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Assessing German professors’ views of nature of science
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University professors’ views of nature of science play an important role when guiding undergraduate
students into the culture of practicing physicists. While these topics have a long-standing tradition in
U.S. curricula they are not part of German educational standards or curricula. Additionally professors’
views—in contrast to those of their students—are relatively under-researched. In this contribution, we
establish the possibility of testing German physics professors’ views in an economically administrable
survey. We first ask for their views of the nature of science, and then about how important they see these
aspects for students and how intensive they address them in their own physics classes at the university.
We demonstrate that an established test instrument can be reliably used with this demographic. The results
indicate that the professors tend to views of naive empiricism but besides that hold mostly adequate beliefs.
Learning about the nature of science in university courses, in general, is considered of much importance,
which is also reflected in the professors’ reported teaching habits. However, there are aspects in this area
which are considered more or less important by the professors.
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I. INTRODUCTION

Becoming a physicist is more than acquiring knowledge,
but rather a complex process of becoming part of a
specific culture. This culture can be characterized as a
community of people dealing with complex and—in their
complexity—interesting problems [1-4]; people who
acquire, discuss, and share knowledge using a variety of
empirical and theoretical methods. Entering this culture is
only possible by negotiating identity and making meaning
during a long-going process [5].

The place where this process might happen, should or
could be the university physics education. However, the
curricula often focus on learning content knowledge and
acquiring experimental or theoretical skills. Nevertheless,
one might identify a kind of “hidden curriculum” consist-
ing of epistemology, ontology, and discourse [6]. These
hidden parts of physics education directly convey elements
of this culture of physics but (as they are not codified in any
way) depend more on the personal beliefs and attitudes
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of those who teach physics—the professors. Their views in
this area are relatively under-researched and only little known
in detail. To the authors’ knowledge only Schwartz et al.
have conducted a study (with a low sample size) within this
group [7] and Karakas provides evidence that such contents
do now play a considerable role in actual classroom action
compared to physics content knowledge [8].

The nature of science has been part of the U.S. science
curriculum for some time [9]. And the educational standards
agree that there is some knowledge about how science works
and what characterizes scientific knowledge that every
educated adult should know [10]. The German standards,
on the other hand, concentrate more on the contribution of
physics to “Bildung.” They do contain competencies in the
area of scientific investigations, i.e., using experiments and
models, but they do not call for knowledge about the nature
of science as the American tradition does [11-13].

On this basis we will deal with the nature of science
[(NOS), or epistemological beliefs which is subtly differ-
ent] as part of that hidden curriculum, with those professors
who supposedly teach this implicitly during their courses at
universities within a culture that traditionally does not take
NOS as an important content. We will claim that there is no
easily applicable, economically usable test to use with
German university professors. Thus we will try to assess
them with tests that were originally developed for students
and discuss what works and what does not. In the second
part of the study, we devise a new instrument to inquire
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about what aspects of NOS professors actually consider of
importance in university physics education and whether
they address these topics in their classes.

II. THEORY

When talking about nature of science we have to deal
with two research perspectives with different interests and
traditions [14]. Those perspectives then take different
testing approaches—a matter that is further complicated
by the fact that most tests are only available in English but
our study is conducted in Germany. We will first give a
short characterization and localize our own research.

A. Nature of science and epistemological beliefs

A person’s perception of how the sciences—and physics
in particular—work, how they create knowledge, and what
(e.g., ontological) status that knowledge has is subject to
two different research fields and thus called differently.

The conceptually broader approach comes from cogni-
tive and developmental psychology. Here a person’s belief
system can be identified as one factor of influence on that
person’s learning in a specific area [15—17]. These beliefs
cover a wide range of topics among which epistemology
is only one. A typical research question here will try to
characterize these beliefs in a variety of ways. The interest
lies more on the effect on learning outcomes than on the
factual correctness of the beliefs. Hofer and Pintrich
describe four aspects of epistemological beliefs as depicted
in Fig. 1 [15]; like others, these do not include aspects
overly specific to the sciences.

The term nature of science, on the other hand, stems
from the area of teaching and curriculum development. It
carries the aspect of students knowing what can factually be
said about how sciences work and what status its knowl-
edge has [18]. Lederman defines the area in question as
“epistemology of science, science as a way of knowing, or
the values and beliefs inherent to scientific knowledge or
the development of scientific knowledge” [19], p. 303. For
this reason there are a number of aspect catalogs [19-21]

Epistemological Beliefs

Nature of Knowledge

l Certainty of Knowledge l

l Simplicity of Knowledge l

Nature of Knowing

l Source of Knowledge l

l Justification for Knowing l

FIG. 1. Four dimensions of epistemological beliefs according
to Hofer and Pintrich [15].

that are a lot more comprehensive than the categories by
Hofer and Pintrich. A typical list includes aspects of the
nature of scientific knowledge (NOSK) and the nature of
scientific inquiry (NOSI). These lists are not without
criticism for tending to be too strict and too focused,
e.g., on the experiment [22].

Later in this paper we will ask about professors’ beliefs
in this area. For this we need a comprehensive list of
relevant fields of NOS but we do not want to inherit the
knowledge aspect of the NOS research tradition. We rather
want to characterize the professors’ beliefs like the psy-
chology discussion does. Our approach thus has to be
somewhere between those two. Knowing about the differ-
ent traditions we will use the terms NOS and epistemo-
logical beliefs interchangeably.

