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The aim of the study was to explore university students’ interpretations of

chemical content in the form of physical constructions of atomic nuclei.

Playdough was chosen as the means for expression, since it provided the

students with the task of choosing the number, form, size, shape, and

distance of particles. Data was collected in the form of photographs, written

explanations as well as ad hoc notes. Data from 64 students was analyzed

using the three levels of analysis as presented by Hedegaard and framed

within the theories of models. Results show that students’ choices gave rise

to 34 variations of the atomic nuclei. The analysis provided two different

categories: models with close resemblance to the teaching model and models

with less resemblance to the teaching model. Results show the limitations

of verbal and written communication and add to the discussion concerning

students’ interpretations of the multitude of atomic models used in teaching.

The method was indeed a beneficial tool both for students, who could explore

the composition of atomic nuclei and isotopes, and for teachers, who could

connect their teaching to students’ interpretations of scientific content since

the method brings a new level of detail to discussions.

KEYWORDS

chemistry education, atomic nuclei, sub-microscopic level, models of science,
playdough, creative

Introduction

The challenges facing chemistry teachers and learners are many and vary in their
nature. The first challenge that a chemistry teacher may encounter is that the material
world may seem self-evident to learners, so self-evident that it may in fact not even
require an explanation (Tytler, 2000). The second challenge lies in what Vygotsky
(2004) may have correctly stated when he theorized that “imagination is based on
our experiences and creativity is a combination of experiences.” This conclusion
is supported by decades of research showing the difficulty that learners face when
trying to imagine the sub-microscopic world (Garnett and Hackling, 1995). Vygotsky’s
conclusion suggests that for us to imagine something, we already need to have some
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experience of the phenomenon at hand. This is indeed a
challenge for chemistry, as chemical phenomena are explained
on the non-visual sub-microscopic level, a level that is difficult
to provide experiences of. Our traditional way of introducing
chemistry becomes the third challenge; that is, in chemistry,
abstract concepts are defined using other, equally abstract,
concepts in our explanations (Taber, 2019). Furthermore,
the atom has been suggested to be a precursor model,
i.e., fundamental for further concept formation in chemistry
(Koerber and Osterhaus, 2019). Something that highlights the
importance of understanding concept formation and learners’
interpretation of this specific concept. Most studies concerning
the atom have focused on electrons, electron shells or orbitals
(Taber, 2005; Stefani and Tsaparlis, 2009) but not atomic nuclei,
their composition, repulsions, forces, weight and shape. This
study was designed to fill this gap in the literature. It is also
here assumed that learner’s interpretation of atomic nuclei
may influence their perception of the entire atom. The present
project was designed to explore a method for problem-solving
that makes use of students’ expressions of the sub-microscopic
level, whereby the learners are provided with as much creative
self-expression as possible.

Theoretical framework

Models of science and science
education

The definition of the word model used here is the one
derived from the work of Acevedo-Díaz et al. (2017): A model is
a simplified representation of an object, phenomena, process, idea,
or system of a physical reality that is created to explain, predict,
or communicate natural science. Models can then be further
differentiated into scientific and educational models, where
scientific models have been categorized as being composed of
historic models and scientific models (Taber, 2019). Historic
models are no longer used within the scientific community but
are seen as important for education since they are part of our
cultural history. Scientific models are the ones currently used
by the scientific community, and they are also transformed
into educational models, models that are adapted to be suitable
for learners at different educational levels. Educational models
can in turn be categorized into curricula models, expressed
models, and individual models. Educational models can be
defined as consensus models, meaning that scientists, textbook-
writers, and other members of an educational community have
agreed on the level of the simplifications made. These consensus
models then become expressed models when used by the teacher
in teaching (Taber, 2019). The individual then interprets the
expressed models, and these become individual models (Gilbert
et al., 2001). In this process of interpretation, it becomes
important for teachers, who work with educational models, to

