomenon, hypothesis, experiment, explanation, observation, data, verification, perfec-
tion, and confirmation construct an experimental context; meanwhile, species, conform-
ity, characteristics, definition, and evolution construct a biologically related context. The
two contexts seem irrelevant if viewed separately: one describes experiments, while the
other describes organisms; however, both groups contain high-contribution words for the

Table 2 Document fragments highly relevant to each topic

Topic

Document fragments highly relevant to each topic

Topic 1

Topic 2

Topic 3

Topic 4

Topic 5

Topic 6

Topic 7

Topic 8

Topic 9

Topic 10

Topic 11

Topic 12

...Experiments are used to test theories or verify certain phenomena...an experiment enables
researchers to develop something that they think can be established based on the theory...

...scientific theories will change...with the development and progress of society and the advance-
ment of experimental equipment, we have secured better conditions to study, verify, improve,
and apply the scientific and theoretical knowledge we have gained, maintain a questioning
attitude, and discover problems..

...a scientist’s determination of the characteristics of a species is limited to his theory...these
characteristics will change, and their accuracy is difficult to verify..

...an experiment is an inquiry conducted to verify the correctness of a truth...the process of
verifying other truths through known truths is also an experiment..

...science is about organizing knowledge and obtaining regular and truthful experiences...scien-
tific subjects comprise scientific truths, they are truths obtained by scientists after continuous
trials and experiments...knowledge of scientific disciplines can be used to solve problems..

...different scientists get different reasons for the extinction of dinosaurs based on the same data,
because different scientists think differently...scientists could not use existing data to experi-
ment on how the dinosaurs went extinct..

...when scientists develop a theory, that scientific theory is different from the original scientific
theory. The key is that the applicable conditions of the theory are no longer the same. For
example, when Newton’s law of motion was proposed..

.. Scientific theories are different from scientific laws. Scientific theory is a set of research meth-
ods and science for a specific field, and should contain scientific laws..

.. In the beginning, Thomson proposed... Rutherford used...and found that... Prove the nuclear
structure..

.. Science uses real and natural methods to help people understand the world. It does not involve
too many human emotions..

.. The development of scientific knowledge certainly requires experiments...although some
experiments were created in a certain way..

...scientists infer the position of the nucleus from the motion of the atom... Later, various micro-
scopes with high magnification were used..

.. I believe experimentation refers to a series of actions in which learners or researchers design
and perform specific operations when exploring an unknown problem or verifying a known
problem. For example, in physics, to verify Newton’s second law, we..

.. Experiments are based on existing knowledge, using instruments and methods of..... to con-
duct a scientific exploration process of a certain understanding or knowledge...
.. Imagination and creativity are used to plan and design the collection of data....

.. Science is the exploration of the objective laws of the world, and its goal should be the general
laws that cannot be changed by people and their observation and thinking..

.. Science is a theory that accurately reflects the nature and laws of the world..

.. Scientific theories have rigorous logic and systematic characteristics, and scientific theories
are the tools based on the processing of the consensus of known sensory information.

.. I believe that science is the product of advanced technology in an era based on social develop-
ment, which can reflect the level of scientific and technological development...

... I believe that science is integrated with social and cultural values. First...than..
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topic—therefore, there must be a certain connection between them. In addition, certain
leftovers are present, such as creativity, imagination, and change. It seems that these two
contexts involve change and creation. Therefore, we assume that the focus of Topic 1 is the
understanding of scientific theories.

