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It also examined the association between representation types and understanding categories and
explored aggregate patterns related to pseudo-understanding. A descriptive and associative quantitative
design was employed with 254 Grade 11 students. Data were collected using 14 three-tier diagnostic test
items, generating 3,556 responses. Data analysis included descriptive statistics, 10,000 restricted within-
student permutation tests, Cramer’s V, and Correspondence Analysis (CA). The results showed that PK
was dominant in macroscopic representation (35.6%), TU was highest in submicroscopic representation
(28.0%), and MC and PK occurred equally in symbolic representation (27.4% each). CU showed a
relatively stable distribution across representations (20.9-23.1%). Although representation and
understanding category were significantly associated (x3(6) = 44.778, pperm < 0.001), the association
was very weak (Cramer’'s V = 0.079; inertia = 0.013). The findings indicate that correct answers may occur
without adequate conceptual reasoning and support the need for diagnostic assessments that evaluate
students’ reasoning and confidence alongside answer accuracy.
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INTRODUCTION

Conceptual understanding is a central
goal of chemistry education. Students need not
only to produce correct answers but also to
explain phenomena using relevant scientific
concepts. This is challenging because chemical
phenomena are understood through three

levels of representation, namely macroscopic,

submicroscopic, and symbolic, each of which
presents information in a different form [1], [2].
Macroscopic representations describe directly
observable phenomena.  Submicroscopic
representations explain phenomena in terms of
entities and processes at the particle level,
while symbolic representations express them
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through formulas, equations, graphs, and

mathematical relationships. Meaningful
understanding in chemistry therefore cannot be
inferred from success with only one form of
representation. Students need to connect
representations accurately with the chemical
concepts that underlie them [3], [4]. Differences
in how learners interpret and coordinate
chemical representations may influence the
quality of the conceptual meaning they
construct [5]. Submicroscopic and symbolic
representations become particularly
meaningful when learners can relate them to
the chemical phenomena they are intended to
explain [6].

Connecting different representations
remains a challenge in chemistry learning.
Students may complete tasks involving
particular symbols or procedures without fully
understanding the chemical meaning being
represented [7]. Successful task completion
should therefore be distinguished from
conceptual understanding [3].
Representational competence also involves
interpreting, connecting, and coordinating
information presented in different forms [8], [9].
A correct answer, therefore, does not always
reflect coherent conceptual understanding.
This issue is particularly relevant to chemical
kinetics.

Understanding reaction rates requires
students to connect observable phenomena
with particle collisions, activation energy,
effective collisions, changes in concentration,
graphs, and mathematical relationships.
Learning chemical kinetics requires
coordination across macroscopic, particulate,

and mathematical aspects [10]. Diagnostic

research has also documented persistent
alternative conceptions when students reason
about reaction kinetics [11]. Further evidence
indicates that misconceptions in chemical
kinetics may persist across different forms of
diagnostic questioning [12]. Students may use
equations or read graphs procedurally without
being able to explain the chemical mechanisms
underlying their results. Success in completing
a task therefore does not necessarily reflect an
equivalent level of conceptual understanding.
Diagnostic assessment allows the
distinction between answer accuracy and
quality of reasoning to be examined more
closely. Conventional correct or incorrect
scoring provides information about the
accuracy of the final response, but it does not
reveal the reasoning students use or how
confident they are in that response. Tiered
diagnostic instruments combine answers,
reasoning, and confidence, providing a more
detailed account of the quality of students'
understanding [13]. Three-tier diagnostic tests
explicitty = combine  content  responses,
reasoning, and confidence to distinguish
different qualities of understanding [14].
Confidence information can also help
distinguish uncertain responses from more
strongly held alternative conceptions [15].
Three-tier diagnostic approaches have also
been applied specifically to conceptual
assessment in chemistry [16]. This approach
distinguishes correct responses according to
the conceptual support behind them and
separates success grounded in conceptual
understanding from success that is visible only

in answer accuracy.
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In this study, combinations of answers,
reasoning, and confidence were classified
into four operational categories: Conceptual
(CU),
Understanding (TU), Procedural Knowledge

Understanding Transitional
(PK), and Misconception (MC). CU represents
a correct answer and correct reasoning
accompanied by confidence, whereas TU
represents a correct answer and correct
reasoning with low confidence. PK represents
a correct answer that is not supported by
correct conceptual reasoning. MC includes
incorrect responses that are inconsistent with
scientific concepts. This classification provides
more detailed information about response
quality than scoring based only on correct and
incorrect answers.

