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Abstract. Scientific models help students visualise concepts and processes that
would otherwise remain abstract. This qualitative study examined how middle
school students experience and perceive various modelling practices in science
education. We conducted semi-structured interviews with 15 students across
grades 5–7 to understand their preferences and the perceived impact of various
modelling techniques. Students most frequently recalled and preferred physical and
experimental modelling, viewing these hands-on approaches as most valuable for
their learning. We observed moderate differences across grade levels and genders,
pointing to the need for varied instructional strategies. Based on these findings,
we recommend that physical and experimental modelling serve as core teaching
strategies, supplemented by game-based, creative, and biological modelling to
address diverse learning preferences.
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1. Introduction
Science education aims to help students understand the natural world and develop

scientific thinking skills [4, 9]. Models and modelling make abstract concepts tangible,
improving both student comprehension and instructional clarity [4, 9].

Through modelling, students grapple with scientific concepts and break down
complex systems [3, 26]. The process strengthens scientific reasoning as students
construct and test hypotheses, increasing their engagement with science [45].

A model is a simplified representation of a phenomenon, event, or system. Models
differ from what they represent; they cannot capture every detail [52]. If a model
perfectly matched its target, it would be a replica rather than a model [36]. Modelling,
in contrast, is the process of building and refining models [9]. This process involves
representing objects, phenomena, processes, and systems [10]. Because modelling
involves development, assessment, and revision, the model itself is the product of this
process [47].

Consider atomic structure: we cannot see atoms directly, but augmented reality
lets students visualise and manipulate 3D atomic models [55]. Similarly, activities
such as calibrating an NTC thermistor with simulations or designing a micrometre in
CAD software help students develop practical skills while learning science [38]. Such
experiences teach students to view models as tools for investigation rather than fixed
information sources.

When students engage in modelling, they employ scientific process skills and develop
an understanding of how scientific knowledge is constructed [21]. Establishing a
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conceptual foundation for these practices helps teachers organise and assess their
educational impacts [52].

Effective evaluation of models in science education requires a multimodal approach
that considers both the final model and the modelling process [13, 20]. Modelling
instruction should support conceptual, epistemic, and social dimensions of learning
[13, 20]. Students need guidance to understand the nature and purpose of mod-
elling [22], enabling them to view models as dynamic inquiry tools rather than static
representations [22].

Educational environments should also be fair and inclusive. Teachers must consider
who creates models and whose perspectives are incorporated [20]. Students need
opportunities to design and refine their own models [22], and multimodal approaches
should recognise that visual, verbal, and physical expressions all contribute to the
modelling process [20].

2. Literature review
Research on models and modelling in science education focuses on two main areas:

evaluating the effectiveness of modelling practices and understanding the conceptual
foundations of models themselves [9, 19, 21, 32, 54].

Studies typically employ comparative designs, with experimental groups engaging in
modelling activities and control groups receiving traditional instruction [19, 32, 54].
Research consistently shows positive effects of modelling on learning outcomes in
three areas:

(1) Conceptual understanding and achievement [9, 19, 21, 32, 54]
(2) Skill development, including modelling skills, scientific process skills, and attitudes

toward science [9, 21, 54]
(3) Cognitive representations, including correction of misconceptions and use of

multiple representations [9, 19, 32, 53]

Research also examines mental models – how students internally represent scientific
ideas [6, 13, 34, 35]. Understanding these mental structures helps shape modelling
activities [53].

Recent work integrates advanced technologies such as computer simulation and
augmented reality [38, 39, 55]. These tools support practical STEM skills [39], includ-
ing remote laboratory work, such as thermistor calibration or CAD modelling [38]. AR
proves particularly useful for teaching abstract subjects that resist direct observation
[55], allowing students to visualise concepts like atomic structure in 3D. However,
maximising these technologies’ benefits requires improved software interfaces and
appropriate pedagogical strategies.

Beyond effectiveness, research examines the perspectives that students and teachers
hold about models and their purposes [16, 19, 21]. While modelling is recognised
internationally as an essential educational tool, gaps between theory and practice
persist [18, 35]. Progress requires proper teacher training [9, 35] and equipping
students with modelling skills. Research on students’ own perspectives remains
critical for identifying learning gaps [6, 9, 16].

2.1. The role of models and modelling in science education
Models depict complex scientific phenomena in a way that makes them accessible.

They help students visualise abstract ideas, understand system connections, and
predict outcomes. Creating and refining models reflects the scientific method, offering
insight into how scientific knowledge develops.