be explicit concerning the nature of a model. A framework
designed to help teachers work with models was described
by Gilbert (2004), who suggested that the different aspects of
modeling should include an understanding that a model is
not a replica of the world; it is an interpretation, meaning
that there can be many different models in use for the same
phenomena. Models are used as tools for supporting conceptual
understanding, solving problems or predicting outcomes of
processes. Even if the model is perceived as an object, the
model can be an interpretation of an “idea, a system, an
event or a process” (Gilbert, 2004). As research progresses, new
models are created leading to models becoming superseded and
eventually seen as historic models. This multitude of historic
models introduced to learners often as a way to introduce the
cultural history of science may in fact not always be helpful,
as research shows that teachers and textbooks in some cases
present inaccurate hybrid models that are combinations of
different historical models (Justi and Gilbert, 2000).

Models as tools for teaching

The actual process of how to support students’ own
modeling has also been described by Justi and van Driel (2006)
as beginning with initial observations of a phenomenon, where
a few specific parts of the phenomenon at hand are chosen, and
a model is initially produced, then later manipulated, and finally
the limitations of the model discussed.

Another suggestion, more focused on analyses of the
teaching models themselves, was made by Glynn and Duit
(1995) who described six different steps for introducing models
to students, beginning with the introduction of a target model
and followed by an overview of the teaching model. These
six steps are relatively similar to the steps suggested by
Justi and van Driel (2006) with identification of the relevant
aspects of the models, “finding similarities, mapping similarities,
identification of where the analogy breaks down and drawing
conclusions of the target model.” Indeed, types of systematic use
of models can be done with three different kinds of intentions
(van Joolingen, 2004), which are communication, analysis, or
explanation: a model as a way of communication is where the
intention is for students to create their own models to express
their ideas; for analysis, the intention is to analyze the properties
of the model itself or its usefulness in explanation, and models
used for explanation involve the intention for students to
recreate models to explain results or make predictions.

Research into the development of individual models is
abundant and researchers have performed meta-analysis to
categories the different types of individual models that have
been found. One of these meta-analysis was performed by
Talanquer (2006) here learner’s interpretations was categorized
into the empirical assumptions; continuity, substantialism,
essentialism, mechanical causality, and teleology. Assumptions
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that in combination with the following heuristics: association,
reduction, fixation, and linear sequencing were found to be
the basis of many of the individual interpretations. Another
approach is to find and explore precursor models, i.e., individual
models that are seen as fundamental for building further
understanding of a subject area (Pantidos et al., 2022). The
atom has been suggested to be one of the precursor models
(Koerber and Osterhaus, 2019) something that makes research
into students understanding of the atom an important field.
Traditional methods using educational models for visualizing
different aspects of the atom such as different types of 2 and 3-d
models are commonly used where a sense of scale is provided
using verbal or written communication. Today research points
toward the importance of multimodal teaching approaches
including body language (Pantidos et al., 2022) and better
support for student using inscriptional stories as a new way to
move from the everyday world to abstractions (Pantidos et al.,
2022).

The type of modeling that is the focus of the present study
is a model for communication or students’ own models used
as a way of expression. Here, students construct a model in
order to express their own ideas, which is a type of modeling
used as means to gain insight into student ideas (Nersessian,
2002; Halloun, 2006) and to promote metacognition (Gilbert
and Justi, 2016). This type of modeling provides an opportunity
to work with a content on different levels (Gilbert, 2004):
tangibly and concretely using 3-D material; verbally involving
speech and writing where model discussions can use metaphors
and analogies; visually with the help of drawings, diagrams,
animations, illustrated stories and so on, as well as with gestures
or bodily representations; and symbolically using formula
equations.

Expressed models are composed of concepts and
relationships that can be temporal, spatial, and causal
relationships. The analysis of student-generated models
can be made using appearance, literal similarity, tightness
(closeness of source and the target), and with what has been
described as true analogy (where the composition of the target
cannot be transferred but the relationships can) (Duit, 1991).