Distinguishing PK from CU is important
when answer accuracy is used to judge
students' understanding. In PK, a correct
answer indicates success on the answer tier,
but incorrect reasoning shows that this success
is not supported by adequate conceptual
reasoning. This pattern reflects the distinction
between procedural success and conceptual
understanding. Students may use chemical
symbols or procedures correctly without
demonstrating comparable understanding of
the underlying concepts [3], [6]. This mismatch
between successful answering and conceptual
support provides the basis for examining
pseudo-understanding in this study.

Pseudo-understanding is not treated as
a cognitive state that can be inferred directly
from a single student response. The
knowledge-in-pieces perspective suggests that
elements of knowledge may be activated

differently across contexts, meaning that

students' responses do not always reflect a fully
coherent knowledge structure [17], [18]. This
study, however, did not directly measure
students' cognitive  structures.  Pseudo-
understanding is therefore used in a limited
sense to interpret aggregate response patterns
in which successful answers are not
consistently supported by correct conceptual
reasoning. The term is not used as a
psychological diagnosis or as a fixed cognitive
category attached to individual students.
Chemical representations provide the
context for examining these patterns. In this
study, macroscopic (MAC), submicroscopic
(SUB), and symbolic (SYM) representations
refer to the dominant representational demands
of each assessment item, not to students'
representational preferences. This distinction is
necessary because each form  of
representation requires a different mode of
interpretation. Representational competence
involves not only using a representation but
also interpreting, translating, and connecting it
with relevant chemical concepts [4], [19]. The
distribution of CU, TU, PK, and MC across
MAC, SUB, and SYM can therefore reveal
variation in response quality according to the
representational demands of the items.
Previous research has extensively

examined misconceptions, diagnostic
assessment, and representations in chemistry
education. Diagnostic studies commonly focus
on identifying misconceptions or grouping
students'

levels of understanding from

response patterns [13]. Research on
representations has more often examined
students' ability to use, interpret, or connect

macroscopic, submicroscopic, and symbolic
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representations [2], [9]. Further research is still
needed, however, to relate conceptually distinct
response categories to the representational
demands of assessment items, particularly in
chemical kinetics. Such analysis can show
whether correct answers that lack conceptual
support occur differently across MAC, SUB,
and SYM.

This gap motivated the present focus on
the relationship between four understanding
categories and three representational contexts.
The study does not seek to establish that any
particular representation causes pseudo-
understanding. Instead, it examines whether
the distributions of CU, TU, PK, and MC vary
across MAC, SUB, and SYM and estimates the
strength of that association. The presence of
PK across representations is then used to
identify aggregate patterns of mismatch
between successful answering and conceptual
support, rather than to diagnose pseudo-
understanding in individual students.

The analysis also recognizes that each
student responded to several items. ltem-level
responses were therefore not treated as
independent observations for statistical
inference. Pearson's chi-square was used to
describe the association in the contingency
table, while the primary inference relied on
restricted within-student permutation with
students treated as exchangeability blocks.
Cramer's V was used to quantify the strength of
association. Correspondence Analysis (CA)
was then used to explore the relative
configuration of understanding categories and
representations in the contingency table [20],
[21]. CA was treated as a descriptive

exploratory technique, and its configuration

was not used to infer causal relationships or
individual cognitive states.

Against this background, the study
aimed to describe the distribution of Conceptual
Understanding (CL),
Understanding (TU), Procedural Knowledge

Transitional

(PK), and Misconception (MC) across
macroscopic, submicroscopic, and symbolic
representations in chemical kinetics. It also
tested the association between understanding
categories and chemical representations while
accounting for repeated responses from the
same students and estimated the strength of
that association. Finally, Correspondence
Analysis was used to explore the association
pattern between understanding categories and
representations and to characterize aggregate
response patterns consistent with pseudo-

understanding.

