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Abstract: Research on early childhood science education has shown that young children often hold 

persistent alternative conceptions about magnetism, yet the relationship between sociocultural 

background and the qualitative structure of these misconceptions remains underexplored. This study 

investigates four magnetism misconceptions, animistic attribution, the all-metals belief, the 

permeability misconception, and the size-strength equation, among 50 Greek kindergarten children 

from two contrasting sociocultural groups: 25 Roma children from low sociocultural environments 

and 25 general-population children from middle-to-high sociocultural backgrounds. A qualitative-

dominant mixed methods design was employed, combining individual diagnostic clinical interviews 

before and after instruction with field observations collected during a six-lesson Inquiry-Based 

Learning Teaching-Learning Sequence. Children’s responses were analysed through a four-category 

reasoning scheme: absent framework, perceptual-associative reasoning, empirical reasoning, and 

protoscientific reasoning. Findings show that the two groups entered instruction with qualitatively 

different epistemic configurations. Following the intervention, surface accuracy improved substantially 

in both groups, but the depth of conceptual change differed: Roma children mainly achieved empirical 

revision based on observed experience, whereas general-population children more often developed 

protoscientific causal explanations. The size-strength misconception was universally held and revised 

through vivid disconfirmation, while the all-metals misconception remained the most resistant. The 

findings highlight the need for misconception-targeted, sequential, and socioculturally responsive early 

science instruction. 
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1. Introduction 
The study of children’s alternative conceptions in science has constituted one of the 

most productive research programmes in science education over the past five decades. 
Beginning with the foundational work of Driver and Easley (1978) and expanded by the 
conceptual change framework of Posner et al. (1982), the field has documented with 
remarkable consistency that children arrive at formal schooling not as blank slates but as 
holders of coherent, if scientifically inaccurate, theories about the physical world. These 
alternative conceptions, variously termed misconceptions, naïve theories, or prior 
conceptions in the literature, are not random errors but stable cognitive constructions that 
children have built through direct experience with the physical environment and through the 
analogical reasoning characteristic of preoperational thought (Piaget, 1989; Driver et al., 1994; 
Smolleck, 2011; Kotsis, 2023). Understanding the structure and persistence of such 
conceptions and designing instruction capable of dislodging them in favour of more 
scientifically adequate alternatives, remains one of the central challenges of early childhood 
science education. 

Magnetism is among the most extensively studied domains for misconception research 
in young children, and for good reason. The phenomenon combines high intrinsic appeal, 
children are drawn to magnets from a very early age, with conceptual properties that are 
systematically misrepresented by naïve physical reasoning. The magnetic force operates at a 
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distance, through invisible fields, and with a selectivity that defies the most common intuitive 
shortcut children apply to it, namely the assumption that metallic appearance is the relevant 
criterion for magnetic susceptibility (Barrow, 2000; Bar et al., 1997; Ngazizah & Fatmaryanti, 
2025). The result is a well-documented constellation of misconceptions that have been 
identified across cultures, age groups, and instructional contexts: the all-metals belief, the size-
strength equation, the permeability misconception, and the animistic attribution of intentional 
agency to the magnet’s pull (Ravanis, 1994; Kalogiannakis et al., 2018; Samara & Kotsis, 
2024a). What is less well understood is the degree to which the structure of these 
misconceptions, their prevalence, their relative resistance to change, and their interaction with 
instructional treatment, is uniform across children of different sociocultural backgrounds or 
whether prior cultural exposure modulates the misconception profile in systematic and 
pedagogically relevant ways. 

This gap in the literature is consequential. If magnetism misconceptions are truly 
universal in their distribution and structure, then the same instructional strategy should be 
equally effective for all children regardless of background. If, however, the misconception 
profile is shaped by the quality and type of prior informal experience with magnets, which is 
itself distributed unequally across sociocultural lines, then the pedagogical task is more 
differentiated than the existing literature has generally acknowledged. Some researchers 
(Morgan et al., 2016; Betancur et al., 2018) have demonstrated that socioeconomic disparities 
in science achievement are mediated primarily through differential access to informal science 
learning at home. Bourdieu’s (1977, 1986) theory of cultural capital provides a theoretical 
framework for understanding how this differential access produces not merely quantitative 
differences in prior knowledge but qualitative differences in the cognitive schema with which 
children approach new scientific content. A child who has encountered magnets as 
refrigerator decorations, as toys, or in the context of parental explanation of physical 
principles arrives at the science classroom with a partially scaffolded conceptual structure. A 
child who has had no such exposure arrives with a conceptual vacuum that will be filled, in 
the absence of instruction, by animistic or purely associative reasoning. These two starting 
points are not equivalent, and the conceptual change process that instruction must initiate is 
correspondingly different in each case. 

The present study investigates the nature and prevalence of magnetism misconceptions 
in two groups of kindergarten children distinguished by their sociocultural background, 25 
Roma children from a low sociocultural environment and 25 children from the general 
population, and examines the differential processes of conceptual change that a structured 
Inquiry-Based Learning (IBL) Teaching-Learning Sequence (TLS) sets in motion across these 
groups. The specific misconceptions targeted were: the belief that magnets attract all metals 
regardless of composition (ALL-METALS); the belief that a physically larger magnet is 
necessarily stronger (SIZE-STRENGTH); the belief that an interposed medium such as water 
or plastic prevents magnetic field action (PERMEABILITY); and the attribution of the 
magnet’s action to magical or animistic causes (ANIMISM). The study asks three interrelated 
questions. First, do Roma and general-population preschoolers differ in the prevalence and 
patterning of magnetism misconceptions at the point of school entry? Second, which specific 
misconceptions prove most resistant to conceptual change across both groups? Third, does 
the IBL TLS produce qualitatively different conceptual change trajectories in the two groups, 
and if so, what pedagogical and theoretical inferences can be drawn from those differences? 

By attending to both the content and the process of conceptual change, rather than 
simply to pre- and post-test performance totals, this study contributes a more finely grained 
account of how sociocultural background interacts with science instruction in the preschool 
years. Its findings extend the growing body of literature on magnetism misconceptions in 
early childhood (Ravanis, 1994; Bar et al., 1997; Kalogiannakis et al., 2018; Samara & Kotsis, 
2024a) by adding a sociocultural dimension that has hitherto been largely absent from that 
tradition, and they contribute to the broader theoretical discussion of conceptual change as a 
process that is not socioculturally neutral (Posner et al., 1982; Vosniadou, 1994; Chi, 2008). 

Accordingly, the aim of the present study is to investigate how sociocultural background 
is associated with the prevalence, structure, and conceptual revision of young children’s 
alternative conceptions about magnetism. More specifically, the study examines four recurring 
misconceptions – animistic attribution, the belief that magnets attract all metals, the 
permeability misconception, and the assumption that larger magnets are necessarily stronger 
– among Roma children from low-sociocultural environments and children from the general 
population with middle-to-high sociocultural backgrounds. It also explores how these 
conceptions develop following participation in a structured IBL TLS. The study is guided by 
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the following research questions:  
RQ1: How do the two sociocultural groups differ in the prevalence and qualitative 

structure of their magnetism misconceptions before instruction?  
RQ2: Which of the four targeted misconceptions are most resistant to conceptual change 

following the intervention?  
RQ3: To what extent does the IBL TLS generate different qualitative conceptual change 

trajectories in the two groups? 

