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Abstract: Fluids’ viscous behavior is apparent in many everyday life situations, for example, in
squeezing shampoo from a bottle or spooning honey from a jar. As a result, it is quite reasonable to
assume that students develop (pre)conceptions to explain such phenomena even before they enter
kindergarten or elementary school. As yet, however, empirical studies on children’s conceptions
regarding the viscous behavior of fluids are remarkably scarce. The present study aims to address this
research gap on an exploratory level. More precisely, we conducted a qualitative interview study in
which we explored the conceptions about the viscous behavior of honey among N =6 preschool
children attending their final year in a kindergarten in Hamburg (Germany). For stimulating the
conversation during the interviews, an easily noticeable phenomenon in which the viscous behavior of
honey can be observed (dropping two identical spoons into a honey-filled and a water-filled glass)
was demonstrated to the participating children. In summary, the analysis of the transcribed interviews
revealed three distinguishable conceptions of the children about the viscous behavior of honey: (1) The
viscous behavior of honey results from its stickiness, (2) from its additional physical characteristics,
and (3) from its use in everyday life. In this Express Letter, we present the design and results of our
study in detail. Recommendations for future research in science education are outlined at the end of
this paper.
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1. Theoretical background and aim of the study

Since the late 1970s, a substantial body of research has been conducted that addresses students’ or
children’s conceptions in science. Even though the term conception is not defined uniformly within
academic literature [26], it is typically used within science education research to address underlying
patterns in students’ or children’s explanations of scientific facts and phenomena [7, 32]. More or less,
these patterns diverge from the scientific concepts that students should learn in school science lessons
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and, therefore, can hinder their learning progression [12, 24]. In addition, there is a common-sense
notion in the educational research discourse that students’ minds are not blank sheets of paper on
which new information can simply be penned [4]. Instead, children possess various experiences of
natural phenomena in their everyday lives and have specific preferences, interests, and attitudes
regarding scientific issues even before attending kindergarten or elementary school [1]. As a result,
children enter school science lessons with a variety of (pre)conceptions about scientific facts or
phenomena that have been shaped by their day-to-day experiences [19, 24]. Beyond that, students’ or
children’s conceptions in science are not always stable entities that have been formed over time in their
minds. In fact, their conceptions sometimes arise ad hoc when students try to explain a given scientific
phenomenon [24, 31].

Science teachers need to take these conceptions seriously, especially since, according to the model
of educational reconstruction [10], they play a crucial role in developing and implementing learning
opportunities within school science classes that truly support students in better understanding
scientific facts or phenomena. Consequently, it is advantageous for science teachers to posses
extensive knowledge about students’ conceptions. Many conceptions that teachers are likely to
encounter in the science classroom are well described in science education anthologies [3, 8], in
textbooks for preservice teachers on science teaching [28, 32], and in topic-specific bibliographies or
electronic databases [5, 9]. However, there is also a broad variety of these conceptions that science
teachers encounter in their day-to-day teaching that have (almost) not been covered by science
education research, especially conceptions regarding scientific phenomena that students frequently
observe in their daily lives but that are (currently) rather subsidiary topics within school science
education. One of these rather subsidiary topics is the viscous behavior of fluids [11]. Viscosity—as
property of gases or liquids—is a measure of a fluid’s resistance to deformation [13, 18]. Therefore, in
everyday language, viscosity is also referred to as the “thicknesses” of a substance, since fluids with a
high viscosity show a reduced flowability compared to fluids with a low viscosity (e.g., heavy oil vs.
water). Given the fact that fluids’ viscous behavior is evident in many everyday life situations (e.g.,
spooning honey from a honey jar or squeezing shampoo from a bottle), it is quite reasonable that
students develop (pre)conceptions in order to explain phenomena of this nature. As yet, however,
empirical studies on students’ conceptions regarding the viscous behavior of fluids are extremely
scarce. The only study we know of in this regard is the investigation by Faltin and Feser [14] on
secondary school students’ conceptions about the viscous behavior of fluids. In their study, the authors
were able to identify four distinguishable conceptions that can be characterized as follows (for a
detailed description see [14]):

1. Some secondary school students (erroneously) link the viscous behavior of a fluid to its
density. In doing so, some students refer to a fluid’s mass density, while others refer to its
particle density.