B. Testing approaches

Studies in this area may be divided into two stages: The
first is to assess relevant aspects of NOS as well as correct
and incorrect judgments concerning these aspects. The first
stage is normally conducted with several kinds of experts
in the fields of science and science communication.
The second phase is then to test persons from a specific
demographic—often students—for their views and com-
pare them to those that have been found correct or adequate
in the first stage.

Instruments in the first stage take very open approaches
as they should generate lists of relevant aspects that can
further be used. The most referenced works might be the
textual analysis by McComas and Olson that dealt with
curricula and standards of five different countries [23];
further, the Delphi study conducted by Osborne et al. that
generated ten statements about scientific methods, the
nature of scientific knowledge, and the sciences’ social
aspects where consent could be found [20]; lastly, the
studies of Lederman et al. [19,24,25], which mainly dealt
with the usefulness of that knowledge.

Neumann and Kremer have compiled a juxtaposition of
typical aspects of NOS (Fig. 2). In comparison to aspects
from the psychological tradition (cf. Fig. 1) these lists
are by far more comprehensive and more specific to the
sciences.

Based on (one of) these catalogs more economically
usable instruments can be constructed which can be used in
the second phase. Two well-known instruments are views of
nature of science (VNOS) [24], which consists of open-
ended and rather comprehensive questions (e.g., “What, in
your view, is science?,” “What makes science [...] different
from other disciplines of inquiry [...]?”) and views about
science survey (VASS) [27], which uses contrasting state-
ments among which test persons have to choose [e.g., “The
laws of physics portray the real world: (a) exactly the way it
is. (b) by approximation.”].

When investigating professors’ views of NOS, VNOS
might be a suitable instrument but as an open-ended
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Nature of Science

Scientific Knowledge . .

Scientific Investigations ...

Science . ..

I is Tentative but Stable [19, 20, 23] l

I Aim at Knowledge Gain|[20, 21, 23] l

I is Linked with Technology [20, 23] l

I is Empirically Based [19-21, 23] l

I are Social Phenomena [19-21, 23] l

Iis Culturally Embedded [19, 20, 23] l

I uses Theories and Laws [20] l

I Employ Multiple Methods [20, 21] l

I has Global Implications [23] l

is Replicable and
Critically Tested [20, 23]

Recognize and Handle
Anomalous Data [21]

must be Reported
Clearly and Openly [23]

FIG. 2. Aspect of NOS (based on the juxtaposition by Neumann and Kremer [26]), employing the works by McComas and Olson [23];
Osborne et al. [20]; Lederman [19], p. 304; and Schwartz et al. [21], p. 4ff.

questionnaire it is rather complex and laborious to interpret.
Furthermore, there does not seem to be a German trans-
lation of this instrument. VASS does not have this same
limitation. As a closed questionnaire it should be easy to
interpret and there is a German translation by Priemer [28].
Unfortunately this instrument is clearly aimed at students
(e.g., Priemer targets 12th to 13th graders in advanced
physics courses) and might thus be too easy for our target
audience.

The German physics didactics community has only
recently started to produce test instruments in this context.
Two instruments covering most of the aspects in Fig. 2
come from Neumann and Kremer. Neumann clearly uses a
NOS approach. She constructs items where a historical
situation is present in an item stem, and then several
questions ask for the students’ understanding of that
situation [29]. There exists both a German and an
English version of her instrument. Kremer’s instrument,
on the other hand, fits more within the framework of
epistemological beliefs [30]. The students are presented
with statements and have to rate them on five-point Likert
scales. The tested aspects are however oriented at the works
in the context of NOS.

C. The problem of reliability and validity

When devising new test instruments or using established
instruments for an audience other than the original target
audience there are several concerns to be addressed. Two
important ones in our context are reliability and validity of
the test used.

When using several items to form a scale within a test
we first need to establish that these items indeed measure
the same construct, the same psychological trait, and, in our
case, the same aspect of one’s belief system. We say the
measurement has to be reliable.

Since a measurement is always subject to uncertainties,
and two items might never target exactly the same belief,
we need information on how close to each other the items
of our scale are [31]. In practical terms Cronbach’s a is
often used [32]. This index is a measure of the mean

correlation of the scales’ items. If that correlation is low
(often o < 0.7 is said to be too low) the items seem not to
measure the same trait and thus might not form a coherent
scale. Another measure is to correlate each item with the
rest of the scale. If the correlation coefficient is too low
(here we will use r < 0.3) the item in question might
measure something considerably different than the rest of
the scale.

While reliability can be discussed on a merely statistical
basis, validity is of a more complex nature. In short, the
question is “Does the scale measure the thing we think it
should measure?” A modern concept of validity is pre-
sented by Kane [33]: In his words one has to give an
interpretation/use argument which establishes that the
specific interpretation or further use of the acquired test
scores is justified. The problem here is that validity can
never be proven but might be disproved. Thus it takes
considerable work to establish a validity argument.

As our goal is not to develop a completely new NOS test
for our target audience (physics professors), we want to
examine the usability of already established and validated
instruments. We will argue along the following lines:
(a) The used scales can be considered valid for their
respective original target audience (i.e., German students)
due to the original authors’ validation studies. (b) There are
several possible sources for a lack of validity when used
with our target audience. One could be language barriers or
difference in sociocultural or teaching backgrounds. Those
can be minimized by using scales from tests that were
developed and validated within a similar cultural back-
ground. Another source for invalidity might be a different
understanding of several test items because of the different
professional and educational background of professors vs
students. In our situation we consider this to be the main
threat to validity. (c) A single misunderstood item would
lower a scales’ internal consistency indicated by a low a.
We thus can regard a low reliability as indicating low
validity. However, it is hardly conceivable that all items in
one scale are misunderstood in the same way such that they
now again form a consistent scale. (d) We thus first check
for the scales’ reliability. Scales with low reliability cannot
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be used for further measurement. (e) Because of (a) and (c)
we do not see any threats to validity which will leave a
scale with a high reliability. We thus will preliminarily
consider the reliable scales as valid because of the original
authors’ work.

