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Abstract

This article presents the full version of Views on Science and Education
(VOSE) in both Chinese and English for assessing college students’ and
adults’ views about nature of science and attitudes toward teaching issues in
nature of science. The development of VOSE has been delineated in the
September issue of Science Education. The results of the field test are briefly
reviewed in this article. Finally, a guideline according to the researcher’'s
views about the test items is provided for coding the data.
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Introduction

In a recent issue of Science Education, I used VOSE as an example to introduce an
innovative approach to developing a questionnaire for assessing views on nature of
science (NOS) and the relevant teaching attitudes (Chen, 2006). Many researchers
have requested a full copy of VOSE. In response to researchers and educators who
would like to apply VOSE, this article presents the instrument, summarizes the quality
of the instrument, and clarifies my views about NOS.

Summary of the Quality of the Instrument

VOSE assesses both the subjects’ conceptions of NOS and attitudes toward teaching
NOS, as well as their underlying reasons. The conception and attitude parts consist
of ten and five questions, respectively. Each question is followed by several items
that represent different philosophical positions. Participants are instructed to read all
items of a question before ranking each on the five-point scale.

Reliability

The items were empirically derived from the learners’ perspectives. On the one hand,
VOSE yields reliable results because the items originated from the respondents’
viewpoints instead of experts’ presumptions of reasonable responses. On the other
hand, the test-retest reliability is high. The latest version of VOSE was field tested
with 302 college students. Twenty-four of the subjects voluntarily filled out the
questionnaire again within 1 to 3 months and achieved a high test-retest correlation
coefficient, 0.82.

I explained in the original article that the commonly used internal consistency or
Cronbach’s alpha is not applicable to empirically-based instruments. Readers may
also refer to Aikenhead and Ryan (1992), Rubba, Schoneweg Bradford and Harkness
(1996), and Erlandson, Harris, Skipper, and Allen (1993) for more discussion about
the reliability of this type of instrument. For VOSE, the Cronbach’s alphas of all
issues ranged from 0.34 to 0.81 (see the tables in the original article) and were used to
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verify the appropriateness of discarding some items in the pilot test, but not a main
criterion for reliability. Some issues involve independent subcategories of views and
thus have low alpha values.

Validity

The content and the interpretation of the items were validated by two panels of experts,
each consisting of six experts. The 24 subjects who participated in the retest were
interviewed for two hours following the retest to establish validity concerning the
ambiguity issue. The results showed that on two of the 85 items, item G of question
I (1G) and item D of question 3 (3D), five interviewees (20.8%) and three
interviewees (12.5%) interpreted the items differently from the researcher and the
panel of experts. For the remaining 83 items, over 90% of the interviewees
interpreted the items consistently with the researcher and experts. The researcher,
experts, and respondents attributed similar interpretations to the items. VOSE
therefore measures what it purports to measure.

Target Subjects

VOSE is designed for college students and adults, including pre- and inservice
teachers. For 10th to 12th graders, VOSE may be appropriate because the language
is similar to Views on Science-Technology-Society (VOSTS) (Aikenhead & Ryan,
1992), which was designed for high school students. In addition, a high school
student was interviewed to check the clarity of the items in the pilot test. However,
for younger students, I would suggest researchers interview some of the students to
ensure that the items are comprehensible to them. It should be noted that the NOS
and the teaching attitudes parts can be implemented separately. Researchers may use
only the NOS part for students below college level.

Moreover, the English version needs to be validated, and, for Chinese users outside
Taiwan, the Chinese version may need further revision. Although VOSE was based
on multiple sources of empirical data, including Western and Taiwanese learners, only
the Chinese version has been field tested, and translation could cause semantic
differences. Furthermore, the style of Chinese is based on the tradition in
Taiwan. Therefore, the local context and language usage should be taken into
consideration for both English and Chinese users.
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Finally, respondents who are not familiar with NOS issues may not have a firm
position and may be swayed by the first item they read. To reduce the order effect,
researchers should inform the respondents to read all items for a question before
answering, and may use forms that switch the order of the items.

