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ABSTRACT

This study developed a Pupils’ Nature of Science Scale, including the subscales
of the invented and changing nature of science, the role of social negotiation
on science, and cultural context on science, to assess early adolescents’ views
about the nature of science. More than 6,000 fifth and sixth graders in Taiwan
responded to the Scale. The study revealed that the adolescents had quite
different perspectives toward different subscales of the nature of science. More-
over, male adolescents tended to express more constructivist-oriented views
toward the nature of science than did their female counterparts. The adoles-
cents of different grades and races also displayed varying views toward the
nature of science.

INTRODUCTION

There is no doubt that science is one of the major school subjects for
adolescent students. The goal of science education is not only to help
students acquire scientific knowledge, but to understand its develop-
ment. In other words, science education should not only teach what
science is, but also how scientific knowledge is constructed through a
series of complex interactions among different views, such as cultural
and social. Traditional science education focuses mainly on the acquisi-
tion of scientific facts, but very little on the process as well as the
nature of developing scientific knowledge (Duschl, 1990). That is, sci-

This study was supported by National Science Council, Taiwan, under grant
numbers NSC 93-2511-5009-006 and NSC 93-2511-5009—007.

Chao-Ming Huang, Department of Earth Sciences, National Taiwan Normal
University, Taipei, Taiwan.

Chin-Chung Tsai, Center for Teacher Education and Institute of Education,
National Chiao Tung University, Hsinchu, Taiwan

Chun-Yen Chang, Department of Earth Sciences, National Taiwan Normal
University, Taipei, Taiwan.

Requests for reprints should be sent to Prof. Chin-Chung Tsai, Center for
Teacher Education and Institute of Education, National Chiao Tung Univer-
sity, 1001 Ta Hsueh Rd., Hsinchu 300, Taiwan, E-mail address: cctsai@mail.n-
ctu.edu.tw

ADOLESCENCE, Vol. 40, No. 159, Fall 2005
Libra Publishers, Inc., 3089C Clairemont Dr., PMB 383, San Diego, CA 92117

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ence curricula, teachers, and students may not have an appropriate
understandings of the nature of science, and most of them express
empiricist-aligned (in contrast to constructivist) views about the na-
ture of science (LLederman, 1992).

During the past five decades, many studies have investigated teach-
ers’ and students’ views about the nature of science and their potential
impacts (Elby & Hammer, 2001; Pomeroy, 1993; Songer, & Linn, 1991;
Tsai, 1998a,b, 2002). In these previous studies, a consensus had proba-
bly emerged that views about the nature of science would influence or
relate to the learning process and the ways of constructing knowledge
in science. For example, Tsai (1998b) indicated that students’ views
about the nature of science were significantly correlated with their
cognitive structure outcomes. Moreoever, these views may guide their
capacity for metacognition (Tsai, 2001). Consequently, an exploration
of students’ views about the nature of science is an important research
issue for science educators. Some instruments have been developed to
assess these views. For example, Pomeroy (1993) developed a question-

naire to investigate conceptions of the nature of science. This type of
questionnaire often employed a one-dimensional assessment to repre-
sent the nature of science. The students’ final scores on the nature of
science questionnaire would be used to categorize them into two or
three poles, such as constructivist versus non-constructivist (Tsai,
1998a), traditional views of science versus non-traditional (Pomeroy,
1993), or static, mixed, and dynamic (Songer & Linn, 1991).

Some researchers proposed the multiple-dimensional characteristics
of the nature of science (e.g., Tsai, 2000a, 2002; McComas, 1996), in
which the student’s views regarding the nature of science would vary
with different epistemological dimensions (Tsai, 2002). For example, a
person may disagree with the constructivist-oriented assertion that
“observations are theory-laden,” but he or she may support the other
constructivist-oriented perspective that “social negotiations play an
important role for science.” In other words, a student might be catego-
rized as “constructivist” in one dimension, but as “non-constructivist”
(or have an empiricist view) in other dimensions of the nature of sci-
ence (Tsai, 2002). Since previous studies seemed not to carefully assess
students’ views about the nature of science in multiple dimensions,
this study tried to develop such an instrument.