To additionally aid the reader’s judgment of validity we
present a translation of all used test items in the Appendix.
We also present participants’ comments on the used test
items as further indicators for their understanding of
the items.

III. AIM AND IMPLEMENTATION OF THE STUDY

Professors’ views of nature of science—although they
play a vital role in the processes introducing young
physicists into the culture of physics—are relatively
under-researched. Especially in Germany where there is
no long-standing tradition of NOS as curriculum content
and university professors receive only limited training in
teaching. There is little to no evidence concerning their
views and teaching habits in university classes.

A. Research questions

Our four research questions can be divided into two
groups as follows.

In the first part we will use scales from established
closed-form test instruments to test German physics pro-
fessors’ views of NOS. The research questions here are
the following:

QI Do these scales allow for a reliable testing within the

group of physics professors?

QII Are their views adequate in the light of what can be

considered correct NOS knowledge?

For the second part we have developed a closed-form test
instrument asking for aspects of NOS the professors
implicitly or explicitly teach in their physics classes.

QIIT How important are the aspects of NOS from the first

part in the professors’ eyes; should students learn
about them at university?

QIV To what extent do professors report to teach aspects

of NOS in their classes at German universities?

Most of our scales use scientific and/or epistemological
concepts of which professors might have a more differ-
entiated understanding. Further, their use of the used terms
might be shaped by experience or practical work in physics
research in a different way than is to be expected among
students. For this reason for Q1 we would expect the typical
scales not to be very reliable (i.e., show low Cronbach’s a)
as discussed in Sec. II C.

For those scales that can be used reliably we expect
the professors to show mostly adequate views (QII) as they
are professionals in their field and conduct scientific
investigations on a day-to-day basis.

As NOS does not play a significant role in German
science education as a compulsory curriculum content, we

would expect these aspects to be even more “hidden” than
identified by Redish [6]. Thus, for QIV we expect only a
few considerations of these topics when teaching physics.
However, they might find them more relevant in gen-
eral (QIII).

B. Test instrument

For the first part, our goal is not to develop a new
instrument but to try to use scales from existing ones. Here
we can choose between the three German instruments by
Priemer [28] (which is a German translation of VASS),
by Neumann [29] (which is available in German and
English), and by Kremer [30] (which was developed solely
in German). Additionally, some scales by Riese [34] (part
of a German competency test for prospective physics
teachers) test some of the relevant NOS aspects. The used
instrument should be used economically (i.e., as an online
survey, see below) and fit the specified demography.

The open-form instrument by Priemer would be too
laborious to use and interpret. From the other two,
Kremer’s instrument has the advantages of operationalizing
more aspects of NOS and at the same time not employing
the “knowledge” approach which is typical for NOS
research—we do not want to discourage the professors
by testing their knowledge but rather we want to learn
about their views. Furthermore, a translated test (like
Primer’s translation of VASS) might or might not work
as expected in the new language due to sociocultural
differences. To reduce the risk of misunderstood items
we only use scales originally developed in German as the
test will be administered in German as well.

Kremer describes five aspects of the NOSK and four
aspects of the NOSI [35] and has developed test scales for
most of them (Table I) [36]. For NOSK-TAL (theories and
laws) an NOSI-MET (scientific methods) Kremer does not
present test items so we use short scales developed by Riese
[34] instead. The scales NOSK-CRT (certainty of knowl-
edge) and NOSK-SRC (source of knowledge) in Kremer’s
test contain several items that seem not suitable for the
target demographic. Thus these scales are also replaced:
NOSK-CRT by a matching scale from Riese, NOSK-SRC
by a newly constructed scale based on the description in
Kremer’s work [35], p. 78. To keep the original scales intact
we did not drop any items from the scales before admin-
istering the test nor did we change individual items.

All items require the participants to rate a statement on a
4-point Likert scale ranging from 1 = “totally incorrect” to
4 = “totally correct.” For analysis we employed means of
classical test theory. The results are reported in a way that
higher scores should indicate more adequate views.

For the second part of the study we want to investigate
whether the professors regard the mentioned NOS aspects
as important content. For this we derived 2 content
items for each aspect as shown in Table II based on the
descriptions by Kremer [30].
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TABLE I. Overview of the test scales. Example items marked (-) are inverted. Scales from Kremer’s tests [36] are marked K, from

Riese [34] R and scales newly constructed on the basis of Kremer’s description [35] are marked N. All test items can be found in the

Appendix.

Id Scale Items Example item Source

NOSK-CRT Certainty of knowledge 6 Even physical knowledge is not clearly provable and can change R
over time.

NOSK-DEV Development of knowledge 8 New discoveries can change what scientists think is right. K

NOSK-SMP  Simplicity of knowledge 5 The more complicated a scientific theory is, the higher its K
reputation is among scientists. (-)

NOSK-JST Justification of knowledge 9 Good theories rely on the results of many different experiments. K

NOSK-SRC Source of knowledge 5 Scientific statements can only be verified by scientists. (—) N

NOSI-PRP Purpose of the sciences 5 The goal of scientific theory is to give order to part of the human K
experience.