2. Theoretical Framework 

2.1. Conceptual Change as Theoretical Foundations and the Status of Misconceptions 

The concept of conceptual change has generated one of the richest and most contested 
theoretical traditions in science education research. At its foundation lies the recognition, 
articulated most influentially by Posner et al. (1982) and Liljedahl (2011), that meaningful 
science learning is not a matter of adding new information to an empty cognitive store but of 
revising, restructuring, or replacing prior knowledge that is already there, since alternative 
ideas can function as productive starting points for physics teaching when they are explicitly 
identified and pedagogically addressed. Posner et al. (1982) drew explicitly on Kuhnian 
philosophy of science to argue that the learner, like the scientific community, operates with 
an existing conceptual framework within which anomalous data must either be assimilated or, 
when the conditions for conceptual change are met, used as the catalyst for a genuine 
accommodation of the kind Piaget (1952) described. For conceptual change to occur, Posner 
et al. (1982) proposed four conditions. They state the following: the learner must experience 
dissatisfaction with the current conception; an intelligible, plausible, and fruitful alternative 
must be available; and the alternative must appear capable of resolving the anomaly. This 
framework has proved enormously generative for the design of science instruction, because 
it foregrounds the teacher’s task as the engineering of productive dissatisfaction, the creation 
of conditions in which children’s existing conceptions are brought into direct confrontation 
with evidence they cannot easily accommodate. 

Within this broad tradition, two theoretical positions have dominated subsequent debate 
and carry particular relevance for the present study. The first is Vosniadou’s (1994, 2013) 
framework theory approach, which proposes that children’s prior conceptions are not isolated 
beliefs but elements of coherent, if implicit, framework theories that function as explanatory 
systems for understanding entire domains of physical experience. On this account, 
misconceptions in science are not random errors but predictable products of a naive 
framework theory that is internally consistent and resistant to local correction precisely 
because any revision of one element tends to destabilise the broader framework within which 
it is embedded. The all-metals misconception in magnetism, for example, is not simply an 
incorrect factual belief; it is an expression of a deeper framework assumption that perceptual 
surface features, particularly metallic appearance, reliably predict physical behaviour. 
Instructional strategies that target only the surface belief without addressing the underlying 
framework will tend to produce fragile or unstable learning, because the corrected belief lacks 
the conceptual scaffolding that would make it durable (Vosniadou, 2013). The implication for 
pedagogical design is that effective conceptual change instruction must make the framework 
assumption itself visible and subject to revision, typically through the engineering of multiple, 
varied instances of cognitive conflict that collectively challenge the broader inferential pattern 
rather than any single belief. 

The second major position is that of Chi (2008), who distinguishes three qualitatively 
different types of conceptual change, belief revision, mental model transformation, and 
categorical shift, and argues that the type of change required depends on the ontological status 
of the prior conception.  

Belief revision, the least demanding type, involves correcting a factual error within an 
existing conceptual category; it requires no fundamental reorganisation of knowledge and is 
achievable through direct counter-evidence. Mental model transformation requires the 
restructuring of an entire explanatory schema, such as the shift from a contact-force model 
of magnetic action to an action-at-a-distance model. Categorical shift, the most demanding 
type, requires moving a concept from one ontological category to another, for instance from 
the category of substances or objects, where children tend to place forces, to the category of 
processes or fields. Chi’s taxonomy is useful for the present study because it predicts the 
relative ease and resistance to change of different magnetism misconceptions. The all-metals 
belief and the size-strength equation are candidates for belief revision or, at most, mental 
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model transformation, and should therefore be addressable through hands-on 
disconfirmation. The persistence of size-based reasoning and the broader difficulty of 
constructing coherent mental models of magnetism have also been documented with older 
students, where magnetism has been examined both as a size-dependent property within 
learning progressions from familiar magnetic phenomena toward nanoscale science and as a 
domain in which students develop varied explanatory models of magnetic interaction 
(Naushabekov et al., 2025; Kähkönen et al., 2020; Varela-Aldás et al., 2026). The attribution 
of magnetic action to magical or animistic agency, by contrast, may require a more profound 
categorical shift, from intentional entities to physical processes, that cannot be accomplished 
within a single intervention and that may produce, as this study’s data suggest, a distinctive 
intermediate state in which children adopt empirically accurate responses while retaining 
animistic causal language. 

A complementary perspective is provided by the knowledge-in-pieces framework, which 
offers an alternative account of the structure of prior physical knowledge (diSessa,1993). 
Rather than coherent framework theories, it also proposes that intuitive physics consists of a 
large repertoire of phenomenological primitives, or p-prims, which are minimal, context-
sensitive knowledge structures abstracted from direct physical experience. P-prims are neither 
correct nor incorrect in themselves; they are applied appropriately or inappropriately 
depending on the situational cues that activate them. On this account, the size-strength 
misconception in magnetism is not a coherent belief but the activation of a highly general and 
normally productive p-prim, “bigger is more powerful”, in a context where it does not apply. 
The p-prim itself is not wrong; it correctly describes the relationship between size and force 
in many familiar physical contexts (a bigger hammer hits harder; a larger engine produces 
more power). Its misapplication to magnets is a matter of inappropriate contextual activation, 
not systematic theoretical error. This interpretation is consistent with the view that learners’ 
explanatory models often integrate both conscious and intuitive conceptual resources, making 
it pedagogically important to identify, refine, and reorganise such resources rather than simply 
replace them as errors (Cheng & Brown, 2010; Graziano, 2022). The instructional implication 
is correspondingly different from that of Vosniadou’s (1994) framework; rather than 
dismantling a theory, the teacher’s task is to help children discriminate the contexts in which 
the p-prim applies from those in which it does not, by creating situational contrast experiences 
that make the contextual boundaries salient. 

These three theoretical frameworks, the framework theory approach (Vosniadou, 1994, 
2013), the ontological categorisation model (Chi, 2008), and the knowledge-in-pieces 
approach (diSessa, 1993), are not mutually exclusive. They capture different grain sizes of the 
same cognitive territory and, taken together, provide a richer account of the conceptual 
change task than any one of them offers alone. Their integration informs the analytical 
framework of this study, which examines not only whether children’s responses changed 
between pre- and post-test but the qualitative nature of that change in case it constitutes belief 
revision, partial framework accommodation, or the more limited achievement of correct 
behaviour without commensurate categorical reorganisation. 

2.2. The Specific Misconception Landscape of Magnetism in Early Childhood 

Against this theoretical backdrop, the specific misconception landscape of magnetism in 
preschool-age children has been mapped with considerable precision. Ravanis (1994), in the 
foundational empirical study of this domain within a Piagetian framework, documented that 
five-year-old children already hold stable, if scientifically inaccurate, ideas about the selective 
properties of magnets, and that free exploratory activity with magnets in a material-rich 
environment is insufficient on its own to produce conceptual revision without structured 
mediation. Similarly, Kakana et al. (2009) as well as McCormick et al. (2000) showed that 
teaching magnetic attraction to preschool children depends on the instructional approach 
adopted, further supporting the need for carefully designed and mediated teaching 
interventions.  

Subsequent work by Bar et al. (1997) identified the permeability misconception, the 
belief that interposed media such as water or solid objects block magnetic action, as one of 
the most cross-culturally stable errors in children’s understanding of action at a distance, 
attributable to the general p-prim that physical barriers prevent physical action. Driver et al. 
(1994) provided the broader catalogue of alternative conceptions in secondary-level science, 
within which the all-metals and size-strength misconceptions for magnetism represent some 
of the most deeply rooted and pedagogically challenging examples. Kalogiannakis et al. (2018) 
confirmed the persistence and distribution of these misconceptions in contemporary Greek 
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preschool classrooms, finding that children attributed magnetic attraction to the magnet’s 
miraculous or magical qualities, an animistic attribution consistent with Piaget’s (1989) 
characterisation of preoperational reasoning, even after exposure to narrative-based 
instruction. Samara and Kotsis (2023) demonstrated that STEM-integrated hands-on 
interventions can produce significant post-test gains in kindergarten children’s understanding 
of magnetism, although the all-metals classification remained one of the most resistant targets, 
with some children continuing to include non-ferrous metals in the magnetic category after 
instruction. This finding is consistent with Chi’s (2008) framework. The all-metals belief is 
embedded in a broader perceptual schema in which metallic surface appearance carries 
reliable predictive weight, making it more resistant to revision than the size-strength equation, 
which can be directly and dramatically disconfirmed through a single comparative experiment.  