To further determine whether our judgment on the topic is correct, we need to combine
articles with the highest probability value to the topic, as shown in the results section. The
first part is the answer to the second question, “What is an experiment?” of the VNOS-
C questionnaire. Experiments are used to test theories, verify phenomena, consolidate the
theoretical knowledge learned, and create and verify some ideas or theories. The second
part is the answer to the fourth question of the questionnaire: “After scientists develop
a theory, will the theory change?” The theory will change. The reason for the change is
social progress and equipment. The third part is the seventh question of the questionnaire,
“How certain are scientists about their characterization of what a species is? What species
evidence do you think scientists used to determine what a species is?” Since scientists used
their own theories to determine the characteristics of the species, the characteristics will
change, and, subsequently, the theory will also change. Through the analysis of the docu-
ments with the highest probability value, we observed that these three parts are also the
pre-service teachers’ understandings of scientific theories, which are consistent with our
earlier conjectures. The determination of the other topics adopts the same method and pro-
cess as Topic 1. The results of each topic are shown as follows:

e Topic 1: Based on the experimental view of scientific theory, improvements in technol-
ogy and methods lead to changes in theory.

e Topic 2: Pre-service teachers believe that science is the truth obtained by scientists
after multiple experiments and is used to solve practical problems.

e Topic 3: Scientists came to different conclusions with the same set of data because they
could not reproduce the experimental process and prove the accuracy of the data.

e Topic 4: Scientific theories are different from scientific laws. Theories and laws are in a
hierarchical relationship. Theories contain several laws, and multiple laws constitute a
theory.

e Topic 5: The pre-service teacher simply stated the scientist’s process of obtaining the
atomic structure.

e Topic 6: Science uses an objective method to show the world that already exists and
uses experimental methods to prove its ideas.

e Topic 7: Scientists combine experimental phenomena to prove their speculations about
the atomic structure.

e Topic 8: The overall structure of the experiment or the specific process and purpose of
the experiment.

e Topic 9: Experiments are a means of discovering scientific knowledge and can also be
used to test or verify the accuracy of certain scientific knowledge.

e Topic 10: Science is an objective method to explore the law of development of things in
nature.

e Topic 11: Theory is a way to understand scientific knowledge, or it can be used to pre-
dict certain scientific knowledge.

e Topic 12: The development of science is integrated with social and cultural values. Sci-
ence can promote cultural development. Simultaneously, the nature of society and cul-
tural values can, in turn, influence science.
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4.2 Comparison of the LDA Topic Modeling Results and the NOS Framework Behind
the VNOS-C Questionnaire

In this section, we compare the results of LDA topic modeling with the theoretical frame-
work behind the VNOS-C questionnaire.

The consensus among philosophers, historians, sociologists, and educators about the
specific definition and meaning of NOS at a given point in time or historical period, as well
as some aspects (such as the distinction between observation and inference, the scientific
method, and scientific theories and laws) of NOS mentioned in scientific education docu-
ments, form the theoretical framework behind the VNOS-C questionnaire (Lederman et al.,
2002). The VNOS-C questionnaire contains eight specific aspects of NOS, namely: The
Empirical Nature of Scientific Knowledge, Observation, Inference, and Theoretical Entities
in Science, Scientific Theories and Laws, The Theory-Laden Nature of Scientific Knowl-
edge, The Social and Cultural Embeddedness of Scientific Knowledge, The Myth of The
Scientific Method, The Tentative Nature of Scientific Knowledge, and The Creative and
Imaginative Nature of Scientific Knowledge (see the first column of Table 3).

According to the classification criteria of Lederman et al. (2002), he divided the NOS
into “More Naive Views” and “More Informed Views.” However, in dividing the LDA
modeling results, we found different views from “More Naive Views” and “More Informed
Views.” According to the classification criteria of Lederman et al. (2002), some topics
express more than “More Naive Views,” but do not reach the level of “More Informed
Views.” We classify these topics as “Mixed Views.” Therefore, we categorize our results
into “More Naive Views,” “More Informed Views,” and “Mixed Views.” The research
results of Mesci (2020) are similar to ours. When processing data, he also found that there
may be different understandings of a certain aspect of the view of the NOS. Therefore, in
his research, the situation that there are two understandings of the same aspect of the NOS
are classified as “Mixed Views.”