After reviewing related articles about the nature of science (e.g.,
Duschl, 1990; Lederman, 1992; Tsai, 1998¢), three important dimen-
sions were selected for investigation. The first dimension addresses
the perspective that scientific knowledge is invented and changing;
i.e., that scientific knowledge originates from scientists’ invention and
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the state of scientific knowledge is tentative and dynamic. Therefore,
the development of science is a process of conceptual evolution or some-
times revolution.

The second dimension of the nature of science is related to the role
of social negotiation in the development of scientific knowledge. Not
only is scientific knowledge invented by scientists, but it is also re-
quired that it be accepted by other contemporary scientists. All scien-
tific knowledge must be carefully examined and confirmed by the
scientific community. This process involves a series of negotiations
until a consensus is reached.

The third dimension of the nature of science is the impact of cultural
context—that the development of scientific knowledge cannot be iso-
lated from the cultural context. In sum, this study selected these three
major dimensions of the nature of science: the invented and changing
nature of science, the role of social negotiation, and the role of the
culture.

Although some researchers have tried to explore students’ views
of the nature of science, most paid more attention to older students.
Therefore, this study developed a questionnaire to help understand
early adolescents’ (5th and 6th graders) views of the nature of science
in multiple dimensions. Research also reveals that early adolescents
have already developed their own conceptions of the nature of science
(e.g., Smith et al., 2000). In administering the questionnaire, grade and
gender differences were analyzed. Further, since the sample included
aboriginal students, a comparison of their views and those of non-
aboriginal adolescents was undertaken.

METHOD

The Questionnaire
To develop the Pupils’ Nature of Science Scale (PNSS), three sub-
scales were constructed on adolescents’ views of the nature of science,
i.e., the invented and changing nature of science, the role of social
negotiation, and the cultural context. Based upon the work of Pomeroy
(1993) and Tsai (1998a, 1999a, 2002), and by consulting with experts
in science education, 15 items were chosen for the questionnaire. Each
subscale contained 5 items. All items were presented in the Chinese
language. The following three statements are samples of the respec-
tive subscales.
1. The development of science knowledge requires scientists’ cre-
ativity and imagination (invented and changing nature of
science).
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2. Acceptable science knowledge needs to be recognized by most sci-
entists in the field (the role of social negotiation on science).

3. Science knowledge is not different based on the scientists’ cul-
tural background (the cultural context on science, stated in a
reverse manner),

The questionnaire consisted of bipolar agree-disagree statements on

a 5-1 Likert scale. Some items in the PNSS stated from an empiricist-
oriented (or non-constructivist-oriented) perspective were scored in a
reverse manner. Students who attained high scores on the subscale of
invented and changing nature of science tended to believe that the
development of science knowledge involved many invented acts and
that science knowledge is always changing. Students with high scores
on the subscale of social negotiation tended to support the idea that
the role of social negotiation among scientists is very important for the
accumulation of knowledge. Students with high scores on the subscale
of cultural context expressed the view that the science knowledge was
affected by complicated cultural factors. Thus, students with high
scores had constructivist views about science.

One might argue that since early adolescents may not yet be confi-
dent about their views on the nature of science, the data may not be of
value for further analyses. Therefore, to assess respondents’ certainty
about their views, they were asked to answer the following question:
“Concerning your choice, I am (1) Sure (2) Unsure.” Students who
noted that they were “unsure” about any item would not be considered
valid respondents for this study. Additionally, non-responses, uninten-
tional omission, or unidentifiable marks on items resulted in the exclu-
sion of those respondents from the final analysis. In sum, only students
who completed 15 items with certainty were regarded as appropriate
for the study.

