Chapter 5

Content Analysis of Conceptual Change
Research and Practice in Science Education:
From Localization to Globalization

Mei-Hung Chiu, Jing-Wen Lin and Chin-Cheng Chou

Abstract This chapter reviews the current research on conceptual change in sci-
ence education. The review includes research located in the DoRise system (Data-
base of Research in Science Education) in Taiwan and articles published in selected
international science education journals (Journal of Research in Science Teaching,
Science Education, International Journal of Science Education, Research in Sci-
ence Education, and International Journal of Science and Mathematics Education)
between 1982 and 2012. Three hundred and eighty-three articles in the international
journals (including 26 English papers from researchers in Taiwan) and eighty-six
articles from Taiwan were analyzed (60 and 26 articles from Taiwanese and inter-
national journals, respectively). There are five major findings. First, most of the
research follows the empirical approach, regardless of it being an international or
national article. Second, physics was the main discipline examined both in the inter-
national and national studies. Third, about two thirds of the studies from outside of
Taiwan used epistemological perspective to frame and present their study. A similar
percentage of articles investigated the instructional perspective whereas nearly two
thirds of the Taiwanese articles investigated the instructional perspective and only
28 % followed the epistemological perspective. Fourth, as for the research method,
we found that qualitative data analysis was ranked first among all the methods we
investigated whereas Taiwan appeared to integrate both quantitative and qualita-
tive methods. Fifth, as expected, high percentages of published researchers were
from English-speaking countries (i.e., the USA, Australia, and the UK). Taiwan was
ranked third out of 31 countries with respect to the number of publications in this
study from 1982 to 2012 but was the first non-English-speaking country. Recom-
mendations for researchers and educators are provided.

M.-H. Chiu (><)
Graduate Institute of Science Education, National Taiwan Normal University, Taipei, Taiwan
e-mail: mhchiu@ntnu.edu.tw

J.-W. Lin
National Dong-Hwa University, Shoufeng Township, Hualien County, Taiwan

C.-C. Chou
National Taipei University of Education, Taipei, Taiwan

© Springer Science+Business Media Singapore 2016 89
M.-H. Chiu (ed.), Science Education Research and Practices in Taiwan,
DOI 10.1007/978-981-287-472-6_5



90 M.-H. Chiu et al.

5.1 Introduction

For the past three decades, there have been studies investigating learners’ pre-
instruction conceptions and their impact on learners’ understanding of scientific
phenomenon. Consistent findings regarding the difficulties involved in changing
conceptions that learners hold prior to and even after formal instruction were
revealed across genders, grades, and cultures. This research showed that learners
tend to hold their intuitive knowledge across years and tend to revert to original
conceptions even after formal instruction. The robust nature of prior knowledge
is believed to be the result of the difficulties inherent in developing true scientific
knowledge. Scientific concepts are often abstract, complex, and counterintuitive,
and as a result are commonly perceived as not aligned with learners’ daily life
experiences. To face this challenge, science education researchers proposed
different frameworks and theories on conceptual change to explain why naive
conceptions are difficult to refine, restructure, or even remove. The most cited
reference on conceptual change is Posner et al. (1982) who advocated that a learner
has to feel dissatisfied and conflicted about one’s conception before one can accept
the scientific concept. They provided conditions that must be met during instruction
to successfully promote conceptual change in science learning. These include (1)
dissatisfaction with existing conceptions, (2) new conception must be intelligible,
(3) new conception must appear plausible, and (4) new conception should suggest
the possibility of a fruitful program. This theory on changing learners’ intuitive
conceptions to scientific concepts has been challenged (Gunstone 1990; West and
Pines 1983) for its view of learning as a merely rational activity. It has also been
modified to take into account the interaction between scientific conceptions and
misconceptions, learners’ motivation, and social interaction among learners (Strike
and Posner 1992).

The research field on conceptual change is inspiring and pioneer work gradually
received the attention of researchers from various fields. To conduct this study, we
searched “conceptual change” as a keyword on Web of Science (WOS) (http://www.
isi-thomsonreuters.org/), and we found 1788 articles from 1970 to 2013 (through 10
October 2013). In other words, as far as the WOS list is concerned, we found that
the earliest article was dated 1970. According to the results from the WOS, there
was a dramatic increase in the number of articles in the area of conceptual change
published from 1992, about 10 years after Posner et al. (1982) published their pio-
neer work and then continuously increased (see Fig. 5.1).

As a tribute to the 30th anniversary of Posner and his colleague’s influential
article on conceptual change in science education, being first published in 1982
(Posner et al. 1982), we selected 1982 as the starting year for our literature review,
going on till 2013. Figure 5.2 shows the gradual growth in the number of publica-
tions on conceptual change. Dramatic increases are not evidenced during the first
10 years following Posner et al.’s seminal publication. The three years, 1998, 2007,
and 2010, represent peaks in the number of publications.
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Fig. 5.1 Number of publications and citations in the area of conceptual change a published arti-
cles with conceptual change as a keyword from 1970 to 2013, b published articles on conceptual
change cited from 1970 to 2013

While investigating articles published in Chinese in Taiwan, the earliest arti-
cle appeared in 1992, 10 years after the Posner et al. (1982) article. This number
continued to increase with peaks in 2000 and 2005. With the only exception being
1994, every year between 1992 and 2012 saw at least one article on conceptual
change being published by Taiwanese scholars.

Although there is a great deal of research in the area of conceptual change, there
is little consensus as to the definition of conceptual change. Some of the more wide-
ly used definitions involve: (a) reassignment of a concept to a different (within or
across) ontological category or generation of a new distinct ontological category
(Chi 2008), (b) additions or deletions from an existing network or the radical shift
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Fig.5.3 Articles on conceptual change published each year in local journals in Taiwan (1992-2012)

to different branches or trees, (c) change in the ontological and epistemological
presupposition of the learner’s internally coherent explanatory system, (d) “indi-
vidual’s lifelong trajectory of understanding of a given topic or discipline” (Linn
2008, p. 694), or (e) “knowledge-in-pieces” involving incoherent and inconsistent
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structures that gradually develop into coordinator structure (diSessa 2008). In the
three special handbooks on conceptual change (Schnotz et al. 1999; Vosniadou 2008,
2013), there seems to be no consensus about the nature of knowledge structures that
a learner owns, namely, consistent or inconsistent, coherent or piecemeal, and mental
models or p-prims (e.g., Vosniadou 1994, 2008; diSessa 1993, 2008). Researchers
continue to debate over the universal definition of each of these elements.

The multiple frameworks that attempt to explain how conceptual change occurs
and the research for investigating conceptual change have their origins in science
education (i.e., Chiu 2007; Chiu and Lin 2008; Duit and Treagust 2003; Treagust
and Duit 2008). These evolutions of conceptual change theories move research
from a singular perspective to a multi-perspective paradigm that provides powerful
interpretations and predictions of conceptual change.

The authors of this chapter have been long engaged in research on conceptual
change involving different science topics and adopted a conceptual framework
more recently via the use of the research and instructional based/oriented work
(RAINBOW) framework that the first author developed to investigate issues related
to science learning (see Chiu 2007; Chiu and Lin 2008). The RAINBOW frame-
work includes multiple perspectives, namely ontological, epistemological, devel-
opmental, evolutionary, instructional, affective/social, and integrative approaches,
to describe how conceptual change might be investigated. We published several
articles related to each of these perspectives, namely, ontological (Chiu et al. 2002;
Chiu and Chung 2013), epistemological (Chiu et al. 2002; Chiu and Lin 2005;
Wang et al. 2013), developmental (Chiu and Chung 2013; Chiu and Wu 2013; Li-
ang et al. 2011), evolutionary (Lin 2008; Lin and Chiu 2009; Chiu and Wu 2013),
instructional (Chiu et al. 2002; Chiu and Chung 2013; Chiu and Lin 2005), affec-
tive/social (Chiu and Chung 2013), and integrative (Chiu and Lin 2008; Chiu et al.
2002; Chiu and Lin 2005; Chiu and Chung 2013) approaches to describe students’
performance in learning different topics in sciences.

Conceptual change has guided much science education research over the past
30+years. Taiwan also showed its interest in conceptual change. The first article
to come out of Taiwan that involved conceptual change was published in a local
journal in 1992 (Hsu, 1992) in which the article discussed more about the nature
and evaluation modes in measuring hypotheses and process skills in inquiry prac-
tice. Little was dealt with contemporary conceptual change theories or empirical
work. The first article to discuss Posner et al. (1982)’s four conditions of conceptual
change model was by Chiu (1993) in which introduced the nature of CCM, Chi’s
ontological categories of scientific concepts in conceptual change, and the rela-
tion between conceptual change and textbooks for meaningful learning. An article
introducing researchers in the area of conceptual change including Chi, Vosniadou,
Thagard, and Nersessian was published in Taiwan in 2000 (Chiu 2000) and was se-
lected as one of the eight most cited papers between 1993 and 2002. In this review
chapter, we would like to explore the rankings of countries that contributed to the
field of conceptual change as well. It will show the efforts the researchers in Taiwan
and other countries invested.

Possible influences on the research on conceptual change in Taiwan were the pre-
sentations provided by leading researchers in the area of conceptual change who were
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invited to give lectures at workshops or/and conferences, including Michelene T.H.
Chi, Reinders Duit, Dedre Gentner, Ken Forbus, John Gilbert, Peter Hewson, David
Treagust, and Stella Vosniadou. But other researchers in this field (such as Paul Tha-
gard and Nancy Nersessian) also influenced the research trend on conceptual change in
other ways. These researchers, as well as others, provided a valuable foundation to the
theories of cognitive learning and inspired interactions between local and international
science educators conducting research on conceptual change in science education.