NOS Positions

I addressed a hesitancy in distinguishing between informed and naive views of NOS
in the original article. On the one hand, as a methodology article, I intended to avoid
the fallacy that tenets of postpositivism are superior to those of positivism, or that
anti-realism overcomes realism. On the other hand, science educators should provide
students with opportunities for discussing NOS topics and for justifying beliefs, rather
than indoctrinate certain concepts, because all concepts of NOS are
tentative. Matthews (1997) noted two mistakes made by James Robinson in his 1968
work “The nature of science and science teaching.” First, Robinson considered
logical positivism as the only view of NOS. Second, Robinson advocated that one of
the educational objectives was to teach students to believe in that one view. Likewise,
contemporary science educators may make the same mistakes by equating NOS with a
set of beliefs, and expecting students to be transformed to these beliefs. Scientists’
and philosophers’ views should be made known to students, but not taught in such a
way as to stamp “a message from ink-pad on to paper” (Solomon, 1995,
p.16). Students should learn to justify their beliefs, not to believe in a certain
philosophical position.

Nevertheless, many researchers have requested a detailed guideline for coding the
data. 1 shall clarify my position regarding each test item for researchers’
reference. In this text, the item is symbolized by a numerical number, indicating the
question, and a letter, indicating the response for the question. For example, items
9A and 9B are the first and second responses for question 9. For data coding, first of
all, I would consider the following 16 items as naive conceptions and reverse their
scores:

(1) Items 9A, 9B, and 9F, concerning the universal scientific method.
(2) Items 7A and 7B, which state that laws are more certain than theories.
(3) Items 3C, 3D, and 3E, regarding using no imagination in scientific investigation.
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(4) Items 2C, 2D, and 15F, which stress no influence of socio-culture on scientific
investigation.

(5) Items 8C, 15E, and 151, which highlight no influence of personal beliefs on
scientific investigation.

(6) Items 8C and 8D, in which observations are considered to be independent from
theories.

Secondly, concerning the epistemological status of theories and laws, my viewpoint is
that participants should recognize that scientists create theories and laws to interpret
and describe empirical evidence. However, it should be noticed that, while some
scientists and philosophers argue that theories and laws are invented, others believe
that there is an objective World and scientists try to discover theories and
laws. Which view is more desirable for the subjects to possess? This will be the
individual researcher’s judgment. When I interpret the results of these items, instead
of saying that the participants’ knowledge is adequate or not, I compare their views
about the epistemological statuses of theories and laws. Those who believe that laws
are more reliable than theories tend to put laws at the discovery end and theories at the
invention end.

For the rest of the NOS items in VOSE, I think they are all acceptable. Participants,
whether they are teachers or students, should have a comprehensive view. For
example, scientific knowledge is accumulated and evolved, and may have
revolutionary change. Theory choice is based on empirical evidence and also
influenced by many factors that have nothing to do with objectivity. I would expect
the participants to see both sides. In other words, I support a comprehensive view of
NOS, which involves multiple viewpoints, instead of a specific philosophy such as
positivism or postpositivism. For many NOS issues, an understanding of the
participants’ beliefs in the multiple viewpoints is more meaningful than a total score
or grand means.

Copyright (C) 2006 HKIEd APFSLT. Volume 7, Issue 2, Article 11 (Dec., 2006). All Rights Reserved.




Asia-Pacific Forum on Science Learning and Teaching, Volume 7, Issue 2, Article 11, p.6 (Dec., 2006)
Sufen CHEN
\ ' Views on science and education (VOSE) questionnaire

VOSE in Chinese
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Views on Science and Education Questionnaire

Instructions to participants:

Each question of this questionnaire starts with a statement about the nature of science
or science education. Most statements adopt a certain radical stance. You may
strongly agree with it, strongly disagree with it, or have other thoughts about it. Each
statement 1s followed by several responses. Please read all of the responses first, then
circle your opinion on the right side (SD, D, U, A, SA) of each response according to
your knowledge of scientific activities or scientists, or what ought to be taught in
science courses. There is no right or wrong answer. Thank you.