Take “The Empirical Nature of Scientific Knowledge” as an example: If a topic
expresses similar to: (1) Science is concerned with facts. We use observed facts to prove
that theories are true (Bell et al., 2011; Lederman et al., 2002). (2) Science is concerned
only with experiments and mathematical numbers in the laboratory (Mesci, 2020). The
topics are considered to have “More Informed Views.” If participants hold opinions similar
to: (1) much of the development of scientific knowledge depends on observation.... [But]
I think what we observe is a function of convention. I don’t believe that the goal of science
is (or should be) the accumulation of Observable Facts (Lederman et al., 2002). (2) Rather
than...science involves abstraction, one step of abstraction after another (Lederman et al.,
2002). (3) Science is not limited to studying only visible events. Although scientists do not
directly see many cases with their eyes, they make observations and explanations based
on empirical data as a result of these observations. For example, scientists recently found
a new planet for a long years later based on observations (Bell et al., 2011). The topics are
considered having “More Naive Views.” If it is between two views, it is a “Mixed Views”
(see Table 3). Topic 2: “Pre-service teachers believe that science is the truth obtained by
scientists after multiple experiments and is used to solve practical problems” and Topic
10: “Science is an aim method to explore the law of development of things in nature” are
closest to “More Naive Views”; compared with Topic 2 and Topic 10, Topic 6 (Science
uses an aim method to show the world that already exists and uses experimental methods to
prove its ideas) and Topic 9 (Experiments are a means of discovering scientific knowledge
and can also test or verify the accuracy of certain scientific knowledge) not only express
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that experiments can discover scientific knowledge but also verify scientific knowledge, but
did not show “‘Science is concerned with facts” or “Science is concerned only with experi-
ments and mathematical numbers in the laboratory” (“More Informed Views”), and so on;
therefore, Topics 6 and 9 are classified as “Mixed Views.”

According to the label and meaning of each topic, we can see that through the LDA
topic modeling method, the NOS view of pre-service teachers is divided into 12 independ-
ent topics, which means that pre-service teachers hold 12 mainstream views. The 12 views
obtained by LDA topic modeling were compared with the views of participants obtained
by previous researchers. The 12 views generated by the LDA modeling may use differ-
ent terms and keywords than the previous participants describe their understanding of the
topic, but they express the same meaning, and LDA topics are divided into this view. To
sum up, the comparison between the LDA topic modeling results and the theoretical frame-
work behind the VNOS-C questionnaire is shown in Table 3.

5 Discussion

In the results section, we present 12 topics that were formed using LDA topic modeling.
In this section, further explanation is provided based on the results of LDA topic modeling
and the view of the NOS held by pre-service teachers. We compared the 12 views obtained
from the LDA topic modeling with those obtained from the previous evaluation of pre-
service teachers using the VNOS-C questionnaire to determine the views of pre-service
teachers. This paper uses The Empirical Nature of Scientific Knowledge and Observation,
Inference, and Theoretical Entities in Science to explain the level of view of NOS repre-
sented by each topic.

The Empirical Nature of Scientific Knowledge Topics 2 and 9 emphasize the objectiv-
ity of science, and pre-service teachers believe that science is a method used to explore
the truth of nature. In their studies, Lederman et al. (2002), Bell et al. (2011), and Mesci
(2020) believed that pre-service teachers with similar views held naive views. Therefore,
this study believed that Topic 2 and Topic 10 indicated that pre-service teachers held naive
views. Topics 6 and 9 propose that experiments are a way of discovering scientific knowl-
edge. People use experiments to test and prove their guesses about scientific knowledge,
theorems, and phenomena. That is to say, pre-service teachers believe that scientific knowl-
edge needs to be supported by empirical evidence. In this process, people’s ideas about
scientific knowledge are involved. They regard scientific claims as a mixture of objective
and personal. Compared with the research results of Lederman et al. (2002) and Bell et al.
(2011), the view of the NOS on Topics 6 and 9 falls between informed and naive, so we
take Topic 6 and 9 as a mixed view.