METHODS
1. Research Design and Participants
This study used a descriptive and
associative quantitative design to examine
students' understanding categories across
different chemical representations in chemical
kinetics. Descriptive analysis was used to
characterize the distribution of understanding
categories, while association analysis tested
the relationship between understanding
categories and the representational demands
of the items. Correspondence Analysis (CA),
which was also included in the earlier analytical
design, was retained as an exploratory
technique for mapping patterns of association
in the contingency table [20], [21]. CA was not
used to identify latent structures or students'

cognitive states.
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The participants were 254 Grade 11
students from two senior high schools in
Palangka Raya, Indonesia, who had studied
chemical kinetics. School A contributed 129
students and School B 125 students. The
participants were distributed across eight
classes, four from each school, with
approximately 31 to 33 students per class.
Each student was assigned a unique ID.
Student, school, and class information was
retained throughout data preparation and
analysis to preserve the original clustering
structure and identify repeated responses from

the same student.

2. Diagnostic Instrument

Data were collected using a three-tier
diagnostic test on chemical kinetics. The
diagnostic test was designed to identify the
quality of students' understanding from their

response patterns rather than from final-

answer  accuracy  alone. Diagnostic
approaches in science education allow
students' conceptions to be examined

the
answers and the reasoning underlying them
[22], [23]. Tiered instruments extend this
approach by

through relationship between their

incorporating  confidence,
allowing answers, reasoning, and confidence
to be considered together [13]. Diagnostic
instruments have also been developed to
examine students' explanations of chemical
reactions across multiple levels of
representation [24].

Each item consisted of three tiers. Tier
1 (T1) asked a question about a chemical
2 (T2) provided
reasoning options supporting the T1 answer,
3 (T3)

confidence in their response. T1 and T2 each

kinetics concept, Tier

and Tier measured students'
contained four alternatives with one correct
option. T3 classified confidence as confident
or not confident. This structure allowed
answer accuracy to be interpreted alongside
the quality of reasoning and confidence,
providing a basis for distinguishing different

patterns of understanding.

Table 1. Distribution of items by chemical representation

Representation Code Number of Items Number of Responses
Macroscopic MAC 2 508
Submicroscopic SUB 4 1,016
Symbolic SYM 8 2,032
Total 14 3,556

Fourteen items were included in the
representation-based analysis. Each item
was classified according to its dominant
representational demand as macroscopic
(MAC), submicroscopic (SUB), or symbolic
(SYM). The distribution of

corresponding response counts across the

items and

three  representational  categories s

presented in Table 1. Representation was

treated as an item characteristic rather than a
This

recognizes that different representations may

student characteristic. distinction
serve different functions and require students
to coordinate information in different ways to
construct understanding [4], [25].

In addition to the 14 three-tier items,
the instrument included four open-ended

questions designed to elicit students' written
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explanations of concepts related to

propositions assessed in the main

instrument. U1 examined students'
interpretation of reaction rate and changes in
concentration over time. U2 asked students
to explain changes in concentration through
macroscopic, submicroscopic, and symbolic
representations. U3 examined reasoning
about the effects of concentration on the
number of particles, collisions, and reaction
rate, while U4 examined students' ability to
distinguish amount of substance,
concentration, and reaction rate. The four
questions were administered together with
the main instrument and were used as
supporting data to provide context for
quantitative response patterns, rather than as
a separate qualitative phase.

Five validators evaluated the 14 items
for alignment with the indicators, conceptual

accuracy, T1 construction, the relationship

between T1 and T2, representational
characteristics, and clarity of language.
Content validity was analyzed using Aiken's
V to quantify agreement among validators
regarding the relevance of each item [26].
The five validators produced Aiken's V
coefficients ranging from 0.842 to 0.908. A
pilot test involving 60 students yielded a
Cronbach's alpha of 0.745, indicating

adequate internal consistency.

3. Classification of
Categories

Understanding

Students' responses were classified
using the combination of T1 accuracy, T2
accuracy, and T3 confidence. Information
from all three tiers made it possible to
distinguish responses that were equally
correct according to the reasoning and
confidence accompanying them, consistent
with the principles of tiered diagnostic

assessment used in previous research [13].