SD= Strongly Disagree

D = Disagree

U = Uncertain or No Comment
A = Agree

SA = Strongly Agree

1. When two different theories arise to explain the same phenomenon (e.g., fossils of

dinosaurs), will scientists accept the two theories at the same time?

A. Yes, because scientists still cannot objectively tell which one is better; SD D U A SA
therefore, they will accept both tentatively.

B. Yes, because the two theories may provide explanations from different SD D U A SA
perspectives, there is no right or wrong.

C. No, because scientists tend to accept the theory they are more familiar with. SD D U A SA

D. No, because scientists tend to accept the simpler theories and avoid complex SD D U A SA
theories.

E. No, the academic status of each theory proposer will influence scientists’ SD D U A SA
acceptance of the theory.

F. No, scientists tend to accept new theories which deviate less from the SD D U A SA
contemporary core scientific theory.

G. No, scientists use intuition to make judgments. SD D U A SA

H. No, because there is only one truth, scientists will not accept any theory SD D U A SA

before distinguishing which is best.
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2. Scientific investigations are influenced by socio-cultural values (e.g., current trends,

values).

A. Yes, socio-cultural values influence the direction and topics of scientific SD D U A SA
investigations.

B. Yes, because scientists participating in scientific investigations are SD D U A SA

influenced by socio-cultural values.

C. No, scientists with good training will remain value-free when carryingout SD D U A SA
research.

D. No, because science requires objectivity, which is contrary to the subjective SD D U A SA

socio-cultural values.

3. When scientists are conducting scientific research, will they use their imagination?

A. Yes, imagination is the main source of innovation. SD D U A SA

B. Yes, scientists use their imagination more or less in scientific research. SD D U A SA

C. No, imagination is not consistent with the logical principles of science. SD D U A SA

D. No, imagination may become a means for a scientist to prove his pointatall SD D U A SA
costs.

E. No, imagination lacks reliability. SD D U A SA

4. Even if the scientific investigations are carried out correctly, the theory proposed can still
be disproved in the future.

A. Scientific research will face revolutionary change, and the old theory willbe SD D U A SA
replaced.

B. Scientific advances cannot be made in a short time. It is through a SD D U A SA
cumulative process; therefore, the old theory is preserved.

C. With the accumulation of research data and information, the theory will SD D U A SA

evolve more accurately and completely, not being disproved.

5. Is scientific theory (e.g., natural selection, atomic theory) “discovered” or “invented” by
scientists from the natural world?

A. Discovered, because the idea was there all the time to be uncovered. SD D U A SA
B. Discovered, because it is based on experimental facts. SD D U A SA
C. Some scientists discover a theory accidentally, but other scientists may SD D U A SA

Copyright (C) 2006 HKIEd APFSLT. Volume 7, Issue 2, Article 11 (Dec., 2006). All Rights Reserved.




Asia-Pacific Forum on Science Learning and Teaching, Volume 7, Issue 2, Article 11, p.14 (Dec., 2006)

Sufen CHEN

\ ' Views on science and education (VOSE) questionnaire

invent a theory from their known facts.

D. Invented, because a theory is an interpretation of experimental facts, and SD
experimental facts are discovered by scientists.

E. Invented, because a theory is created or worked out by scientists. SD

F. Invented, because a theory can be disproved. SD

D U A SA

D U A SA
D U A SA

6. Is scientific law (e.g., gravitational law) “discovered” or “invented” by scientists from the

natural world?

