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Abstract: To investigate the persistence of deeply entrenched intuitive misconceptions in science learning,
this study examined the effectiveness and neural underpinnings of the self-explanation strategy (SES) in cor-
recting the misconception that “ionic compounds consist exclusively of metal cations and nonmetal anions.”
Participants were required to judge whether compounds qualified as ionic. By comparing behavioral and
event-related potential (ERP) data between the Traditional Instruction Group (TIG) and the Self-explanation
Strategy Group (SSG) when processing intuition-consistent (C) and intuition-inconsistent (IC) ionic com-
pound stimuli, we found that in the TIG, C stimuli elicited larger P2 amplitudes, while IC stimuli evoked
stronger N2 and LPP components. In contrast, the SSG exhibited reduced P2 amplitudes and enhanced
N2 amplitudes under C conditions. These results indicate that persistent misconceptions require inhibitory
control, and that self-explanation weakens early intuitive activation while enhancing conflict monitoring to

promote inhibition.

1. Introduction

In the field of science education, researchers have long focused on the preva-
lent phenomenon of misconceptions among learners. Extensive studies demon-
strate that students’ intuitive conceptions formed through daily observations
prior to formal science education often exhibit systematic deviations from
scientific knowledge'". For instance, students may hold deeply rooted intuitive
beliefs such as “heavier objects fall faster” or “a single wire can light a bulb”
3 Recent research has revealed that such misconceptions do not dissipate
through scientific learning but rather coexist with scientific concepts'™***”.
This persistent coexistence can be explained through the dual-system theoreti-
cal framework, where the automatic processing of the intuitive system (System
1) competes with the controlled processing of the rational system (System 2)
during scientific reasoning™”. Neuroimaging studies have identified the cru-
cial role of inhibitory control in attenuating interference effects from miscon-
ceptions!"™'"'"?\. This inhibitory mechanism substantiates the core proposition
of the conceptual coexistence theory—that the essence of conceptual change
in science education lies in establishing inhibitory dominance over misconcep-
tions rather than conceptual replacement'’.

Within this context, generative learning strategies have gained prominence—
the self-explanation strategy (SES) enables learners to bridge knowledge gaps,
integrate prior and novel information, and trigger conceptual restructuring
through cognitive conflict detection'*. Notably, cognitive conflict itself has
been neuro-scientifically validated as a pivotal cognitive event: When individ-
uals experience such conflicts, it elicits inhibitory functions in relevant brain
regions'”, ultimately establishing cognitive dominance of scientific repre-
sentations. However, although existing behavioral studies have demonstrated
SES facilitative effects on conceptual change, the precise mechanisms through
which this strategy induces specific neural activity via cognitive conflict gen-
eration remain insufficiently explored.

Current research on conceptual change demonstrates a multimodal integra-
tion trend, combining behavioral assessments, neuroimaging techniques, and
pedagogical interventions. Event-related potentials (ERPs), as an electrophysi-
ological recording technique, offer superior temporal resolution and non-inter-
ference with task execution"”. Recent years have witnessed ERPs providing
novel perspectives for elucidating the neural mechanisms underlying conceptu-
al change. For instance, Zhu et al.”! found through an ERP study that increased
P2 amplitudes to misconception-congruent stimuli, larger N2 amplitudes to

misconception-incongruent stimuli, and enhanced late positive potentials
(LPP) to stimuli conflicting misconceptions with scientific knowledge. These
findings suggest intuitive misconceptions may persist after acquiring scientific
knowledge. Similarly, Skelling-Desmeules et al.'! employed ERP technology
to demonstrate that adults’ judgments about “non-moving organisms” elicited
enhanced prefrontal N2 and LPP components, reflecting persistent inhibitory
demands against the “movement implies life” heuristic. These collective find-
ings establish neurocognitive techniques as effective solutions for uncovering
the cognitive neural mechanisms of conceptual change.