2.3. Sociocultural Background as a Moderator of the Misconception Profile 

What the existing magnetism misconception literature has not systematically addressed 
is the question of whether sociocultural background modulates the structure or prevalence of 
these prior conceptions. The assumption, implicit in most of this literature, is that magnetism 
misconceptions are developmentally universal, products of Piagetian preoperational 
reasoning or diSessian p-prims that emerge independently of cultural context. This 
assumption is only partially warranted. While the cognitive mechanisms underlying certain 
misconceptions, such as the size-strength equation or animistic attribution, appear to be 
genuinely universal, the distribution of other misconceptions is sensitive to prior informal 
experience, which is itself socioculturally structured. A child who has played with magnets at 
home, observed adults using magnetic tools, or received adult-mediated explanation of 
magnetic selectivity arrives at school with a partial conceptual scaffold that a child without 
any such exposure simply does not possess. This is not a matter of cognitive readiness in the 
Piagetian sense; it is a matter of differential access to the informal science learning 
environments through which the beginnings of a conceptually accurate framework are 
assembled (Betancur et al., 2018; Bourdieu, 1986; Cabra Hernández, 2025).  

The consequence for misconception research is that two children who hold the all-
metals misconception at school entry may be in qualitatively different epistemic positions. 
The child from a high-capital home environment holds the misconception as an 
overgeneralisation from prior partial knowledge; she has encountered magnets, knows they 
do something, and has incorrectly extended what she knows to all metals. The child from a 
low-capital environment, by contrast, may hold what is better characterised as an absence of 
any framework rather than a misconception in the technical sense. Her prior cognitive schema 
for the domain contains no organised structure to be revised, only the general-purpose 
reasoning heuristics of preoperational thought. For the former, conceptual change instruction 
must produce a restriction and refinement of an existing category. For the latter, it must build 
an appropriate category from the ground up while simultaneously constraining the general-
purpose heuristics that the absence of domain-specific knowledge leaves in play. These are 
pedagogically distinct tasks, even when they appear superficially similar on a pre-test 
instrument, and their differential character has significant implications for both the design of 
IBL interventions and the interpretation of their outcomes. 

2.4. IBL as the Instructional Vehicle for Conceptual Change 

The selection of IBL as the instructional vehicle for the present study is grounded in the 
conceptual change literature as well as in the broader science education research reviewed in 
the companion paper. IBL creates the conditions for productive conceptual conflict, 
prediction, experimentation, observation, and guided reflection, that Posner et al. (1982) 
identified as necessary for accommodation, while experiments in inquiry-based science 
teaching provide learners with direct empirical experiences through which prior conceptions 
can be tested, challenged, and reconstructed (Kotsis, 2024). The hands-on structure of IBL 
activities means that the empirical disconfirmation of a misconception is produced by the 
child’s own investigative action rather than by teacher testimony, a feature that is theoretically 
significant because it addresses the intelligibility and plausibility requirements of the Posner 
et al.’s (1982) framework stating that a child who has personally produced the disconfirming 
evidence cannot easily dismiss it as incomprehensible or implausible. In this direction, the use 
of new technologies, robotics, and STEM-oriented activities in magnetism teaching can 
further enrich children’s opportunities for active exploration, classification, and conceptual 
reconstruction (Samara & Kotsis, 2023).  

Furthermore, the cycle of prediction followed by observation is a direct pedagogical 
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implementation of the diSessian insight that contextual contrast, experiencing the same p-
prim as productive in some contexts and failing in others, is more effective for adjusting the 
activation conditions of p-prims than is direct correction of stated beliefs (diSessa, 1993). For 
children from low sociocultural backgrounds who lack prior domain-specific knowledge, 
IBL's additional advantage is that its entry point is direct physical experience rather than prior 
linguistic or declarative knowledge, thereby lowering the effective threshold of cultural capital 
required for participation (French, 2004; Ravanis, 2022; Sowmya & Rani, 2025). In this 
context, artificial-intelligence-supported instructional design can also assist early childhood 
educators in planning magnetism activities that are developmentally appropriate, inquiry-
oriented, and responsive to children’s prior conceptions (Samara & Kotsis, 2024b).  

Taken together, these theoretical perspectives suggest that conceptual change in early 
magnetism education cannot be understood solely as a shift from incorrect to correct answers. 
It must also be examined as a qualitative transformation in the reasoning structures through 
which children interpret magnetic phenomena. The nature of this transformation may depend 
both on the type of misconception being addressed and on the sociocultural experiences that 
have shaped children’s prior conceptual resources. Within this framework, IBL provides an 
appropriate instructional context for making prior ideas visible, con-fronting them with 
observable evidence, and supporting progressively more scientific explanations. These 
assumptions guide the methodological design and the analysis of children’s responses before, 
during, and after the intervention. 

3. Materials and Methods 
This study employs a qualitative-dominant mixed methods design with a misconception-

diagnostic focus. While it draws on the same empirical dataset as the companion paper 
reporting aggregate pre- and post-test outcomes across two sociocultural groups, its analytical 
orientation is fundamentally different. Rather than asking whether the TLS reduced the 
performance gap between groups, it asks what specific misconceptions children held, how 
those misconceptions were structured and distributed across groups, and what the qualitative 
character of the conceptual change process was for each group following the intervention. 
This distinction in analytical purpose necessitates a corresponding shift in methodology, from 
the inferential statistical analysis appropriate to comparative out-come research toward the 
qualitative analysis of children’s reasoning, justification, and causal language as they evolve 
through the pre-test, intervention, and post-test phases. 

The methodological tradition informing this approach is the Piagetian clinical interview, 
which has served as the foundational instrument for research on children’s prior conceptions 
in science since the earliest systematic investigations of children’s physical reasoning (Piaget, 
1989). The clinical interview method prioritises the structure and quality of children’s thinking 
over the mere correctness of their answers, attending specifically to the justifications children 
offer for their responses, the causal vocabulary they employ, and the consistency of their 
reasoning across related questions (Ravanis, 1994; Ginsburg, 1997, as cited in argumentation 
research). This approach is particularly well suited to misconception research because, as 
Vosniadou (1994) has argued, the surface-level correctness or incorrectness of a response is 
often a poor guide to the underlying conceptual structure it expresses. A child may produce 
a correct prediction for incorrect reasons, or may hold a partially revised conception that 
correct-only scoring would either credit or penalise depending on the specific question 
wording. Attending to the reasoning behind responses, rather than only to the responses 
themselves, is therefore not merely preferable but methodologically necessary for the kind of 
analysis this study undertakes. 

The participant sample was identical to that described in the companion study that 50 
pre-school children aged four to six years, drawn from two public kindergartens in an urban 
area of Greece. Group A comprised 25 Roma and Aromunian children from a school  
characterised by a uniformly low sociocultural profile; Group B comprised 25 children from 
the general population with middle-to-high sociocultural backgrounds. 

Purposive sampling was employed on the basis of the theoretically motivated contrast 
between the two groups' sociocultural profiles, following established practice in qualitative 
and mixed-methods educational research (Creswell, 2013). All children participated in the 
same six-lesson IBL TLS as described in the companion paper. Ethical approval and parental 
consent were obtained in accordance with institutional requirements prior to the 
commencement of data collection. 

Three instruments generated the data analysed in this study. The primary instrument was 
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the individual semi-structured diagnostic interview, administered at two time points: 
immediately before the intervention (pre-test) and immediately after its completion (post-
test). The interview was conducted by the researcher-teacher individually with each child in a 
quiet space adjacent to the classroom, using physical objects rather than verbal descriptions 
as the primary stimulus materials. This design choice was deliberate and methodologically 
significant for children at the preoperational stage of development, and particularly for 
children from linguistically marginalised backgrounds, abstract verbal questioning about 
physical phenomena invites confabulation or acquiescence rather than genuine expression of 
prior knowledge. The use of physical objects, actual magnets, collections of metal and non-
metal items, a transparent container of water with submerged paper clips, magnets of varying 
sizes and verified strengths, grounded each question in direct perceptual experience and 
thereby minimised the confounding of linguistic competence with conceptual understanding 
(DeCosta et al., 2023; Ponizovsky-Bergelson et al., 2019). 