Creative expressions in science
education

Today many schools are culturally diverse and multilingual
(Wilmes et al., 2018). A situation that has placed focus on
the need to provide learners with multiple ways of accessing
and expressing knowledge, especially using non-lingual modes
(Roth and Lawless, 2002). Researchers have argued for an
expansion of the concept of literacy to include visual (graphs
and images), spatial (episodic movement), gestural (hand and
body movement), auditory (sound effects and music), tactile
(sensory hands on), oral (speech), and written modes (Williams

and Tang, 2020). In this context science is viewed as a specialized
language, something that may become an additional challenge
for learners at all ages. Research shows that gestures and body
language support learners both in learning (Cervetti et al., 2015;
Pantidos and Givry, 2021) as it can promote moving between
spoken language and thought (Bracey and Zoë, 2017), fill gaps
in language (Korkmaz and Unsal, 2017), be used as pedagogical
scaffolds (Santau et al., 2010), as well as communicating
understanding (Siry and Martin, 2014). In the present study,
student-generated models was designed to be expressed in the
form of playdough creations. Combining creative expression
with science is as old as science itself and can be seen in stone
carvings dating back to 3,500 before christ (BC) that display
lunar cycles and calculations (Steele, 2000). Research shows that
creative expressions in science education have many advantages
such as providing connections between different subject content
(Herro and Quigley, 2016) and placing science in a real-world
context (Gilbert et al., 2011). Creative expressions are also
important for visual thinking, structures, interpretation of 3-
dimensional aspects of phenomena, combining both processes
and concepts in expression (Begoray and Stinner, 2005). They
can also be a way to integrate learners’ concepts and canonical
science (Scott et al., 2011) and become foundations for new
pedagogies (Braund and Reiss, 2019), and a ways to express
knowledge beyond written or spoken language for second
language learners (Aubusson et al., 2006).

Models in chemistry

The use of teaching models cannot be avoided when
teaching and learning chemistry, especially since many of the
explanations in chemistry are based on a sub-microscopic level.
The tools that teachers can use for providing their students
with experiences on this non-visual level are the use of analogy
and models; all of which by necessity are macroscopic in their
nature. The words used for describing the sub-macroscopic level
were not all newly invented as our understanding of this level
developed. Instead, some of the words used are also macroscopic
in nature and may lead to unwanted analogy formation. In the
Swedish language, for example, the word shell (skal) is the word
also used for different fruit peels such as an orange peel and
apple peel or an eggshell. The word nuclei (kärna) is the same as
the word used for kernels, which can lead many students toward
fruit analogs in connection to the atom. Other analogs found in
connection with the atom are that the atom is seen like a ball,
or a solar system (Harrison and Treagust, 1996). This particular
problem, using a macroscopic view of the sub-microscopic level,
can derive from many different sources, such as, macroscopic
word use, the learning process itself where children connect new
experiences to previous macroscopic ones, or a lack of ways
to provide experiences of the sub-microscopic world. Indeed,
research shows that it is not uncommon to find students who
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believe that atoms can be viewed in a normal microscope or that
the illustration that they see in textbooks and other media are
real images of the atom (Papageorgiou et al., 2016).

When turning toward research concerning the learning
process itself, it shows that young children’s learning of the
concept of small (atoms and molecules) begins with the
use of analogy (Adbo and Vidal Carulla, 2020), where for
example pieces of crushed sugar seen through a magnifying
glass are described as ice blocks. The development of a sense
of scale and an understanding of the sub-microscopic world
can be enhanced by zooming-in videos that visualize the
transition between the macroscopic and the sub-microscopic
level. A sense of scale can be provided if the zooming-
in video is perceived as occurring at constant speed; the
difference in perceived time between the different levels
of organization then gives an understanding of scale to
the extent that 5-year old children describe atoms initially
as meatballs, and then recognizing that the analogy is
not enough, the children conclude that these are not
meatballs, they just look like meatballs; the word atom
was then introduced. The sense of scale is seen through
comments, such as, “They are everywhere in everything.”
In summary, the concept of atom at that point in time
did include shape, 3-dimensionality, and a sense of scale
(Adbo and Vidal Carulla, 2020).