2. Some secondary school students explain the viscous behavior of fluids as related to the fluids’
ingredients. They argue that fluids exhibit a viscous behavior if they consist of specific
(submicroscopic) components.

3. Some secondary school students relate the viscous behavior of a fluid to stickiness. They
reason that “thick” fluids are often also “sticky” but are unable to explain this any further.
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4. Some secondary school students explain a fluid’s viscous behavior based on the extent to
which it is compressed. They argue that, for example, if ketchup has been “heavily pressed”
into a bottle, it is difficult to make it flow it out.

Since the students surveyed in this previous study by Faltin and Feser [14] had already received
substantial learning experiences within science classes (at the time of the data collection, they were
attending their ninth school year), it appears quite reasonable to assume that the above listed
conceptions developed from both previous learning in the science classroom and from their everyday
life experiences. In particular, the conception that a fluid’s density or (submicroscopic) ingredients
explain its viscous behavior includes facts about matter and its interactions that are commonly covered
within the school science curriculum and that seem (not) to be properly understood by the surveyed
students.

With the study presented in this Express Letter, we aim to add to this previous research. More
precisely, we conducted a qualitative interview study in which we explored the conceptions about the
viscous behavior of fluids among preschool children. In doing so, we investigated, on the one hand, to
what extent the results of the study by Faltin and Feser [14] might be transferable to preschool children.
On the other hand, we investigated whether additional students’ conceptions could be encountered by
interviewing children who have not undergone substantial learning experiences during school science
lessons. Within our study, we focused on preschool children’s conceptions of the viscous behavior of
honey. This focus is based on the fact that honey is a fluid differing significantly from water or other
everyday fluids (e.g., milk, juice) regarding its viscous behavior and that it is familiar to most
preschool children from their everyday life. Therefore, it is, from our point of view, reasonable to
assume that preschool children possess (pre)conceptions regarding the viscous behavior of honey.

2. Method

In order to address the research gap detailed above, our exploratory study was guided by the
following research question:

(RQ) What conceptions can be inferred from preschool children’s explanations regarding the
viscous behavior of honey?

To answer this question, we interviewed a convenience sample of N =6 preschool children
attending their final year of kindergarten. All interviews were conducted in September 2021, and at the
time of the data collection, all participating children went to the same kindergarten in Hamburg,
Germany. Data collection was carried out in accordance with the legal and ethical standards for
educational research in Germany [34]. All children were interviewed voluntarily and anonymously,
and only if their legal guardians gave written consent to participate after they had been
comprehensively informed about the aim and approach of our study. As detailed in Table 1, the sample
includes four girls and two boys aged 4-5 years (& = 4.8 years; SD = 0.4). Moreover, the average
duration of the interviews was 6.8 minutes (SD = 0.6 min).

The interviews were conducted with the participating children individually and took place in a
separate room of the kindergarten. In order to stimulate the conversation at the beginning of the
interview, an easily noticeable phenomenon of everyday life was demonstrated to the children, which
allowed them to observe the viscous behavior of honey. As shown in Figure 1, two identical glasses
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were filled with water and honey. Subsequently, two identical spoons were dropped into the glasses
from the same height. Therefore, in this demonstration the children could observe that as soon as the
spoons were immersed into the fluids, they sank at different rates.

Table 1. Summary of the interviewed children

Pseudonym Gender Age Interview duration
Anna Q 4.5 years 6.4 min
Eva Q 5 years 6.2 min
Frederik g 5 years 6.4 min
Hila Q 5 years 6.8 min
Lilia Q 4 years 6.9 min
Max g 5 years 8.0 min

After the demonstration, the children were asked to describe their observations in their own words.
If their description referred to an observation other than the slow sinking of the spoon in the
honey-filled glass, their observation was valued by the interviewer and the demonstration was repeated
while asking the children to watch it again and to check whether they observed anything else. Once the
children stated that they observed the spoons sinking to the bottom at different rates, they were asked if
they knew why the spoons behaved this way and, if so, how they would explain this observation.