Table 2. Operational classification of understanding categories

T1 T2 T3 Category Code
Correct Correct Confident Conceptual Understanding Cu
Correct Correct Not confident Transitional Understanding TU
Correct Incorrect Confident Procedural Knowledge PK
Correct Incorrect Not confident Procedural Knowledge PK

Incorrect Incorrect Confident Misconception MC
Incorrect Incorrect Not confident Misconception MC
Incorrect Correct Confident Misconception MC
Incorrect Correct Not confident Misconception MC

Four operational categories were
used: Conceptual Understanding (CU),
Transitional Understanding (TU), Procedural
Knowledge (PK), and Misconception (MC).
CU represents a correct answer and correct
reasoning accompanied by confidence. TU
represents a correct answer and correct
reasoning with low confidence. PK

represents a correct answer that is not

supported by correct reasoning, regardless
of confidence. MC includes incorrect
responses whether the accompanying
reasoning is correct or incorrect. The
operational decision rules used to assign
responses to the four understanding
categories are summarized in Table 2. The

same classification rules were applied
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consistently to all responses to ensure
reproducibility.

PK was not equated with pseudo-
understanding. PKis an observable response
category determined directly from the
combination of T1 and T2, whereas pseudo-
understanding is used as an interpretive
concept to describe an aggregate pattern in
which  successful answering is not
consistently supported by correct conceptual
reasoning. A single PK response was
therefore not taken as evidence that a

student had pseudo-understanding.

4. Data Preparation

The student was the primary clustering
unit in the analysis. Each of the 254 students
responded to 14 items, producing 3,556 item-
level responses. These responses
constituted repeated measurements within
treated as

students and were not

independent observations for statistical
inference. For descriptive analysis, each
student's responses were summarized by
MAC, SUB, and SYM, producing 762
student-representation records. Frequencies
of CU, TU, PK, and MC were then
aggregated into a single observed 3 x 4
contingency table. The same table was used
to calculate Pearson's chi-square, Cramer's
V, and CA.

The number of items differed across
the three representations. Representation-
specific ~ percentages were therefore
calculated using the number of responses
within  each representation as the
denominator. Student IDs were retained in

the dataset so that dependence among

responses from the same student could be
accounted for in the inferential procedure.

Data consistency was checked using
student ID, school, class, representation
code, number of items, and the total count
across the four understanding categories.
These checks confirmed that each student
contributed 14 responses and that
aggregation across MAC, SUB, and SYM
matched the structure of the instrument. The
final aggregation contained 3,556 responses,
each assigned to one of the four categories:
CU, TU, PK, or MC.

5. Analysis of Open-Ended Responses
Responses to the four open-ended
questions were used as supporting data and
examined against the conceptual proposition
addressed by each question. Responses
conveying the same conceptual meaning were
grouped under a common central idea even
when students used different wording, following
approaches used to group open-ended
responses in chemistry education research
[27], [28]. The frequency and percentage of
each idea were then calculated. Incorrect
responses that did not express a sufficiently
clear conceptual idea were recorded as
unidentified central ideas. Examples reported in
the manuscript were selected to represent the
most frequent patterns. The open-ended data
were used to clarify the quantitative findings
and were not used to determine CU, TU, PK, or
MC or to diagnose pseudo-understanding in

individual students.

6. Statistical Analysis

The analysis followed the three

research questions. For RQ1, the frequencies
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and percentages of CU, TU, PK, and MC were
calculated separately for MAC, SUB, and
SYM. Percentages within each representation
were used for comparison because the
numbers of MAC, SUB, and SYM items were
unequal.

For RQ2, the relationship between
representation and understanding category
was first summarized in a 3 x 4 contingency
table and described using Pearson's chi-
square statistic. The asymptotic probability
from Pearson's chi-square, however, was not
used as the primary basis for inference. The
3,556 responses came from 254 students who
each answered 14 items, so the item-level
responses did not satisfy the independence
assumption.

