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Akershus University College (HiOA). They had passed Sci-
ence I and were enrolled in Science II. Both courses com-
prised the subjects Physics, Chemistry, Biology, Technology
& Design, Meteorology & Geology, and Science Education.
Although these subjects are nationally determined, the de-
tailed curriculum of each subject varies between institutions.
Physics I and II at HiOA constitute approximately 20% of Sci-
ence I and II. Three consecutive 45-minute lessons are deliv-
ered in each three-hour class. Physics I comprises seven such
classes (plus one class used for group presentations) and cov-
ers thermodynamics, gravity & buoyancy, sound, light, kine-
matics, forces and energy; Physics II comprises ten classes
and covers electromagnetism (electricity, magnetism and in-
duction), atomic and nuclear physics (atomic physics, nu-
clear physics and radiation physics) and astronomy (the Sun–
Moon–Earth system, the Solar System, and the universe, plus
one outdoor observing night).

As for the middle school students, a total of eight non-
randomly selected schools in and around Oslo agreed to par-
ticipate in the study during fall 2014. None of the year 8 stu-
dents and all of the year 10 students in these schools had stud-
ied the standardized astronomy module, so the year 8 students
were considered the pre-test sample, and the year 10 students
(from the same schools), the post-test sample.

III. DEVELOPMENT OF THE NEW QUESTIONNAIRE

The original instrument had eight questions (in some cases
comprising sub-questions), some of which were not suitable
for the NIAQ because they were specific to a South African
undergraduate audience (e.g. one question focused on ra-
dio astronomy with the Square Kilometer Array telescope).
We therefore supplemented the most interesting and pertinent
questions from the original IAQ with a few new questions.

A full list of questions will be presented elsewhere; the
main themes covered by the NIAQ questions were as follows:
(1) opinions on how much there is left to discover in both
physics and astronomy, and how interesting and important to
society they are; (2) astronomy vs. astrology; (3) the possi-
bility of life elsewhere in the universe; (4) the Big Bang as a
theory; (5a) size rankings and (5b) simple explanations of five
different astronomical objects, viz. galaxy, planet, star, uni-
verse, solar system; (6) the way in which astronomers learn
things about the universe; (7) ranking in terms of distance
from the Earth’s surface of ten different items, e.g. the Sun,
the Moon, the center of the Milky Way; and (8) the motion of
the Earth around the Sun.

Questions 1, 2, 4, 5 have direct counterparts in the orig-
inal IAQ, while questions 3 and 7 were piloted prior to the
present work (in a second-iteration of the IAQ) with a sam-
ple of about a hundred undergraduate astronomy students at
UCT. With the exceptions of 1, 5a, and 7, all questions so-
licited free-response writing in response to debates between,
or questions from, hypothetical students.

All questions were translated from English into Norwegian
by two native Norwegian speakers: the first author (C.L.)
and, independently, a high school chemistry and mathemat-

ics teacher (with experience studying in England). The two
translated versions were compared and discussed, and where
there were differences, the most appropriate wording for the
Norwegian context was jointly agreed upon. For example, ‘A
group of year 9 students is having an argument’ was translated
to ‘En gruppe 10.-klassinger har en diskusjon’, which trans-
lates directly as ‘A group of 10th graders have a discussion’.
The syntax is more appropriate in Norwegian, and the mean-
ing is preserved as year 9 students are in their last year of
compulsory high school education in South Africa, whereas
the equivalent in Norway is year 10. The consensus version
was given to three Masters level students in Science Teacher
Education to check that the questions were clear; no changes
were required.

IV. METHODOLOGY

The NIAQ was administered to two separate cohorts of pre-
service teachers enrolled in Physics II in 2013–2014 (one co-
hort each semester). The cohorts numbered 41 pre-service
teachers in total (24 females and 17 males). Almost all
were ethnically Norwegian, so they were not asked for demo-
graphic information, as this would have uniquely identified
any non-ethnic Norwegians.

The pre-test was administered during the atomic & nuclear
physics module to both cohorts, whereas the post-test was
given to all pre-service teachers during spring 2014, which
was after the examination for the fall cohort and after the main
astronomy module, but before the observation night and ex-
amination for the spring cohort. Participants were given 45
minutes to complete the questionnaire. The pre- and post-
tests were completed by 40 and 38 pre-service teachers re-
spectively. No differences were found between the cohorts
during the analysis, so they are not separated in the results.

For the middle school administration, students completed
questions 1, 5 and 7. The students were given approximately
20 minutes (year 8) and 25 minutes (year 10) to complete the
questionnaire, which allowed nearly all students to complete
all questions. A total of 535 year 8 students and 387 year 10
students completed the NIAQ. Of the students that elected to
specify their gender, 452 were male and 452 were female.