This study employs behavioral measures and ERP technology to investigate
the persistence of intuitive conceptions regarding metallic compound compo-
sition in students’ cognition after acquiring scientific knowledge, while exam-
ining the intervention efficacy and neural mechanisms of the SES in miscon-
ception correction. In the experimental design, participants were allocated to
either the Traditional Instruction Group (TIG) or the Self-Explanation Strategy
Group (SSG), with continuous EEG recordings obtained during their validity
judgments of presented stimuli.

Based on the misconception that ionic compounds consist exclusively of me-
tallic and nonmetallic elements, ionic compounds can be classified into two
categories: Type C (Congruent Stimuli) compounds composed solely of metal-
lic and nonmetallic elements—which are correct according to both scientific
concepts and the prior misconception—and Type IC (Incongruent Stimuli)
compounds that do not strictly follow the simplistic combination rule of metal-
lic and nonmetallic elements—which are scientifically correct but inconsistent
with the prior misconception (Table 1). We hypothesize that persistent miscon-
ceptions exist in the brain. During the initial stage of scientific reasoning, the
brain instinctively recruits these persistent misconceptions to assess stimulus
plausibility: congruent stimuli match implicit memory traces, eliciting en-
hanced P2 components™'”; incongruent stimuli, however, elicit enhanced N2
components due to mismatch detection*’. Subsequently, explicit retrieval of
scientific knowledge is engaged to detect and inhibit this conflict. During this
phase, incongruent stimuli involving conflict between misconceptions and sci-
entific knowledge elicit increased LPP components ',

Existing behavioral research provides evidence indicating that self-explanation
teaching intervention is effective in promoting conceptual change™. Mean-
while, neuroscience research reveals that the essence of conceptual change
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Table 1. The Logic of Stimuli Sorting and Expected ERP Variations

Congruent Stimuli (C)

Incongruent Stimuli (IC)

Example NaCl NH.Cl1
Scientific knowledge Right Right
Prior misconception Right Wrong

Expected ERP P21 N21 LPP?

lies in the inhibition of misconceptions'”. When performing tasks requiring

suppression of misconception interference, inhibitory mechanisms are activat-
ed”". However, the neural activity profile directly linking self-explanation to
misconception inhibition remains unestablished. This exploratory study aims
to investigate whether intuitive conceptions about metallic compound com-
position persist in students’ brains after acquiring scientific knowledge, and
the impact of SES in rectifying misconceptions. Specifically, we hypothesized
that:

(1) Incongruent stimuli compared to congruent stimuli will exist significant
differences in behavioral results and ERP components (P2, N2, LPP).

(2) SSG compared to TIG will exist significant differences in behavioral re-
sults and related ERP components (P2, N2, LPP).

2. Review of the related literature

2.1. Students’ Misconceptions with Science Education

Research in science education has consistently highlighted the prevalence of
students’ misconceptions, which are often resistant to traditional instruction.
For instance, studies reveal that learners frequently hold intuitive yet scien-
tifically inaccurate beliefs, such as the misconception that ionic compounds
exclusively form between metal cations and non-metal anions. This is exem-
plified by students’ misinterpretation of compounds like NH4Cl, where they
erroneously attribute ionic bonding to metal-nonmetal interactions rather than
recognizing polyatomic ions like NH4**. Such errors persist despite formal
teaching, underscoring the robustness of intuitive frameworks.

Classical theoretical perspectives™ posit that scientific concepts supplant pri-
or conceptions through cognitive conflict resolution, emphasizing the neces-
sity of conceptual replacement. Chi et al™*. further proposed that conceptual
change involves ontological recategorization. However, substantial evidence
demonstrates the long-term coexistence of naive conceptions with scientific
knowledge, requiring regulation through inhibitory mechanisms. The Preva-
lence Model accordingly confirms that multiple conceptions compete for cog-
nitive dominance, with cognitive conflict optimally triggered post-instruction
to facilitate conceptual transition™.