Statistical inference was therefore
conducted using restricted within-student
permutation. Student ID was defined as the
exchangeability block. Within each student,
the numbers of CU, TU, PK, and MC
responses were held constant while their
allocation across the 14 item positions was
permuted. The representation structure was
also fixed in every permutation, with two MAC,
four SUB, and eight SYM positions.
Responses were never exchanged across
students. These restrictions preserved the
dependence structure of repeated responses
and followed the principle of exchangeability
blocks for non-independent data [29].

Atotal of 10,000 restricted permutations
were generated. For each permutation, the 3
x 4 contingency table was reconstructed and
Pearson's chi-square statistic was calculated.
The observed statistic was then compared

with the empirical null distribution formed by

the 10,000 permutation statistics. This
approach derives the null distribution from the
specified exchangeability scheme without
relying on conventional asymptotic
probabilities as the primary basis for inference
[30], [31].

The Monte Carlo

probability was calculated as:

permutation

B 9 o
1+ Zb II (Xé = Xél:ti)
B+1

Pperm =

where B = 10,000, x?obs is the Pearson
chi-square statistic from the observed data,
x?b is the Pearson chi-square statistic from
permutation b, and I(+) is an indicator function
equal to 1 when x?b = x2obs and 0 otherwise.

Cramer's V was reported as an effect-
size measure to complement the significance
test because statistical evidence of
association should be distinguished from the
substantive magnitude of that association [32].
Cramer's V was calculated from the same
observed 3 x 4 contingency table used to
calculate Pearson's chi-square.

CA was then applied to the same
observed 3 x 4 contingency table, ensuring
consistency across Pearson's chi-square,
Cramer's V, and CA. CA was used to explore
the relative association structure among MAC,
SUB, SYM, and the CU, TU, PK, and MC
categories through row and column profiles
[20], [21]. Interpretation considered total
inertia, the inertia explained by each
dimension, and the relative positions of points
on the correspondence map. Proximity
between points was treated as a descriptive
feature of the CA configuration, not as a direct

measure of cognitive similarity. CA was not
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used to infer causality, latent structure, or
individual students' cognitive states.

RQ3 was addressed by integrating the
distribution of understanding categories with
the configuration obtained from CA. Pseudo-
understanding was interpreted cautiously as
an aggregate response pattern reflecting a
mismatch between successful answering and
conceptual support. The CA configuration and
the presence of PK were therefore used to
characterize aggregate-level patterns, not to
diagnose pseudo-understanding in particular
students.

Descriptive  analyses, contingency
tables, Pearson's chi-square, Cramer's V, and
Correspondence Analysis were conducted
using IBM SPSS Statistics version 25. The
restricted within-student permutation
procedure with 10,000 permutations was

conducted using R version 4.6.1.

RESULTS AND DISCUSSION

1. RQ1. Distribution of Understanding
Categories across Chemical
Representations

The distribution of understanding

categories varied across the three
representational contexts. Of the 3,556
responses analyzed, 508 were associated
with macroscopic representation (MAC),
1,016 with submicroscopic representation
(SUB), and 2,032 with

representation (SYM). Because the number

symbolic

of items differed across representations,
comparisons were based on percentages
within each representation. The frequencies
and within-representation percentages of
MC, TU, PK, and CU across MAC, SUB, and
SYM are presented in Table 3.

Table 3. Distribution of understanding categories by chemical representation

Representation MC,n (%) TU,n (%) PK,n (%) CU,n (%) Total
MAC 132 (26.0) 89 (17.5) 181 (35.6) 106 (20.9) 508

SuB 195 (19.2) 284 (28.0) 302 (29.7) 235(23.1) 1,016
SYM 556 (27.4) 476 (23.4) 557 (27.4) 443 (21.8) 2,032
Total 883 849 1,040 784 3,556

PK had the highest proportion in MAC
at 35.6%, whereas SUB showed the highest
proportion of TU at 28.0%. In SYM, MC and
PK occurred in equal proportions, each
accounting for 27.4%. CU remained relatively
stable across the three representations, at
20.9% in MAC, 23.1% in SUB, and 21.8% in
SYM. The main
representations
relative distributions of PK, TU, and MC
rather than CU.

differences across

therefore involved the

The substantial proportion of PK
provides information that would be missed if
assessment considered answer accuracy
alone. In this classification, PK indicates a
correct T1 answer that is not supported by
correct T2 reasoning. Some responses that
would appear correct under conventional
scoring  therefore  lacked  equivalent
conceptual support. This pattern is consistent
with the rationale for tiered diagnostic

assessment, which distinguishes answer
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accuracy from the conceptions underlying the
response [13], [22]. Taber [23] likewise
emphasized that students' responses should
be interpreted in relation to their underlying
conceptual structure rather than only by the
final answer they produce.