All pre-service teacher responses, except in the case of mul-
tiple choice questions and ranking tasks, were translated from
Norwegian into English. The same person involved in the
initial translation of the instrument independently translated
a small sample of student responses that was also translated
by C.L. V.R. then compared the two translations, and found
a very high level (> 90%) of agreement. Subsequently, the
remaining responses were translated by C.L. only. However,
frequently text was translated indicating where two different
words or expressions could be used, or denoting with a ques-
tion mark where it was unclear how to translate. All translated
responses were read by two native English speakers, and any
ambiguities or disagreements were discussed and addressed.
Analyzing translated responses limited the grain size of the
analysis: we had to consider (our interpretation of) the in-
tended meaning without getting unnecessarily caught up in



the details of the specific phrasing. However, in the end, this
was considered a benefit, because it was ultimately the mean-
ing conveyed by language that was the focus of the analysis.

Each student was assigned a unique numerical code, which
was appended to each page of their NIAQ submissions. Sub-
missions were separated by question, and the analysis was car-
ried out on a question-by-question basis (rather than a student-
by-student basis).

The analysis of free response writing was carried out us-
ing an approach suggested by grounded theory [10, 11]. A
number of ‘main points’ were extracted from each student’s
written response; thence a list of fine-grained categories, cov-
ering one or more main points, was drawn up. As most re-
sponses to a particular question contained more than one main
point, they ended up being decomposed into more than one
fine-grained category. Following an iterative process in which
C.L., V.R. and M.C.E. compared their results and refined their
fine-grained categorization, an average agreement between
category assignments of above 90% was obtained. Again
using an iterative process, the fine-grained categories were
used to construct broader categories of ideas or responses.
These broad emergent categories formed the basis of the re-
sults for these questions. As an example of this process, con-
sider the ‘Big Bang as a theory’ question. Some fine-grained
categories classified students’ definitions of ‘theory’ as col-
loquial, dogmatic, equivocal, or unclear; on the other hand,
others grouped together responses providing specific scientific
evidence (e.g. expansion of the universe, cosmic microwave
background radiation), or those providing a scientific defi-
nition of ‘theory’. These fine-grained categories were sub-
sumed into a broader category that stratified responses as non-
scientific vs. scientifically-compatible. Another broad cate-
gory that emerged from the responses was that of ‘pedagogi-
cal’ vs. ‘authoritative’; see Section V for more details.

The analysis for the ranking and explaining tasks entailed
capturing all responses and identifying incorrect ranking se-
quences, for the former question, and, for the latter question,
capturing responses and assigning scores for the given ex-
planations using an ‘incorrect/partially correct/correct’ met-
ric. The analysis for the remaining questions entailed simply
capturing multiple-choice responses.

V. RESULTS

At the time of writing, analysis of the NIAQ data is ongo-
ing; full results and associated analyses will be presented in
one or more separate papers. Below we simply sketch a few
of our (preliminary) findings.

Pre- to post-course, significant gains were seen in the pre-
service teachers’ ability to provide brief explanations of as-
tronomical objects (stars, planets, and so on), as well as to
provide detailed explanations of more complex concepts (e.g.
the fact that the Earth remains in a stable orbit around the sun
rather than spirals into it). They also appeared to develop a
more nuanced view of the nature of astronomy, though fur-
ther analysis is required before definitive conclusions can be
drawn. On the other hand, a striking lack of improvement was

noted for the middle school students: on all aspects of ques-
tions 5a and 5b, the scores of the year 10 students were either
statistically identical to or even slightly lower than those of
their year 8 counterparts. This may be attributable to students
forgetting what they learnt in their astronomy module or not
learning much in the first place, or to the possibility that the
NIAQ questions targeted different knowledge to that covered
in the astronomy module. Detailed analysis of module content
is necessary before further conclusions can be drawn.

Concerning student views on physics and astronomy, in-
creases were observed in the pre-service teachers’ opinions on
(i) how interesting, and (ii) how important to society physics
and astronomy are, and (iii) how much there is left to discover
in these fields; these gains were not, however, statistically sig-
nificant. Nevertheless, all of the aforesaid opinions started
from a high baseline, the average in all cases being between
3.5 and 4.5 out of 5. Our finding for the middle school stu-
dents was the same: opinions started from similarly high base-
lines, and did not change significantly pre- to post-instruction.