A. Discovered, because scientific laws are out there in nature, and scientists SD
just have to find them.

D U A SA

B. Discovered, because scientific laws are based on experimental facts. SD D U A SA

C. Some scientists discover a law accidentally, but other scientists may inventa SD D U A SA
law from their known facts.

D. Invented, because scientists invent scientific laws to interpret discovered SD D U A SA
experimental facts.

E. Invented, since there are no absolutes in nature, therefore, the law is invented SD D U A SA
by scientists.

7. In comparison to laws, theories have less evidence to support them.

A. Yes, theories are not as definite as laws. SD D U A SA

B. Yes, if a theory stands up to many tests it will eventually become a law, SD D U A SA
therefore, a law has more supporting evidence.

C. Not quite, some theories have more supporting evidence than some laws. SD D U A SA

D. No, theories and laws are different types of ideas. They cannot be compared. SD D U A SA

8. Scientists’ observations are influenced by personal beliefs (e.g., personal experiences,

presumptions); therefore, they may not make the same observations for the same

experiment.

A. Observations will be different, because different beliefs lead to different SD D U A SA
expectations influencing the observation.

B. Observations will be the same, because the scientists trained in the same SD D U A SA
field hold similar ideas.

C. Observations will be the same, because through scientific training scientists SD D U A SA
can abandon personal values to conduct objective observations.

D. Observations will be the same, because observations are exactly what we see SD D U A SA
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and nothing more. Facts are facts. Interpretations may be different from one

person to another, but observations should be the same.

E. Observations will be the same. Although subjectivity cannot be completely SD D U A SA
avoided in observation, scientists use different methods to verify the results
and improve objectivity.

9. Most scientists follow the universal scientific method, step-by-step, to do their research
(i.e., state a hypothesis, design an experiment, collect data, and draw conclusions).

A. The scientific method ensures valid, clear, logical and accurate results. Thus, SD D U A SA
most scientists follow the universal method in research.

B. Most scientists use the scientific method because it is a logical procedure. SD D U A SA

C. The scientific method is useful in most instances, but it does not ensure SD D U A SA
results; therefore, scientists invent new methods.

D. There is no so-called the scientific method. Scientists use any methods to SD D U A SA
obtain results.

E. There is no fixed scientific method; scientific knowledge could be SD D U A SA
accidentally discovered.

F. No matter how the results are obtained, scientists use the scientific methodto SD D U A SA
verify it.

10. Students in junior and senior high schools should learn the procedure of the scientific
method.

A. Yes, so the students have guidelines to work within. SD D U A SA

B. Yes, because the students are still incapable of coming up with more SD D U A SA
appropriate methods.

C. Yes, they should learn what scientists do. SD D U A SA

D. Yes, because the scientific method is the best method that scientists have SD D U A SA

developed so far.

E. Yes, it helps the students to learn an objective way of studying science. SD D U A SA

F. Yes, it could help the students to understand the essence of science. SD D U A SA
G. No, we should not only teach one scientific method. Students should be SD D U A SA

given space to think and develop their own methods.

H. No, there is no so-called the scientific method. SD D U A SA
I. No, the teachers and the students should brainstorm different research SD D U A SA
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methods together.

11. In junior and senior high school science classes, when students are observing the same

event, the teacher should expect the students to come up with the same findings.

A. Yes, the teacher should advise students to carry out objective observations SD D U A SA
to get identical findings.

B. Yes, if the students are careful enough, they should arrive at the same SD D U A SA
findings.

C. Yes, experimental facts will not differ with the person, thus no matter who SD D U A SA
makes the observation, the result will always be the same.

D. No, the observation will be affected by the students’ preconceptions. SD D U A SA

E. No, the teacher should discuss with the students how observation can be SD D U A SA

affected by preconceptions.

12. Students should understand that scientific knowledge may change.

A. Yes, so they realize the real nature of science. SD D U A SA

B. Yes, so they realize the reason why science advances. SD D U A SA

C. No, it will decrease the students’ interest in learning science. SD D U A SA

D. No, it will decrease the students’ acceptance of science. SD D U A SA

E. No, the students only need to learn about the constant fundamentals of SD D U A SA
scientific knowledge.

13. The science course in high school should investigate the definitions of and the
relationships between hypothesis, theory, and law.