The open-ended responses provided a
clearer view of this mismatch. In U1, for
example, 65 students (25.6%) described
reaction rate as the amount of substance
reacting, while 58 students (22.8%) equated
concentration with reaction rate. One
response stated, “Reaction rate is the amount
of substance that reacts.” A similar pattern
appeared in graph interpretation. Fifty-four
students (21.3%) associated a high reaction
rate with a steep graph, while 49 students
(19.3%) assumed that a higher value on the
graph indicated a faster rate. These
responses show that apparently appropriate
terminology or representations were not
always accompanied by an accurate
understanding of concentration change as a
function of time.

Differences in the MAC, SUB, and
SYM profiles are also consistent with the
nature of chemical representations, which
require students to coordinate information
across different levels. Representations do
more than present the same concept in
different forms; they may also require
different  interpretive = processes and
conceptual connections [2], [4]. Their
instructional functions may likewise differ
according to how learners coordinate
information across representations [25]. The
higher PK in MAC or higher TU in SUB

therefore should not be interpreted as

evidence that a particular representation

produces a particular understanding
category. At this stage, the data show only
that the composition of responses differs
descriptively according to representational
demand.

The SUB pattern is noteworthy
because TU reached 28.0%, the highest
proportion among the three representations.
Students in this category provided both
correct answers and correct reasoning but
reported low confidence. Submicroscopic
representation requires models to explain
entities and processes that cannot be
observed directly. Such demands may allow
students to produce correct explanations
while remaining uncertain about the
knowledge they are using. Because this
study did not measure the cognitive
processes underlying that uncertainty,
however, the TU pattern in SUB is more
appropriately interpreted as a response
characteristic than as evidence of a specific
cognitive mechanism.

Difficulties across representational
levels were also evident in U2. Forty-five
students (17.7%) associated a decrease in
concentration  with  particles becoming
smaller, and 43 students (16.9%) interpreted
the reduction of reactants as matter
disappearing. The response “Particle A
becomes smaller because its concentration
decreases” illustrates how a macroscopic
change was not always translated
appropriately at the particle level. Another
difficulty appeared when students described
a decrease in the number of particles as a

macroscopic explanation. These patterns
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support previous findings that coordinating

across representational levels remains

problematic in understanding chemical
phenomena [2], [4]. Such difficulties are also
consistent with the different functions that
multiple representations may serve during
learning [25].

In SYM, the equal proportions of MC
and PK reflect two distinct response patterns.
Some students gave incorrect answers, while
others produced correct answers without
correct conceptual reasoning. This pattern
supports the view that the ability to use
chemical symbols or procedures does not
necessarily imply understanding of the
concepts they represent [3]. It is also
consistent with representational research
showing that students need to understand
relationships among symbols, models, and
phenomena rather than merely use
representational forms procedurally [4].
Overall, all four understanding categories
occurred in MAC, SUB, and SYM. No
category was unique to a single
representation. The descriptive differences
were therefore tested further to determine
whether chemical representation and
understanding category remained associated
after accounting for dependence among

responses from the same student.

2. RQ2. Association between Chemical
Representation and Understanding
Category

The distributional differences identified
in RQ1 were then tested for an association
chemical

between representation and

understanding category. The observed

analysis yielded x?obs(6) = 44.778. Because
multiple responses came from the same
students, significance was evaluated using
10,000 restricted within-student permutations
with students retained as exchangeability
blocks. This restricted permutation approach
preserves the within-cluster dependence
structure during randomization [29].