Model-based instruction offers several benefits:
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• Learning and retention: Models help students grasp and retain scientific concepts,
particularly by making abstract ideas concrete [1, 4, 14, 26, 45].

• Student achievement: Students in modelling-based environments show better
understanding and higher achievement than those in traditional settings [1, 4].

• Active learning: Models boost motivation and engagement. Students who build,
assess, and improve their own models develop cognitive structures and critical
thinking [14, 52].

• Scientific process skills: Creating and evaluating models develops scientific rea-
soning and engineering design abilities [1, 27, 52].

• Mental model development: Through modelling, students build and refine their
mental models, promoting conceptual advancement [1, 14, 52].

• Understanding scientific knowledge: By exploring how models are developed and
assessed, students enhance their understanding of science [1, 3].

2.2. Classification of models in academic literature
Researchers classify models in various ways. Harrison and Treagust [28] suggest

organising models by abstraction level and conceptual complexity, including scale,
conceptual/process, theoretical, and analogical models. Another view emphasises
that models primarily make phenomena understandable and examinable [16].

Studies have examined various modelling types, including pedagogical analogue
models, scale models, mental and conceptual models [33], mathematical and theoreti-
cal models, physical models [42], explanatory and descriptive models [46], and visual
modelling [54].

For this study, we defined modelling types based on specific applications:

• Physical modelling – tangible representations of physical systems
• Creative modelling – student-designed models using creativity
• Biological modelling – modelling of living systems and processes
• Experimental modelling – data gathering through observation and experimentation
• Visual modelling – visual tools representing concepts
• Computer simulation – digital replication of real-world systems
• Drama-based modelling – teaching through role-playing and enactment
• Design-based modelling – learning through hands-on design creation
• Mathematical modelling – equations and algorithms representing systems
• Representational modelling – symbolic or scaled representations
• Game-based modelling – learning through games
• Conceptual modelling – mental structures organizing abstract relationships
• Educational modelling – instructional models for learning
• Abstract modelling – making abstract concepts understandable
• Quantitative modelling – numerical data modelling systems
• Sensory modelling – perceiving processes through senses

2.3. Research questions
This study explores middle school students’ perceptions of models and modelling in

science education:

RQ1: Which modelling approaches do students find most memorable from their
science education?

RQ2: Which approaches do students prefer, and what factors shape these preferences?
RQ3: Which models do students feel confident constructing independently?
RQ4: Which modelling techniques have the strongest emotional or cognitive impact?
RQ5: Which approaches best support students’ conceptual understanding?
RQ6: Which approaches do students perceive as less important for their learning?
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3. Method
3.1. Research design

We used a phenomenological design to explore students’ views on models and
modelling [2, 15]. Phenomenological research reveals how individuals experience a
phenomenon and what meanings they assign to it. This study investigated students’
perceptions, preferences, and experiences with various modelling approaches.

3.2. Participants
We conducted the study at a public middle school with a medium socioeconomic

profile in a small province. Using maximum variation sampling [37, 40], we selected
18 students: three female and three male students from each grade level (5th, 6th,
and 7th), ages 10–13 (figure 1).
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Figure 1: Student distribution by grade level and gender

The modelling activities in this study were integrated into the science curriculum
throughout the academic year. Appendix A provides details on the specific units,
modelling types, and implementation across grade levels.

3.3. Data collection and analysis
We conducted semi-structured interviews, which were audio-recorded and lasted

approximately three minutes each. To maintain a relaxed environment, we scheduled
interviews during class breaks. All recordings were transcribed verbatim and verified
for accuracy.

Of the 18 students invited, we excluded three interviews because the students
provided extremely short answers, skipped questions, or gave unrelated responses.
The final sample consisted of 15 students (nine females and six males), with five
students per grade level. Data saturation occurred at the fifteenth interview, with no
new themes emerging thereafter.

We analysed transcripts using conventional content analysis with NVivo 12 (QSR
International). Two researchers independently coded the transcripts, generating initial
codes from meaningful passages in an inductive approach. We grouped similar codes
into six themes addressing our research questions:
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1. Model types remembered
2. Preferred models
3. Doable models
4. Impressive models
5. Essential modelling types
6. Non-essential modelling types

Inter-coder reliability was assessed using per cent agreement and Cohen’s 𝜅. Agree-
ment ranged from 0.72 to 0.98 across themes – levels considered substantial to almost
perfect [30]. Figure 2 shows the agreement distribution.

Figure 2: Coding reliability analysis performed using NVivo.