A. Yes, because they represent the structure of scientific knowledge. SD D U A SA

B. Yes, because they are the fundamentals of scientific inquiry. SD D U A SA

C. No, knowing the definition of and relationships between these terms does SD D U A SA
not help much in learning scientific knowledge.

D. No, because hypothesis, theory, and law lack definite meaning. SD D U A SA

Please read carefully the following story about two scientists before answering the
last two questions.
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It 1s the year 2016. A and B are professors at a biotechnology center, and they are
researching the selection and transfer of organic genes. If their project succeeds,
humans will be free from congenital limitations. In addition to the total prevention of
hereditary diseases, people will be free to choose and transfer eugenic genes. The
human world will never again have congenital hereditary deficiencies. The research
is already into the last step, but the general public opposes it, and even the institution
itself has the intention of cutting back the budget. In fact A is already starting to
question the continuation of the research. A is a devoted Christian, believing that
God will open doors for everyone. Thus, even if people are born with various
diseases and deficiencies, the diversity and unpredictability of humankind are what
has created history. A doesn’t believe that scientific development should change the
core essence of a human being. Therefore, when socio-cultural values and beliefs of
science are in conflict, choice should be made based on socio-cultural values because
the ultimate values of science rely upon the “person” him/herself.

However, B doesn’t think this way. B believes that the nature of science is
absolutely objective, and that socio-cultural values are just like the public preference,
always changing with the social environment, and are a very subjective representation
of values. In other words, research that is rejected by today’s socio-cultural values
could become an aspiration of tomorrow. Therefore, it is unworthy and foolish to
abandon the constant objective nature of science just for a fleeting subjective
value. B and A start to fight over this matter. Finally, A chooses to withdraw from
the research, but B chooses to continue developing it. Since giving up the
well-developed research techniques would be very regrettable, A changes research
interest to genetic selection and transfer of plants, in an attempt to choose a topic
accepted by the dominant socio-cultural values. A eventually successfully transfers
the anticancer genes from Taxus mairei to rye, creating anticancer rye. Looking back,
A does not regret withdrawing from the project and believes that although the nature
of science could be objective, the manifestation of the values should eventually return
to the fundamental essence of “human beings.”

B, persisting in continuing the original project, has received success on animal
live-forms research, continuing on to do research on humans. B does not regret the
choice either and even works harder on the project because of the belief that this story
does not end here. The entire nature and value of the investigation will unfold in the
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future. It is left for history, rather than the contemporary socio-cultural values, to

judge.

14. From the perspective of science education, what can junior/senior high school students

learn from these two scientists?

A. A—scientists should have a conscience when doing research. SD D U A SA

B. A——consider both scientific research and social values simultaneously. SD D U A SA

C. A—scientific research cannot be totally divorced from socio-cultural SD D U A SA
values.

D. A—respect the diversity of people. SD D U A SA

E. B—scientific research should be completely detached from personal SD D U A SA
beliefs.

F. B—scientific research should be completely detached from social SD D U A SA
subjective values.

G. Neither of them provides a good example to learn from because science SD D U A SA
courses should not involve value-choices.

15. From the perspective of the nature of science, what aspects of A and B’s thinking do

you agree with?

A. A—scientists should have a conscience when doing research. SD D U A SA

B. A——consider both scientific research and social values simultaneously. SD D U A SA

C. A—scientific research cannot be completely divorced from socio-cultural SD D U A SA
values.

D. A—respect diversity in human beings. SD D U A SA

E. B—scientific research should be completely detached from personal belief. SD D U A SA

F. B—scientific research should be completely detached from subjective SD D U A SA
values.

G. B—persisting with the highest value of science—pursuing the truth. SD D U A SA

H. Both, since they both have scientific spirit though they are influencedby SD D U A SA
personal values.

I. Neither, neither are objective enough since they are influenced by their SD D U A SA

personal beliefs and values.
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