During the interviews, the children’s statements were audio recorded. In addition, relevant
nonverbal expressions of the children were protocolled (e.g., pointing gestures during their
explanations of the spoons’ motion). The collected data were transcribed verbatim [16] and analyzed
using the method of qualitative content analysis according to Kuckartz [20]. In doing so, we developed
a two-dimensional coding scheme based on the questions asked of the children during the interview
(“What did you see?”” and “Do you know why the spoons behave like this?”). Furthermore, we used the
strategies of summary and subsumption [29] to inductively generate valid subcodes for each
dimension of our coding scheme.

Figure 1. Setup of the demonstration shown to the children: dropping two identical spoons into a
honey-filled glass and a water-filled glass
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The transcripts were coded in their entirety using the developed coding scheme. In order to
evaluate the quality of the coding procedure, both the intercoder and intracoder agreement were
determined (time interval between the first and second coding: 3 weeks). During both evaluations, 100%
of the transcripts were double coded. The intercoder agreement reached a k-coefficient of 0.76 and is
thus sufficient [35]. For the intracoder agreement, k = 0.89 was obtained. Therefore, the intracoder
agreement can be considered excellent [35].

The last step of the analysis was interpreting and evaluating the interviews in-depth based on the
transcripts’ coding in order to infer underlying patterns within the children’s explanations. This
evaluation was accomplished, adjusted, and validated by both researchers discursively [21].

3. Results

Among the six children, only two (Frederik and Lilia) instantly noticed that the spoon in the
honey-filled glass sank more slowly than the spoon in the water-filled glass. During the first
demonstration, Frederik said, “Look! That one goes down really fast and that one goes down slowly,”
and, analogously, Lilia said, “Wow, that one is slow and that one is fast!” The remaining children
initially noticed something different: for example, the visual effect that the spoons “grew big” (Hila)
when dropped into the fluids or that the sound of the spoon hitting the bottom of the glass was “[not] so
loud” (Max) when it was filled with honey. The demonstration was repeated up to three times for these
four children. However, only after the children were explicitly asked whether one spoon was faster or
slower than the other did all four children affirm and correctly allocate that the spoon in the
honey-filled glass sank more slowly than the spoon in the water-filled glass.

Through our analysis of the transcribed children’s explanations (see Methods), we were able to
infer three distinguishable conceptions about the viscous behavior of honey, which can be stated as
follows:

1. The viscous behavior of honey results from its stickiness.
2. The viscous behavior of honey results from its additional physical characteristics.
3. The viscous behavior of honey results from its use in everyday life.

In the following sections, we provide a summary of these three conceptions, supplemented by
exemplary case descriptions and transcript excerpts (grammatically corrected, partly reduced, and
approximately translated for illustrative purposes).

3.1. The viscous behavior of honey results from its stickiness

Four of the interviewed children (Eva, Frederik, Hila, Max) pointed out that they thought the
honey’s stickiness caused the spoon to drop slowly. They stated that because the honey was sticky, it
hindered movement and, therefore, slowed the spoon. For example, Eva said that “this one was very
fast [...] and this one was slow [...] because honey is a little bit sticky [...] [and] water is not sticky.”
Particularly, Max distinguished between sticky and nonsticky fluids in a more generalized way.
During the interview, he mentally checked whether other fluids (shampoo, hazelnut spread) were
sticky or not in order to decide whether a spoon would also slowly sink in these fluids. When the
interviewer recognized Max’s strategy of checking for stickiness, she challenged him with the
example of oil, a viscous but not sticky fluid. Max seemed to struggle with this example, presumably
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because his strategy no longer worked. However, instead of wondering why a spoon also slowly sinks
in oil, he listed further sticky substances that he knew (lollipops, chewing gum) and that fit with his
idea that stickiness can hinder motion:

Interviewer: Do you know why that is?