The aim of the present study was to move beyond language
and provide students with as much creative self-expression as
possible to express their own models of selected atomic nuclei.
The study aimed in particular at exploring:

- What do the students’ expressed models look like when
they are given the opportunity to move beyond spoken
language?

- In what way can creative visualizations contribute to
contemporary science education?

Materials and methods

Context

The participants in this study were 64 students taking the
first of two chemistry courses in a university course during a so-
called foundation year, which provides preparatory education of
science content that is equivalent to the upper secondary level.
The requirements for admission to the foundation year are a
completed upper secondary level program that is preparatory
for higher studies. The foundation year provides the basic
natural science courses required for entrance to university
level in natural science for those students who wish to obtain
higher grades or add courses that were not completed in
previous studies. Several of the students included in this
study, therefore, had previous experience in chemistry at this
level. All students included had formal chemistry at lower

secondary school, students age 13–16, something that contain
the structure of matter, atoms, electrons, and nuclear particles.
At the beginning of the course the atom was reintroduced
to the students. The teaching model for the general atom
in use within this course was the one in Figure 1. This
model includes protons and neutrons depicted in a way that
attempts to show the three-dimensional structure of the nucleus.
Electron movements are communicated as probability clouds
(marked with gray color). The mass of all particles in the
form of atomic mass units (u) and the charge of all particles
are included in the model. There is also a small difference
in size between electrons and protons, a difference that by
no means is close to the perceived reality but a difference,
nonetheless.

Data collection

The students were asked to build a selection of atomic
nuclei using play dough and choose different colors for the
different sub-atomic particles included. Additional instructions
were:

1. Build the following atomic nuclei: The most common
form of Hydrogen, Helium, Carbon and Oxygen and
take a photo of it.

2. Draw the nucleus.
3. Provide a written explanation to the built nuclei and

calculate their masses in u.

The students were also provided with a periodic table that
included atomic number and atomic mass.

The choice of using playdough was made since it
provides ample creative freedom for working in three
dimensions, without restrictions on size and shape. The
students were also asked to provide a written explanation
to their different nuclei, calculate the mass of each nucleus
using units (u), draw their nuclei, and take a photo of
each nucleus. Information that was used in the interpretation
of students’ constructions. The students worked in groups
of 2–4 students, but each student made his or her own
nuclei. Notes of ad hoc discussions were collected while the
teacher circulated in the room. The only other instruction
the students were provided was to use one color for
each of the particles. The fact that the playdough was
colored was misleading, but an issue that could not be
resolved. Each student had at least three different colors of
playdough to choose from.

To meet ethical considerations, consent forms were
collected from all students. All data collection and data
storage are in compliance with general data protection
regulation (GDPR) according to the european union (EU)
standards (2016).

Frontiers in Education 04 frontiersin.org

https://doi.org/10.3389/feduc.2022.1034140
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


feduc-07-1034140 December 30, 2022 Time: 15:45 # 5

Adbo and AAkesson-Nilsson 10.3389/feduc.2022.1034140

Data analysis

Data in the form of construction from playdough, written
explanations and ad hoc field notes was analyzed independently
by two researchers using Hedegaard’s three levels of qualitative
analysis (Hedegaard, 1995) where the first level is called the
commonsense interpretation. At this level of interpretation data
from the 64 students were merged into, individual, consecutive
series of atomic nuclei. The second level of analysis, called
situated interpretation, was then applied to the data set. In this
level of analysis, students written explanations and common
structural and functional patterns of the models were in focus.
Especially, the differences between the teaching model and the
student expressed model were analyzed for literal appearance
and tightness and the images was then sorted into two different
categories; models with close resemblance to the teaching model
and models with less resemblance to the teaching model.
Representational series of images for each set of deviations
were selected. The third level of analysis, called thematic and
conceptual interpretation, was performed here with analytical
focus on identifying general connections between the findings
and the existent research literature. The analysis did not include
body language or social interactions.