Critically, inhibitory control mechanisms play a pivotal role in this coexistence
framework. For example, when learners evaluate counterintuitive scientific
statements, reaction times increase significantly due to interference from per-
sistent misconceptions, reflecting the need for active inhibition™**, Neural
activity exhibits specific temporal dynamics during this process: activation
of preconcepts occurs within 200-300 milliseconds, followed by conflict de-
tection and resolution through inhibitory control, which suppresses intuitive
responses to facilitate scientific conceptualization™. Key brain regions impli-
cated include the dorsolateral prefrontal cortex (DLPFC), ventrolateral pre-
frontal cortex (VLPFC), and anterior cingulate cortex (ACC), which are more
activated in experts during tasks requiring misconception suppression!**',
Nevertheless, pedagogical practices reveal a persistent conviction among
educators that misconceptions can be fully eradicated through instruction.
Traditional teaching methodologies predominantly focus on substituting cor-
rect concepts for erroneous ones, frequently failing to address misconception
persistence. For instance, students taught ionic bonding through oversimplified
models may retain core misunderstandings about electronegativity thresh-
olds™. Consequently, effective interventions must incorporate strategies that
systematically target the inhibition of intuitive responses. Evidence-based
pedagogical approaches include: Refutational approaches that explicitly con-
trast scientific concepts with misconceptions through problem scenarios or

refutational texts””"; Inhibitory control training to suppress heuristic-based

intuitive responses™”.

2.2. Self-Explanation Strategy

The SES refers to learners’ active generation of inferences extending be-
yond provided information to enhance comprehension of new knowledge™.
Empirical evidence demonstrates a significant positive correlation between
high-quality self-explanations and academic performance, constituting the
“self-explanation effect” *”. This metacognitive activity engages dual learning
mechanisms: guiding learners to identify knowledge gaps while providing
cognitive scaffolding and driving systematic reconstruction of mental models

through integration processes'*”*. When confronted with intentionally de-
signed worked examples containing informational omissions, the self-expla-
nation process stimulates learners to actively generate logical inferences that
bridge cognitive gaps"**”\. This constructive engagement compels continuous
comparisons between existing cognitive frameworks and external information
sources, triggering knowledge system reorganization upon detecting conceptu-
al conflicts”**", The strategy demonstrates cross-disciplinary applicability: In
statics instruction, written self-explanation activities effectively support con-
ceptual restructuring within classroom settings®”; In computational science,
self-explanation enhances students’ understanding and application of pro-
gramming concepts””; In mathematics game design, self-explanation prompts
linking gaming terminology to mathematical principles significantly improve
learning outcomes”*.

In the context of overcoming deeply entrenched intuitive misconceptions, the
theoretical significance of SES becomes particularly salient. Inhibitory control
mechanisms are recognized as core cognitive processes for overcoming such
misconceptions and achieving conceptual change, involving the suppression
of intuitive erroneous responses or representations that conflict with scientific
concepts™' "), Theoretically, self-explanation enhances this inhibitory process
by facilitating deep processing and integration of conflicting information. Spe-
cifically, it primarily promotes conflict detection and monitoring: by requiring
learners to reflect upon and elaborate learning materials, self-explanation
improves metacognitive monitoring capacity, enabling more sensitive detec-
tion of inconsistencies between their understanding and presented scientific
information or logical reasoning"***—a prerequisite for triggering inhibitory
control. Secondarily, it drives cognitive restructuring through explanation
generation to bridge informational gaps or resolve conceptual conflicts, di-
rectly engaging in modifying or restructuring existing mental models"**”,
This restructuring intrinsically attenuates activation strength of erroneous
representations while modifying their connections with scientific concepts®”.
We thus posit that through active cognitive effort, self-explanation creates a
more favorable internal cognitive environment for effective implementation of
inhibitory control. While theoretical and behavioral studies confirm SES ca-
pacity to facilitate conceptual change, current research remains predominantly
behaviorally oriented, lacking mechanistic insights into the neural substrates
underlying these cognitive transformations.