Max: I know, because the honey sticks and water does not stick. [...] Hazelnut
spread sticks. [...] Umm, shampoo sticks.

Interviewer:  Okay, and oil? Is oil sticky?

Max: Umm, no.

[...]

Interviewer:  Ah, okay. You said earlier that honey is sticky, which is why the
spoon sinks slowly. Do you know why a spoon also slowly sinks
when dropped in oil?

Max: Because when... I don’t know. [...] Lollipops are also sticky and
you can’t walk when one sticks to your shoes. [...] Also chewing
gum.

3.2. The viscous behavior of honey results from its additional physical characteristics

Besides the idea that the viscous behavior of honey results from its stickiness, Frederik, Lilia and
Hila also tried to explain the slow movement of the spoon due to further physical characteristics of the
honey. Frederik stated that “the honey stays like this and therefore the spoon is so slow.” Most likely,
his phrase “stays like this” refers to the honey’s reduced flowability (compared to water), especially
since during his description, he tilted the honey-filled glass back and forth in order to illustrate for the
interviewer what he meant. Lilia made a statement quite analogous to Frederik’s and, furthermore,
generalized that “honey always makes things slowly.” Above all, it should be noted that from a
scientific point of view, Frederik’s and Lilia’s idea that the flow behavior of honey is related to the
slow sinking of the spoon is quite accurate, since viscosity is a measure of a substance’s resistance to
deformation at a given rate [13, 18].

In contrast, Hila’s explanation of the spoon’s slow sinking is not entirely accurate from a scientific
point of view. She stated that the spoon sank slowly “because honey is sticky [...] and it [the spoon]
goes in there just a little.” She then pointed the fingers of one hand into the palm of the other to
illustrate the dipping of the spoon onto the honey’s surface. Thus, Hila’s idea seems to be that the
surface of the honey affects the spoon’s falling. On the one hand, Hila’s idea—that fluids can vary in
their surface characteristics, which makes dipping a spoon easier or less easy—is quite accurate [27].
However, on the other hand, this does not explain why the spoons, when completely immersed in
honey and water, sink at different rates. In order to do so, Hila would have needed an idea regarding
honey’s flowability, which Frederik and Lilia both had.

3.3. The viscous behavior of honey results from its use in everyday life

Last but not least, two children (Anna and Lilia) reasoned that the different ways in which honey or
water are usually consumed (e.g., as a food or beverage) explains why the spoon in the honey-filled
glass sank more slowly than the spoon in the water-filled glass. This reasoning is evident in the
following transcript excerpt:
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Interviewer: Slowly, right! And Anna do you know why that is?

[...]

Anna: Umm, water seems like something for drinking [...] and this [the
honey] is something to eat. [...] My mommy always says I have to
eat it [a piece of bread spread with honey] using a fork.

Most notably, the above quote from the interview with Anna indicates that the underlying pattern
in her explanation of the spoons’ sinking derives from her day-to-day experiences. Based on these
experiences, Anna—and analogously Lilia—categorized honey as a food and water as a beverage and
presumably used this categorization in order explain (to herself) the varying behavior of the spoons
within the two fluids.

4. Discussion

Based on the analysis of the interview transcripts, we discovered that preschool children hold
different conceptions about the viscous behavior of honey. The children we interviewed either stated
that they believe it results from its stickiness, that it is a result of further physical properties of honey,
or that the viscous behavior of honey derives from its use in everyday life. Therefore, in conclusion,
our study revealed both a similar finding to those reported by Faltin and Feser [14] (the conception that
fluids’ viscosity is related to their stickiness), as well as conceptions of children regarding the viscous
behavior of fluids that have so far not been reported in science educational research.