Results and discussion

Due to the diversity of the student group and the number of
atomic nuclei models available to students today, it is only the
teaching model in use within this course that can be addressed
and the conclusions regarding teaching models can only be
drawn from students’ models. When comparing the teaching
model to students expressed model, no difference between
the different student groups could be detected, i.e., meaning
that there was no difference between the students that had
previously studied chemistry at upper secondary school level
and those who had not.

Results are presented in the form of photos of the students’
expressed models and categorized into two major categories, one
with close resemblance (Figure 2) to the teaching model and
one with less resemblance to the teaching model (Figure 3). The
construct of individual students’ series was maintained within
the categories since it provided information of student reasoning
when creating nuclei of different sizes with different types
of interactions between the subatomic particles. The models
were built on a single occasion, proving a cameo-shot of the
diversity of student’s interpretations and considerations. The
series of categorized images that were found in the dataset
here referred to as: close resemblance and less resemblance,
represent the different variations of playdough models, deriving
from the 64 students participating in the project. Models
with close resemblance are presented in Figure 2 and models
with less resemblance in Figure 3. The category with close

resemblance to the teaching model included models that were
correct regarding written explanations, number of protons and
neutrons in the playdough model, and mass was provided
in a correct manner. Even though the answers were in close
resemblance with the teaching model, 16 different series of
nuclei were found in the assembly of the constructed model.
Of the 64 students included in the study 70% of the students’
models was found in category: close resemblance. In the
category: less resemblance (Figure 3) the students included
an incorrect number of sub-atomic particles, ignored the size
differences of the particles or added particles not relevant
to atomic nuclei. A total of 30% of student models were
found in this category. Results deriving from the series of
atomic nuclei (H, He, C, and O) show in total 32 different
variations.

Analysis of the category: Close
resemblance

In this category the series with close resemblance toward the
teaching model of the atomic nuclei concerning the number of
protons, neutrons and their respective mass, show 16 different
variations in the placement of protons and neutrons (Figure 2).
In general, the differences between the students’ models and
the teaching model depend on what specific feature (Lakoff
and Johnson, 1987) the student focusing on at the time. This
approach of working with one or a few features at a time shows
how the students used the models as a form of visual thinking
(Begoray and Stinner, 2005) in integrating different experiences
into science (Scott et al., 2011).

The overall shape of protons and neutrons was also a feature
that became important as it contributed to the overall shape
of the of the nuclei. The shapes of protons, neutrons, and
electrons were either circular leading to there being space in-
between them (for example, C5 in Figure 2), or they were
shaped as wedges leading to no space in-between them (for
example, C8 and C15). The protons and neutrons could also
be loosely assembled (for example, C7) or close together (for
example, C2). Different students used different entailments
when building their nuclei, which led to nuclei that were 2 or
3-dimensional, tetradic (for example C1), flat (for example, C5),
round (C15), square (C10 and C14), circular (C13), linear (C12),
linear-curved (C13), triangular (C6), donut-shaped (C8), and
star-shaped (C7).

One group of students saw the construction of atomic
nuclei as a continuous repetition of helium nuclei (C12), and
the students explained that “the carbon and oxygen nuclei are
made of three and four helium nuclei.” These models hold no
or little visual resemblance to the teaching model, but they
do make sense when focusing on one specific feature, such
as number of protons and neutrons. If the focus was only on
producing the correct number of protons and neutrons, then
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FIGURE 1

The teaching model used for the students included in this study.