2.3. Event-Related Potential Technology

Event-Related Potential technology refers to a non-invasive electrophysiolog-
ical method used to measure brain activity associated with specific sensory,
cognitive, or motor events. ERPs are derived from the electroencephalogram
(EEG) by averaging neural responses time-locked to repeated occurrences of
an event, allowing researchers to isolate consistent neural activity from back-
ground noise!"”. When individuals perform cognitive tasks, different types of
stimuli can affect the activation patterns of relevant neural networks, leading to
characteristic changes in ERP waveforms. The P200 component serves as an
indicator of expectancy processes, reflecting comparisons between perception
and existing memory. A match between these elements results in a positive
P200 amplitude"”. A study investigating visual learning revealed that the P200
component evoked by familiar words exhibited a more positive response than
that evoked by novel words®®. The N200, a negative component emerging at
200-350 ms, is linked to conflict monitoring and error detection!'®, Research
conducted in go/no-go experiments has shown that the N200 component is
more pronounced in response to no-go stimuli®”. Stimulus conditions that
induce semantic conflicts result in conflict effects, leading to larger N200
components®. The LPP component measures cognitive processes related
to conscious error recognition, conflict resolution, and response selection™.
Retrieval of scientific knowledge, detection of conflicts, and suppression of
misconceptions lead to increased LPP amplitudes during problem-solving!*”..
In summary, analyzing the different EEG signal characteristics exhibited by
subjects under various stimulus conditions can provide insights into their
cognitive processes. Therefore, analyzing distinct ERP components (e.g., P2,
N2, LPP) under varying stimulus conditions provides a powerful non-invasive
method to elucidate the temporal dynamics of cognitive processes, including
conflict detection, inhibitory control, central to the aims of this study.
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3. Method

3.1. Participants

A total of 23 first-year high school students from City X (15 males, 8 females),
aged 16, were recruited for this study. All participants were physically and
mentally healthy, with no history of brain injury, substance abuse, or psychi-
atric disorders, were right-handed, and had normal vision or corrected vision.
Each participant signed an informed consent form before the experiment
and received appropriate compensation. The participants were randomly and
equally assigned to two groups: the SSG and the TIG. In the SSG, participants
were asked to provide self-explanations after completing each instructional
video on Chapter 4, Section 3 (“The Structure of Substances—The Periodic
Law”) of the People’s Education Press Chemistry Book I, based on prompts
provided. Participants in the TIG read all provided concepts after finishing
each video. Subsequently, data were screened to exclude non-compliant data,
resulting in a final sample of 15 participants. Eight participants were excluded
due to excessive EEG artifacts or failure to follow self-explanation protocols.

3.2. Stimuli

This investigation focused on high school students’ cognitive development re-
garding chemical bonding, specifically targeting the prevalent misconception
that “ionic compounds exclusively consist of metal and nonmetal elements.”
We developed a set of contrasting stimuli: Congruent stimuli: Presented 19
prototypical ionic compounds aligning with students’ intuitive conceptions
(e.g., NaCl, comprising metal cation Na* and nonmetal anion CI"); Incongru-
ent stimuli: Featured 3 non-canonical ionic compounds contradicting intuitive
beliefs (e.g., NH4Cl, containing nonmetal polyatomic cation NH4" paired with
nonmetal anion CIl7). Congruent and incongruent stimuli were randomized. To
prevent habitual responding, we interspersed 21 irrelevant stimuli comprising
17 covalent compounds (e.g., COz) and 4 neutral compounds (neither ionic nor
covalent).