Given the weak knowledge of astronomical distance scales
presented elsewhere in the literature [see, e.g., 12, 13], we
were not surprised to find that sizeable numbers of middle
school students held incorrect views about sizes and distances
in the universe. For example, both before and after instruction,
a large number thought that the radius of the Earth is smaller
than the height of the Earth’s atmosphere (> 55%), that the
Pole star is contained within the Solar System (> 60%), and
that planets are larger than stars (> 40%). Moreover, the stu-
dents’ performance was significantly stratified along gender
lines, with female students scoring on average 15–20% lower
(depending on which metric was used to grade the ranking
tasks) than the male students. Though these and other in-
correct views were present also in our sample of pre-service
teachers, they fared better pre-instruction (prevalence of 30%,
40% and 15%, respectively, for the aforesaid incorrect ideas),
and showed more significant improvements post-instruction
(prevalence of 20%, 25% and 8%, respectively).

An unexpected finding was that on questions where the pre-
service teachers were asked to ‘write a detailed account’ of
what they would say to three year 10 students taking differ-
ing positions on various topics (the Big Bang as a theory; as-
tronomy vs. astrology), the pre-service teachers exhibited a
marked drop in pedagogical responses pre- to post-instruction.
Any indication in a response that the pre-service teacher con-
sidered the hypothetical students was categorized as peda-
gogical, whereas all other responses, focusing only on a fac-
tual answer to the scientific question, were categorized as au-
thoritative. Pre-instruction, more than a third responded in a
pedagogical manner, displaying a clear focus on helping stu-
dents learn and a willingness to admit deficiencies in their
own knowledge; post-instruction, however, fewer than 10%
of responses exhibited such characteristics, with the remain-
ing majority giving authoritative responses (regardless of sci-
entific compatibility), not even making any reference to the
hypothetical students.

A pre-course question that was previously found [1] to be a
good predictor of post-course success, viz. question 5b, where
students were asked to provide simple explanations of a few



astronomical objects, was in our study also found to be a sta-
tistically significant predictor of post-course success for the
pre-service teachers, as measured both by post-course perfor-
mance on the NIAQ and post-course Force Concept Inventory
[14] scores. (To help identify such predictors, we developed
numeric encoding schemes for responses to all questions; we
then examined systematically the correlation coefficients be-
tween responses for all possible pairs of questions.) Question
8, concerning the reason the Earth orbits rather than spirals
into the sun, also turned out (unsurprisingly, perhaps) to be
a strong predictor of post-course FCI scores. Also of note
was the finding that the pre-service teachers’ scores on the
different components of the aforementioned explaining task
(i.e. scores for all individual objects) were remarkably simi-
lar to those of the diverse sample of South African students
studied by Rajpaul et al. [1]. This suggests the possibility of
consistency in students’ understanding of certain astronomi-
cal objects (stars, planets, galaxies, and so on) across national,
linguistic, and cultural boundaries.

Finally, we found that both pre- and post-instruction, a large
fraction (> 80%) of pre-service teachers stated that they be-
lieved it was possible or even very likely that life existed else-
where in the universe, with many explicitly citing the exis-
tence of extrasolar planets (about a third pre-course, and more
than two-thirds post-course) as one of the factors that bol-
stered their belief in this possibility. This could be ascribed
to the significant coverage exoplanets have enjoyed in recent
years in popular media.

VI. DISCUSSION AND CONCLUSIONS

This short paper has served to introduce the NIAQ, an
instrument adapted from the IAQ and administered to pre-
service teachers and middle school students in Norway.

The exercise of translating from English into Norwegian
and vice versa highlighted how a direct translation (with a fix-
ation on the word level) is often neither culturally correct nor
linguistically appropriate. Although the lack of a true ‘direct
translation’ introduces one extra level of interpretation into the
analysis, it also strengthened the analysis by revealing how

much implicit interpretation must be made when trying to in-
fer the intended meaning from the actual words that respon-
dents put down on paper.

The NIAQ has proven to be a rich source of data, and has
provided useful and sometimes unexpected insights into is-
sues pertaining to students learning astronomy and physics
in Norway. For example, our finding about the drop in pre-
service teachers’ pedagogical behavior, with a corresponding
move towards authoritative responses, is of particular concern
given that these future teachers might naı̈vely be expected to
adopt pedagogically sound approaches to explaining content
or concepts to their future students. Further study of this phe-
nomenon is warranted. We also identified potentially serious
issues relating to middle school students’ conceptions of size
and distances in the universe, with significant stratification
along gender lines. Though not as prevalent, the issues re-
lated to size and distances also manifested in our sample of
pre-service teachers. On a more positive note, however, we
identified some early predictors of post-course success for the
pre-service teachers, which could in future be used to identify
students requiring special teaching intervention.

Despite the limitations of the instrument, we were able to
probe three broad areas relating to student engagement with
astronomy; and though the analysis of free-response writing
was a labor-intensive and time-consuming exercise, it was
clear that such a wealth of information could not have been
obtained with a multiple-choice format alone.

A more detailed analysis of the results of the NIAQ will be
the focus of future work.
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