The interview addressed four conceptual targets, each of which mapped directly onto a 
specific misconception identified in the literature. The first target, magnet recognition and 
animistic attribution (ANIMISM / RECOGNITION), was assessed through open-ended 
elicitation. The child was shown the magnet and asked what it was, what it could do, and why 
it did what it did. This question was designed not merely to establish whether the child 
recognised the object but to surface the causal framework, scientific, magical, or absent, 
within which the child located its action. The second target, material classification and the all-
metals misconception (ALL-METALS), was assessed by presenting eight objects, a steel 
paper clip, an iron nail, an aluminium strip, a plastic button, a wooden block, a copper coin, 
a glass marble, and a steel bolt, and asking the child to predict which ones the magnet would 
attract, before and after testing each object directly. The pre-test prediction data and the post-
test prediction data were both recorded, along with any spontaneous justification the child 
offered. The third target, the permeability misconception (PERMEABILITY), was assessed 
by showing the child a paper clip submerged in a transparent container of water and asking 
whether the magnet held outside the container would be able to attract it, along with an 
explanation of the predicted outcome. The fourth target, the size-strength equation (SIZE-
STRENGTH), was assessed by presenting two magnets of markedly different physical sizes 
but pre-verified, deliberately reversed strengths, the smaller magnet being measurably 
stronger, and asking the child which would attract more paper clips and why. 

All responses, including verbatim causal justifications, were recorded 
contemporaneously by the researcher using a structured response protocol sheet. Responses 
were subsequently coded along two dimensions: accuracy (correct / incorrect) and reasoning 
type. The reasoning type dimension was the primary analytical focus of the present study and 
distinguished among the following categories derived inductively from the data and 
deductively from the conceptual change literature: animistic or magical reasoning (attributing 
the magnet’s action to supernatural or intentional agency); perceptual-associative reasoning 
(attributing predictions to surface perceptual features such as metallic appearance, colour, or 
size); empirical reasoning (attributing outcomes to directly observed experimental results 
without causal explanation); and pro-to-scientific reasoning (offering a causal explanation that 
approximates or correctly invokes physical principles such as magnetic force, attraction, or 
field). These four reasoning categories correspond approximately to the progression from 
naïve framework theory through partial revision to genuine conceptual change as described 
by Vosniadou (1994, 2013), and to Chi’s (2008) three-level taxonomy of belief revision, 
mental model transformation, and categorical shift.  

The second instrument was the researcher’s systematic field observation journal, 
maintained throughout the six intervention lessons. Entries recorded children’s spontaneous 
verbal responses during the activities, instances of expressed surprise or cognitive conflict, 
modifications of initial predictions in real time, peer interaction around contested 
observations, and linguistic markers of emerging conceptual revision. This journal provided 
the process-level data that the pre-test/post-test interview structure could not capture. The 
moment-by-moment trajectory of conceptual negotiation during the intervention itself, which 
is invisible to any assessment instrument administered before or after instruction. 

The third instrument was the collection of children’s illustrated non-verbal worksheets 
completed during the intervention lessons. Where verbal reasoning was difficult to elicit, 
particularly for Group A children in the early lessons, worksheet responses provided 
supplementary evidence of children’s classification behaviour and their evolving 
understanding of magnetic selectivity. 

Data analysis proceeded in three phases. In the first phase, pre-test interview responses 
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for all 50 children were systematically coded for accuracy and reasoning type on each of the 
four conceptual targets independently by the researcher. Coded responses were then 
compared across the two groups to establish the pre-intervention misconception profile of 
each group; not merely how many children held each misconception, but what reasoning type 
underpinned it. This phase addressed the first research question, concerning whether Roma 
and general-population preschoolers differed in the prevalence and patterning of 
misconceptions at school entry. 

In the second phase, post-test responses were coded using the same scheme and 
compared with the corresponding pre-test responses for each child. This individual-level 
comparison enabled the identification of three distinct change patterns: full conceptual 
revision (from incorrect reasoning to proto-scientific reasoning), partial revision (from 
incorrect reasoning to empirical reasoning, or from a more naïve to a less naïve incorrect 
reasoning type), and non-revision (no change in reasoning type despite a change in surface 
response accuracy). The distribution of these change patterns across the two groups 
addressed the second and third research questions, concerning the relative resistance of 
different misconceptions to change and the qualitative differences in conceptual change 
trajectories between groups. 

In the third phase, field observation journal entries and worksheet data were integrated 
with the interview data to produce a narrative account of the conceptual change process for 
each misconception within each group. This integration allowed the analysis to distinguish, 
for example, between children whose post-test accuracy reflected genuine revision of the 
underlying causal schema and children whose correct post-test response was anchored solely 
in episodic memory of an observed experimental outcome, a distinction that has significant 
im-plications for the durability of learning but that surface-level accuracy data cannot reveal. 

Several methodological limitations of the present analytical approach require 
acknowledgement. The coding of reasoning types from verbatim transcripts of preschool-age 
children’s responses inevitably involves interpretive judgement, and the absence of a second 
independent coder for reliability verification is a limitation of the study’s qualitative claims. 
The four-category reasoning scheme, while derived from both the empirical data and 
established theoretical frameworks, is necessarily a simplification of a more continuous and 
variable cognitive process; children’s reasoning in practice frequently combined elements of 
more than one category within a single response, and such hybrid responses required 
allocation to the dominant reasoning type. Furthermore, the post-test was administered 
immediately following the intervention, meaning that the reasoning types observed at post-
test reflect the cognitive state at the moment of instruction’s conclusion; they do not 
guarantee stable long-term revision of the underlying conceptual framework, a point that the 
conceptual change literature emphasises as one of the most persistent challenges in science 
education research (Vosniadou, 2013; Chi, 2008). 

4. Results 
This section presents the findings of the misconception analysis in three parts: the pre-

test misconception profile, describing the nature and reasoning type underlying each prior 
conception in both groups; the post-test change typology, characterising the qualitative nature 
of conceptual revision achieved following the TLS; and an integrated account of 
misconception resistance and the differential change trajectories of the two groups. All data 
are drawn from the individual diagnostic interview administered before and after the 
intervention, supplemented by field observation notes and worksheet analysis.  

4.1. Pre-Test Misconception Profiles 

Table 1 presents the pre-test misconception profile of both groups across all four 
conceptual targets, organised by misconception and dominant reasoning type. The pre-test 
data reveal that the two groups entered the intervention with not only different levels of 
accuracy but qualitatively different misconception structures. For the animistic attribution 
target, 23 of 25 Group A children (92%) operated without any prior domain-specific 
framework. It refers to the fact that they had never encountered the word “magnet”, had no 
stored conceptual schema for its action, and attributed its observed effects to the teacher’s 
supernatural agency. The representative response, “The teacher is doing magic”, is not a 
misconception in the strict theoretical sense of an incorrect belief held within an existing 
framework; it is the output of preoperational animistic reasoning applied to a completely 
novel phenomenon in the absence of any prior knowledge that could scaffold a more 
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differentiated response. This is closer to what Chi (2008) would characterise as a categorical 
gap, the complete absence of the relevant ontological category, than to the belief revision 
scenario that most misconception research addresses. Group B, by contrast, was uniformly 
correct on this target at pre-test, with all 25 children identifying the magnet by name and 
attributing its action, at least partially, to a physical force.  

 
Table 1. Pre-test misconception prevalence and dominant reasoning type by group (n = 50).  