FIGURE 2

Models with close resemblance to the teaching model regarding written explanations, a correct number of protons and neutrons in the
playdough model, and mass was provided in a correct manner. Series of atomic nuclei in the order: Hydrogen (H), Helium (He), Carbon (C), and
Oxygen (O). One student in each row (C1–C16) and the different versions of the nuclei are found in the columns.
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FIGURE 3

Models with less resemblance to the teaching model. Series of atomic nuclei in the order: Hydrogen (H), Helium (He), Carbon (C), and Oxygen
(O). One student in each row (L1–L16) and the different versions of the nuclei are found in the columns.

the student may not have considered other aspects such as
structure and repulsion; one example is C11. If C12 placed
focus only on repulsions but not shape, then linear nuclei
could also be a reasonable result. These series point toward
the students at least initially using one or a few features at the
time when working with the teaching models for the atom.
This result shows the importance of giving careful attention to
teaching models that simultaneously include all relevant features
surrounding atomic nuclei.

All these results point to the importance of moving beyond
the use of language. Some examples stand out; a student wrote,
“Helium has two protons and two neutrons in the nucleus” which
is an answer that could have been deemed correct until the
student built a nucleus (round ball) and then attached two
protons to it (L7 in Figure 3). Several of the students provide
correct answers regarding the number of protons and neutrons,
but built models with a different number of particles. The

opposite also occurs, where the model looks reasonable, but the
written answer was incorrect. This finding shows the flexibility
of models in use during the learning process.

Although the teacher pointed out to the students on several
occasions that they should only build the nucleus and not the
atom, totally 16% of the students added electrons to their play-
dough models.

Analysis of the category: Less
resemblance

In this category student expressed model deviates from
the teaching model in that it did not include the correct
number of protons or neutrons, electrons were added, size
differences were ignored or particles not relevant to atomic
nuclei was added (Figure 3). The addition of electrons placed
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focus on size differences between the subatomic particles. Size
and scale are inevitable problems when teaching chemistry,
as the actual distance cannot be displayed using the normal
variety of teaching models available to teachers. Despite this
problem, teaching models do show some size difference, and
even if not realistic, many of the students did not take this
difference into account (L16) but instead placed the visual
similarity on distance between the electron and the nuclei
(see for example, L2). Most students that added electrons to
their nuclei provided explanations that confirmed that this was
their intention. Some also included an electron trajectory; one
example is L2 with “one electron trajectory and one electron and
one proton.” The addition of electrons did provide variations
in the form of shells and the placement of electrons. Some
placed electrons on one side of the nucleus (L6); it is difficult to
draw a conclusion about the reasons behind this construction,
but it is nonetheless an important feature for teachers to
address. For some students, the electrons were evenly spread
out in different shells or placed closely around the atom.
Several of the students placed the electron directly onto the
proton in the hydrogen nucleus (L5 and L16), but the distance
between electrons and the nucleus increases when the students
build larger nuclei, which is a placement that may stem from
students trying to depict the small size of the first two atoms
and possibly recognizing that space occupied by electrons.
The atomic nuclei in Series L1–L6 in Figure 3 contained
the same kinds of deviations as seen in the category: close
resemblance.

Series L7–L16 in Figure 3 includes the models that
deviates the most from the teaching model. This category
includes student models were the number of particles either
did not match the number of particles in their written
explanations (L8–L11) or the number of neutrons in the
nuclei was incorrect (L12 and L15). Some included additional
particles not found in the teaching model (L7), added protons
and electrons in same sizes (L16) or added protons and
neutrons of different sizes to their models (L13). One student
placed the neutrons in a circle around a core of protons
(L14). Of the 64 series in total 17% were included into
series L7–L16.

Analysis of their written answers

The detailed analysis of the results from the atomic nuclei in
Figure 2 shows how uncertain the students were, even those who
had built a model with close resemblance to the teaching model
(here, the hydrogen nuclei). They expressed doubts concerning
their construction; for example, “Is it only one ball? It seems
too easy.” In the category of less resemblance some students
used the word atom for their construction of the atomic nuclei
or built an atom and then referred to it as an atomic nucleus.
Analysis of the written and verbal explanations for the hydrogen

TABLE 1 A summary and categorization of all students written
explanations regarding the hydrogen nucleus.