3.3. Experimental procedure

Upon arrival at the EEG laboratory, participants were required to have washed
and thoroughly dried their hair and scalp beforehand. They were then fa-
miliarized with the laboratory environment and asked to complete a basic
information questionnaire. Next, the EEG cap was introduced to the partici-
pants, along with an explanation of the safety of the experimental equipment.
The EEG cap was then fitted to the participants, ensuring that it met all the
requirements for accurate ERP data collection. Before the experiment began,
the procedure was explained to the participants, with instructions to relax their
head and facial muscles as much as possible and to minimize blinking. The
specific tasks of the experiment were also clarified, emphasizing the need for
quick responses during the task. Participants were seated comfortably in front
of a computer screen, ensuring their eyes were level with the screen and main-
taining approximately 60 centimeters. Following this, participants were guided
through the operation of the response keys and the entire experimental process
to ensure they were fully prepared and understood the requirements (Figure 1).
Assistance was provided if needed until the participant was completely famil-
iar with the procedure.

The experiment began with a 2000 ms presentation of a fixation cross at
the center of the screen, followed by video-based learning materials. After
each video segment, SSG received self-explanation prompts, while the TIG
reviewed conceptual summaries corresponding to the video content. Upon

Figure 1. A flow chart of experimental research

completing the first video session, participants pressed a key to advance to the
next video, repeating this process for three sequential learning modules. In the
subsequent stimulus evaluation phase, a fixation cross reappeared for 2000
ms, after which stimulus materials were displayed for 2000 ms. Participants
judged the validity of each stimulus by pressing the “T” key for correct classi-
fications or the “F” key for incorrect classifications. Trials without responses
(0.8% of total data) were excluded as invalid. This procedure continued until
all 43 stimulus sets were presented, concluding the experimental session. Re-
sponse mappings and trial sequences were counterbalanced across participants
to control for order effects.

3.4. Behavioral data analysis

First, data from the TIG and SSG were collected using E-Prime 2.0 software.
The data were then merged using E-Merge and E-Data Aid, and subsequently
imported into Excel 2021 for preprocessing. During this stage, accuracy and
reaction time were calculated (with incorrect responses filtered during reaction
time computation). Data from the practice phase and incorrect responses were
removed. The final processed data were imported into SPSS 27.0 for statistical
analysis.

3.5. EEG recording and data analysis

The Neuracle EEG system was used to collect ERP data during the experimen-
tal process, and the resulting data were converted into a format that could be
processed using MATLAB. The data were then analyzed using the EEGLAB
toolbox.

Based on previous relevant literature and observations of the grand average
ERP waveforms and topographical maps from this study, nine electrodes were
selected for focused analysis (frontal region: F3, F4, Fz; parietal region: P3,
Pz, P4; occipital region: PO7, Oz, POS). After extracting the relevant ERP
data, the data were imported into SPSS 27.0 for statistical analysis. A 3 (lateral
regions: F3, Fz, F4) x 2 (stimulus conditions: I, CI) repeated measures ANO-
VA was conducted on the P2 and N2 components for both the SSG and TIG.
For the LPP component, a 3 (P3, Pz, P4) x 2 (I, CI) repeated measures ANO-
VA. The p-values for all ANOVAs were adjusted using the Greenhouse-Geiss-
er correction, and Bonferroni correction was applied for post hoc multiple
comparisons.

4. Results

4.1. Behavioral results

The mean response accuracy and reaction times across stimulus conditions for
all 15 participants were analyzed (Table 2). Accuracy distributions for both
groups under each condition violated normality assumptions (Shapiro-Wilk
tests: p<.05), warranting non-parametric statistical analyses. Wilcoxon signed-
rank tests revealed no significant differences between the TIG and SSG in
either C (z=-0.169, p=.86) or IC (z=-0.106, p=.92) conditions. Kruskal-Wallis
tests further confirmed no group-level accuracy differences for either stimulus
type (C: x? (1) =0.372, p=.54; IC: »? (1)=0.066, p=.80).