Misconception Pre-test reasoning type 
Group A – Roma 

(n = 25) 
Group B – General 

(n = 25) 

Magnet recognition / 
Animistic attribution 

Absent framework: magical / animistic 23/25 (92%) 0/25 (0%) 
Perceptual-associative (object recognised, 

partial knowledge) 
2/25 (8%) 25/25 (100%) 

All-metals misconception 
(material classification) 

Perceptual-associative (metallic appearance 
as criterion) 

24/25 (96%) 3/25 (12%) 

Proto-scientific (ferrous/non-ferrous 
distinction) 

0/25 (0%) 22/25 (88%) 

Absent framework (no prior contact with 
magnets) 

1/25 (4%) 0/25 (0%) 

Permeability 
misconception (magnetic 

field through 
water/plastic) 

Perceptual-associative (barrier blocks all 
physical action) 

8/25 (32%) 4/25 (16%) 

Proto-scientific (force acts through media) 17/25 (68%) 21/25 (84%) 

Size-strength equation 
(larger magnet = 

stronger) 

Perceptual-associative (size as proxy for 
power, universal p-prim) 

25/25 (100%) 25/25 (100%) 

Note: Reasoning type categories: Absent framework = no prior domain-specific knowledge; ani-mistic or magical causal 
attribution. Perceptual-associative = incorrect prediction based on surface perceptual features (metallic appearance, object 
size). Proto-scientific = reasoning that approximates correct causal mechanism. Categories are mutually exclusive per child 
per misconception. 

 
For material classification, the all-metals misconception, the structural difference 

between the groups is equally significant but differently configured. In Group A, 24 of 25 
children (96%) held an essentially perceptual-associative schema – they predicted that all 
shiny, hard objects would be attracted to the magnet, without discrimination between ferrous 
and non-ferrous metals. The single child who performed correctly did so on the basis of prior 
direct experience rather than conceptual understanding. In Group B, 22 of 25 children (88%) 
correctly classified the ferrous and non-ferrous materials before any instruction, 
demonstrating that their prior informal exposure had produced a functionally accurate 
framework for material selectivity. The three Group B children who held the all-metals 
misconception did so in the specific form of including aluminium foil among attracted 
materials, a perceptual-associative error driven by the high-salience shininess of foil rather 
than a global failure of material discrimination. This is a qualitatively different, and 
substantially less entrenched, version of the misconception than that held by Group A, being 
a local overgeneralisation within an otherwise accurate partial framework rather than a 
wholesale reliance on perceptual surface features. 

The permeability misconception showed the most complex and, in some respects, 
counter-intuitive pre-test pattern. Group A showed higher rates of the correct conception 
(68% predicted the magnetic field would operate through water) than might be expected given 
their generally lower prior knowledge. This apparent paradox is explicable within the diSessian 
knowledge-in-pieces framework. In particular, the belief that forces operate through physical 
barriers is not peculiarly associated with science education background but reflects the 
activation of a relatively common everyday p-prim, forces act at a distance and penetrate 
obstacles, that is applied appropriately here by children who have no specific misconception 
schema for magnetic fields to override it. The children who held the incorrect conception 
(32% of Group A, 16% of Group B) were activating a competing and, in most everyday 
physical contexts, more salient p-prim that solid or liquid barriers prevent physical action. 
Notably, this same competing p-prim was held by the majority of adult educators present 
during the intervention, four out of six, confirming that the permeability misconception is 
not a product of naïve physical reasoning alone but is widely distributed across the general 
adult population. 
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The size-strength equation stood apart from all other misconceptions in one decisive 
respect. It was held universally, by all 50 children in both groups, with identical reasoning 
type. Every child, regardless of sociocultural background, prior knowledge level, or any other 
individual characteristic, predicted that the physically larger magnet would attract more paper 
clips because it was bigger. This universality is the empirical signature of a phenomenological 
primitive in diSessa’s (1993) sense, paricularly the “bigger is more powerful” p-prim is so 
deeply embedded in children’s physical intuitions, and so broadly confirmed by everyday 
experience, that no amount of informal prior knowledge about magnets specifically is 
sufficient to override it. Its eradication through a single comparative experiment was 
correspondingly dramatic in both groups, producing visible surprise and immediate revision, 
the clearest instance of productive cognitive conflict in the entire dataset.  

4.2. Post-Test Reasoning Type Distribution 

Table 2 presents the post-test reasoning type distribution following the TLS, using the 
same four-category scheme applied at pre-test. 

 
Table 2. Post-test reasoning type distribution by misconception and group.  

Misconception Post-test reasoning type 
Group A – Roma 

(n = 25) 
Group B – General 

(n = 25) 

Magnet recognition / 
Animistic attribution 

Proto-scientific (names magnet, cites 
attraction) 

25/25 (100%) 25/25 (100%) 

Empirical ("I saw it stick", correct, no 
causal schema) 

Dominant in 
Group A 

Minority in Group 
B 

All-metals misconception 
(material classification) 

Proto-scientific (correct classification with 
justification) 

13/25 (52%) [full 
attenders only] 

25/25 (100%) 

Perceptual-associative (partial revision, 
ferrous metals correct, non-ferrous still 

uncertain) 

12/25 (48%) 
[irregular attenders] 

0/25 (0%) 

Permeability misconception 
(magnetic field through 

water/plastic) 

Proto-scientific (force passes through 
media) 

25/25 (100%) 25/25 (100%) 

Size–strength equation 
(larger magnet = stronger) 

Empirical ("I saw the small one hold 
more", correct, but p-prim not explicitly 

rejected) 
25/25 (100%) 25/25 (100%) 

Proto-scientific (explicit rejection of size-
power link) 

Minority in Group 
A 

Majority in Group 
B 

Note: Full attenders = Group A children who attended all six intervention lessons without absence (n = 13). Irregular 
attenders = Group A children who missed one or more sessions (n = 12). Group B had no attendance irregularities across 
the intervention week. 

 
The most theoretically significant pattern in the post-test data is the consistent 

divergence between the two groups in the qualitative character of their correct responses, 
which is most clearly visible in the animistic attribution and size-strength targets. On the 
animistic attribution target, all 25 Group A children achieved correct recognition of the 
magnet at post-test, a complete reversal of their pre-test profile, but the causal reasoning 
underlying this correct response remained predominantly empirical rather than proto-
scientific. When asked why the magnet attracted certain objects, the dominant Group A 
response was experiential and non-explanatory: “Well, I saw it stick”, “It pulls, I know 
because it did it”. These responses are correct, and they represent a genuine abandonment of 
the animistic attribution that dominated at pre-test. However, they do not yet involve the 
construction of a causal schema that could generalise beyond the immediately experienced 
cases. In Chi’s (2008) terms, belief revision has been achieved, the incorrect belief has been 
replaced, but the categorical reconstitution that would make the new belief durable has not. 
Group B children, by contrast, predominantly produced proto-scientific responses at post-
test, citing “force”, “attraction”, or “magnetic power” as the causal mechanism, 
demonstrating that their prior partial framework provided the scaffolding necessary to 
integrate the intervention’s experimental findings into a generalisable causal account. 

On material classification, the post-test data reveal the attendance effect with particular 
clarity. The 13 Group A children who attended all six sessions of the intervention achieved 
correct classification of all eight materials, with justifications that, while predominantly 
empirical (“The nail yes, the foil no, I tried it”), indicated functional revision of the all-metals 
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schema. The 12 Group A children whose attendance was interrupted, missing at least one 
session, typically Lesson 2 or 3, which targeted material classification and the size-strength 
experiment respectively, failed to achieve correct classification, and their post-test responses 
continued to show perceptual-associative reasoning. This within-group pattern is the most 
direct evidence in the dataset that the failure to revise the all-metals misconception in a subset 
of Group A children was a product of sequential learning disruption rather than conceptual 
incapacity. Group B achieved universal correct classification with proto-scientific 
justification, consistent with their pre-test partial framework providing a foundation onto 
which the intervention’s experimental evidence could be mapped. 