With long-term research interest and experience in the area of conceptual change,
in this chapter, we analyze the contents of local and international articles on concep-
tual change to uncover the journey that many researchers took over the past 30 years
and then provide some evidence-based pedagogical suggestions for future research
in science education.

5.1.1 Research Purposes and Questions

This chapter fulfills two purposes. First, it shows the research trends in conceptual

change in science education over the past 30 years. Second, it compares the similarities

and differences between national and international publications on conceptual change.
The following research questions are answered in this chapter:

1. How many empirical and nonempirical studies on conceptual change were pub-
lished from 1982 to 20127

2. What were the theoretical perspectives presented in the literature on conceptual
change from 1982 to 2012?

3. What were the science disciplines examined in these studies?

4. What were the research methods and instruments used in these studies?

5. What were the teaching strategies used to investigate conceptual change in these
studies?

6. What were the rankings of countries that contributed to the field of conceptual
change from 1982 to 2012?

5.2 Method

5.2.1 [Identifying Papers for This Review

Identification of journal articles included two parts. Journal articles published from
1982 through 2012 in the top five international science education journals (i.e.,
Journal of Research in Science Teaching, Science Education, International Journal
of Science Education (European Journal of Science Education), Research in Sci-
ence Education, and International Journal of Science and Mathematics Education)
were searched for the keywords “conceptual change.” This process yielded 383
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articles. Among them, there were 26 articles whose first author or corresponding
author was from Taiwan. For the Taiwanese articles, the authors used the index
to Taiwan periodical literature system (http://readopac.ncl.edu.tw/nclJournal/) to
identify conceptual change related journal articles. This free database contained
an exhaustive list of article citations of Chinese and Western language periodicals
published in Taiwan (including some in Hong Kong and Macau) since 1970. This
database was searched using the same keyword, i.e., conceptual change, and 70
articles were displayed. However, this included some nonacademic journal articles.
As a result, we performed a second search on the DoRise (Database of Research in
Science Education, http://w1.dorise.info/JCSE/) database to cross check and delete
nonacademic journals from our search. This database was supported by the National
Science Council and was the most representative database of research in science
education in Taiwan. Of the original 70 Taiwanese articles, 60 were from academic
journals and these 60 were selected for inclusion in our analyses.

5.2.2 Formation of an Analytical Framework

In this chapter, to provide support for implementation and make policies for promot-
ing scientific literacy and support educational reform, we used the content analysis
method to analyze the selected journal articles with special interest in the following
topics: research theoretical framework, methodological issues, research interven-
tion, and authorship (See Fig. 5.4).

Based on the framework and our previous research, we constructed a preliminary
coding scheme for analyzing the selected articles. As for the categories of teaching
strategies, they were expanded from another collaborative study (Chiu 2012) that
had a panel of 12 experts with different background knowledge and experiences in
science education. Sixteen out of 60 Taiwanese journal articles were systematically
selected to pilot the feasibility of the analytical framework. The final coding scheme
is shown in Table 5.1.
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\_ == y

Fig. 5.4 The framework for content analysis of this study
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Table 5.1 Coding scheme of the study
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Research question

Category

Subcategory

RQ 1

Empirical and nonempirical

. Empirical
. Nonempirical

RQ2

Theoretical perspectives

. Epistemology

. Ontology

. Affection/social
Development

. Evolution

. Instruction

. Multiple dimensions
Others

RQ3

Discipline

Physics

. Chemistry

. Biology

. Earth science
. Cross-domain

DU AW~ ARWN— N~

modeling)

7. NA (such as nature of science,

motivation)

RQ4

Research methods

1. Qualitative
2. Quantitative
3. Mixed methods

4. Quantify qualitative data analysis

Instruments

1. Paper-and-pencil test
2. Interview

3. Drawing

4. Online data

5. Questionnaire

6. Online questionnaire

7. Rubric or coding sheet of classroom

observation
8. Biological data
9. Others

RQS

Teaching strategies

1. Analogy, model, and modeling

. Multimedia

. Conceptual conflict
Inquiry

. Cooperative learning

. Experiment

Text

8. Multiple representations
9. Argumentation

10. Concept map

11. Science history

12. Metacognitive approach
13. Constructivist approach
14. Self-explanation

15. Others

. Others (such as decision-making,
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Table 5.1 (continued)
Research question | Category Subcategory

RQ6 The nationality of authors 1. The first author or corresponding author
was from Taiwan

2. At least one author was from Taiwan
but not the first author or corresponding
author

3. No scholars from Taiwan involved

The nationality of -
participants

NA Not applicable

5.2.3 Data Analysis

Each of the 443 studies (383 in English and 60 in Chinese) was analyzed based on
the coding scheme in Table 5.1. At first, 383 international articles and 60 Chinese
articles were ordered by year and author names, respectively. And then, all Chinese
journal articles were coded by one of the authors of this article and then double-
checked by a second person to validate the feasibility of the coding rubric. Once all
the consistencies were confirmed and possible queries solved, 16 Chinese journal
articles were systematically selected for coding exercises and establishing the pre-
liminary inter-rater reliability. The inter-rater reliability was 87.5%, and following
training, the rest of the articles were independently coded by the three authors. Due
to the large number of international journal articles, 70 international journal articles
were selected (one out of every 5-7 articles) for double-checking and calculating the
inter-rater reliability. The inter-rater reliability was 70.0%. Due to the difficulty as-
sociated with extrapolating the theoretical background of some of the studies, inter-
rater reliability excluding the theoretical background category increased to 74.3 %.
Disagreements between the two examiners were resolved by revisiting and discuss-
ing specific segments of the article or by adding opinions of a third member. Details
of categorical comparisons between articles written by Taiwanese scholars in inter-
national journals (T1J) and in Taiwanese journals (TJ) are listed in the appendices.

5.3 Results and Discussions

The results start with the analysis of the articles on conceptual change from interna-
tional scholars (7=383, including 26 articles from Taiwan as a whole) and articles
from scholars in Taiwan (7=_86; 60 articles in national and 26 in international jour-
nals), separately. Then comparisons are drawn between the articles from national
and international researchers to show trends in the research on conceptual change
in science learning. To refer to the articles from different sources, we categorized
them as follows. For the 383 articles from international journals, we used the code
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1J. In other words, it appeared in an international journal regardless of the scholar’s
country of origin. For the 60 articles published in Taiwanese journals, we used the
code TJ. For the 26 articles written by Taiwanese scholars but published in inter-
national journals, we used the code T1J. The total articles published by scholars in
Taiwan (TJ + TIJ=86) was coded as T. The detailed statistics from the analyses are
presented in the appendices.

5.3.1 RQI: Empirical and Nonempirical Studies

The 10 years after Posner et al. (1982) proposed the first conceptual change model
(CCM) served as an induction period with few studies published on the topic. Dur-
ing this period (1982-1992), about 40 % of the published studies both inside and
outside of Taiwan (10 out of 26) were nonempirical. These studies mainly supported
the philosophy of conceptual change in science (e.g., Stenhouse 1986; Terry and
Jones 1986) and suggested other factors of conceptual change. For example, Sten-
house suggested Wittgenstein’s concept of the “language-game,” and Hewson and
Thorley (1989) added the idea of conceptual ecology. During the years 1993—-1997,
studies of conceptual change grew rapidly and this trend continues today. The num-
ber of nonempirical studies (n=22, 5.7% of the total) was also the highest at this
stage. However, after this stage, the number decreased by year. In other words,
there were more empirical studies accepted for publication in international journals,
whereas fewer and fewer nonempirical studies (such as position articles) that de-
scribed the issues surrounding conceptual change were published.

As for the TJ (n=060) articles published in Taiwan, the first conceptual change
study appeared in 1992. This article was an empirical study that explained the
relationship between formulating hypotheses and conceptual change (Hsu 1992).
However, the first one introduced contemporary theories of conceptual change
(such as Chi, Duit, Hewson, Treagust, and Vosniadou) was by Chiu (1993). In
the early stages, nonempirical studies outnumbered empirical studies from 1988
to 1997. These studies mainly introduced the trend of cognitive psychology and
theories of knowledge restructuring to Taiwanese researchers. After 1997, the
number of empirical studies increased abruptly, and some Taiwanese articles on
conceptual change began to be published in international journals. All of the ar-
ticles written by Taiwanese scholars and published in the international journals
were empirical studies. The first TLJ (n=26) appeared in the International Journal
of Science and Education in 1999. This study mainly examined the effects of a
problem-solving-based instructional model on earth science students’ alternative
frameworks and achievement (Chang and Barufaldi 1999). From 1998 to date, the
publication rate for Taiwanese authors stabilized, and the research came to focus
on the application of conceptual change theories on science education research
(i.e., Chiu et al. 2002; Tsai 2000). There were five articles published in TJ on
average per year.
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Generally speaking, the growth of conceptual change studies in Taiwan fell be-
hind the international trend starting around 5—10 years. The research in Taiwan on
conceptual change was started by introducing important conceptual change theories
to the science education research community. Therefore, the nonempirical studies
outnumbered the empirical studies between 1993 and 1997. The biggest growth
period in Taiwan was between 1998 and 2002. During this period, there were many
empirical studies published. After 2002, the number of conceptual change research
stabilized. However, the number of articles published in TIJ increased whereas TJ
decreased (Table 5.2).