Shapiro-Wilk tests confirmed normal distributions for reaction times across
groups and stimulus types (p-values ranging from .44 to .83), satisfying para-
metric analysis assumptions. A mixed-design ANOVA revealed a marginally
significant main effect of stimulus condition on reaction time (F (1,13)=3.307,
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Table 2. Behavioral Performance and ERP Descriptive Results for Each Condition

Group  Condition Response time Accuracy rate Component Amplitude
C 862.15+157.97 84.87+18.33 P200 4.39+3.23

TIG N200 -0.56+2.74
LPP 0.81+3.35

IC 1014.31+159.81 75.00+34.50 P200 0.37+3.69

N200 -3.61+4.28

LPP 1.57+4.08
C 886.40+139.33 92.48+13.19 P200 2.08+2.35

SSG N200 -3.56+3.45
LPP 0.07+1.28

IC 914.10+192.52 80.95+26.23 P200 0.66+2.40

N200 -2.92+1.57

LPP 1.61+4.87

p=.092), with no other significant main effects or interactions (all p>.5). Post
hoc simple effects analysis demonstrated that the TIG exhibited significantly
longer reaction times for IC compared to C (p<.05), whereas the SSG showed
no significant reaction time differences between stimulus conditions.

4.2. Neurophysiological Results

Grand average ERP waveforms revealed distinct component activations across
experimental conditions. The P2 component exhibited a positive peak around
200 ms post-stimulus, with maximal amplitudes observed in frontal regions.
Mean P2 amplitudes were quantified within the 150-240 ms time window. The
N2 component reached its negative peak at approximately 290 ms, localized
to frontal electrodes, with mean amplitudes analyzed between 250-350 ms.
The late positive potential (LPP) demonstrated maximal amplitude in parietal
regions during the 700-900 ms window.

Figure 2 illustrates the TIG’s midline ERP waveforms and topographic maps
of P2, N2, and LPP for C and IC trials. For the P2 component, a repeated-mea-

sures ANOVA revealed a significant main effect of stimulus type (F(1,13)
=25.352, p<.001, #°=0.547), with C stimuli eliciting significantly larger ampli-
tudes than IC stimuli. No significant main effects of electrode location or stim-
ulus-electrode interactions were observed (all p>.5). The N2 analysis showed
a significant main effect of stimulus type (£(1,13)=6.075, p=.022, #*=0.224),
with IC stimuli generating larger N2 amplitudes than C stimuli, without other
significant effects (all p>.5). For the LPP, significant main effects of stimulus
type (F(1,13)=9.528, p<.01, #>=0.312) and electrode location (F(2,26)=3.770,
p<.05, n=0.264) emerged. Pairwise comparisons indicated larger amplitudes
at Pz compared to P3 (p<.05), with no other inter-electrode differences. A
significant stimulus-electrode interaction (F(2,26)=5.025, p<.05, n?=0.324)
was observed, where simple effects analysis revealed greater IC-induced LPP
amplitudes at P3 compared to C stimuli.

Figure 3 displays the SSG’s midline ERP waveforms and component topogra-
phies. For the P2, a two-way repeated-measures ANOVA detected no signifi-
cant main effects or interactions (all p>.5). Similarly, N2 analysis yielded no

Figure 2. The ERP waveforms of the TIG in midline electrodes and topographical maps of P2, N2, and LPP in congruent and incongru-

ent trials

statistically significant outcomes (all p>.5). The LPP analysis demonstrated a
significant main effect of electrode location (F(2,26)=3.883, p<.05, #*=0.301),
with Pz amplitudes exceeding those at P3 and P4 (p<.05). No other significant
effects were observed (all p>.5).

Comparative analyses of P2 component differences between the TIG and SSG
across stimulus conditions were conducted using repeated-measures ANOVA
on P200 amplitudes at distinct electrode sites (Figure 4). For C stimuli, a mar-
ginally significant main effect of group was observed (F(1,13) = 4.62, p=.051,
7?=0.262), with no significant main effects of electrode location or group-elec-
trode interactions (all p>.5). In contrast, analyses of IC stimuli revealed no
significant main effects of group or electrode (all p>.5), but a significant
group-electrode interaction emerged in multivariate testing (F(2,12) = 4.453,
p<.05, 7=0.426). Subsequent simple effects analysis identified a significant
linear trend difference at electrode F4 between groups (F(1,13)=9.347, p=.009,
7*=0.418).