NOSI-TAL Theories and laws 3 Theories are not yet proven, laws are fact. (-) R

NOSI-MET Scientific methods 3 In order to gain new physical insights one has to proceed R
according to the following method: generation of
hypothesis—development of appropriate experiments—
observation and evaluation—derivation of laws. (-)

NOSI-CRE Creativity and imagination 5 Creative thinking is incompatible with logic-based science. (—) K

The participants were given these content items with the
prompt to rate how important it is for physics students to
learn these things during their physics courses at university
in general. Here we used a 4-point scale ranging from 1 =
“not important at all” to 4 = “very important.”

After this block the professors were asked about an
own class they teach on a regular basis which is at least
somehow representative of their typical teaching. Now they
got the same items (in different order) with the prompt
to rate how intensively they address these topics in their
own class. Here we used a 4-point scale with 1 = “is not
addressed,” 2 = “is addressed implicitly,” 3 = “is
addressed explicitly,” and 4 = “is core learning objective.”

An English translation of all test items used is given in
the Appendix.

The test as a whole was administered as an online survey
with randomized item order (within item blocks). First
came the NOS scales from Table I, then demographic data,
and then the teaching scales from Table Il in two versions as
described.

C. Sample

The online test was conducted with 50 physics profes-
sors at German universities. The participants were reached
by contacting the KFP [37] who advertised the study
among its members. Additionally the physics department’s
dean at each German university was contacted and asked to
distribute the call among their colleagues. The participants
remain anonymous and did not receive any compensation.

The sample demographics are shown in Table III. The
participants report 20 different universities as their affili-
ation, 6 choose not to state their affiliation. At a maximum 5
participants come from the same location.

In Germany, physicists are typically divided into
theoretical working physicists (including computational
physics) and experimental working physicists (including
applied physics), furthermore people working in physics
didactics took part.

The participants were asked about their perceived
background in NOS by rating their own experience from

1 = “much less than average” to 5 = “much more than
TABLE II. Overview of content items for part 2 of the test. All items can be found in the Appendix.
Aspect Example content (1 of 2 in total per aspect)
NOSK-CRT Decided under what conditions physical statements are to be classified as secure knowledge.
NOSK-DEV To correctly estimate the temporal stability of physical knowledge.
NOSK-SMP Can specify criteria for the decision between different possible theories.
NOSK-JST Understand reasons for repeated measurements.
NOSK-SRC Discuss to what extent all people, not only educated scientists, are or can be involved in research.
NOSI-PRP The description, explanation and prediction of phenomena is an essential goal of scientific research.
NOSI-TAL Explain the difference between laws and theories in science.
NOSI-MET To know different possible processes from the question to the answer in the physical research process.
NOSI-CRE Reflect on the role of creativity in theory formation in physics.
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TABLE III.  Sample demographics. The perceived background in
NOS was measured on a scale with 1 = much less than average to
5 = much more than average, compared to their peer physicists.

Background in NOS

Area of work N Mean SD
Experimental physics 27 342 0.93
Theoretical physics 17 3.47 1.01
Physics didactics 4 4.25 0.50
Sum 50 3.50 0.94

average” compared to their peer physicists. On average the
participants perceive their experience as slightly higher
than the average physicist, where the professors in the area
of didactics are clearly ahead of the rest (Table III).

IV. RESULTS

We present the results in the order of the research
questions. The used statistical methods are mentioned
alongside the results.

A. Participants’ comments on the test items

At the end of the online test we asked the participants for
general comments on the survey or the research project in
general. Out of the 50 participants, 15 left comments at all.
Of these, especially comments concerning the participants’
understanding of the used items are of interest.

Those 9 comments can be divided into several categories
as shown in Table I'V. Here the categories 1 and 2 contain
comments specifically on the questions in NOSI-TAL. The
comments in category 1 argue for stating this relationship
more nuanced and present a rather specific (and mostly
adequate) view. Those in category 2 state the opinion that
there is no good reason for making a difference between
theories and laws in the context of physics research [38].
Comments from both categories give rise to serious doubts
concerning the validity of NOSI-TAL.

The comments in category 3 did not name any specific
item or topic but stated that “some questions” should better
be stated in more nuance. The general stance here could be

TABLE 1V. Participants’ comments concerning their under-
standing of the used items, grouped by category.

Cat. N Comment paraphrase

1 2 Relationship between theory and law should be
considered in a more nuanced way.

2 2 The difference between theory and law is not
(practically) relevant.

3 3 Some questions should be more nuanced.

4 2 In several cases questions where unclear, then “no

answer”’ was given.

that the reality of research in physics is more complex than
can be put into a closed-form test. This can be seen as a
threat to validity if our goal is to consider all details and
nuances of science. Considering the literature review, we
get the impression that research in the field of NOS merely
tries to concentrate on the important parts.

Two further participants commented that they did not
understand some questions at all and in those cases
declined to answer (which was possible with the survey
tool used). This behavior is expected. Scales with too many
missing answers will (for statistical reasons) probably show
low internal consistency.

In summary, the participants’ comments mainly target
the scale NOSI-TAL. As argued in Sec. II C we expect this
to lead to a low reliability—which is indeed the case as we
will see in the following section.

B. Scale analysis

As a measure of internal consistency, Cronbach’s o can
be used. A high a indicates higher internal consistency, i.e.,
a high correlation between the scale’s items [32]. Thus the
items in scales with higher internal consistency seem to
measure the same (or closely related) beliefs. If this is the
case the scale in question can be considered a reliable
measurement of beliefs within the target demographic.
Here a > 0.7 is considered sufficiently reliable.