However, there are several limitations to the results of our study that should be considered. First of
all, since our study is exploratory, it was based on a small convenience sample of N = 6 preschool
children attending the same kindergarten in Hamburg (Germany) at the time of the data collection.
Consequently, the results of our study are not representative, in particular the quantity of children
listed in the results section, whose statements during the interviews revealed specific conceptions
regarding the viscous behavior of honey. Arguably, when interviewing a larger and/or more diverse
sample of preschool children, additional conceptions about honey’s viscous behavior will emerge as
well as a different frequency pattern regarding the conceptions that our study revealed. In addition,
children’s conceptions are not necessarily generalized and robust entities in their minds. Instead, they
can also occur spontaneously and be rather specific to and grounded within the context in which they
occur [23, 31]. Therefore, since we only interviewed the participating children once and showed them
a specific demonstration revealing the viscous behavior of honey, it is not possible to draw conclusions
regarding the stability as well as situation-dependency of the conceptions we identified. Accordingly,
future science education research is necessary to investigate to what extent the findings of our study
are (un)stable or (not) dependent on the situation in which they have been observed.

Nevertheless, it is especially noteworthy that both our study and the study of Faltin and Feser [14]
revealed that some children (or students) erroneously believe that the viscous behavior of honey is
caused by its stickiness. Based on this finding, it may be reasonably to assume that such a conception
regarding fluids’ viscosity is widely held among children and adolescents. This assumption should be
investigated in further (confirmatory) research.

Furthermore, if this assumption can be verified, future research in science education should also
address the design and effects of learning environments focusing on fluids’ viscosity. It should be
investigated (1) how such learning environments should be designed in terms of both learning
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objectives and teaching methods depending on which students are being taught (e.g., elementary vs.
secondary students), (2) which further properties of fluids should be delimited or related to fluids’
viscosity within such learning environments to optimize students’ learning progression (e.g., fluids’
adhesiveness or density), and, most importantly, (3) how teachers can properly manage students’
conceptions regarding the viscous behavior of fluids when implementing such learning environments
(e.g., how to deal with students confusing viscosity and stickiness). The starting point for such
research efforts might be existing concepts and recommendations on how to cover viscosity within the
science classroom (see, for example, [6, 15, 22, 25, 30, 33]). Based on our findings, these concepts and
recommendations may be adapted and/or refined following a design-based research approach [2, 17]
in order to develop and implement learning environments that effectively navigate students toward a
deeper and scientifically backed understanding of the viscous behavior of fluids.

Acknowledgments

We would like to thank Ingrid Krumphals for her useful feedback on earlier drafts of this Express
Letter. Furthermore, we thank the Faculty of Education of the Universit& Hamburg (Germany) for
funding the language editing of this paper.

References

1. Adamina, M., Kibler, M., Kalcsics, K., Bietenhard, S. and Engeli E., Wie ich mir das denke
und vorstelle... “: Vorstellungen von Schiilerinnen und Schiilern zu Lerngegenstinden des
Sachunterrichts und des Fachbereichs Natur, Mensch, Gesellschaft. 2018, 211-229.

2. Barab, S. and Squire, K., Design-Based Research: Putting a Stake in the Ground. Journal of the
Learning Sciences, 2004, 13(1): 1-14. https://doi.org/10.1207/s15327809jls1301_1.

3. Black, P.J. and Lucas, A.M., Children’s Informal Ideas in Science, 1993, London, United
Kingdom: Routledge.

4. Bransford, J.D., Brown, A.L. and Cocking, R.R., How People Learn: Brain, Mind, Experience,
and School: Expanded Edition, 2000, Washington, DC, USA: National Academies Press.

5. Camacho, F.F., Ideas Previas. 2014. Universidad Nacional Autéhoma de M&ico, Mexico City,
Mexico. Retrieved from:
http://www.ideasprevias.ccadet.unam.mx:8080/ideasprevias/index.html.

6. Carroll, L., Viscosity. The Physics Teacher, 1982, 20: 47-48.
https://doi.org/10.1119/1.2340934.

7. Driver, R. and Easley, J., Pupils and Paradigms: A Review of Literature Related to Concept
Development in Adolescent Science Students. Studies in Science Education, 1978, 5(1): 61-84.
https://doi.org/10.1080/03057267808559857.

8. Driver, R., Guesne, E. and Tiberghien, A., Children’s Ideas in Science. 1985, Buckingham,
United Kingdom: Open University Press.