5.3.2 RQ 2: Theoretical Framework

We used the RAINBOW (Chiu 2007; Chiu and Lin 2008) approach to analyze each
article. The order of the perspectives from most frequent to least frequent were
epistemology, instruction, other (including self-naming theories), affection/social
interaction, development, ontology, multiple dimensions, and evolution. Among
these, 66.1 % of epistemology and 61.1 % of instruction perspectives were revealed
in the international journals. The ontology (6.0 %, such as Chiu et al. 2002), mul-
tiple dimensions (3.1 %, such as Chiu and Lin 2005), and evolution (0.5 %, such
as Alzate and Puig 2007) approaches were quite low. Affection and development
(i.e., Margel et al. 2008) were ranked in the middle. However, the order of the
approaches was instruction, epistemology, multiple dimensions, ontology, other
(including self-naming theories), development, affection/social, and evolution, for
the international and national journals in Taiwan. Among them, about 70 % of the
articles were related to the instructional perspective and 33.7 % were related to the
epistemological perspective which differed from the international studies. Because
science educators try to understand how students construct their knowledge and
then how they use explanations of scientific phenomena (Vosniadou and loannides
1998), it was understandable that relatively high percentages of studies in the area
of epistemological approach occurred.

In addition, we found that the number of articles published in epistemology and
ontology perspectives started to increase in 1993 whereas the number of articles
published in the affection perspective started to increase in 1998 after Pintrich
et al. (1993) published their influential article on “hot” conceptual change for 5
years. With some reflections on the possible explanations for these trends found in
Table 5.3, we notice that, other than Posner’s influential 1982 article, several other
theories on conceptual change, such as Chi (1992), Thagard (1992), and Vosniadou
and Brewer (1992), emerged in 1992. The 1992 theories might have also influenced
the development of research in this area.

In addition, we found more studies investigating the impact of affection on con-
ceptual change in the international journals as opposed to studies by Taiwanese
scholars. However, there were more studies related to ontological issues by Tai-
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wanese scholars compared to the international scholars. More effort for a diverse
approach to face difficulties of learning scientific concepts is needed.

5.3.3 RQ 3: Science Disciplines

During the period 1982-2012, we found that among the four science disciplines the
highest percentage of research was completed in physics (29.2 %), followed by biol-
ogy (18.8%) and then chemistry (15.9 %) in the international journals. The publica-
tions in the area of earth science had the lowest percentage (8.6 %) among the four
subjects. In general, physics is considered a difficult science discipline to be learned
in elementary and secondary school because it involves a lot of abstract and com-
plex concepts. Because this subject causes students a great deal of difficulty, many
researchers in science education chose physics as their research topic to investigate
students’ alternative conceptions about physics (Akerson et al. 2000; Chiu and Lin
2005; Hewson and Hewson 1983; Tsai 2003; Zembal-Saul et al. 2002).

A similar finding resulted from the publications by Taiwanese authors with the
highest percentage of studies involving physics (34.9 %), followed by chemistry
(17.4%; see Table 5.4). Internationally, studies in the area of conceptual change
have grown rapidly in 1993. However, the growth in publishing of articles by Tai-
wanese authors in international journals was not evident until 1998.

From the results, it is evident that physics was the top science discipline to be
explored and examined among all the science disciplines (see Table 5.4). From
the analysis of the trend every 5 years, we found that publications by Taiwanese
researchers mirrored the trend of international journals except for biology and earth
science. According to our analysis, biology education researchers did not publish
any international articles on conceptual change. However, there were many earth
science conceptual change articles and there were more international articles on
conceptual change in chemistry than in physics from Taiwan.

5.3.4 RQ 4: Methodology

5.3.4.1 Research Methods

As for the method of data analysis, namely quantitative, qualitative, both methods,
or quantifying qualitative data, we found that over the past 31 years, one third of
the articles were qualitative (e.g., Venville et al. 2012), followed by integration of
quantitative and qualitative (19.8 %; e.g., Tsui and Treagust 2010), and quantifying
qualitative data (19.8 %; e.g., Beerenwinkel et al. 2011) in the international jour-
nals. Also, we found that there was an increasing rate of publications emphasizing
qualitative data analysis, up from 0.3 % in the first period of 1982—-1987 to 11.5%
in the last period of 2008-2012.
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However, as for research done by scholars from Taiwan, 34.9 % of the articles
contained both qualitative and quantitative data methods. This was followed by
the quantitative approach (23.3%). This trend kept steady over the past two de-
cades even though the total number of articles in the area of conceptual change
decreased by scholars from Taiwan. When we took into account the articles pub-
lished by Taiwanese scholars in the international journals (see Table 5.5), the highest
percentage was still on the integration of quantitative and qualitative research meth-
ods (34.9 %), followed by the quantitative approach (17.4%).

In sum, compared to the international articles, we found that Taiwanese scholars
tended to make good use of quantitative and qualitative research methods more
than the either research method alone. Also, Taiwanese scholars tended to have
more quantitative research articles than qualitative research articles as shown in
Table 5.5.

5.3.4.2 Research Instruments

There were nine categories for analyzing the research instruments, namely paper-
and-pencil test, interview, drawing, online data collection, paper-and-pencil and
online questionnaires, classroom observation rubric, biological data, and others.
Among these categories, 51.2% of the articles used interviews to collect data, and
41.3% of the articles used paper-and-pencil tests to assess students’ and teachers’
performance on their conceptual change. In addition, although 83 articles (21.7 %)
were considered empirical studies, they did not use the instruments discussed above
to collect data. Based upon Table 5.6, to our surprise, there was only one paper that
used an online questionnaire to investigate conceptual change. Also, there was only
one paper that used biological data to investigate conceptual change. It is likely that
these types of research have been published in other research journals which fit
much better than the journals we selected for analysis.

Both paper-and-pencil tests (53.5 %) and interviews (54.7 %) were the most com-
monly used instruments in the studies conducted in Taiwan. Taking the papers pub-
lished in the international journals by science researchers from Taiwan into account
(T1)), we found similar trends in the use of paper-and-pencil tests and interviews
for data collection. For the rest of the methods, very low percentages of papers used
them to collect research data.

The data collection methods varied in the articles between 1J and T1J. Although
articles in the areas of conceptual change tended to use the first two types of instru-
ments to conduct conceptual change research, we found that articles in the interna-
tional journals tended to have a wider range of research instruments, in particular,
drawing, questionnaires, online data, and the observation rubric, which were regu-
larly used. Taking into account the papers published in international journals by
scholars from Taiwan (T1J), the majority of research collected data either by paper-
and-pencil tests or interview techniques.
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5.3.5 RQ 5: Teaching Strategies

For the international part, from the 383 articles, 240 articles were related to concep-
tual change teaching strategies (62.7 %). From the TJ, 58 articles (67.4 %, excluding
articles that were not applicable) out of total 86 were related to conceptual change
teaching strategies (67.4 %). It seems that science educators in Taiwan focus more
on the application of teaching strategies (Table 5.7).

From 1982 to 1992, the teaching strategy of conceptual conflict was the top
method researchers adopted in 1J. The percentages were 1.3 and 2.1 % in total, re-
spectively. Without doubt, Posner et al.’s (1982) study was the first article to apply
the teaching strategy of conceptual conflict. Besides, they also integrated experi-
ments and group discussion to foster students’ science learning. However, from
1993 to 2002, the top strategy changed to “analogy, model and modeling.” The
percentages were 5.0 and 5.0 %, respectively. Actually, the first article about this
teaching strategy appeared in 1992. Brown (1992) questioned the effectiveness of
a traditional teaching-by-example technique, and presented several principles to
design effective analogies in a constructive way. After this article, this strategy in-
creased abruptly. There were various teaching strategies related to “analogy, model
and modeling,” such as bridging analogies (Brown 1994, Bryce and MacMillan
2005), multiple analogies (Chiu and Lin 2005), transformative modeling (Shen and
Confrey 2007), and so on. Recently (2003—-2012), the instruction of multimedia be-
came the mainstream to help students overcome their alternative conceptions. The
percentages were 5.4 (2003—2007) and 4.6 % (2008-2012), respectively. However,
early in 1986, Zietsman and Hewson had already adopted microcomputer simula-
tions to diagnose and remediate an alternative conception of velocity. With regard
to the whole sample, the most popular methods were analogy, model/modeling
(19.6 %), followed by multimedia (16.3 %) and conceptual conflict (15.8%). The
trend in conceptual change instruction was from conceptual conflict to analogy,
model/modeling, and then to instruction of multimedia.

As for the TJ, on the whole, “multimedia” (20.7%), “conceptual conflict”
(20.7%), “analogy, model/modeling” (15.5%), “inquiry” (12.1%), and “concept
map” (10.3%) were the teaching strategies most adopted. In the initiation stage
(1982-1997), there were fewer journal articles related to teaching strategies. In
the years 1993-1997, text was the most popular teaching strategy (3.4 %). Then,
the teaching strategies of multimedia, conceptual conflict, and concept map (6.9,
6.9, 6.9 %, respectively) became popular between 1998 and 2002. At the last stage,
teaching strategy of multimedia (10.3 %) was the most popular teaching method
between 2008 and 2012.