3.4. Ethical approval
We obtained approval from the Erzincan Binali Yildirim University Ethics Committee

(Approval No. 14/07, Date: 29 December 2023) and official permission from the
Provincial National Education Directorate.

For consent, we distributed written informed consent forms to parents explaining the
research purpose, methods, and participant rights. After receiving parental consent,
we obtained verbal assent from students after explaining the study in age-appropriate
terms. Participation was voluntary, and students could withdraw at any time. We
anonymised all data and maintained confidentiality throughout.

4. Results
We organised the findings into six categories, reflecting themes from the data

analysis: recalled model types, preferred models, feasible models, impactful models,
essential modelling types, and non-essential modelling types.

4.1. Recalled model types
Students spontaneously recalled 10 of the 16 model types introduced during the

term (figure 3). Physical modelling (57 references) and experimental modelling (41
references) dominated student recollections, together comprising the bulk of 164
total references. Game-based modelling (24 references) and creative modelling (12
references) appeared moderately often; other types were mentioned less frequently.

These recall frequencies reflect memorability rather than educational effectiveness.
The prominence of physical and experimental modelling likely stems from their hands-
on and interactive nature. Female students contributed slightly more responses, but
both genders showed comparable patterns. Grade-level differences in theme formation
are shown in figure 4.
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Figure 3: Model types recalled by students.

Figure 4: Participation by gender and grade level (recalled model types).

4.2. Preferred models
Students identified seven preferred model types from 68 total references (figure 5).

Physical modelling led with 22 mentions, followed by experimental (9) and biological
modelling (6).

When explaining their preferences, students cited motivational engagement and
visual learning (4 references each) most often. Students also mentioned game-based
learning, experiential learning, collaborative learning, making abstract concepts con-
crete, and memory retention. Grade-level patterns varied (figure 6): female students’
views dominated in grades 5 and 7, while no female opinions appeared in grade 6.
Overall, both genders contributed equally.
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Figure 5: Preferred model categories.

Figure 6: Participation by gender and grade level (preferred models).

4.3. Models students felt capable of creating
From 62 references, students identified five feasible model types (figure 7). Ex-

perimental modelling (20) and physical modelling (22) were seen as most achievable.
Creative, design-driven, and drama-based modelling (2 each) was considered less
feasible. Two students stated they could not create any model.

Students chose models based on practicality and learning retention (4 references
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each), with previous success and material availability as secondary factors (2 each).
Female students’ views were more prominent in grades 5 and 7; male views dominated
in grade 6 (figure 8).

Figure 7: Models students felt capable of creating.

Figure 8: Participation by gender and grade level (feasible models).

4.4. Models with greatest impact
Seven model types were identified as impactful from 86 references (figure 9). Experi-

mental (20) and physical modelling (18) had the most significant impact. Biological (6)
and drama-based modelling (4) showed moderate impact; design-driven, game-based,
and sensory modelling (2 each) had lower impact.

Visual appeal (10 references) was the primary factor making models impactful.
Creativity and surprise (each with four factors) were secondary factors. Other charac-
teristics included impressiveness, topic specificity, research involvement, competitive
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Figure 9: Models with greatest impact on students.

Figure 10: Participation by gender and grade level (impactful models).
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elements, instructional value, self-creation, and semantic richness (each with two
ratings). Both genders contributed equally overall (figure 10).

4.5. Models considered essential for understanding
From 56 references, students identified seven essential model types (figure 11).

Physical (18) and experimental modelling (14) were most essential. Sensory modelling
(6) was found to be of moderate importance; biological, creative, game-based, and
design-driven modelling (4, 4, 2, 2) were deemed less essential.

Two opposing views emerged: some students felt no model was essential (4 refer-
ences), while others considered all models necessary (2). Female views were more
prominent in grade 5, male views in grade 6, with equal distribution in grade 7
(figure 12).

Figure 11: Model types considered essential for understanding.

Figure 12: Participation by gender and grade level (essential models).
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4.6. Models considered non-essential
Four model types were identified as non-essential from 36 references (figure 13).

Physical (12) and experimental modelling (6) were the most frequently cited approaches
in this category, followed by game-based and creative modelling (2 each).

However, “None” received 12 references, indicating that many students viewed no
model type as unnecessary. A few students (2) considered all models unnecessary.
Gender contributions were roughly equal across grades (figure 14).

Figure 13: Model types considered non-essential.

Figure 14: Participation by gender and grade level (non-essential models).