Sample

The study was conducted in I-Lan county located in northeast Tai-
wan. All questionnaires were mailed to'71 local schools. All 5th and
6th graders were asked to complete the PNSS. After excluding the
incomplete questionnaires and those with uncertain responses (about
2000) 6,167 valid questionnaires remained for statistical analy-
sis—3,038 boys (49.3%) and 3,129 girls (50.7%). This sample size was
considered large enough to represent early adolescents in Taiwan.

Data Analysis

An exploratory factor analysis was applied to clarify the structure
of item factors. Principle component analysis with varimax rotation to
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reveal the structure of PNSS was used. The PNSS response differences
on some variables, such as grade level, gender and race, which were
analyzed by a series of independent ¢-tests, were investigated further.

FINDINGS

Three factors, as expected, were revealed in PNSS. A questionnaire
item was retained only when it loaded greater than 0.50 on the rele-
vant factor, and less than 0.50 on the nonrelevant factor. As a result,
the initial 15 items were reduced to 11 items.

Table 1 shows that the eigenvalues of the three factors (invented and
changing nature of science, the role of social negotiation, and cultural
context) from the principle component analysis were all greater than
one: 2.91, 1.96, and 1.04, respectively. These three factors (subscales)
accounted for 53.73% of the variance. Internal reliability, alpha coeffi-
cient, was acceptable for the three subscales (0.68, 0.62, and 0.69,
respectively).

Table 2 shows students’ descriptive results on the three subscales.
The mean item score for invented and changing nature of science was
4.36, for the social negotiation of science it was 3.91, and for the cul-
tural context on science it was 2.78. These results might imply that
the early adolescents, on average, held constructivist-oriented views
toward the first two dimensions of the nature of science, but that they
probably did not strongly support the view that the cultural context
had an essential impact on the development of science. In particular,
although the respondents had grown up in a non-western cultural envi-
ronment, they still believed that the cultural context might not have
played an important role in the development of science. This finding

. also seems to coincide with that revealed in Tsai’s (2002) study that
people may have different perspectives on different dimensions of the
nature of science, i.e., an individual may be more constructivist-ori-
ented about the invented and changing nature of science, but may have
less such views about the role of cultural context.

Table 3 presents an analysis of results by grade level, indicating a
significant difference in the invented and changing nature of science
subscale when the responses of 5th graders and 6th graders (¢ = —3.51,
p < .01) are compared. The results suggest that the 6th graders were
more constructivist-oriented on the dimension of the invented and
changing nature of science than were 5th graders.

Table 4 shows the results by gender. There were significant differ-
ences by gender on the subscales of the invented and changing nature
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of science and the role of social negotiation of science (p < .01). Male
early adolescents tended to show significantly more agreement in their
perspectives on the invented and changing nature of science and the
role of social negotiation than did their female counterparts. The find-
ings indicate that male students tended to have a better understanding
of the nature of science than did females on these two dimensions.

Table 5 displays the results based on race. Respondents had been
classified into two racial categories: non-aboriginal (n = 5,875) and
aboriginal students (n = 292). In the invented and changing nature
and cultural context subscales, the scores of non-aboriginal students
were significantly higher than those of the aboriginal students (p <
.05). These results suggested that the aboriginal students tended to
express less constructivist-oriented views toward the invented and
changing nature of science and the role of cultural context than did
non-aboriginal students.

CONCLUSIONS

This study provides a relatively detailed exploration of early adoles-
cents’ views of the nature of science on the basis of three dimensions.
Thus, the questionnaire developed for this study can be helpful to
elementary school science educators who are interested in exploring
students’ views about the nature of science.