The researchers in Taiwan invested more effort than international researchers in
developing teaching strategies using multimedia (Taiwan: International=20.7 %:
16.3%) and improving the strategy of conceptual conflict (Taiwan: Internation-
al=20.7%: 15.8%). The importance of these two instructional strategies is still
evident. Unlike the trend of the changes of teaching strategies across the globe,
there was no obvious trend of changing in Taiwan. Besides, the total percentage
showed Taiwanese researchers (125.9 %) adopted more multiple teaching strategies
in a study than international researchers (117.1 %) (see Table 5.8).
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5.3.6 RQ 6: Authorship and Participants

5.3.6.1 Authorship

Among the 383 articles published in the international journals from 1982 to 2012,
we found that 38.1% (n=146) of the authors were from the USA, followed by
9.9% (n=38) from Australia (see Table 5.9). The first two countries were mainly
English-speaking countries with a population of 320 and 24 million, respectively
(World Population Review 2014). Taiwan, with 6.8 % (n=26), was ranked third,
Taiwan is the first non-English-speaking country in the list and has a population of
23 million only. In particular, the papers published by scholars in Taiwan were only
during the last 15 years (1998-2012) unlike the USA, Australia, and the UK who
started publishing as early as the 1980s. As a non-English-speaking country, this
provides evidence that the efforts of researchers in Taiwan contributed to the con-
ceptual change community worldwide. In addition to this, we also noted that South
Korea (with a population of 50 million), Turkey (with a population of 76 million),
and Germany (with a population of 80 million) showed their active involvement in
publishing research papers during the period 2003-2012. In addition, we found that
several countries had started publishing papers in the five major science education
journals during the period 1998-2002. Although this phenomenon was not foreseen
and it is difficult to attribute causes for the increase, we hypothesized that the inter-
national trend of research on students’ understanding of science switched from the
alternative conception paradigm, which accumulated a great number of research re-
sults, to the conceptual change paradigm to improve school science learning, which
may have been a factor. A great number of studies have been produced that ad-
dress the difficulties of learning science at different levels, by different genders, and
within different cultures. The results of these studies have guided science educa-
tion researchers to consider possible meaningful strategies for promoting students’
knowledge reconstruction of scientific phenomenon. Therefore, after Posner et al.
(1982) and other researchers published conceptual change articles, this area gained
more attention from science educators and researchers. We also noticed that the
number of articles from the USA started to increase in 1993. Several other countries
also showed their interest in conducting research on conceptual change (e.g., Aus-
tralia, the UK, Israel, Canada, and Spain) whereas Taiwan joined the research trend
in 1999 and stably increased its visibility. As for Turkey, it was quite impressive
to see eight international articles published from 2008 to 2012, putting Turkey at
number four among the 32 countries.

5.3.6.2 Participating Countries

An analysis was conducted on the participating countries, and we found that 34.2 %
(n=131) of the articles were published in the USA, and that this dropped dra-
matically to 7.8% (n=30) in Australia, 6.0% (n=23) in Taiwan, and then 3.9%
(n=15) each from the UK and Israel. Also, there were five articles that involved
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collaboration between countries, namely, one article involving Australia and Korea,
one involving Australia and the USA, two with New Zealand and China, and one
for Spain and the UK (see Table 5.10).

5.4 Concluding Remarks

Based upon our careful analysis of the contents of the identified articles both from
international and national journals, we have the following claims to make.

5.4.1 Claim 1: Studies on Conceptual Change in International
Journals Are at a Reasonable Stable Status but in TJ the
Numbers Appear to Be Limited

Conceptual change is important for science education, and its importance is still
being unraveled. In our analysis, most of the studies follow the empirical approach
to explore this domain whether it is an international or a national article. This is sup-
ported by the trend that publications on conceptual change in international journals
are at a reasonably stable status (see Figs. 5.2 and 5.3). The research on conceptual
change in Taiwan fell behind the international trend around 5-10 years back, but it
has since risen and the number of published studies now rival Western countries.
However, the rate of publication on conceptual change in Taiwan seems to be level-
ing off. The research trend of science education in Taiwan recently is quite consis-
tent with the international research trend in three main science education journals
(Journal of Research in Science Teaching, Science Education, and International
Journal of Science Education). That is, the context of students’ learning replaced
students’ conceptual learning, which was the most published research topic from
1998 to 2002 (Lin et al. 2014). We speculate this might be the reason for the limited
number of Taiwanese conceptual change studies lately.

5.4.2 Claim 2: Most of the Published Research on Conceptual
Change Investigated the Effectiveness of Instructional
Strategies and Materials

Based upon our analysis, we found that more studies were related to epistemol-
ogy and instruction compared to other perspectives (See Table 5.3). Since most
of instructions originated from epistemological perspective, it is not surprising to
have high percentages of publications in these two areas. However, Taiwan tended
to solve the problems in school practice by conducting more studies on design-
ing instructional materials to improve science teaching, therefore, a high percent-
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Table 5.10 The distribution
of participants by country
from 1982 to 2012
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Country n %
1. | USA 131 342
2. | Australia 30 7.8
3. | Taiwan 23 6.0
4. | UK 15 39
5. | Israel 15 39
6. | Canada 11 2.9
7. | Spain 11 2.9
8. | Korea 11 2.9
9. | Germany 9 23
10. | France 6 1.6
11. | Greece 6 1.6
12. | Sweden 6 1.6
13. | Turkey 6 1.6
14. | China 5 1.3
15. | South Africa 5 1.3
16. | Brazil 4 1.0
17. | Lebanon 4 1.0
18. | The Netherlands 4 1.0
19. | Finland 3 0.8
20. | Italy 3 0.8
21. | Venezuela 3 0.8
22. | Cyprus 2 0.5
23. | Nigeria 2 0.5
24. | Singapore 2 0.5
25. | Argentina 1 0.3
26. | India 1 0.3
27. | Latin America 1 0.3
28. | Maldives 1 0.3
29. | Northern Ireland 1 0.3
30. | Scotland 1 0.3
31. | Thailand 1 0.3
32. | Uganda 1 0.3
Dual 5 1.3
Australia & Korea 1 0.3
Australia & USA 1 0.3
New Zealand & 2 0.5
China
Spain and UK 1 0.3
NA 53 13.8
Total (n) 383 100.0
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age of instructional studies in Taiwan compared to the international studies that
emphasized more on the epistemological perspective on teaching and learning. We
also found the low percentage of the amount of research on evolutionary perspec-
tive. We speculate one of the possible explanations is the difficulty of conducting
long duration research in schools due to the pressure to cover a large number of
science topics for the sake of high school and university entrance examinations.
Furthermore, compared to international articles, it was found that Taiwan has more
articles on the ontology perspective and a lower number of articles on affection/
social. As researchers in this area advocated multiple-dimension approaches in un-
covering the challenges of conceptual change in teachers’ and students’ beliefs and
conceptions about science, this result shed some light on the research outcomes and
directions for empowerment.

5.4.3 Claim 3: More Research on Conceptual Change
Is in the Area of Physics Compared to Chemistry,
Biology, and Earth Science

Not surprisingly, there were more studies completed in the area of physics com-
pared to the other science disciplines because of its long history in science educa-
tion research and the complex, counterintuitive, and abstract nature of its concepts.
However, as one of the major science disciplines in elementary and secondary
schools, relatively low percentage of studies were carried out for improving school
biology instruction and developing teachers’ expertise in knowing students’ knowl-
edge of biology in Taiwan which might need more attention from science educa-
tors (See Table 5.4). In addition, we noticed that there seems to be more physics
education researchers than researchers of any other subjects. Although we do not
have the exact number of researchers in physics education, we suspect that there
are many current research investigating students’ misconceptions and developing
instructional materials and assessment items for physics (such as mechanics, light,
and electricity), so the results can be easily compared across different cultures and
countries. That might be one of the possible reasons why we found research in phys-
ics education dominating science education research.

5.4.4 Claim 4: Most Published Studies on Conceptual Change
Relied on Multiple Data Collection Methods
for Triangulation Purposes

As expected, most of the research used paper-and-pencil and interview methods
to collect research data from 1982 to 2012 regardless of where the research took
place. We also found that higher percentages of qualitative studies appeared in the
international journals whereas higher percentages of studies using both qualitative
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and quantitative methods were found in the articles by Taiwanese authors. The use
of the triangulation approach allows researchers to provide better quality, more
richness, and fuller explanations of students’ complex learning processes than is
afforded by single methods alone (Cohen and Manion 2000).

5.4.5 Claim 5: Major Teaching Strategy Changes
from Conceptual Conflict, Analogy to Multimedia

The change of the trend of teaching strategy in international journals is obvious.
Conceptual conflict was the main teaching strategy early on, and it changed to
“analogy, model and modeling,” and then to multimedia. The trend in Taiwan was
not as clear. It seems that researchers in Taiwan preferred the teaching methods of
conceptual conflict and multimedia. One of the reasons might be that the Taiwanese
government continuously allocated a considerable budget to support the develop-
ment of e-learning via both scholarly and industrial research (Chang et al. 2009).
There also appeared to be ample evidence from numerous studies that conceptual
change instruction was more efficient than traditional instruction (Duit and Treagust
2012). However, is any teaching strategy more efficient than the other? Why is the
trend of teaching strategy in Taiwan different from the international trend? These
questions should be further examined by considering the nature of learners’ concep-
tions, the theoretical backgrounds adopted, and cultural differences. Large-scale
programs for improving the quality of science instruction should also be imple-
mented in the near future.