Additional quality control was done by examining the
discriminatory power of each item. We calculated each
item’s correlation with the rest of the scale. Items with
r < 0.3 were dropped from the analysis. This process
typically enhances the scale’s a.

The reported a’s in Table V show the scales after item
elimination. Most scales are sufficiently reliable and can
thus be used for further analysis. However, from most of the
useful scales, one or two items had to be removed due to
low discriminatory power.

The other three scales NOSK-SMP, NOSK-JST, and
NOSI-TAL could not be enhanced to an acceptable a by
removing items. They seem not to be usable with this

TABLE V. Scale analysis: For each scale we show the scale
length N and Cronbach’s a (standardized) after elimination of
items as well as the scale’s mean and standard deviation (SD).

Id Scale N «a Mean SD

NOSK-CRT Certainty of knowledge #5 0.71 2.6 0.70
NOSK-DEV Development of knowledge 37 0.85 3.5 0.44
NOSK-SMP Simplicity of knowledge 5 051 34 040
NOSK-JST Justification of knowledge 9 0.59 3.6 0.28

NOSK-SRC Source of knowledge 43 077 33 0.70
NOSI-PRP  Purpose of the sciences 5 071 34 046
NOSI-TAL Theories and laws 3 066 3.0 0.71
NOSI-MET  Scientific method 3 074 25 077

NOSI-CRE Creativity and imagination %4 0.85 3.6 0.46
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TABLE VI. Correlation matrix: For each pair of usable scales
(x> 0.7) a Pearson correlation coefficient and a p value is
reported (***: p < 0.001; **: p < 0.01; *: p < 0.05).

NOSK- NOSI-

CRT DEV SRC PRP MET CRE
NOSK-CRT 1 0.17 026 -0.21 0.22 0.09
NOSK-DEV 1 006 024  —0.13 0.54%**
NOSK-SRC 1 0.03 0.15 —0.01
NOSI-PRP 1 0.57#**  0.33*
NOSI-MET 1 —0.21
NOSI-CRE 1

demographic and are thus excluded from further analysis.
Incidentally, the latter scale was commented on by the
participants in a way indicating a problem with the scales’
validity.

On the one hand the correlation matrix (Table VI)
indicates a significant correlation between NOSK-DEV
and NOSI-CRE and, on the other hand, one between NOSI-
PRP and NOSI-MET. This could indicate that at least the
other scales measure pairwise different concepts.

C. Adequate views

The used scales are oriented in a way that more adequate
views correspond to higher scores on a 4-point scale.
Considering the mean scores in Fig. 3 the professors’ views
on the development of knowledge (NOSK-DEV), its source
(DEV-SRC), the purpose of sciences (NOSI-PRP), and
on the role of creativity and imagination (NOSI-CRE) lie
on average above 3 points on the scale and can thus be
considered adequate.

However, there are two interesting exceptions. The mean
score for the certainty of knowledge (NOSK-CRT) is only
at 2.6 with a rather big variance of 0.7. This indicates that

4
3 -
g . ® ®
3 °
2 -
°
°
1 T T T T T
NOSK- NOSK- NOSK- NOSI- NOSI- NOSI-
CRT DEV SRC PRP MET CRE
Scale
FIG. 3. Adequateness of beliefs. Higher scores indicate more

appropriate beliefs in the respective areas. The horizontal bars
indicate the scales’ median. The black dot indicates the scales’
mean as in Table V.

several professors think of physical knowledge as purely
objective and clearly demonstrable [39]. This finding is
independent of the participants’ area of physics (theoretical,
experimental, didactics) as indicated by a one-way ANOVA
[F(2,45) = 2.164, p = 0.127] and also independent of the
perceived background in NOS (Pearson correlation with
r=0.15, p =0.32).

Similarly, their views on the scientific method (NOSI-
MET) are only 2.5 on average with a variance of 0.77.
According to the scale’s author, this might indicate that
several professors regard experiments as the sole center and
origin of scientific insights [40]. Again this is independent
of the participants’ area of physics [F(2,45) = 0.019,
p =0.981] and of the perceived background in NOS
(r =0.15, p = 0.33).

These two findings portray the respective participants as
tending towards a naive empiricism. However, these two
scales do not correlate significantly (cf. Table VI).

D. Importance of NOS when studying physics

We first investigate how important the professors con-
sider learning about NOS during university physics courses
in general. For a first overview we build a single scale of
all content items. Here one item was removed due to low
discriminatory power. The resulting scale is sufficiently
reliable (Table VII). For some more details we additionally
generate two scales from the items about the relevance of
NOSK and NOSI aspects, respectively (Table VII).

On this basis we can say that the professors consider
learning about NOS at university as highly important. The
difference between NOSK and NOSI is not significant
[two-sample ¢ test: 7(92.408) = 1.967, p = 0.052] but
might become significant with a larger sample size.

Next we consider each NOS aspect on its own. Figure 4
shows that several aspects are perceived as more important
than others. An analysis of variance (ANOVA) shows a
highly significant effect of the aspect on the perceived
importance [F(8,431) = 26.63, p < 0.001].

The least important aspect seems to be learning about
the influence of cultural differences and the possibility of

TABLE VII. Results from the scales about teaching NOS in
general and in the participants’ own classes. For each scale we
show the scale length N and Cronbach’s « (standardized) after
elimination of items as well as the scale’s mean and standard
deviation (SD).