The permeability target showed full convergence at post-test, with all 50 children across 
both groups achieving correct responses. The nature of the change, however, differed 
between groups in the manner already observed: Group A children relied predominantly on 
empirical justification (“I saw it pull the paper clip through the water”), while Group B 
children more frequently offered proto-scientific accounts (“The force goes through the 
plastic, it doesn’t stop it”). The size-strength target also achieved universal post-test accuracy, 
but again with a qualitative divergence – the dominant Group A justification was pure 
empirical surprise (“The small one held more! I can’t believe it”), while Group B children 
more frequently produced responses that approximated an explicit rejection of the size-power 
assumption (“Size doesn’t make it stronger, it’s the power inside that matters”). 

4.3. Conceptual Change Typology and Theoretical Interpretation 

Table 3 synthesises the change patterns across all four misconceptions, characterising 
each in terms of the conceptual change typology developed in the theoretical framework and 
relating each pattern to the relevant theoretical account.  

 
Table 3. Conceptual change typology by misconception and group, with theoretical interpretation.  

Misconception Group A change type Group B change type Theoretical interpretation 

Animistic attribution 
(RECOGNITION) 

Belief revision → 
empirical 

None required (correct 
pre-test) 

Belief revision achieved; animistic 
causal language abandoned but causal 
mechanism not fully reconstructed in 

Group A (Chi, 2008) 

All-metals 
misconception 
(MATERIALS) 

Partial revision 
(attenders) / Non-
revision (absentees) 

Full belief revision → 
proto-scientific 

Framework assumption (metallic 
appearance = magnetic) requires 

sustained exposure for revision; single-
session exposure insufficient for 

irregular attenders (Vosniadou, 1994; 
2013) 

Permeability 
misconception 

(WATER) 

Belief revision → proto-
scientific 

Consolidation (majority 
already correct pre-test) 

Barrier p-prim overridden by direct 
experimental observation; single vivid 

disconfirmation sufficient, lowest 
resistance misconception (diSessa, 

1993) 

Size-strength 
equation (POWER) 

Belief revision → 
empirical (both groups) 

Belief revision → proto-
scientific (majority) 

Universal p-prim; dramatic single 
disconfirmation produces correct 
behaviour in all children; Group B 

achieves partial categorical reframing, 
Group A anchors in episodic memory 

(diSessa, 1993; Chi, 2008):  
Note: Change type labels follow Chi (2008), where belief revision = replacement of an incorrect belief within an existing 
category. Partial revision = movement from a more to a less naïve incorrect reasoning type without full correct 
conceptualisation. Non-revision = no change in reasoning type despite correct surface response (episodic memory only). 
Categorical reframing = partial restructuring of the ontological category within which the concept is held. 

 
The typology in table 3 foregrounds a pattern that raw accuracy data would conceal. It 

means that the qualitative depth of conceptual change achieved by the two groups diverges 
systematically, and the direction of that divergence is consistent with the theoretical 
predictions of both Vosniadou’s (1994; 2013) framework theory and Chi’s (2008) ontological 
categorisation model. Where Group A children achieve belief revision, it tends to be anchored 
in episodic empirical memory rather than reconstructed causal schema, a fragile form of 
revision that is vulnerable to regression precisely because, as Vosniadou (2013) argues, beliefs 
that are not embedded in a revised framework lack the conceptual support that makes them 

https://journals.eikipub.com/index.php/jetm/index


 

Journal of Effective Teaching Methods (JETM) 

ISSN: 2755-399X  
 
 

JETM Vol.4 Issue 3  https://journals.eikipub.com/index.php/jetm/index  24 

durable. Group B children, whose pre-existing partial framework provided the scaffolding for 
integrating new experimental evidence, more frequently achieve what Chi (2008) would 
characterise as the beginning of categorical reframing, particularly on the size-strength and 
permeability targets, producing proto-scientific responses that suggest a more stable revision 
of the underlying conceptual structure. 

4.4. Verbatim Reasoning Exemplars 

Table 4 presents selected verbatim or near-verbatim reasoning exemplars drawn from 
the diagnostic interviews and field observation notes, illustrating the qualitative character of 
the reasoning types identified in tables 1 through 3. 

 
Table 4. Selected verbatim reasoning exemplars by misconception, time point, and group.  

Misconception Time point Group A – Roma (exemplar) 
Group B – General population 

(exemplar) 

Animistic attribution 
Pre-test “The teacher is doing magic” 

“It’s a magnet, it pulls metal 
things” 

Post-test 
“It sticks, I saw it” (empirical; 

causal schema absent) 
“It has a force that attracts iron” 

(protoscientific) 

All-metals 
misconception 

Pre-test 
Predicted: aluminium foil, 

copper coin, plastic, iron nail, all 
attract 

Predicted: aluminium foil attracts 
(shiny metal heuristic); iron nail 

correct 

Post-test 
(Consistent attenders): “The nail 
and the bolt yes, the foil and the 

coin no” 

“Only the iron things, not all 
metals. The aluminium doesn’t” 

Permeability 
misconception 

Pre-test 
“Maybe it will” (uncertain; 8 
predicted it would not work) 

“The force goes through, it will 
pull it” (majority correct pre-test) 

Post-test 
“Yes, I saw it, it still pulled” 

(empirical) 

“The force passes through the 
plastic and grabs the paper clip” 

(protoscientific) 

Size-strength equation 

Pre-test 
“The big one, because it’s bigger 

it will pull more” (universal) 
“The big one must be stronger” 

(universal) 

Post-test 
“The small one! I saw it hold 

more” (empirical; surprise 
expressed) 

“Size doesn’t matter, the small one 
was stronger in the experiment” 
(partial categorical reframing) 

Note: All exemplars are drawn from verbatim or near-verbatim records in the researcher’s field observation journal and 
structured response protocol sheets. Group A exemplars are translated from Greek; original language preserved in the thesis 
archive. Exemplars were selected to represent the dominant reasoning type in each cell; atypical responses are discussed in 
the prose analysis. 

 
The exemplars in table 4 illustrate with particular clarity the distinction between empirical 

and protoscientific reasoning that the quantitative change typology can only classify but not 
convey. The Group A post-test response to the animistic attribution target, “It sticks, I saw 
it”, and the Group B response, “It has a force that attracts iron”, are both correct. They are 
not, however, epistemically equivalent. The former records an observation; the latter 
constructs an explanation. Similarly, the Group A post-test response to the size-strength 
target, “The small one! I saw it hold more”, and the Group B partial reframing, “Size doesn’t 
matter, the small one was stronger in the experiment”, both correctly reject the pre-test 
prediction, but the Group B response moves toward explicit propositional revision of the 
size-power p-prim, while the Group A response leaves the p-prim intact and simply records 
its disconfirmation in this specific case. These subtle but consequential distinctions in the 
depth of conceptual change are precisely what the reasoning-type analytical framework was 
designed to capture, and they constitute the primary empirical contribution of this article to 
the magnetism misconception literature. 

5. Discussion 
The pre-test data presented in this study make clear that the concept of “misconception” 

is not a unitary category, and that treating it as such produces a systematic misreading of the 
pedagogical challenge faced in socially heterogeneous preschool classrooms. Among the four 
conceptual targets investigated, three distinct epistemic configurations were observed at pre-
test, each of which corresponds to a different starting condition for conceptual change 
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instruction and requires a correspondingly different response.  
The first configuration was the complete absence of a domain-specific framework, 

observed predominantly in Group A on the magnet recognition and material classification 
targets. The 23 Group A children who attributed the magnet’s action to supernatural agency 
were not, in any precise theoretical sense, holding a misconception about magnetism. It shows 
that they had no prior conceptual structure for the domain within which a misconception 
could be lodged. They were operating with the general-purpose animistic and perceptual-
associative reasoning of pre-operational thought, applied in the absence of any domain-
specific knowledge that could constrain or scaffold a more differentiated response. This 
configuration is more accurately described, within Chi’s (2008) framework, as an ontological 
gap, the complete absence of the relevant category, than as a belief error within an existing 
category. Its pedagogical implication is that instruction must accomplish something more 
fundamental than misconception remediation. It must build the category itself before any 
revision of beliefs within it can take place. That the TLS achieved this for all Group A children 
who attended consistently, producing universal correct recognition at post-test, is a strong 
demonstration of IBL capacity to construct domain-specific knowledge from the ground up, 
through direct physical experience, in children for whom no prior scaffolding exists.  