5. Discussion
5.1. Model recall patterns

Students recalled 10 of 16 model types, indicating that multiple approaches regis-
tered in their awareness. Physical and experimental modelling dominated recollections,
likely due to their hands-on nature.

Physical models are three-dimensional material representations that connect with
sensory experience [25]. Students often associate models with familiar objects, such as
toy cars or miniature houses [50], making physical models easier to recall. Experimen-
tal modelling involves investigating phenomena, making predictions, and testing them
[5, 25, 44]. Active participation in creating and refining models enhances retention
[12].

Game-based and creative modelling showed moderate recall, suggesting potential
for engaging students. Games make learning more motivating and less stressful [7].
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Creative modelling enables students to become active knowledge creators, fostering a
deeper understanding [29].

The roughly equal involvement of both genders suggests that modelling activities
appeal across genders, supporting their use in promoting gender equity in science
education.

5.2. Model preferences
The preference for physical modelling (22 mentions) confirms that students value

hands-on, interactive learning. The correspondence between recalled and preferred
models reinforces this pattern. Biological models ranked third, perhaps because they
simplify living systems and connect to students’ daily lives [11, 43, 51].

Students valued motivational engagement and visual learning most when explaining
preferences. Interest and motivation are central to learning [17, 48]. Modelling activi-
ties can stimulate intrinsic motivation by making content personally meaningful [17].
Visual modelling may particularly engage students with visual learning preferences
[48, 51].

Students’ openness to game-based, experiential, and collaborative learning shows
receptiveness to varied approaches. Their emphasis on making abstract concepts
tangible highlights an appreciation for practical methods of understanding complex
ideas.

5.3. Feasibility perceptions
Students felt most capable of creating experimental and physical models, consistent

with their preferences. Limited confidence in creative, design, and drama-based
modelling suggests that these areas may require additional support.

That some students felt unable to create any model indicates not all students have
developed modelling skills [21, 54]. Modelling involves multiple stages: stimulus,
observation, creation, evaluation, and revision [31]. Students may struggle at any
stage. Schwarz et al. [44] noted that students often view model creation as representing
existing information rather than generating new knowledge. Without opportunities
to evaluate and revise models, students may see model creation as fixed, leading to
hesitance.

5.4. Impact factors
Experimental and physical modelling had the most substantial impact, consistent

with other findings. Students cited visual appeal as the primary factor, followed by
creativity and surprise.

Concrete, easily visualised models are more comprehensible and memorable [17, 24].
Experimental modelling captures interest through observable results. Both approaches
allow students to use their creativity by creating, testing, and revising their own models
[23]. This active role makes modelling more engaging.

These findings suggest that modelling types offering concrete experiences have a
greater cognitive and affective impact, emphasising the importance of incorporating
experimental and physical modelling into curricula.

5.5. Essential versus non-essential models
Physical and experimental modelling were deemed most essential, reflecting a

preference for tangible, experience-based learning. Other modelling types were viewed
as less critical, possibly because they are less common in current instruction or
students are less aware of their benefits.

The differing views – some seeing no model as crucial, while others finding all
essential – reflect diverse learning preferences. Models vary in form and function
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[25, 49] and can be adapted to incorporate new data [41]. Educational design should
offer various modelling methods, allowing students to choose the one that suits them.

The apparent contradiction in findings about non-essential models is resolved when
considering the high rate of “None” responses: most students found all models to
be important. This suggests that, from the students’ perspectives, the modelling
approaches used during the term were valuable.

5.6. Gender and grade patterns
Variations across grade levels and genders suggest that age and gender may influence

how students value different types of modelling. The prominence of female perspectives
in some grades may reflect different inclinations toward dialogue and sharing ideas [8],
or the topics may have resonated more with female students. These patterns require
further research before broader generalisations.

Teachers should diversify their methods and promote active participation from all
students, taking into account both gender and age differences.

6. Recommendations
6.1. For practice

Our findings show students strongly prefer physical and experimental modelling.
Hands-on modelling should be central to science instruction, rather than an optional
enrichment. Curricula should incorporate repeated cycles of building, testing, and
revising models, enabling students to become active participants in constructing
scientific knowledge.

Students also responded positively to game-based, creative, and biological modelling,
indicating that varied approaches cater to different learning styles. Teachers can
create inclusive classrooms by incorporating diverse formats – physical models, digital
simulations, and creative representations.

These changes require shifts in professional development. Rather than lecture-based
workshops, professional development should provide hands-on modelling experiences
where teachers act as designers, testers, and evaluators of their own work. This
prepares teachers to recognise student struggles, offer support, and emphasise the
process over finding “correct” answers.