For N2 component comparisons, repeated-measures ANOVA of N2 amplitudes
demonstrated distinct patterns (Figure 4). Under C stimulation, significant
main effects of group (F(1,13)=7.686, p<.05, #°=0.372) and electrode location
(F(2,26)=4.944, p<.05, n?=0.276) were observed. Specifically, the SSG ex-
hibited significantly more negative N2 amplitudes than the TIG, with reduced
amplitudes at Fz compared to F4. No significant interactions were detected.
For IC stimuli, no significant main effects or interactions emerged (all p>.5).
LPP component analyses revealed significant electrode effects for both stimu-
lus types (Figure 4). Under C stimulation, a main effect of electrode location
was significant (F(2,26)=7.347, p<.01, *=0.361), with pairwise comparisons
showing larger amplitudes at Pz than P3 and P4. No group effects or interac-
tions were observed (all p>.5). For IC stimuli, significant electrode effects per-
sisted (F(2,26)=7.382, p<.01, #°=0.362), with Pz and P3 amplitudes exceeding
P4. No other significant effects were detected (all p>.5).

5. Discussion
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Figure 3. The ERP waveforms of the SSG in midline electrodes and topographical maps of P2, N2, and LPP in congruent and incongru-

ent stimuli

This study aimed to investigate the persistence of students’ intuitive miscon-
ception that “ionic compounds exclusively consist of metal cations and non-
metal anions” following instruction, specifically examining its manifestation
through characteristic EEG inhibitory control patterns during atypical ionic
compound recognition. Behavioral and EEG analyses appeared to confirm this
hypothesis. Furthermore, we investigated the impact of the SES on correcting
such misconceptions. Collectively, the behavioral and electrophysiological
data suggest that self-explanation may weaken the activation of intuitive con-
cepts during early scientific reasoning while enhancing conflict monitoring
and inhibitory control.

In the TIG, behavioral data revealed prolonged reaction times for IC stimuli
compared to C stimuli. This aligns with prior evidence linking inhibitory de-
mands to extended RTs"", supporting our prediction that resolving IC stimuli
requires suppressing intuitive conceptions of ionic compound composition.

However, the absence of accuracy differences between conditions may reflect
task simplicity rather than equivalent conceptual processing.

ERP findings in the TIG further corroborated the conceptual coexistence theo-
ry. First, enhanced P2 amplitudes for C stimuli likely index higher congruence
with pre-existing intuitive schemas. As an anticipatory marker, the P2 compo-
nent reflects implicit comparisons between sensory input and memory-based
expectations'”. The larger P2 amplitudes for prototypical ionic compounds
(C stimuli) suggest heightened perceptual alignment with intuitive miscon-
ceptions during early-stage scientific processing. Second, increased N2 ampli-
tudes for IC stimuli implicate anterior cingulate cortex (ACC)-mediated con-
flict monitoring*", indicating automatic detection of conceptual mismatches.
Finally, amplified LPP amplitudes for IC stimuli, localized to parietal regions,
signify conscious conflict resolution and effortful retrieval of scientific knowl-
edge to override intuitive responses''”. Collectively, these neural signatures

Figure 4. (a) The ERP waveforms for the TIG and SSG groups across both Congruent Trials (A1) and Incongruent Trials (B1) are
displayed at Fz and Pz sites; (b) Topographical maps of the P2, N2, and LPP components for the TIG and SSG across both Congruent

Trials (A2) and Incongruent Trials (B2).

confirm the persistence of intuitive conceptions post-instruction, necessitating
sustained inhibition during conceptual evaluation.