The second configuration was the overgeneralisation of a partially correct framework, 
observed in Group B on the material classification target. The three Group B children who 
included aluminium foil among magnetically attracted materials were not operating without a 
framework; they were operating with a framework that was largely correct but locally over-
extended, applying a high-salience perceptual heuristic, shininess as a marker of metallic, and 
therefore magnetic, character, in a case where it did not apply. This is the form of 
misconception that Vosniadou (1994, 2013) most precisely describes as a framework theory 
error. Particularly, the child has a genuine prior conceptual structure, the revision required is 
local rather than global, and the primary pedagogical task is to restrict the overgeneralisation 
by providing discriminating evidence. The TLS accomplished this reliably for all Group B 
children, consistent with the pre-diction that local framework errors are more tractable than 
categorical gaps. 

The third configuration was the universal phenomenological primitive, exemplified by 
the size-strength equation. As the pre-test data confirm, the belief that a physically larger 
magnet is necessarily stronger was held by every child in both groups, regardless of 
sociocultural background, prior knowledge level, or familiarity with magnets. This universality 
is the defining signature of what diSessa (1993) termed a phenomenological primitive – a 
minimal, context-sensitive knowledge element abstracted from ubiquitous physical 
experience, in this case, the experience that larger objects routinely exert greater physical 
effects, that is applied without deliberate inference and therefore without the metacognitive 
awareness that would be required to inhibit it. The educational significance of this finding is 
substantial. It demonstrates that there exists a class of early childhood science misconceptions 
that is genuinely independent of sociocultural background, and for which the same 
instructional strategy, a single, vivid, dramatic disconfirmation, is equally effective across 
groups. The size-strength experiment constituted the most cognitively memorable moment 
of the entire intervention for children in both groups, producing spontaneous expressions of 
surprise and immediate revision. This outcome is consistent with Smith et al. (1993) whose 
argument that misconceptions should not always be characterised as flawed beliefs requiring 
replacement but as knowledge elements that are productive in many contexts and that require 
contextual refinement, specifically, the explicit marking of the boundaries of the contexts in 
which the p-prim applies versus those in which it does not, rather than elimination.  

The most theoretically consequential finding of this study is not the accuracy of post-
test responses but the systematic divergence between the two groups in the qualitative depth 
of the conceptual change those responses reflect. Across all four misconception targets, 
Group A children who achieved correct post-test responses did so predominantly through 
empirical reasoning, anchoring their revised beliefs in specific episodic observations (“I saw 
it stick”, “The small one held more”) rather than in reconstructed causal schemas. Group B 
children, whose pre-existing partial frameworks provided the scaffolding necessary to 
integrate new experimental evidence into a generalisable account, more frequently produced 
protoscientific responses that invoked causal mechanisms (“The force passes through the 
plastic”, “Size doesn’t make it stronger, it’s the power inside”). 

This depth dimension is precisely what Vosniadou’s (2013) framework theory predicts. 
When new information is encountered by a learner without an adequate framework to receive 
it, it tends to be assimilated as an isolated empirical fact rather than restructured into a 
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conceptually coherent account. The result is what Vosniadou (2013) terms a synthetic model. 
A conceptual structure that integrates some features of the new scientific information with 
the remnants of the prior framework, producing an internally inconsistent but locally 
functional epistemic state. The Group A post-test response to the permeability target, “Yes, 
I saw it pull through the water”, is a paradigm case of a synthetic model. The correct 
behaviour is registered, the animistic causal attribution has been abandoned, but the 
underlying physical mechanism (magnetic field permeability) has not been reconstructed. The 
response functions correctly in the immediate post-test context but lacks the conceptual 
architecture that would make it generalisable to novel instances of the same principle, such as 
magnetic field action through glass or through air gaps of varying widths. 

This interpretation carries a significant pedagogical implication that the accuracy data 
alone would obscure. A one-week IBL intervention is powerful enough to eliminate animistic 
causal language and produce universally correct post-test responses on three of four 
misconception targets in Roma preschool children who had arrived at school with no prior 
domain-specific knowledge. This is a remarkable pedagogical achievement. It is not, however, 
equivalent to the achievement of proto-scientific conceptual understanding, and treating it as 
such would risk overstating the durability of the gains. The empirical-reasoning state that 
Group A children occupy at post-test is best understood as an intermediate stage in the 
conceptual change process, more advanced than the animistic attribution with which they 
began, less advanced than the causal-explanatory understanding they have not yet reached, 
rather than as a final destination. The instructional implication, as diSessa (1993) and Smith 
et al. (1993) both suggest, is that this intermediate state is not a failure but a productive 
resource. It provides the empirical foundation on which sustained, scaffolded instruction can 
build the causal schema that a single week of intervention cannot fully construct.  

Among the four misconception targets, the all-metals misconception proved the most 
resistant to change, showing incomplete revision in Group A even among consistent attenders 
and complete non-revision among those whose attendance was disrupted. This outcome is 
consistent with Vosniadou’s (2013) prediction that framework-embedded beliefs, beliefs that 
are not isolated errors but expressions of a broader inferential principle, in this case the 
principle that perceptual surface features reliably predict physical behaviour, are more 
resistant to revision than local factual errors or universal p-prims, because revising them 
requires not just counter-evidence but the construction of an alternative framework principle 
that can displace the existing one. A single empirical disconfirmation, showing that the 
aluminium strip does not attract, provides counter-evidence against the specific prediction 
but does not, by itself, supply the alternative framework principle (ferrous/non-ferrous 
composition as the relevant criterion) that would generalise the revision to future instances. 
Multiple exposures, distributed across several lessons and including explicit scaffolding of the 
compositional distinction, are required for this generalisation to occur. The attendance effect 
observed within Group A directly confirms this prediction that children who attended all six 
lessons, and who therefore received the full distributed scaffolding of the material 
classification sequence, achieved the revision; children who missed even one lesson in the 
classification sequence did not. 

This finding has a direct pedagogical implication for the teaching of magnetism in 
settings with irregular student attendance. The material classification target is not merely the 
hardest misconception to revise; it is the most sequentially dependent, requiring cumulative 
exposure rather than a single decisive experience. In settings where irregular attendance is 
structurally likely, as it is in the Roma school communities documented in this study, the TLS 
design must anticipate this dependency and provide either redundant exposures across 
multiple lessons or catch-up mechanisms for children who miss sessions. The current TLS 
architecture concentrated the material classification work in Lessons 1 and 2; redistributing it 
across three or four lessons, or providing brief consolidation activities at the opening of each 
lesson, would reduce the vulnerability of the classification gain to single-session absence. 

The permeability misconception stands apart from the other three targets in two respects 
that have not been adequately noted in the existing literature. First, as the pre-test data 
demonstrate, it was held by a minority of children in Group A rather than a majority, in 
apparent contrast to the general pattern of Group A underperformance, because the p-prim 
underlying the correct conception (“forces act at a distance and penetrate obstacles”) is at 
least as cognitively available as the p-prim underlying the misconception (“physical barriers 
prevent physical action”) and is independent of prior informal exposure to magnets 
specifically. Second, the misconception was held not only by a minority of children but by the 
majority of adult educators present during the intervention, confirming that the permeability 
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principle is counterintuitive not merely for preschool-age children but for the general adult 
population. This adult misconception finding is consistent with Bar et al. (1997). Their 
documentation of the cross-age stability of action-at-a-distance errors, and it carries a direct 
professional development implication refer to the permeability of magnetic fields through 
non-magnetic media is not a piece of specialist content knowledge that preschool teachers 
can be assumed to hold, and explicit inclusion of this concept in science content training for 
early childhood educators is necessary. 