The permutation analysis indicated a
significant association (pperm < 0.001), but
the association was very weak, with Cramer's
V =0.079. Cramer's V quantifies the strength
of association between categorical variables
and helps distinguish statistical significance
from the magnitude of the relationship [32].
Thus, although the distributions of CU, TU,
PK, and MC differed across MAC, SUB, and
SYM, the differences were relatively small.
Chemical representation is therefore better
understood as a context associated with
variation in students' responses than as a
factor that determines their understanding
category. The main association statistics,
effect-size estimate, and summary measures
from the correspondence analysis are
presented in Table 4.

The low Cramer's V also places the
descriptive differences in RQ1 in appropriate
perspective. MAC showed a relatively higher
proportion of PK, SUB a higher proportion of
TU, and SYM equal proportions of PK and
MC. These differences, however, did not
produce a strong separation between
representation type and
category. CU, TU, PK, and MC were

distributed across all three representations,

understanding

with only modest shifts in their proportions.
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Table 4. Association between chemical representation and understanding category

Statistic Result
Pearson x? (observed) 44,778
df 6
Number of restricted permutations 10,000
pperm 0.00010 (< 0.001)
Cramer's V 0.079
Total inertia CA 0.013
Dimension 1 68.0%
Dimension 2 32.0%

Note* The pperm value was obtained from 10,000 restricted within-student permutations, preserving the

response structure within each student.

These findings suggest that
representational demands are associated
with variation in students' response patterns,
but the relationship is weak. This is consistent
with the view that chemical representations
do not function as characteristics that directly
determine the quality of understanding.
Students must interpret the information
presented, connect it with conceptual
knowledge, and coordinate meaning across
representational levels [2], [4]. Multiple
representations may also differ in the
functions they serve during meaning
construction [25]. Students encountering the
same representational form may therefore
still display  different understanding
categories.

The weak association also places an
important limit on interpretation. Differences
among the MAC, SUB, and SYM profiles are
not strong enough to claim that a particular
understanding category is characteristic of a
specific representation. Representation is
better viewed as a context of item demands
associated with response variation rather
than as a determinant of students'
understanding categories. This interpretation

is also consistent with RQ1, where all

categories appeared across all three
representations.

RQ2 therefore yields two findings that
need to be considered together. First, the
distributions of understanding categories are
not identical across MAC, SUB, and SYM, as
indicated by the significant restricted
permutation result. Second, Cramer's V of
0.079 shows that the strength of this
association is very weak. The next question
is therefore not whether an association
exists, but how the relative differences
among representation and category profiles
are configured. This pattern was examined
further through CA in RQ3.

3. RQ3. Association Patterns and
Pseudo-Understanding

CA was used to clarify the relative
structure of the association identified in RQ2.
The total inertia of 0.013 indicates that the
association structure in the contingency table
is small, consistent with Cramer's V of 0.079.
The two CA dimensions accounted for all of
the inertia, with Dimension 1 explaining
68.0% and Dimension 2 explaining 32.0%.
The two-dimensional correspondence map

showing the relative configuration of chemical


https://doi.org/10.1080/09500690903386435
https://doi.org/10.1021/jacsau.2c00498
https://doi.org/10.1016/j.learninstruc.2006.03.001

366 S. Sidauruk et al., Beyond Correct Answers

representations and understanding
categories is presented in Figure 1.

The correspondence map shows MAC
positioned relatively close to MC, SUB to TU,
and SYM in a configuration relatively close to
PK and MC. CU lies closer to the center of
the configuration. In CA, positions near the
center indicate profiles closer to the average

profile and generally contribute less to the

dimensions that differentiate row and column
profiles [20], [21]. The position of CU
therefore does not imply that students with
Cu responses possess integrated
understanding across all representations. It
indicates only that the relative distribution of
CU differentiates MAC, SUB, and SYM less

than some of the other categories do.
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Figure 1.Correspondence analysis map of chemical representations and understanding

categories.

The CA configuration should be
interpreted alongside the distribution in Table
3. The proximity of SUB to TU is consistent
with the higher TU proportion in SUB, at
28.0%, while the SYM configuration reflects
the equal proportions of MC and PK, each at
27.4%. Proximity between points on the map
does not indicate causality or similarity in
cognitive processes. CA describes only the
relative similarity of profiles in the
contingency table [20].