Aspects N a Mean SD

NOS in general Y817 0.91 3.1 0.44
NOSK in general 10 0.84 3.0 0.42
NOSI in general 87 0.81 32 0.51
NOS in own class 18 0.90 24 0.53
NOSK in own class 10 0.85 23 0.58
NOSI in own class 87 0.76 2.7 0.55

010108-7



WOITKOWSKI and WURMBACH

PHYS. REV. PHYS. EDUC. RES. 15, 010108 (2019)

4

Perceived Importance

AN

1 T
NOSK- NOSK-

NOSK- NOSK- NOSK- NOSI- NOSI- NOSI- NOSI-
CRT DEV SMP JST SRC PRP TAL MET CRE
NOS Aspect

FIG. 4. Perceived importance of learning about the NOS aspects as reported by the professors. The diagram shows the average of
the two content items per area on a scale from 1 = not important at all to 4 = very important. The horizontal bar indicates the median.

The black dot indicates the arithmetic mean as in Table VIII.

nonscientists contributing to scientific research (NOSK-
SRC). Here the pairwise difference to all other aspects is
highly significant (all p < 0.001).

The aspects perceived as most important to learn about
are (in this order) the justification of knowledge (NOSK-
JST), scientific methods (NOSI-MET), the simplicity of
knowledge (NOSK-SMP), and the purpose of scientific
investigations (NOSI-PRP). There are no statistically sig-
nificant differences between these aspects.

100 % -
wn
Q
w0
wn
e
(@]

S 5%
2
(@)
g

2 509%-
‘B
wn
[
o
3
=

o 25%
o
]

0% -

NOSK- NOSK- NOSK- NOSK-
CRT DEV SMP JST

FIG. 5.

E. Addressing NOS in their own classes

We first construct scales the same way as in Sec. IV D
(Table VII). With the removal of one item from the scale the
respective reliability is good.

One might observe that here, the average score is almost
one unit lower than with the scales for importance, in
general. This might be an artifact of the different answer
categories—only a few professors regard this content as
a core learning objective in their class (56 mentions or

NOSK- NOSI- NOSI- NOSI- NOSI-
SRC PRP TAL MET CRE
NOS Aspect

Reported ways of addressing the given NOS aspects in class. For each aspect the combined percentage for both given content

items per NOS aspect is given. Black = not addressed at all; blue = addressed implicitly; red = addressed explicitly; green square = is

core learning objective.
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TABLE VIII. Comparison between the importance of learning
about the NOS areas in general and the reported teaching in the
professors’ own class. For each aspect mean and SD as well as a
Pearson correlation coefficient r and a p value is reported (***:
p < 0.001; **: p < 0.01; *: p <0.05).

In general In own class Correlation
Mean SD Mean SD r (p)

NOSK-CRT 294 058 221 0.75 0.25

Aspect

NOSK-DEV 282 0.53 2.40 0.76 0.34%*
NOSK-SMP 346  0.56 2.84 0.76 0.48%#%*
NOSK-JST 359 056 2.55 0.92 0.42%*
NOSK-SRC 227  0.53 1.48 0.64 0.48%**
NOSI-PRP 336  0.61 2.78 0.80 0.31%
NOSI-TAL 313  0.68 2.56 0.68 0.41%*
NOSI-MET 353 040 2.98 0.61 0.43%%*
NOSI-CRE 2.88  0.74 2.18 0.75 0.60%**

11.2% in teaching NOSK and 79 mentions or 22.6% in
teaching NOSI).

Figure 5 depicts which NOS aspects professors report to
teach in their own class. For most aspects there is a lot of
variance among the professors. One remarkable aspect
is the source of knowledge (NOSK-SRC): 63% do not
address whether there is a cultural influence or a contri-
bution of nonscientists in science.

The aspects most named as core learning objectives are
the purpose of scientific investigation (NOSI-PRP, 33%),
the scientific method (NOSI-MET, 29%), and the simplic-
ity of scientific knowledge (NOSK-SMP, 24%).

For most aspects, the importance in general and the
intensity of addressing them in their own class are highly
correlated (Table VIII). One notable exception is the cer-
tainty of knowledge (NOSK-CRT). These items ask (prob-
ably in a more philosophical or epistemological than
physical way) whether the students should learn under
what conditions physical statements can be classified as
secure knowledge or should be enabled to recognize the
influence of the researcher on physical findings.

V. DISCUSSION

In this contribution we used scales of well-established
test instruments with 50 German university professors in
the field of physics. As the scales were not originally
devised for this demographic we cannot say for sure
whether they are validly usable here. The participants
might understand several items differently, e.g., due to a
different understanding of the used terms like “experi-
ment,” “theory,” or “evidence” thus answering differently
compared to students.

To gain insight into this problem, we first checked
the scales’ reliability. In cases where a whole scale has a
low reliability (i.e., the items do not correlate and thus
Cronbach’s a appears low) it cannot be used to reliably

measure any construct at all. In these cases—as well as in
cases where items were dropped due to low discriminatory
power—one might suspect that professors understand them
differently than the original target audience.

For the other scales we suspect that the professors
understand the items similarly as the original target
audience did and (considering the lack of participants’
comments stating otherwise and also considering the work
that went into validating the scales in the first place [35])
that they can thus be preliminarily interpreted validly
(cf. Sec. I1 C). However, this cannot be seen as a rigorous
proof of validity in any way [33].

On this basis we got reliable scales representing 6
aspects of NOS. These indicate mostly high scores that
correspond to rather adequate views of nature of science.
Two important exceptions are the scales NOSK-CRT and
NOSI-MET, which indicate that a bigger portion of the
sample hold scientific knowledge as demonstrable by
evidence and might possibly adhere to some kind of naive
empiricism.