Very few studies have explored gender differences on the nature of
science, while numerous studies investigated gender differences on
science achievement and attitudes (e.g., Kenway & Gough, 1998). Pre-
vious research on adolescents’ views about the nature of science have
focused on the change in their views through instruction, (e.g.,
Khishfe & Abd-El-Khalick, 2002; Smith et al., 2000), or explored the
relationship between views of the nature of science and learning orien-
tations (e.g., T'sai, 1998a). The present study revealed some differences
between boys and girls in their views about the nature of science; male
adolescents tended to express more constructivist views than their
female counterparts. Research has also supported the finding that con-
structivist-oriented views about science help students develop better
knowledge frameworks and learning strategies in science (Tsai,
1998a,b, 1999b, 2000b). Science teachers are encouraged to utilize vari-
ous strategies to enhance female adolescents’ understanding of the
nature of science; for example, Science-Technology-Society instruction
(an integrated teaching approach which emphasizes the complex inter-
play among science, technology, and society).
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Table 1

Rotated Factor Loadings and Cronbach’s Alphas
for the Three Factors of the PNSS (N =6,167)

Item Factor 1 Factor 2 Factor 3

1 0.662

2 0.686

5 0.691

4 0.726

5 0.693

6 0.794

7 0.614

8 (0). 718

9 0.807
10 0.596
11 0.715
Eigenvalue 2.91 1.96 1.04
Variance (%) 26.46 17.79 9.48

Note. Factor 1: invented and changing nature of science (a=0.68);
Factor 2: the role of social negotiation (a = 0.62); Factor 3: cultural
context (a = 0.69). Total variance explained: 53.73%.

Table 2

Students’ Scores on the PNSS Subscales (N = 6,167)

Subscale ltems Range M (peritem) SD

Invented and changing 4 4-20 17.42 (4.36) 2.39
nature of science

The role of social 3 3-15 11.74 (3.91) 2.40
negotiation
Cultural context 4 4-20 110 (278) 3.90
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Table 3
Students’ Scores on the PNSS Subscales, by Grade (N = 6,167)

Subscale Grade M (peritem) SD t

Invented and changing 17.32 (4.33) 0.61 -3.51**
nature of science 17.53 (4.38) 0.59

5)
6
The role of social 5 didi72s (891) 0.81 -0.57
negotiation 6 11.76 (3.92) 0.79

5

6

i (247.9) 098 142
11.03 (2.76) 0.97

Cultural context

Note. n = 3,047 for 5th graders; n = 3,120 for 6th graders. **p < .01

Table 4

Students’ Scores on the PNSS Subscales, by Gender (N = 6,167)

Subscale Gender M (peritem) SD t

Invented and changing Male 17.53 (4.38) 0.60  3.34*
nature of science Female 17.32 (4.33) 0.59

The role of social Male 11.86 (3.95) 082 " 890 "
negotiation Female 11.62 (3.87) 0.78

Cultural context Male A (28) 1.03 0.16

Female 11.10 (2.77) 0.92

Note. n = 3,038 for males; n = 3,129 for females. **p < .01

Table 5
Students’ Scores on the PNSS Subscales, by Race (N = 6,167)

Subscale Race M (peritem) SD t

Invented and changing Non-aboriginal 17.44 (4.36) 0.59  2.60*
nature of science Aboriginal 17.03 (4.26) 0.66

The role of social Non-aboriginal 11.73 (3.91) 0.80 -1.60
negotiation Aboriginal 11.93 (8.97) 0.72
Cultural context Non-aboriginal 11.14 (2.79) 0.97: = 8525

Aboriginal 10582 (2858) N 0IgD

Note. n = 5,875 for non-aboriginal; n = 292 for aboriginal. *p < .05, **p < .01
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This study revealed the differences between non-aboriginal and ab-
original early adolescents’ views about the nature of science. Teachers
in Taiwan need to develop instructional activities that improve aborigi-
nal students’ understanding of the nature of science; integration of
science instruction with some aboriginal or indigenous theories about
nature may help students understand the invented feature of scientific
knowledge as well as the cultural impact.

This study presents a convenient tool for science teachers to assess
early adolescents’ views of the nature of science across different dimen-
sions. Through use of this tool, educators and researchers can move to
deeply explore the role of early adolescents’ views about the nature
of science.
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