5.4.6 Claim 6: Continuous Effort on Research on Conceptual
Change in Science Learning

As a non-English-speaking country, Taiwan outperformed other countries in terms
of research produced and published on conceptual change. Researchers in Taiwan
should be continuously making contributions to this field and not only investigating
theoretical frameworks but also taking sociocultural perspectives into account when
conducting research in Taiwan. As Chiu and Duit (2011) pointed out, globaliza-
tion is not a new movement. However, there is the danger of just exchanging local
(indigenous) ideas for science conceptions; as a result, one may lose one’s cultural
identity and become alienated from one’s indigenous culture. On the one hand, we
concur that the perspective of globalization provides new insights into how science
should be taught and what should be emphasized (Chiu and Duit 2011). On the
other hand, we present the caveat that cultural and historical perspectives, which
have not been taken into account in general thus far, should be considered as a way
to guide us to conduct and implement the studies into practices.
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5.4.7 Claim 7: Two Stages of Conceptual Change Research Trend

Based on our analysis of international and national articles on conceptual change,
two stages of conceptual change research were identified: Stage 1 is incubation and
Stage 2 is development in terms of quantity of publications during a specific period
of time. For international articles, the period of Stage 1 was from 1982 to 1992 and
Stage 2 from 1993 to 2012. For articles from science education researchers in Tai-
wan, the period of Stage 1 was from 1992 to 1997 and Stage 2 from 1998 to 2012.
Taiwan started research on conceptual change 10 years later than the international
research trend. However, starting in 1999, researchers in Taiwan generated quality
publications that showed a high interest in this area. The special issue in Interna-
tional Journal of Science Education (Chiu et al. 2007) described the background
and the process that the researchers in Taiwan spend our time, effort, and human
and financial resources to conduct the National Science Concept Learning Study to
catch up with the international studies on conceptual change.

5.5 Implications for Science Education Research
on Conceptual Change

It was not a surprise to find the disparities of distributions of research types to be in
favor of empirical studies that were published internationally and nationally. Due
to the major findings shown above, we have the following suggestions for research
on conceptual change.

5.5.1 Suggestion I: Increasing Nonempirical Studies
for Informing Conceptual Change Theory

After a period of the first 10 years (1982—-1992), the percentage of nonempirical
studies became less and less starting from 1993 to 1997 and then stayed low after-
wards. Most researchers conducted empirical studies, in particular in the innovation
of teaching strategies. It might be that science education researchers tried to accu-
mulate more findings from empirical studies to evolve new theories (or paradigm)
on conceptual change. Although the early Taiwanese conceptual change studies
focused more on the nonempirical studies, they mainly introduced other scholars’
important conceptual change theories for the Taiwanese science education commu-
nity. In other words, no matter whether it is from the global perspective or the local
perspective, science educators paid less attention to the formation or supplementa-
tion of conceptual change theories. We have accumulated considerable results from
these empirical studies. The next step is to synthesize these results and increase the
number of nonempirical studies for renewing or reconstructing conceptual change
theories for global or local needs. In particular, Taiwan’s educational system has
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its own unique culture (such as high-stakes testing) that may shed light on the
conceptual change research challenges and the emerging need for developing local
learning theories.

5.5.2 Suggestion 2: Encouraging More Research in Diverse
and Cross-Science Disciplines

The imparity of distribution of studies in science disciplines shows an emerging need
for putting more effort across different subjects. Although we did not analyze what
topics in physics were investigated, our speculation is that topics in the area of electric
circuits, light, mechanics, and weight and density are the most commonly found in
the articles. Therefore, spreading out the research interests to other science disciplines
and new scientific concepts (such as nanotechnology) would be valuable to explore.

5.5.3 Suggestion 3: Strengthening the Implementation
of Multiple Perspectives of Approaches for Research

As carly as 1997, Tyson et al. had already proposed the multidimensional approach
for conceptual change studies; other researchers (Chiu 2007; Chiu and Lin 2008;
Duit and Treagust 2003, Treagust and Duit 2008) have advocated for the multiple
perspectives approach. Table 5.3 shows that besides epistemological perspectives,
instructional perspectives received relatively more attention by researchers than the
others. The other perspectives, individual or joint, need to be explored in the future.
There is still room to improve our use of multiple approaches to answer crucial
questions that remain in the area of conceptual change.

5.5.4 Suggestion 4: Using Multiple Research Methods to
Increase Reliability of Studies as Evidence-Based Sources
for Educational Reforms

Science education researchers need to seriously consider how to increase the reli-
ability of their research methods, outcomes, and implications via multiple sources
of data collection. Such evidence is necessary for making reliable and relevant
judgments, conclusive claims, and convincing implications. It is the challenge be-
fore us to develop new research methods that can open new avenues to effective
research on conceptual change in science learning. In addition, with advanced re-
search methods, profound theories of students’ construction and change of their
epistemological beliefs will likely be developed. More importantly, it is evident
that research outcomes currently have very little impact on science educational
reform (such as science curriculum standards). By increasing the reliability of
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research outcomes, decisions made for science educational reforms can be more
trustworthy, and as a result, more influential in school science practice reform
policy-making.

5.5.5 Suggestion 5: Strengthening the Relationships Among
Science Disciplines, Multimedia, and Instructional Theory,
Followed by Conveying Them to School Teachers to
Promote Quality Teaching in School Science Practice

From this literature review, we found the teaching strategy of multimedia is the
most mainstream. In particular, Taiwan showed its advantage in terms of technolo-
gy, science educators in Taiwan dominate in the development of innovative strategy
with multimedia. However, multimedia is only a tool. We must strengthen the rela-
tionships among disciplines, multimedia, and conceptual change theory to change
the teaching materials and then implement them in schools. Of course, teachers
should be well informed about the innovative teaching opportunities and change
their pedagogical content knowledge on science accordingly to provide higher qual-
ity instruction.

5.5.6 Suggestion 6: Increasing the Interaction Between Local
Scholars and International Scholars

The research published in international journals and collaborated with international
scholars should serve the following functions:

» To share research findings and experiences with the global community.

» To increase the researchers’ awareness of the current trends in theoretical frame-
work and methodological issues in different contexts.

» To show the uniqueness of cultural and social impacts on science learning.

* To build a culture of sharing and to cultivate research competence.

Based upon our results, linking local research with the international research com-
munity should be emphasized. Not only do local researchers have expertise and
experiences in conducting research locally and publishing in international journals,
but Taiwan researchers also have the obligation to increase international scholars’
awareness of the cultural and historical impact of non-English-speaking countries
on science as a human enterprise. More importantly, we should link research with
school practice not only to change school teaching but also to promote quality pro-
fessional development for preservice and in-service teachers.
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5.5.7 Suggestion 7: Advocating New and Revolutionary
Theories and Research Methods on Conceptual Change
for Promoting Research Quality and Quantity to the Next
Stage

Without insightful theories, empirical research cannot be easily developed or de-
signed. Analyses of the current chapter showed that empirical studies, especially
those with instructional design, dominated the field. To strengthen the impact of
research on conceptual change in school science practice, revolutionary theories, in-
novative research methods, and systematic assessment tools on conceptual change
in science education should be further developed and advanced. We concur that the
“Acquisition of a paradigm and of the more esoteric type of research it permits is
a sign of maturity in the development of any given scientific field” (Kuhn 1970,
p. 55). The spirit of research maturity might also be applied to research on concep-
tual change in learning science.



M.-H. Chiu et al.

(€Th) 11| (8°0¢) 8 | (697) L [e101qng
00 0 | (00 0 | (00 0 | (00 0 VN 'L
(1¢o) 9 | (L) T | L) T | WL 4 S1YIO 9
(8¢) I | (00 0 | (00 0 | 89 I UIRWOP-SSOI)) G
(rsn v | WL T | (00 0 | L 4 90UDIOS Uiy Y
00 0 | (00 0 | (00 0o | (00 0 A3ofo1q "¢
O 6 | (Tel) s (1 £ | 8¢ ! Answaud 7 | (gz—u)
(1'¢0) 9 | (LL) T | (S1D ¢ | 89 I oISy | 1L
[e1019ng T107-800C L00T—£00T 20078661 L661-€661 7661-8861 L861-T861 [eAIIUL SWIL],
7107 03 786 WOIJ UBMIR] UI SIdUDIBISAI UOIBONP 90UIOS AQ S9[oN1Ie JO saul[dIosIp 90uards Jo uonnquusip oy, g xipuaddy
(8°61) LT (5€) ¢ (59 € Ly vy (1'8) L (00 0| (00 0| [eoudwoeuoN
(T08) 69 | (€€2) 0z | (6°L2) v | (1'C0) 61 | (89) sl @n 1 (00 0 [eomndwy | (98=u) [eI0L
(€82 LT[ (09) ¢ (09 ¢ L9 v | 1D L (00 0 (o0 0| [eoundwoeuoN
L1 er | (0'sT) 6 |(L92) 91 | (0°02) T (€8) sl D 1 (00 0 [eotdwyg (09=u) L
00 0 | (00 0 | (00 0 (00 0 | (0 0 (00 0 (00 0 [eoundwoeuoN
(0°001) 9z | (¢Tp) 1T | (8°0¢) 8 | (690 L (00 ol (00 o (00 0 [eotnduy (9z=u) (11
[BIOL | TI0T-800T |  LO0OT-€00T |  TOOT-8661 L661-€661 76618861 L861-T861

T10T 0} 7861 WOy UBMIB] UI SI1d

-[[0IBOSAI UOIIBONPI 92UAIOS Aq suonjeor[qnd [euoneu pue [euoneurojul [eourdwouou pue [eourdwe jo uonnquysip oy, 'y xipuaddy