The overall pattern of findings generates a set of pedagogical implications that go beyond 
the simple conclusion that IBL works. First, IBL instruction that produces empirical 
reasoning, correct responses anchored in specific observations, should be understood as a 
necessary but not sufficient condition for durable conceptual change. Sustained instructional 
scaffolding that explicitly builds the causal language and the generalisable principles on which 
empirical observations rest is required to move children from the empirical to the 
protoscientific reasoning level, and this scaffolding takes more time than a one-week 
intervention can provide. Second, the differential resistance of different misconceptions to 
change, with the all-metals misconception requiring distributed, sequential exposure and the 
size-strength equation yielding to a single dramatic disconfirmation, argues for a deliberate 
sequencing of misconception-targeted activities based on their theoretical resistance profile 
rather than their intuitive accessibility. Third, the complete equivalence of the two groups on 
the size-strength target at post-test, a universal p-prim, equally held and equally revised, 
suggests that the pedagogical design principle of vivid, personally conducted empirical 
disconfirmation is universally effective regardless of prior knowledge level or sociocultural 
background, and should be prioritised in any IBL sequence that aims to serve heterogeneous 
classrooms equitably. Finally, the depth divergence between groups at post-test is not a deficit 
of the Roma children but a structural consequence of the differential prior frameworks they 
brought to the intervention. Addressing this divergence requires not remediation but 
extended, linguistically rich science engagement of the kind that informal home environments 
already provide for children from higher sociocultural backgrounds, and that schools serving 
Roma communities must therefore provide explicitly and systematically.  

6. Conclusions 
The present study set out to investigate three interrelated questions: whether Roma and 

general-population preschoolers differ in the prevalence and patterning of magnetism mis-
conceptions at school entry; which specific misconceptions prove most resistant to 
conceptual change; and whether an IBL TLS produces qualitatively different conceptual 
change trajectories in the two groups. The findings answer all three questions in ways that 
carry both theoretical and practical consequence. 

With respect to the first question, the study confirms that the two groups enter the 
preschool science classroom with not merely different quantities of prior knowledge but 
qualitatively different epistemic configurations. Roma children in Group A presented pre-
dominantly with an absent framework, no prior domain-specific conceptual structure for 
magnetism, and no prior contact with the relevant vocabulary, leading to animistic and 
magical causal attribution rather than the misconceptions in the strict theoretical sense that 
characterise children with partial prior knowledge. General-population children in Group B 
presented with a largely accurate partial framework, within which locally overextended 
heuristics, such as the extension of metallic appearance to non-ferrous metals, constituted the 
primary misconception configuration. These are pedagogically distinct starting points that a 
single aggregate accuracy score cannot distinguish, and their differentiation is the foundational 
contribution of this study’s analytical approach.  

With respect to the second question, the study provides a theoretically grounded ranking 
of misconception resistance. The all-metals misconception proved the most resistant to 
change, because it is embedded in a broader perceptual-associative framework principle, 
surface appearance as a reliable predictor of physical behaviour, that requires sustained, 
distributed instructional exposure rather than a single disconfirmation to displace. The 
animistic attribution and permeability misconceptions, by contrast, yielded to appropriately 
designed single-session interventions, because they are either categorically isolated errors or 
the product of competing p-prims of roughly equal cognitive availability. The size-strength 
equation occupied a unique position – universally held and universally revised, it responded 
dramatically to a single vivid empirical disconfirmation regardless of group membership, 
confirming its status as a phenomenological primitive whose contextual boundaries can be 
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marked through a single decisive experimental contrast.  
With respect to the third question, the study’s most theoretically significant finding is 

the consistent divergence between the two groups in the qualitative depth of the conceptual 
change achieved, even where surface accuracy was identical. Group A children predominantly 
achieved empirical revision, correct post-test responses anchored in episodic memory of 
observed experimental outcomes, while Group B children more frequently produced 
protoscientific responses that integrated new evidence into a generalisable causal account. 
This divergence is not a product of differential cognitive capacity but of differential prior 
framework availability, particularly children who arrive with a partial conceptual scaffold can 
integrate new evidence into it and produce explanatory generalisations; children who arrive 
without such a scaffold can acquire empirically correct responses but lack the conceptual 
architecture to embed them in a durable causal account. The intermediate empirical-reasoning 
state achieved by Group A children at post-test is therefore not a failure of the intervention 
but a genuine and theoretically predictable stage in the conceptual change process, one that 
represents a substantial advance over the animistic attribution with which those children 
began, and that constitutes the productive foundation on which further sustained instruction 
can build. 

Three theoretical conclusions follow from these findings. First, the conceptual change 
literature’s central distinction, between the mere replacement of an incorrect belief and the 
genuine restructuring of the framework within which it is embedded, is empirically observable 
at the preschool level, and is detectable through qualitative analysis of children’s reasoning 
and justification in the diagnostic interview even among four-to-six-year-olds. The 
methodology developed in this study, the four-category reasoning type scheme applied to 
verbatim interview responses, provides a replicable instrument for making this distinction 
operational in future research. Second, the differential resistance of different misconceptions 
to conceptual change is theoretically predictable from the structure of the prior conception, 
and instructional design that takes this predictability seriously, allocating more distributed 
exposure to framework-embedded misconceptions and more vivid single-contrast 
experiences to universal p-prims, will be more effective than design that treats all 
misconceptions as equivalent targets. Third, the universality of the size-strength p-prim and 
its universal revision through identical instruction confirms that there exists a class of early 
science misconceptions for which sociocultural background is genuinely irrelevant to both 
the prevalence of the error and the effectiveness of the remedy, and identifying this class has 
important implications for equitable instructional design.  

Three practical conclusions follow with equal weight. For teachers designing science 
instruction in socially heterogeneous preschool classrooms, the finding that animistic and 
magical causal attribution in children from marginalised backgrounds is not a misconception 
but a categorical gap requires a fundamental reorientation of pedagogical expectation. Such 
children do not need to have an incorrect belief corrected; they need to be introduced to the 
domain itself. IBL, with its foundation in direct physical experience rather than prior linguistic 
or declarative knowledge, is an appropriate vehicle for this introduction precisely because it 
does not presuppose the prior framework that school entry has not yet provided. For 
curriculum designers, the sequential dependence of the all-metals revision on distributed, 
multi-lesson exposure, and its corresponding vulnerability to single-session attendance 
disruption, argues for a TLS architecture that distributes material classification activities 
across multiple lessons and provides brief consolidation at the opening of each subsequent 
session. For teacher educators, the finding that the magnetic field permeability principle was 
held as a misconception by the majority of adult educators present during the intervention is 
not an incidental observation but a systemic signal. It means that early childhood science 
teachers cannot be assumed to hold correct conceptions of the phenomena they are asked to 
teach, and subject matter preparation in early science content, not merely in IBL pedagogy, 
must be a core component of both initial teacher education and continuing professional 
development. 

The deepest implication of this study’s findings is perhaps the simplest to state. A Roma 
child who arrives at kindergarten with no prior knowledge of magnets, no relevant vocabulary, 
and no conceptual framework for the physical phenomena under study, and who, if she 
attends consistently, departs a week later able to predict, classify, and provide empirical 
justifications for magnetic behaviour across three of four conceptual targets, has not merely 
learned some science. She has demonstrated that the cognitive machinery for conceptual 
change in physical science is available to her, fully and without deficit, and that what has been 
absent is not the capacity for scientific thought but the opportunity to exercise it. The task 
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for research is to continue mapping the conditions under which that opportunity can be 
reliably provided. The task for practice is to provide it.  
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