Observation, Inference, and Theoretical Entities in Science Question 6 of the VNOS-C
questionnaire asked participants to answer the question, “How do scientists determine the
structure of atoms? What concrete evidence do you think scientists use to show what atoms
look like?” In Topic 5, although the pre-service teachers described in detail the process of
atomic discovery, such as what methods scientists used to discover what ultimately deter-
mined the structure of the atomic nucleus, we found that their answers were the same as the
statements in high school textbooks. In high school physics textbooks, the discovery pro-
cess of atoms appears as the background of atomic teaching, and all pre-service teachers
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have learned this content in high school. In this study, they just stated the content of high
school physics textbooks, but did not reflect their thoughts, such as whether scientists were
innovative in the process of discovering atomic mechanisms. Therefore, we speculate that
pre-service teachers only state high school knowledge without really understanding the
relationship between observation, reasoning, and theoretical entity. Topic 7: the pre-service
teacher mentioned reasoning from observation and the use of the microscope for direct
proof of atomic structure. We believe that Topic 5 and Topic 7 show that pre-service teach-
ers have naive views.

This research uses the above two aspects as examples to explain. Table 3 shows the level
of NOS view represented by each topic. Compared with the previous research results, if a
topic is consistent with a naive view, the topic represents a naive view. If the informed view
is consistent, it is an informed view, and if it is between the two views, it is a mixed view.

According to the label and meaning of each topic, we can see that through the LDA
topic modeling method, the NOS view of pre-service teachers is divided into 12 independ-
ent topics, which means that pre-service teachers hold 12 mainstream views, does not mean
that each point of view is independent and not connected in any way.

Lederman et al. (2002) emphasized that there is no one-to-one correspondence between
participant responses to the VNOS project and the NOS aspect. Knowledge of a certain
project is more biased toward a certain aspect. In other words, a participant’s understand-
ing of one aspect of the NOS can be reflected in multiple items on the questionnaire. Simi-
larly, each topic does not necessarily represent only one aspect of the NOS. For example,
one topic can represent two aspects of the NOS, or two topics can describe the same aspect
of the NOS; however, they are just two of the many views regarding this aspect. For exam-
ple, Topic 1 is about scientific theories and is more inclined toward the tentative aspect
of scientific knowledge; in addition, the top 20 words that contribute to Topic 1 also con-
tain words, such as creativity and imagination. This shows that pre-service teachers believe
that the process of changing scientific theories requires human imagination and creativity.
Obviously, Topics 5 and 7 are answers to how scientists discovered the atomic structure.
Topic 5 is only a statement of the work done by scientists in the process of discovering the
atomic model, which is mainly based on facts. Topic 7 involves the process of discovering
atomic models. During this process, scientists make inferences based on experimental phe-
nomena and finally determine the atomic structure model. According to understandings of
each topic, we divided the pre-service teachers’ understandings of the NOS into the follow-
ing aspects: The Tentative Nature of Scientific Knowledge (Topic 1); The Empirical Nature
of Scientific Knowledge (Topics 2, 6, 9, and 10); The Subjectivity of Scientific Knowledge/
Theory-Laden (Topic 3); The Difference and Connection Between Scientific Theory and
Scientific Laws (Topic 4); Reasoning and Theoretical Entities (Topics 5 and 7); Scientific
Method (Topics 6, 8, and 9); The Essence of Scientific Theory (Topics 1 and 11); and The
Integration of Science, Social Life, and Culture (Topic 12).

There are two differences between the LDA topic modeling results and the NOS frame-
work behind the VNOS-C questionnaire. First, the NOS framework of the VNOS-C ques-
tionnaire takes creativity and imagination as an aspect of the view of the NOS; however,
our LDA topic modeling analysis method did not include creativity and imagination within
one topic but distributed them across multiple topics. Second, compared with the NOS
framework of the VNOS-C questionnaire, the LDA topic modeling results take The Nature
of Scientific Theory as an aspect of the NOS.