122

sadpuaddy



123

5 Content Analysis of Conceptual Change Research and Practice in Science ...

($'19) 91 | (€Th) 11| (T9) 4! [ejoiqns
(298] AR 1 (1D ¢ | (00 0 SIYO '8
(00 0 | (00 0 |00 0 | (00 0 suorsuowp Jdn[nA L
(¥°59) L1 | (690) L | s v | (1I'€0) 9 uononysyuy \9
(00) 0 | (00 0 | (00 0 | (00 0 uonNOAY '§
(8¢ |89 1|0 0 | (0 0 yuowdo[oAd( ¢
(D) ¢ | 89 I | (8¢ 1 |0 0 [B100S/UONOOY *€
(s v | (8¢ 1|00 0 | (51D € £BOIOWO T | (97 —u)
(€Th) 11| (Ten s (1D ¢ (1D € ASojowasidy ‘| [IL
[e01qng T107-800T LO0T—€00T 70078661 L661-€661 T661-8861 L861-T861 [eATOIU UL,

710T 01 7861 WOIJ UBMIB] Ul SIOUYOIBISI UOTJBONDA d0USIIS Aq $9[01IE JO Iomowely [enydoouod Jo uonnquysip oy ) xipuaddy

(002 T (e 61| (0°0¢9) 81| (0°02) o @wn [ [e10qng
(os1) 6 | (00 0 | (00 0 | (09 € | (€9 S @n I VN 'L
0on) 9 | (¢9) T | (€9 T | (€9 T | (00 0 00) 0 SO ‘9
(€¢) T | (00 0 | (€9 T | (00 0 | (00 0 00) 0 UIBWOP-SSOI)) °§
0sn) 6 | LD 1|09 ¢ | (€9 Tz | (09 € 00) 0 9UDIOS YiIeY Y
0on) 9 | LD (€9 T | (09 ¢ | (00 0 00) 0 A3ofo1g "¢
(001 9 | (00 0 | (£8) s | «wn 1| (00 0 (00 0 AnsToyd T | (gg—u)
(0or) vT | (€€ 8 | (¢£8) s | @i L (L9) 12 (00) 0 OISy | L
[e101qng T107-800T L00T—€00T 20078661 L661-€661 7661-8861 L861-T861 [EATIUL SWUL],




M.-H. Chiu et al.

124

(8¢) v1| (9%¢) 6 | (690 L [ejoiqns
(8¢) I (8¢ [ SN (X0)) 0 | (0o 0 VNS
BIep oAnjR)I[END
(8°0¢) 8 | (T6D) s | (1) ¢ | (o0 0 sy Sutkynuend 4
(8°0¢) 8 | (L'L) ¢ | @D T | (FsD ¥ () pue (1) yog ¢
(8'0€) 8 | (s1D) € @ Tz | (s € SARIUEND T | (g7 _u)
(Tol) s | (1D € L z | (00 0 aageyen ‘| 1L
[e101qns 2102-8002 L00T—€00T 20078661 L661-€661 76618861 L861-T861 [eAISIUL SUIL],
7107 03 786 WO} SIAYOIBISAI UOHBINPI dDUIIDS AQ SO[ONIE JO SPOYIdUW UOIIII[[0D BIeP JO uonnqLysip ay [, " xipuaddy
(052 S1 | (€8¢) €z | (L9¢9) ze | (009) 81| (D I [esoiqng
L9 v | D 1| @D 1 |0 0 | (€9 T | o 0 SO '8
L9 v | (00) 0 | D 1| (€9 T | o 1| (00 0 suorsuawiIp dAdnm L
L) ev | (0sD) 6 | (002 71| (€€ v1 | (€€ g8 | (00 0 uononnsuy ‘9
@n 1| @D 1 | (o0 0 | (00 0o | (00 o | (0o 0 uonnoAy °§
(X9 ¢ | (00 0 | @D I | (€9 z | (0 o | (oo 0 judwdofaad(
@wn 1 | (00 0 | (00 0 | @D 1| (o0 o | (0o 0 [BIO0S/UONOAPY “¢
(€°8) s | D 109 £ | (00 0o @ 1| (00 0 £3010W0 T | (h9—u)
(00¢) 81| (0°9) € | (¢£9) s | (09 ¢ | (00D 9 | LD I A3ojowsysidy | L
[e101qng Z107-800T L00T—€00T 20078661 L661-€661 7661-8861 L861-T861 [eAIOIU] SWI],




125

5 Content Analysis of Conceptual Change Research and Practice in Science ...

(T69) 81 | (€2h) 1| (8°€9) 4l [ezo1qns

(8¢) SR CXY) 1|00 0 | (00 0 VN 01

9¢) 6 | (FsD v (L) T (1D € SO 6

0°0) 0 | (00 0 | (00 0 | (00 0 ejep [eorsoforg ‘g

UOTJBAIISQO WOOISSB[D JO

00 0 | (00 0 | (00 0 | (00 0 1001s SUIPOD 10 OLIqNY “L

(8¢) I | (8¢ 1|00 0 | (00 0 axreuuonsonb suruQ '9

00 0 | (00 0 | (00 0 | (00 0 axreuuonsanQ) g

(8¢) I | (8¢ 1|00 0 | (00 0 ejep oul[uQ

(3 T | (89 1 |00 0 | (8¢ I Summer ‘¢
(°19) 91 (1'€0) 9 | (@el) s | (@el) S MIIAINL T | (g7 _u)
(0°09) €1 | (sn) v | (s v | (T6D S 1893 [rouad pue saded | 1L

[ejoiqns T107-800T L00T—£00T 20078661 L661-€661 7661-8861 L861-T861 [eAISIUL SUIL],

7107 03 786 WO} SIOYOIBISAI UONBINPI QIUAIIS AQ SO[O1)IE JO SPOYIdUW UOIIII[[0D BIep JO uonnqrysip ay [, -q xpuaddy

L12) er | Ly st | (L92) 91| (L'12) ANV I [e1oiqns

(L'92) 91| (¢£¢) z | (09 ¢ | (L9 v | @I L 00 0 VN 'S

BIEp 2AT}R)I[END

(€€ g8 | (€9 T | (€9 s | (00 0| D I 00 0 oy Surkynuend 4

(L9¢) | (L1 L | (g€ g8 | (09) ¢ | L9 v | (00 0 (2) pue (1) pod "¢
(002) ) @wn 1| (oD 9 | 9) v | (00 0 @n ! SARIMUEND ‘T | (gg—u)
(L91) or| o 109 ¢ | (€9) s | o I 00 0 aaneleng ‘| L

[e101qns 2102-8002 L00T—€00T 20078661 L661-€661 76618861 L861-T861 [eAISIUL SUIL],




M.-H. Chiu et al.

(0001) 09 | (0°02) Tl (Lre) 61| (009) 81| (L91) or| «n 1 (00 0 [e30L
(0°s¢) 1z (L9 v | (09 ¢ | (€9 s | (geD 8 @n 1 (00 0 VN
Suryoed) | (09=u)
(0°59) 6| (g€ 8 | (L92) 91 | (L'10) €| (€9 4 00 ol (o0 0| 03 pare[ar se[onIy L
(0001) 9z | (¢ 1| (80¢) 8 | (697) L | (00 0 00 0o (00 0 [e10L
(692 L | rsD v | Ll T | 89 | (00 0 00 o (00 0 VN
Suryoed) | (97=u)
(res) 61| (692 L | (e 9 | (I'ed) 9 | (00) 0 00 ol (o0 0| 03 paje[aI SAPIIY 1L
[e1o1qng T102-8002 L0O0T—£00T 20078661 L661-€661 7661-8861 L861-T861 [eAIRIUL SUIL],

210 03 7861 WOIJ UBMIB] UI SISUDIBOSAI UOHBONPI 90ULIOS Aq SaIpnys Suryoedjuou 10 Suryoes) Jo uonnqgrusip oy J, - xipuaddy

126

(¢¢e) 0z | (£'89) se | (0s9) 12| (L'97) 91| (D I [ejoxqng
(L92) 91 | (£9) T | (09 € L9 v | (@1 L | (00 0 VN 01
L L (€9 T | (€9 T | (€9 T @wn 1| (oo 0 SO ‘6
00 0 | (00 0 | (00 0 | (00 0 | (00 0o (oo 0 eiep [eorsoforg ‘g
UOTJBAIISCO WIOOISSB[O JO
00 0 | (00 0 | (00 0 | (00 0 | (00 0o | 00 0 100(S SUIPOO 10 OLIqNY "L
00 0 | (00 0 | (00 0 | (00 0 | (00 0 | 00 0 aareuuonsanb auruQ 9
@Ln 1| (00 0 | (00 0o | D 1|00 0o | 00 0 aareuuonsang) °g
(€¢) T | (00 0 | LD @D 1|00 o | (00 0 BIEp UIUQ
09) ¢ | (€9 [ANN)) 1 (00 0 | (00 o | (00 0 Suimer(q ‘¢
(L19) 1€ | (00D 9 | (050 st| (oD 9 (L9 v | (00) 0 MIIAINL T | (99 —u)
(0°59) ge | (g€ 8 | (L'12) er| (I L |9 y @D I 1893 [rouad pue saded *| L
[e101qns T107-800C L00T—£00T 20078661 L661-€661 7661-8861 L861-T861 [eAISIUL SWIL],