9. Duit, R., Bibliography — STCSE. Students’ and Teachers’ Conceptions and Science Education.
2009. Leibniz-Institut fUr die P&lagogik der Naturwissenschaften und Mathematik, Kiel,
Germany. Retrieved from: https://archiv.ipn.uni-kiel.de/stcse/.

10. Duit, R., Gropengiefr, H., Kattmann, U., Komorek, M. and Parchmann, I., The Model of
Educational Reconstruction — a Framework for Improving Teaching and Learning Science, in
Science Education Research and Practice in Europe, D. Jorde and J. Dillon, Editors. 2012, pp.
13-37. Sense Publishers.

STEM Education Volume 2, Issue 2, 86-95


https://doi.org/10.1207/s15327809jls1301_1
http://www.ideasprevias.ccadet.unam.mx:8080/ideasprevias/index.html
https://doi.org/10.1119/1.2340934
https://doi.org/10.1080/03057267808559857
https://archiv.ipn.uni-kiel.de/stcse/

94

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.

22,

23.

24,

25.

26.

217.

Eastwell, P., Bernoulli? Perhaps, but What About Viscosity?. The Science Education Review,
2007, 6(1): 1-13.

Eaton, J.F., Anderson, C.W. and Smith, E.L., Students’ Misconceptions Interfere with Science
Learning: Case Studies of Fifth-Grade Students. The Elementary School Journal, 1984, 84(4):
365-379. https://doi.org/10.1086/461370.

Eyring, H., Douglas, H., Jones Stover, B. and Eyring, E.M., Statistical Mechanics and
Dynamics, 1964, New York, USA: Wiley.

Faltin, L. and Feser, M.S., Secondary school students’ conceptions about the viscous
behaviour ~ of liquids. Physics Education, 2021, 56: Article 035018.
https://www.doi.org/10.1088/1361-6552/abe690.

Floyd-Smith, T.M., Kwon, K.C., Burmester, J.A., Dale, F.F., Vahdat, N. and Jones, P.,
Demonstration and Assessment of a Simple Viscosity Experiment for High School Science
Classes. Chemical Engineering Education, 2006, 40(3): 211-214.

Fufd S. and Karbach U., Grundlagen der Transkription. Eine praktische Einfthrung, 2019,
Opladen, Germany: Verlag Barbara Budrich.

Haagen-Schiizenhcer, C. and Hopf, M., Design-based research as a model for systematic
curriculum development: The example of a curriculum for introductory optics. Physical
Review Physics Education Research, 2020, 16: Article 020152.
https://www.doi.org/10.1103/PhysRevPhysEducRes.16.020152.

Irgens, F., Rheology and Non-Newtonian Fluids, 2014, Cham, Switzerland: Springer.

Jung W., Zum Problem der ‘Schiilervorstellungen’. physica didactica, 1978, 5: 125-126.
Kuckartz U., Qualitative text analysis: a guide to methods, practice and using software, 2014,
London, United Kingdom: Sage Publications.

Kvale, S., The social construction of validity. Qualitative Inquiry, 1995, 1(1): 19-40.
https://doi.org/10.1177/107780049500100103.

Limniou, M., Papadopoulos, N., Giannakoudakis, A., Roberts, D. and Otto, O., The
integration of a viscosity simulator in a chemistry laboratory. Chemistry Education Research
and Practice, 2007 8(2): 220-231. https://doi.org/10.1039/B6RP90032A.

Mason, L., Introduction: Bridging the Cognitive and Sociocultural Approaches in Research on
Conceptual Change: Is it Feasible? Educational Psychologist, 2007, 42: 1-7.
https://doi.org/10.1080/00461520709336914.

Niedderer, H. and Schecker, H., Towards an explicit description of cognitive systems for
research in physics learning, in Research in Physics Learning—Theoretical Issues and
Empirical Studies, R. Duit, H. Goldberg and H. Niedderer, Editors. 1992, pp. 74-98.
Leibniz-Institut fr die P&lagogik der Naturwissenschaften und Mathematik.