Investigating the pre-service teachers’ views on the NOS in China, the USA, and Turkey,
Liang et al. (2009) found that the percentage of Chinese pre-service teachers holding “informed”
views on creativity and imagination is zero. Liang et al. (2009) reasons that this does not
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necessarily mean that Chinese pre-service teachers do not have an “informed” view of the NOS
but may instead signal that their scoring standards are too strict and the written answers of pre-
service teachers are too short or incomplete to be considered “informed.” In this research, top-
ics of creativity and imagination are not formed because they do not exist alone; instead, they
are reflected in the process of experimentation and theoretical inquiry. Therefore, creativity,
imagination, conjecture, and other words related to imagination and creativity are assigned to
the appropriate corresponding topics, such as Topics 1, 3, and 6 in our study. This may mean that
participants’ understandings of creativity and imagination are not isolated but rather expressed
in other aspects of the NOS, such as the tentative nature of scientific knowledge, scientific knowl-
edge is not immutable, and the process of scientific knowledge change. Validating this hypoth-
esis requires more empirical evidence. Notably, these results of our LDA topic modeling might
reflect the shortcomings of the approach of Lederman and his colleagues (Abd-El-Khalick,
2006; Bell, 2006; Cobern & Loving, 2001; Hanuscinet al., 2006; Khishfe & Lederman, 2006) for
determining the NOS by using a consensus view. Irzik and Nola (201 1) point out that each aspect
of the view of the NOS proposed by Lederman and his colleagues lacks sufficient systematic
unity; science is so rich and so dynamic that characterizing the necessary and sufficient condi-
tions for being a “science” in a way that does justice to this richness and complexity will always
be quixotic. Therefore, in future studies, researchers may pay more attention to the relationship
between some aspects (such as tentative and subjective) involved in NOS, so as to propose more
appropriate strategies for improving pre-service teachers’ view of the NOS.

Zion et al. (2020) divided the assessment of pre-service teachers’ understanding of sci-
entific theory into two aspects: the first is the definition of scientific theory, which involves
the relationship between scientific theory and scientific laws; second, whether the scientific
theory will change or not is related to the transient NOS. In other words, the scientific
theory relates to two aspects of the NOS view, and it can be placed as one of the two. This
also shows that each aspect of the view of the NOS may not be separated, but they are
integrated and interact with each other. When cultivating the previous teachers’ view of the
NOS, we should not only focus on some aspects but should have more understanding of the
relationship between each aspect of the view of the NOS.

In addition, taking Topic 1 as an example, we found that pre-service teachers believe
that scientific theories will change according to the results. This does not mean that all
pre-service teachers believe that scientific theories will change, just that the number of par-
ticipants that believe that scientific theories remain unchanged is so small that it does not
appear as a separate topic. When this ratio is large, it will appear as a separate topic in the
results, just like Topics 5 and 7. These two topics represent one aspect of the NOS, but they
appear as two topics. This is explained by the fact that all participants hold a large propor-
tion of these two views.

Appendix

When using topic modeling for analysis, it is necessary to predetermine the number of top-
ics the algorithm should find (Blei et al., 2003). Perplexity is a commonly used indicator
in LDA topic modeling (Jacobi et al., 2015). Notably, in language modeling, perplexity
reduces the probability of test data monotonically and is algebraically equivalent to the
inverse of the average geometric probability per word—the lower the perplexity value, the
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fold1
—o—  fold2

o fold3

perplexity

mper

Fig. 3 Calculated complexity value from 2 to 50 topics

better the topic modeling effect (Blei et al., 2003). Therefore, we used the perplexity of
the retained test set to evaluate the model and determine the optimal number of topics. To
calculate the value of perplexity in this study, we created three folds. Each fold was tested
from 2 to 50 topics in steps of 1. Figure 3 shows the values of our three folds and their
averages. The figure shows that the lowest perplexity value occurred between 35 and 40
topics. However, Jacobi et al. (2015) stress that perplexity should be only used to initially
determine the number of topics—in social sciences, the interpretability of the subject is the
more important goal. In addition, we also observed that our curve moved up and down at
11 topics and that fluctuations became more obvious at 15 topics; therefore, we defined our
topic as between 11 and 15 topics and thus conducted LDA topic modeling for 11 topics
to 15 topics. According to the interpretability of the LDA topic modeling result, we deter-
mined that 12 topics should be included in our text database.
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