127

5 Content Analysis of Conceptual Change Research and Practice in Science ...

(T1en €T | (9729) 01| (r19) 9| (89¢) L o0 ol (o0 0o (o0 0 [e10L,
(8s1) € | (€9 1| (00 0/ (son) ¢! (00 ol o0 ol o 0 SO L1
(€9 1| (€9 1| (00 0/ (00 ol (o0 ol (o0 ol o0 0 UOBANOIN 9]
00 0o | (00 0 | (00 0/ (00 ol o0 ol (o0 ol o0 0 uoneue[dxa-Jos ‘G|
yoeoxdde
00 0 | (00 0 | (00 0 0 o (00 o (0 o (o0 0 ISIAIONISUOD) |
00) 0o | (00 0 | (00 0/ (00 ol (o0 ol (o0 ol (o0 0 Sunum €1
yoeoidde
00 0 | (00 0 | (00 0 (00 o (o0 o (00 o (o0 0| ApugooeRN T|
00) 0 | (00 0 | (00 0 (00 o (o0 0| (00 o (0 0 A101S1y Q0USIDG [ |
00) 1 00 0 | (00 0 (€9 1| (00 o (00 o (0 0 dew jdeouo) 01
00 0 | (00 0 | (00 0 (00 o (o0 o (o0 0o (00 0 uoneIUWNGIY “6
uonejuasaidar
00 0 | (00 0 | (00 0 (00 o (o0 o (o0 0o (00 0 srdnmp g
00 0 | (00 0 | (00 0 (00 o (o0 o (o0 0o (00 0 XL L
(€9) 10 0 (€9 1 (o) o (o0 o (o0 o (o0 0 juowiadxy 9
Furures|
00) 0 (00 0 (00 0 (00 o (o0 o (o0 o (o0 0 aaneradoo) °g
(son) 7|0 0/ (€9 1] (€9 1 o ol o o (o0 0 Axmbuy 'y
JOI[JU0d
(89¢) L (son T| (8D ¢l (son z| o o (o0 o/ (o 0 Temydoouo) ¢
919 9| (£90) s| (0o 0/ (€9 1| (o ol o0 o (o0 0 BIpSWHNA T

Surepow pue | (61 =)

(son) T (€9) 1 (€9 1 (o) o (0 ol (o0 o/ (o0 0| Topow ASoreuy ‘| 1L
[e101qns Z107-800T L00T—€00T 70078661 L661-€661 76618861 L861-T861 [eAISIUL SUIL],

10T 03 786 ] WOIJ UBMIB] UL SIOUIIBOSAI UOBONPI JOUSIDS AQ SO[I1MIE JO sa13ayens Suryoed) Jo uonnquisip ay [ ‘o xipuaddy



M.-H. Chiu et al.

128

(80€1) 1s | (500) 8 (¢19) 0z | (L8) 61 (oD v (00 o (00 0 [e1oL
(8°0¢) (1) T (LD L | (9 T | 90 1 (00 o (o0 0 SIYIO L1
00 0 | (00 0| (00 0 | (00 0 | (00 o (o o (o 0 UOLBABOIN 9]
00 0 | (00 0 (00 0 | (00 0 | (00 ol (o0 o (o0 0 uoneue[dxa-jjos ‘g1
yoeoidde
(92 I (00 0 (o0 0 | 90 1| (00 o (o o (o0 0 ISIAIINISUOD) [
00 0 | (00 0 (00 0 | (00 0 | (00 o (o0 o (o0 0 Sunum "¢l
yoeoxdde
(00 0 | (00 0 (00 0 | (00 0 | (00 o (o o (o0 0| oAnuSodePN ‘T[
(1) T | (19 7 (o0 0 | (00 0 | (00 o (o0 o (o0 0 A101s1y 20ULIDS [ [
8z s | 90 1 (0 1| @ ¢ | (00 o (00 o (o0 0 dew 3doouo) 01
(1) z | (00 X)) 0 | (19 T | (00 0o (00 o (0 0 uoneIUAWNSIY *6
uonejuasardar
00 0 | (00 0 (o0 0 | (00 0 | (00 0| (00 o (o0 0 sdn g
(19) T | (00 0 (00 0 | (00 0o | (9 z (o0 o (00 0 XL L
(19) T | (00 0 (0 I | (92 1| (00 o (o o (00 0 judwiRdxy 9
Furures|
(1) z | o0 0 | 90 1] 92 1 o ol 00 ol (o0 0 aaneiadoo) °g
(81 s | (0o 1 @ € (90 1 00 o (o0 0o (00 0 Armbuy
JO1[JU0d
®zn s | (00 0 | L ¢l (g | (o0 ol o0 o (o0 0 [emdoouo) ¢
(Fsn) 9 | 90 1 a9 (AN ¢l (00 ol o0 o (0 0 BIpOWNNA T

Surjepour pue | (6¢=u)

(6°L1) L 90 [ SECKY) (AND) ¢l (90 1 o0 o (o0 0| [epow A3ofeuy ‘| L
[e101qng T107-800C L00T—€00T 20078661 L661-€661 7661-8861 L861-T861 [eAISIUL SUIL],




5 Content Analysis of Conceptual Change Research and Practice in Science ... 129

References

Akerson, V. L., Abd-El-Khalick, F., & Lederman, N. G. (2000). Influence of a reflective explicit
activity-based approach on elementary teachers’ conceptions of nature of science. Journal of
Research in Science Teaching, 37(4), 295-317.

Alzate, O. E. T., & Puig, N. S. (2007). High-school students’ conceptual evolution of the respiration
concept from the perspective of Giere’s cognitive science model. International Journal of
Science Education, 29(2), 215-248.

Beerenwinkel, A., Parchmann, 1., & Cornelia, G. (2011). Conceptual change texts in chemistry
teaching: A study on the particle model of matter. International Journal of Mathematics and
Science Education, 9(5), 1235-1259.

Brown, D. E. (1992). Using examples and analogies to remediate misconceptions in physics—
Factors influencing conceptual change. Journal of Research in Science Teaching, 29(1), 17-34.

Brown, D. E. (1994). Facilitating conceptual change using analogies and explanatory models.
International Journal of Science Education, 16(2), 201-214.

Bryce, T., & MacMillan, K. (2005). Encouraging conceptual change: The use of bridging analogies
in the teaching of action-reaction forces and the ‘at rest’ condition in physics. International
Journal of Science Education, 27(6), 737-763.

Chang, C.Y., & Barufaldi, J. P. (1999). The use of a problem-solving-based instructional model in
initiating change in students’ achievement and alternative frameworks. International Journal
of Science Education, 21(4), 373-388.

Chang, M., Wang, C. Y., & Chen, G. D. (2009). National program for e-Learning in Taiwan.
Educational Technology & Society, 12(1), 5-17.

Chi, M. T. H. (1992). Conceptual change within and across ontological categories: Examples from
learning and discovery in science. In R. Giere (Ed.), Minnesota studies in the philosophy of
science (pp. 129-186).Minneapolis: University of Minnesota Press.

Chi, M. T. H. (2008). Three types of conceptual change: Belief revision, mental model
transformation, and categories shift. In S. Vosniadou (Ed.), International handbook of research
on conceptual change (pp. 35-60). New York: Routledge.

Chiu, M. H. (1993). Science textbooks and conceptual change. Science Education Monthly, 163,
2-8.

Chiu, M. H. (2000). Reflections and implications of research on conceptual change. Chinese
Journal of Science Education, 8(1), 1-34. (in Chinese)

Chiu, M. H. (2007, July). Research and instruction-based/oriented work (RAINBOW) for
conceptual change in science learning. Paper presented at the 2nd Network for Inter-Asian
Chemistry Educators Symposium, Taipei, Taiwan.

Chiu, M. H. (2012, 2.9., Principal Investigator). Minutes from National Science Council Special
Interest Group on Conceptual Construction and Conceptual Change. Taipei, Taiwan.

Chiu, M. H., & Chung, S. L. (2013). The use of multiple perspectives of conceptual change
to investigate students’ mental models of gas particles. In G. Tsaparlis & H. Sevian (Eds.),
Concepts of matters in science education (pp. 143—168). The Netherlands: Springer.

Chiu, M. H., & Duit, R. (2011). Globalization: Science education in an international perspective.
Journal of Research in Science Teaching, 48(6), 553—-566.

Chiu, M. H., & Lin, J. W. (2005). Promoting fourth graders’ conceptual change of their
understanding of electric current via multiple analogies. Journal of Research in Science
Teaching, 42(4), 429-464.

Chiu, M. H., & Lin, J. W. (2008). Research on learning and teaching of students’ conception in
science: A cognitive approach review. In Ingrid V. Eriksson (Ed.), Science education in the 21st
century (pp. 291-316). New York: Nova Science Publishers.

Chiu, M. H., & Wu, W. L. (2013). A novel approach for investigating students’ learning
progression for the concept of phase transitions. Education Quimica (Special Issue on Learning
Progressions in Chemistry), 24(4), 373-380.



130 M.-H. Chiu et al.

Chiu, M. H., Chou, C. C., & Liu, C. J. (2002). Dynamic processes of conceptual change: Analysis
of constructing mental models of chemical equilibrium. Journal of Research in Science
Teaching, 39(8), 688-712.

Chiu, M. H., Gou, G. J., & Treagust, D. F. (2007). Assessing students’ conceptual understanding in
science: An introduction about a national project in Taiwan. International Journal of Science
Education, 29(4), 379-390.