The SSG exhibited distinct neural profiles, with no significant ERP differences
between C and IC stimuli across components (P2/N2/LPP), paralleling the
absence of behavioral performance distinctions. The lack of reaction time pro-
longation for IC stimuli in the SSG may reflect optimized inhibitory efficiency.
To further elucidate the intervention effects and neural mechanisms of the SES
on misconception mitigation, we conducted between-group comparisons of
ERP components under distinct stimulus conditions. Critically, under C stim-

ulus conditions, SES significantly modulated early ERP responses in the SSG
compared to the TIG. The reduced P2 amplitude observed in the SSG sug-
gests that SES weakened the automatic activation and dominance of intuitive
conceptual representations. This diminished P2, a marker of stimulus-concept
expectation matching, indicates that SES reduces the neural salience and de-
fault reliance on intuitive knowledge when processing scientifically congruent
information.

Furthermore, the SSG exhibited enhanced N2 amplitudes in response to C
stimuli. This finding is particularly significant as C stimuli are typically not
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expected to elicit conflict. The heightened N2, associated with conflict mon-
itoring and cognitive control processes'"*, demonstrates that SES training fun-
damentally alters cognitive processing. It appears to induce a state of height-
ened vigilance or conflict detection even when presented with information that
superficially aligns with prior (intuitive) expectations. This enhanced early
conflict monitoring potentially reflects a key mechanism by which SES fosters
conceptual change — by making learners more sensitive to potential discrepan-
cies, even in seemingly straightforward situations.

The combined effect of reduced P2 and enhanced N2 amplitudes under C
conditions provides direct neural evidence that SES training modulates early
stages of scientific thinking by attenuating the automatic activation strength of
intuitive conceptions and enhancing conflict monitoring mechanisms. This
shift in neural processing dynamics — weaker initial conceptual matching but
stronger early conflict detection — aligns with behavioral observations of SES
promoting deeper processing and reducing reliance on potentially flawed in-
tuitive models'**!. It suggests that SES fosters a more critical and controlled
approach to information processing, even for concepts that appear intuitively
correct.

In contrast, for IC stimuli, no significant differences in P2, N2, or LPP ampli-
tudes were found between the TIG and SSG. This indicates that SES training,
as implemented here, exerted minimal influence on the neural correlates of
conflict resolution specifically when suppressing strong, pre-existing miscon-
ceptions during task performance. The resolution of this overt conflict may
rely on mechanisms not differentially modulated by our SES intervention com-
pared to traditional instruction.

6. Conclusions

This study investigated the persistence of intuitive conceptions regarding ion-
ic compound composition post-scientific instruction and the neurocognitive
mechanisms of SES in misconception correction by integrating behavioral data
and ERP technology. The findings validate the conceptual coexistence theory,
demonstrating that intuitive misconceptions persist in cognitive architecture
after scientific knowledge acquisition, engaging inhibitory mechanisms during
scientific reasoning. Crucially, our results reveal that the SES may attenuate
early-stage intuitive concept activation while amplifying cognitive control de-
mands, thereby facilitating proactive inhibition of entrenched misconceptions.
These insights carry significant implications for educators and science ped-
agogy. The “learning from errors” paradigm necessitates systematic analy-
sis of common misconceptions to identify their origins, assess conceptual
understanding, and address structural knowledge gaps. Given the persistent
interference of intuitive conceptions, educators should design opportunities
for knowledge application that strengthen students’ capacity to detect and sup-
press erroneous beliefs. We propose integrating self-explanation prompts with
inhibitory training—specifically embedding explanatory cues at conceptual
conflict junctures—to optimize inhibitory control over misconceptions.
Theoretical contributions are twofold: First, neural evidence substantiates
the enduring nature of domain-specific intuitive misconceptions, providing
cross-disciplinary validation for the conceptual coexistence framework. Sec-
ond, the study elucidates mechanistic pathways through which self-explana-
tion fosters conceptual change. Practically, these findings empirically support
self-explanation-based pedagogical interventions, emphasizing the importance
of inhibitory training in science education.

Limitations include a moderate sample size and constrained task complexity.
Future research should extend these investigations to diverse disciplinary
contexts, employ longitudinal designs to assess intervention sustainability, and
incorporate fMRI to map functional connectivity changes in inhibition-related
neural networks.
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