Categories of answers Percentage
of answers

Uses word hydrogen atom or atom in their answers instead of
nucleus/nuclei
1. “A hydrogen atom weighs, 1u”.
2. “The hydrogen atom is made of 1 proton and has the mass of
1,008 u”.

8%

Uses the word hydrogen instead of nucleus/nuclei
1. “Hydrogen is made of 1 proton and then has the atomic mass of
1u”.
2. “Hydrogen has only one proton and has the mass of 1u”.

11%

Used the word hydrogen nucleus or the nucleus of the hydrogen
atom
1. “The hydrogen nucleus is composed of one proton, the mass is
1u”.
2. “The hydrogen nucleus is made of only one proton.
1u = 1.66 × 10−27 kg”.
“The most common form of the hydrogen nucleus is made of one
proton and no neutrons. It weighs 1u”.

33%

Does not provide the word nucleus or nuclei or atom in their
answers
1. “1 proton 1u”
2. “It is made of 1 proton with a mass of 1u”.

25%

Uses only the word nucleus or atomic nucleus
1. “The nucleus is composed of 1 proton with a total mass of
1.007276 u”.
2. “The atomic nucleus is made of only one proton 1u”.

5%

Includes electrons into their nucleus/nuclei
1. “1 proton and one electron. The mass is 1u”.
2. “1 proton and one electron, Mass = 1u”.

9%

Includes electron orbitals and shells
1. “One electron orbital and one electron and one proton the mass
of the atom is 1u”.
2. “It is composed of 1 proton in the nucleus and 1 electron in the
shell and has the mass of 1,008 u”.

6%

More deviant explanations
1. “Is made from one atomic nucleus and one proton in the shell
and it weighs 1u”.
2. “One helium atom is made of 1 proton. The mass is 1u
(1.44 × 10−27)”.

3%

atom (see Table 1) shows the difference in word use. Only eight
variations in explanations were found amongst the 64 students,
a result that shows how similar students’ explanations were, a
result that may suggest that definitions/explanations were rote
learned.

These results of the playdough constructions can depend on
several different reasons, such as a mix-up of words or how the
task was formulated; for example, a task that included weight
might have given the impression that the electron should be
included in the expressed model since the weight of the electron
was included in the teaching model. Additionally, it is not
uncommon in textbooks to represent both the atomic nuclei and
the atom as one circular 3-dimensional ball depending on what
phenomena the author is addressing. These types of mixing of
teaching models were nonetheless an issue that became visible
when the students were provided with the opportunity for
creative expression in this form.
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Conclusion

The result of this study shows the importance of the
mode of expressions provided to students. Written explanations
provided eight categories or variations while the playdough
constructions opened for choices in assembly of nucleic particles
and as a result the number of variations increased. The use
of one feature at a time, such as only considering number of
particles with no regard for 3-dimensionality, place focus on the
importance of not only allowing for the exploration but also on
the importance of the teacher to provide a holistic view where
all relevant features are taken into consideration. This approach
to problem-solving concepts, that is, giving the student a form
of creative freedom to express the atom and atomic nuclei,
provided teachers with student-generated models suitable for
discussion using the framework for models (Gilbert and Justi,
2016).

Moving beyond verbal and written language did indeed
provide a level of detail to students’ interpretations of concepts
that would otherwise have been difficult to reach. Variations to
the method, for example, by asking students to build an oxygen
atom and then changing it to a nitrogen atom or building a
nitrogen atom and changing it to a carbon-14 isotope, could be
tasks that would place more focus on isotopes than the problems
used within this study.

Limitations to the study

Data collection includes 64 students, a number that does not
provide saturation of the data set. The results presented here
is a cameo-shot of students’ interpretations and consideration
expressed only in the form of playdough models and written
explanations. The design of the study did not include data
collection and analysis of body language such as gestures
something that may have delimited the results. Also, a more in-
depth analysis would have been possible if discussions and social
interactions had been recorded.
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