Cohen, L., & Manion, L. (2000). Research methods in education (5th ed.). London: Routhledge.

diSessa, A. (1993). Towards an epistemology of physics. Cognition and Instruction, 10(2-3),
105-225.

diSessa, A. A. (2008). A bird’s-eye view of the “pieces” vs. “coherence” controversy (from the
“pieces” side of the fence). In S. Vosniadou (Ed.), International handbook of research on
conceptual change (pp. 35-60). New York: Routledge.

Duit, R., & Treagust, D. F. (2003). Conceptual change: A powerful framework for improving
science teaching and learning. International Journal of Science Education, 25(6), 671-688.
Duit, R., & Treagust, D. F. (2012). How can conceptual change contribute to theory and practice
in science education? In B. Fraser, K. Tobin, & C. McRobbie (Eds.), Second international

handbook of science education (pp. 107-118). Dordrecht, the Netherlands: Springer.

Gunstone, R. F. (1990). Children’s science: A decade of developments in constructivist views of
teaching and learning. Australian Science Teachers Journal, 36(4), 9-19.

Hewson, M. G., & Hewson, P. W. (1983). Effect of instruction using students’ prior knowledge
and conceptual change strategies on science learning. Journal of Research in Science Teaching,
20(8), 731-743.

Hewson, P. W., & Thorley, N. R. (1989). The conditions of conceptual change. International
Journal Science Education. 11(special issue), 541-553.

Hsu R. F. (1992). The nature and evaluation modes in measuring hypotheses formulating skill.
Journal of National Taiwan Normal University, 37, 395—457. (in Chinese)

Kuhn, T. S. (1970). The structure of scientific revolutions. Chicago: The University of Chicago.

Liang, J. C., Chou, C. C., & Chiu, M. H. (2011). Student test performances on behavior of gas
particles and mismatch of teacher predictions. Chemistry Education Research and Practice,
12, 238-250.

Lin, J. W. (2008). A comparison study between the coherence of across-grade students” mental
models in electricity and curriculum sequence. Journal of Education & Psychology, 31(3),
53-79.

Lin, J. W., & Chiu, M. H. (2009). An across-grade study to investigate the evolutionary processes
of students’ cognitive characters in series connection. Journal of Research in Education
Sciences, 54(4), 139-170.

Lin, T. C., Lin, T. J., & Tsai, C. C. (2014) Research trends in science education from 2008 to 2012:
A systematic content analysis of publications in selected journals. International Journal of
Science Education, 36(8), 1346—1372.

Linn, M. C. (2008). Teaching for conceptual change: Distinguish or extinguish ideas. In S.
Vosniadou (Ed.), International Handbook of Research on Conceptual Change (pp. 694-718).
New York: Routledge.

Margel, H., Eylon, B. S., & Scherz, Z. (2008). A longitudinal study of junior high school students’
conceptions of the structure of materials. Journal of Research in Science Teaching, 45(1),
132-152.

Pintrich, P.R., Marx, R.W., & Boyle, R.A. (1993). Beyond cold conceptual change: The role of
motivational beliefs and classroom contextual factors in the process of conceptual change.
Education & Educational Research, 63(2), 167-199.

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). Accommodation of a scientific
conception: Toward a theory of conceptual change. Science Education, 66(2), 211-227.

Schnotz, W., Vosniadou, S., & Carretero, M. (1999). New perspectives on conceptual change.
Amsterdam: Pergamon.

Shen, J., & Confrey, J. (2007). From conceptual change to transformative modeling: A case study
of an elementary teacher in learning astronomy. Science Education, 91(6), 948-966.



5 Content Analysis of Conceptual Change Research and Practice in Science ... 131

Stenhouse, D. (1986). Conceptual change in science-education—paradigms and language-games.
Science Education, 70(4), 413-425.

Strike, K. A., & Posner, G. J. (1992). A revisionist theory of conceptual change. In R. A. Duschl
& R. J. Hamilton (Eds.), Philosophy of science, cognitive psychology, and educational theory
and practice. Albany: State University of New York Press.

Terry, C., & Jones, G. (1986). Alternative frameworks: Newton’s third law and conceptual change.
European Journal of Science Education, 8(3), 291-298.

Thagard, P. (1992). Conceptual revolution. NJ: Princeton University.

Treagust, D., & Duit, R. (2008). Conceptual change: A discussion of theoretical, methodological
and practical challenges for science education. Cultural Studies of Science Education, 3,
297-328.

Tsai, C. C. (2000). Enhancing science instruction: The use of conflict maps. International Journal
of Science Education, 22(3), 285-302.

Tsai, C. C. (2003). Using a conflict map as an instructional tool to change student alternative
conceptions in simple series electric-circuits. International Journal of Science Education,
25(3), 307-327.

Tsui, C. Y., & Treagust, D. F. (2010). Evaluating secondary students’ scientific reasoning in
genetics using a two-tier diagnostic instrument. International Journal of Science Education,
32(8), 1073—-1098.

Venville, G. J., Louisell, R. D., & Wilhelm, J. A. (2012). Young children’s knowledge about the
moon: A complex dynamic system. Research in Science Education, 42, 729-752.

Vosniadou, S. (Ed.). (1994). Capturing and modeling the process of conceptual change. In S.
Vosniadou (Guest Ed.), Special issue on conceptual change, learning and instruction (4th ed.,
45-69).

Vosniadou, S. (2008, Ed.). International Handbook of Research on Conceptual Change. NY:
Routledge.

Vosniadou, S. (2013, Ed.). International Handbook of Research on Conceptual Change. NY:
Routledge.

Vosniadou, S., & Brewer, W. F. (1992). Mental models of the earth: A study of conceptual change
in childhood. Cognitive Psychology, 24, 535-585.

Vosniadou, S., & Ioannides, C. (1998). From conceptual development to science education: A
psychological point of view. International Journal of Science Education, 20(10), 1213—1230.

Wang, T. H., Chiu, M. H., Lin, J. W., & Chou, C. C. (2013). Diagnosing students’ mental models
via the web-based mental models diagnosis (WMMD) system. British Journal of Educational
Technology, 44(2), EA5-E48

West, L. H. T., & Pines, A. L. (1983). How “rational” is rationality? Science Education, 67(1),
37-39.

World Population Review. (2014). http://worldpopulationreview.com/. Accessed 12 Dec 2004.

Zembal-Saul, C., Munford, D., Crawford, B., Friedrichsen, P., & Land, S. (2002). Scaffolding
preservice science teachers’ evidence-based arguments during an investigation of natural
selection. Research in Science Education, 32(24), 437-463.

Zietsman, A. 1., & Hewson, P. W. (1986). Effect of instruction using microcomputer simulations
and conceptual change strategies on science learning. Journal of Research in Science Teaching,
23(1), 27-39.



	Part II
	Science Learning and Assessment
	Chapter-5
	Content Analysis of Conceptual Change Research and Practice in Science Education: From Localization to Globalization
	5.1 Introduction
	5.1.1 Research Purposes and Questions

	5.2 Method
	5.2.1 Identifying Papers for This Review
	5.2.2 Formation of an Analytical Framework
	5.2.3 Data Analysis

	5.3 Results and Discussions
	5.3.1 RQ1: Empirical and Nonempirical Studies
	5.3.2 RQ 2: Theoretical Framework
	5.3.3 RQ 3: Science Disciplines
	5.3.4 RQ 4: Methodology
	5.3.4.1 Research Methods
	5.3.4.2 Research Instruments

	5.3.5 RQ 5: Teaching Strategies
	5.3.6 RQ 6: Authorship and Participants
	5.3.6.1 Authorship
	5.3.6.2 Participating Countries


	5.4 Concluding Remarks
	5.4.1 Claim 1: Studies on Conceptual Change in International Journals Are at a Reasonable Stable Status but in TJ the Numbers Appear to Be Limited
	5.4.2 Claim 2: Most of the Published Research on Conceptual Change Investigated the Effectiveness of Instructional Strategies and Materials
	5.4.3 Claim 3: More Research on Conceptual Change Is in the Area of Physics Compared to Chemistry, Biology, and Earth Science
	5.4.4 Claim 4: Most Published Studies on Conceptual Change Relied on Multiple Data Collection Methods for Triangulation Purposes
	5.4.5 Claim 5: Major Teaching Strategy Changes from Conceptual Conflict, Analogy to Multimedia
	5.4.6 Claim 6: Continuous Effort on Research on Conceptual Change in Science Learning
	5.4.7 Claim 7: Two Stages of Conceptual Change Research Trend

	5.5 Implications for Science Education Research on Conceptual Change
	5.5.1 Suggestion 1: Increasing Nonempirical Studies for Informing Conceptual Change Theory
	5.5.2 Suggestion 2: Encouraging More Research in Diverse and Cross-Science Disciplines
	5.5.3 Suggestion 3: Strengthening the Implementation of Multiple Perspectives of Approaches for Research
	5.5.4 Suggestion 4: Using Multiple Research Methods to Increase Reliability of Studies as Evidence-Based Sources for Educational Reforms
	5.5.5 Suggestion 5: Strengthening the Relationships Among Science Disciplines, Multimedia, and Instructional Theory, Followed by Conveying Them to School Teachers to Promote Quality Teaching in School Science Practice
	5.5.6 Suggestion 6: Increasing the Interaction Between Local Scholars and International Scholars
	5.5.7 Suggestion 7: Advocating New and Revolutionary Theories and Research Methods on Conceptual Change for Promoting Research Quality and Quantity to the Next Stage

	Appendices
	References