Some of the comments, however, give rise to the
impression that the surveyed professors have a more
nuanced view of NOS in general than can be contained
in a closed-form instrument. This can be interpreted as one
(of possibly more) indicator for a belief system that is
shaped differently by actual research as a physicist rather
than by merely being taught about NOS at school.

The perceived importance of NOS when teaching
physics was inquired about in two ways: When asked
about the importance of several content items professors
ranked them as generally very important. Differentiating
between the considered NOS aspects we can identify three
groups: The (probably perceived as somehow “soft”)
source of knowledge is of least importance. Of most
importance are aspects that are very closely related to
physics content knowledge (simplicity of knowledge,
justification of knowledge) or conducting experiments
(scientific method, purpose of scientific investigations).
The other aspects are rated somewhere in between.

When asked whether these same content items are
addressed in their own physics classes they often are not
taught at all (like questions of cultural influence or
contribution of nonscientists as an extreme example).
Only in a few cases such content is seen as a core learning
objective by the professors. In general, professors who see a
NOS aspect as important to learn in general are also more
likely to report teaching that same aspect in their own class.

These findings fit with Redish’s notion of epistemology
being part of the “hidden curriculum” [6], which is rarely
taught explicitly and is far from being a central part of any
written curriculum. Instead, it is taught because professors
regard it as an important part of physics as a science.

On the basis of this data, we can, however, not state how
intensive NOS is actually taught or how it is taught. It might
be the case that the perceived importance was stimulated by
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the test items or by socially desirable response patterns.
Similarly, we only asked the professors if they teach these
aspects in their own class. The participants might tell what
they would teach in ideal cases (e.g., if they had more
time to cover those aspects they regard as important),
cf. Ref. [8].

For valid statements about their actual teaching behavior
or the effect on their students’ views we would have to
conduct a more detailed survey. One could examine their
lecture notes or videotape their classes to get insights into
what and how NOS is taught. Examining the students’
views might be done with the same scales. They could even
be asked how often and explicit these aspects are taught
in class. On that basis more reliable statements about
actual teaching and learning NOS at German universities
could be made.

VI. PRACTICAL IMPLICATIONS

As studying physics at university is intertwined with
a complex process of becoming part of a culture, we
cannot easily regard the professors’ views of NOS as
irrelevant. We can give implications of the presented results
on four levels:

First, we might have ideas of physicists’ views of NOS,
but there is only little evidence around. With the exception
of Schwartz’ study [7] the available studies use their views
as a baseline to compare, e.g., students’ beliefs with
Ref. [27]. We might suspect that those studies mainly
consider scientists who are somehow experts in this area.
There is hardly any evidence concerning the broader
masses of physicists. In this study we have established
that at least some aspects of NOS can be measured reliably
and economically. We should use them to further gain
insights into our fellow physicists’ beliefs.

Second, we see (and might have suspected) that the
surveyed professors mainly hold views that can be con-
sidered adequate except that a major portion of the sample
shows views that could be interpreted as some kind of naive
empiricism—i.e., they put much value in the experiment
and they tend to hold scientific knowledge as verifiable by
some (probably experimental) means. Although these kinds
of views are not considered adequate by us [41] they might
very well shape how physicists perceive themselves and
their discipline.

We further see that the participants put different empha-
sis into each aspect of NOS when considering its respective
importance. Aspects closely linked to actual research,
conducting experiments, or explaining phenomena are
considered more important than aspects which are of a
“softer” nature like the contribution of different kinds of
people to scientific inquiry.

Third, we might reflect on how the professors get their
views in the first place. In the U.S., school students are
taught the scientific method starting in elementary school.
In the curriculum standards, learning about how scientific

investigation works is always emphasized. Students use the
scientific method for creating a science fair project or for
writing a lab report for an in-class experiment. The focus
and repetition of the scientific method might lead to an
understanding that all science follows the same method.
When professors consider the statements of NOSI-MET,
we could expect this emphasized idea to resurface. The
German educational system, on the other hand, is only
starting to be evaluated in this field. But here again the
described views of NOS could be seen as a misconception
that is developed from a focus on the scientific method at
school. Although physics professors are in a field where
this view could be challenged, it might also prove quite
consistent in their day-to-day work. As they are not science
philosophers by profession, this might merely be seen as a
rather pragmatic view.

Lastly, there is considerably work to be done validating
these instruments. While we assumed the validity of our
interpretation based on other authors’ work at this point we
are not able to give any empirically based assessment on
how the professors’ views shape their teaching in reality
[42], considering that their self-reported teaching habits
might as well reflect more on their wishes or perceived
importance than on actual practice. We further are very
interested in the effects of the professors’ views on their
students’ views. Here we come to the core of the processes
when it comes to “becoming a physicist” during one’s time
at university.

APPENDIX: QUESTIONNAIRE

Please note that the presented test items are translated
solely for this publication. In the study they were used in
their German original form. For the sources of the scales of
part 1 see Table I. The items in part 2 were newly devised
based on the description of Kremer [35].

1. Part 1: Individual conceptions

Items that were inverted for analysis are marked (-),
dropped items (due to low discriminatory power) are
italicized.

NOSK-CRT: Certainty of knowledge

* Physics, like humanities, cannot provide absolute true

knowledge.

¢ In the sciences, valid evidence is relevant, therefore,

there is no discussion about what is considered to be
secure knowledge. (-)

* Physical knowledge can be clearly demonstrated (e.g.,

by appropriate experiments) (—)

 Scientific findings are not purely objective, but also

are influenced by the bias of the researchers.