Pé&ez-Sanchez, M., Galstyan-Sargsyan, R., P&ez-Sanchez, M. I. and L&ez-Jiméez, P. A,
Experimental Equipment to Develop Teaching of the Concept Viscosity. Education Sciences,
2018, 8(4): Article 179. https://doi.org/10.3390/educsci8040179.

Plotz, T., Krumphals, I. and Haagen-Schilizenh&er, C., Delphi study on the term ‘students’
conceptions’. Journal of Physics: Conference Series, 2021, 1929: Article 012006.
https://doi.org/10.1088/1742-6596/1929/1/012006.

Rivollet, 1., Chatain, D. and Eustathopoulos, N., Simultaneous measurement of contact angles
and work of adhesion in metal-ceramic systems by the immersion-emersion technique.
Journal of Materials Science, 1990, 25: 3179-3185. https://doi.org/10.1007/BF00587671.

STEM Education Volume 2, Issue 2, 86-95


https://doi.org/10.1086/461370
https://www.doi.org/10.1088/1361-6552/abe690
https://www.doi.org/10.1103/PhysRevPhysEducRes.16.020152
https://doi.org/10.1177/107780049500100103
https://doi.org/10.1039/B6RP90032A
https://doi.org/10.1080/00461520709336914
https://doi.org/10.3390/educsci8040179
https://doi.org/10.1088/1742-6596/1929/1/012006
https://doi.org/10.1007/BF00587671

95

28.

29.

30.

31.

32.

33.

34.

35.

Schecker, H., Wilhelm, T., Hopf, M. and Duit, R., SchUervorstellungen und Physikunterricht:
ein Lehrbuch fUr Studium, Referendariat und Unterrichtspraxis, 2018, Berlin, Germany:
Springer Spektrum.

Schreier, M., Qualitative Content Analysis in Practice, 2012, London, United Kingdom: Sage
Publications.

Sprung, B., Froschl, M. and Campbell, P.B., What will happen if...,1985, New York, United
States, Educational Equity Concepts, Inc.

Stark, R., Conceptual Change: kognitiv oder situiert? Zeitschrift fir P&lagogische
Psychologie, 2003, 17(2): 133-144.

Stavy, R. and Tirosh, D., How students (mis-)understand science and mathematics: intuitive
rules, 2000, New York, United States: Teachers College Press.

Susilawati, S., Satriawan, M., Rizal, R. and Sutarno, S., Fluid experiment design using video
tracker and ultrasonic sensor devices to improve understanding of viscosity concept. Journal
of Physics: Conference Series, 2020, 1521: Article 0220309.
https://doi.org/10.1088/1742-6596/1521/2/022039

Watteler, O. and Ebel, T. Datenschutz im Forschungsdatenmanagement, in
Forschungsdatenmanagement sozialwissenschaftlicher Umfragedaten: Grundlagen und
praktische L&ungen fUir den Umgang mit quantitativen Forschungsdaten, Jensen, U.,
Netscher, S. and Weller, K., Editors. 2019, pp. 57-79, Verlag Barbara Budrich.

Wirtz, M. and Caspar, F., Beurteileribereinstimmung und Beurteilerreliabilit&. Methoden
zur Bestimmung und Verbesserung der Zuverl&ssigkeit von Einsch&zungen mittels
Kategoriensystemen und Ratingskalen, 2002, Gd&tingen, Germany: Hogrefe.

Author’s biography

Dr. Markus Sebastian Feser works as a postdoc at the Department of Education of the Universita
Hamburg in Germany. He is a member of the Working Group on Physics Education at the Universit&
Hamburg. Among other topics, his current research focuses on the sense of belonging of students and
student teachers to science, the conceptions of school students of the viscous behavior of fluids, and
the role of language in teaching and learning physics.

Susanan Mangal is an undergraduate student teacher at the Universit& Hamburg, Germany. She
studies teaching chemistry and mathematics in primary and secondary education.

©2022 The Author(s). Published by AIMS, LLC. This is an Open Access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

STEM Education Volume 2, Issue 2, 86-95


https://doi.org/10.1088/1742-6596/1521/2/022039