Students’ difficulties with certain modelling stages highlight the need for explicit
support: modelling rubrics, reflection prompts, and targeted feedback. By normalising
revision and promoting a growth mindset, teachers help students view challenges as
learning opportunities.

6.2. For theory
Our findings reveal six modelling categories that students recognise: physical-

experimental, game-based, creative, biological, essential, and non-essential. This
taxonomy connects theories of scientific practice to students’ actual learning experi-
ences.

The consistency of students’ memory, preference, and perceived value for physical-
experimental modelling supports the embodied cognition theory – physical engagement
strengthens conceptual understanding. When students manipulate materials and
conduct experiments, hands-on experience enhances learning and retention.

These findings contribute a student-centred perspective to modelling literature.
While previous research focused on what modelling should look like or how teach-
ers implement it, this study reveals how students understand and value different
approaches.
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6.3. For future research
Several questions remain:

• Longitudinal studies: Following students across middle school years would reveal
how modelling skills, beliefs, and preferences develop. Such research could
determine whether early hands-on experiences produce lasting benefits.

• Teacher perspectives: Research on teachers’ experiences implementing modelling
instruction – their challenges, needs, and strategies – would help identify barriers
and improve professional development.

• Equity and context: Studies examining how grade level, gender, socioeconomic
background, and school resources affect preferences could inform more equitable
approaches.

• Comparing approaches: Experimental studies comparing different modelling
combinations would clarify whether varied formats enhance learning beyond
single-approach instruction.
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A. Distribution of modelling approaches by grade level, topic, and
timeframe

Weeks Grade Topic Modelling activity Modelling approach

1-6 5 Moon move-
ments and
phases

Moon phases model Physical model

1-4 6 Solar system
and eclipses

Planet model made from
clay

Physical model

1-4 7 Solar system
and beyond

Examination of lenses Physical model

7-10 5 World of living
things

Examination of fungi Sensory modelling

5-10 6 Systems in our
body

Bone-kidney-heart exami-
nation, skeleton construc-
tion, 4D skeleton exam-
ination, digestive system
breakfast, digestive system
song video

Sensory modelling, design-
based and physical mod-
elling, computer simula-
tion modelling, drama-
based and physical mod-
elling, visual and concep-
tual modelling

5-8 7 Cell and divi-
sions

Onion skin and oral epithe-
lium microscope examina-
tion, cell cake making

Sensory modelling, analog-
ical modelling

11-13 5 Force measure-
ment and fric-
tion

Dynamometer construc-
tion, friction track con-
struction, parachute
construction

Design-based and physical
modelling, experimental
modelling, design-based
and experimental mod-
elling

11-13 6 Force and mo-
tion

Resultant force with
blocks

Physical modelling

9-13 7 Force and en-
ergy

Friction track construc-
tion, parachute construc-
tion

Experimental and design-
based modelling

14-19 5 Matter and
change

States of matter drawing,
phase change mask

Visual and conceptual
modelling, analogical
modelling

14-20 6 Matter and heat Density tower, mandarin
experiment

Visual and experimental
modelling, experimental
and sensory modelling

14-20 7 Pure substances
and mixtures

Elements bingo, examina-
tion of real elements, stu-
dents separating their own
mixtures

Game-based modelling,
sensory modelling, experi-
mental modelling

20-24 5 Light propaga-
tion and com-
plete shadow

Light reflection exper-
iment, shadow puppet
play

Experimental modelling,
drama-based modelling

21-26 6 Sound and its
properties

Cup telephone, sound in-
sulated house

Physical and analogical
modelling, design-based
modelling

21-26 7 Light-matter in-
teraction

Color wheel, how materi-
als appear under different
colors experiment

Physical and visual mod-
elling, experimental and
sensory modelling

25-30 5 Humans and en-
vironment

Exploring the environment
observation

Sensory modelling

27-30 6 Our body sys-
tems and health

Let’s test our sense organs
game

Game-based and sensory
modelling

Continued on next page
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Table – Continued from previous page

Weeks Grade Topic Modelling activity Modelling approach

31-33 5 Electrical circuit
components

Simple circuit construc-
tion, conductive wire
touch-the-lamp game

Design-based and physi-
cal modelling, game-based
and physical modelling

31-33 6 Transmission of
electricity

Simple circuit construc-
tion, conductive wire
touch-the-lamp game

Design-based and game-
based modelling

32-33 7 Electrical cir-
cuits

Building series and paral-
lel circuits

Design-based and experi-
mental modelling
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