* Even physical knowledge is not clearly provable and

can change over time.

* Physics distinguishes itself from other sciences

(e.g., legal studies) in that one can clearly decide
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without long discussions whether a theory is right or
wrong. (—)

NOSK-DEV: Development of knowledge

e Scientific theories are changed or replaced when new
evidence is available.

* Sometimes concepts change in the sciences.

* Sometimes scientists change their mind about what’s
true in their field.

* New discoveries can change what scientists think
is right.

e There are many questions in the sciences that even
scientists cannot answer.

* Some concepts in the sciences are different today than
what scientists used to think.

* The concepts in science books sometimes change.

e Scientific theories change and evolve over time.

NOSK-SMP: Simplicity of knowledge (scale dropped)

 Scientific theories are often more complicated than
they should be. (-)

 Scientific theories and laws are more complicatedly
formulated than simply. (—)

* The more complicated a scientific theory is, the higher
its reputation is among scientists. (—)

 Scientists strive to establish as many theories and laws
as possible. (-)
e If two theories equally explain a natural phenomenon,
the more complicated theory is the better one. (—)
NOSK-JST: Justification of knowledge (scale dropped)
e Good theories rely on the results of many different
experiments.

* When scientists conduct experiments, they determine
in advance some aspects of the exploration.

e It is important to have a concrete idea before starting
an experiment.

* For scientists, experiments with unexpected results are
worthless. (-)

e It is important to do experiments more than once to
ensure results.

e The ideas for science experiments come from being
curious and thinking about how something works.

¢ In the sciences, new concepts can emerge from ones
own questions and experiments.

e There can be several ways in science to verify
concepts.

e An experiment is a good way to find out if something
is true.

NOSK-SRC: Source of knowledge

* People without scientific education cannot observe
natural phenomena. (—)

* People without scientific education cannot develop
scientific research questions. (-)

 Scientific statements can only be verified by scien-
tists. (-)

* Scientific statements always have a preliminary nature.

* Cultural difference are irrelevant to the sciences.

NOSI-PRP: Purpose of the sciences

* The goal of scientific theory is to give order to part of
the human experience.

 Scientists conduct experiments to make new dis-
coveries.

* The goal of scientific theories is to explain natural
processes.

* Scientists study natural phenomena and explain why
they occur.

* Scientists conduct experiments to explain how certain
events come about.

NOSI-TAL: Theories and laws

* Physical theories are true representations of reality. (-)

* A theory is the preliminary stage of a law. (-)

* Theories are not yet proven, laws are fact. ()

NOSI-MET: Scientific method

e Without the results and data from appropriate
experiments, no new physical theories can be estab-
lished. (-)

* In order to gain new physical insights one has to
proceed according to the following method: gener-
ation of hypothesis—development of appropriate
experiments—observation and evaluation—derivation
of laws. (-)

* New theories are always developed from the results of
experiments. (—)

NOSI-CRE: Creativity and imagination

* Science theories and laws have nothing to do with
creativity. (—)

* Scientific knowledge is also a result of human
creativity.

e Creative thinking is incompatible with logic-based
science. (—)

* The scientific knowledge shows the creativity of
scientists.

* The creative thinking of scientists is too untrustworthy
to achieve scientific advances. (-)

2. Part 2: Relevance to teaching

The following are the example content items for each
NOS aspect. These were presented first under the question
“For every item please indicate how relevant it is for
students of physics in general.” (1 = “not important at all”
to 4 = “very important”).

After asking for a specific and representative class taught
by the test person they were again presented under the
question “Please indicate how intensive these topics are
addressed in your own class.” (1 = “is not addressed,” 2 =
“is addressed implicitly,” 3 = “is addressed explicitly,” and
4 = “is core learning objective”).

NOSK-CRT 1 Decided under what conditions physical
statements are to be classified as secure knowledge.

NOSK-CRT 2 Recognize the influence of the researcher
on physical findings.
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NOSK-DEYV 1 Provide information about the develop-
ment history of the discussed physical theories.

NOSK-DEV 2 To correctly estimate the temporal
stability of physical knowledge.

NOSK-SMP 1 Reasons for the standardization and
abstraction of special cases to know general theories.

NOSK-SMP 2 Can specify criteria for the decision
between different possible theories.
NOSK-JST 1 Be guided by the experimentation of
research questions or hypotheses.
NOSK-JST 2 Understand
measurements.

NOSK-SRC 1 Reflect on the role of cultural influences
on the research process.

NOSK-SRC 2 Discuss to what extent all people, not
only educated scientists, are or can be involved in research.

NOSI-PRP 1 To know reasons for studying physics.

reasons for repeated

NOSI-PRP 2 The description, explanation, and predic-
tion of phenomena is an essential goal of scientific
research.

NOSI-TAL 1 Explain the difference between laws and
theories in science.

NOSI-TAL 2 Describe the relationship of physical
theories to reality.

NOSI-MET 1 To know different possible processes
from the question to the answer in the physical research
process.

NOSI-MET 2 Know the role of experiments as the basis
of physical theories.

NOSI-CRE 1 Reflect on the role of creativity in theory
formation in physics.

NOSI-CRE 2 Name examples of the interplay of
creativity and logic in physics.
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One comment: “Is Newton’s law more true than the general
theory of relativity? Actually we know that the first is
merely an approximation of the second.” Another: “The
difference between theory and law as implied by the survey
is not comprehensible to me.”

“Hier wurde erhoben, ob die Probanden physikalische
Erkenntnisse als eindeutig und absolut beweisbar (1)
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