The pattern most relevant to pseudo-
understanding appears in PK, defined as a

correct T1 answer accompanied by incorrect

T2 reasoning. PK accounted for 35.6% of
MAC responses, 29.7% of SUB responses,
and 27.4% of SYM responses. Thus, a
mismatch between successful answering and
conceptual support occurred in all three
representational contexts. This pattern is
consistent with the view that successful
completion of chemistry tasks is not always
accompanied by equivalent conceptual
understanding [3].

The open-ended responses provide a
more concrete illustration of this mismatch. In
U3, 67 students (26.4%) believed that higher

concentration increases particle energy,
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while 61 students (24.0%) associated it with
faster particle motion. One student wrote,
“Higher concentration — higher energy.” This
response shows that the relationship
between concentration and rate may be
recognized while the supporting explanation
remains inconsistent with collision theory. An
increase in concentration is associated with
more particles per unit volume and a greater
likelihood of collisions, not with an increase in
particle energy.

A similar pattern appeared in U4. Sixty-
four students (25.2%) believed that the
amount of substance directly determines
reaction rate, while 61 students (24.0%)
stated that the rate remains high as long as
reactants have not been depleted. The
response “If there is still a lot of substance,
the reaction rate must still be high” shows that
amount of substance, concentration, and
reaction rate were not consistently
distinguished. Findings from U3 and U4
therefore show that students may recognize
certain relationships in chemical kinetics
while supporting them with ideas that remain
conceptually inappropriate.

PK, however, cannot be equated with
pseudo-understanding. PK is an operational
response category determined from the
combination of T1 and T2, whereas pseudo-
understanding is used here to interpret a
broader aggregate pattern of mismatch. This
distinction matters because one or several
PK responses are insufficient to infer a stable
cognitive state in an individual student.
Students' knowledge and reasoning may vary
with the context of the task [17], [18]. Taken

together, the three-tier results, CA, and open-

ended responses provide complementary
evidence of a mismatch between successful
answering and conceptual support. Evidence
relevant to pseudo-understanding comes
primarily from the repeated occurrence of
correct answers without adequate conceptual
reasoning across different representational
contexts, rather than from the proximity of
points on the CA map or from any single
student response. CA shows how the
categories are distributed relatively, while the
open-ended responses help clarify the ideas
underlying some student responses. These
findings reinforce the need for assessment
that considers not only final answers but also
students' reasoning and confidence [13], [22].

This interpretation must nevertheless
be considered in light of the magnitude of the
observed relationship. Cramer's V of 0.079
and total inertia of 0.013 indicate a very weak
association between representation and
understanding category. Representation is
therefore better understood as a context in
which variation in response quality appears,
rather than as a factor that determines
students' understanding. Within this limit,
pseudo-understanding in the present study
describes an aggregate pattern of mismatch
between  successful answering and
conceptual support across representational
contexts, not a fixed characteristic of students
or a direct consequence of a particular

representation.

CONCLUSION

This study shows that students'

understanding profiles vary with the

representational demands of chemical kinetics
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tasks. PK was more prominent in macroscopic
representation, TU in  submicroscopic
representation, while MC and PK occurred in
equal proportions in symbolic representation.
CU remained relatively stable across the three
representations and accounted for only about
one fifth of responses. The open-ended
responses further showed that some students
continued to use inappropriate ideas when
explaining reaction rate, changes in
concentration, and particle-level phenomena.
These findings indicate that correct answers
are not always supported by adequate
conceptual understanding.
The association between
representation and understanding category
remained detectable after within-student
response dependence was accounted for
through restricted within-student permutation,
x3(6) = 44.778, pperm < 0.001. The
association,
(Cramer's V = 0.079; inertia = 0.013).

Representation

however, was very weak

should therefore be
understood as a context associated with
variation in responses rather than as a
determinant of a particular understanding
category.

The occurrence of PK across all three
representations, together with the patterns
found in the open-ended responses, indicates
a mismatch between successful answering
and conceptual support. This pattern supports
an aggregate-level interpretation of pseudo-
understanding but cannot be used to diagnose
individual students' cognitive states. The
findings highlight the need for assessments
that consider not only final answers but also

students' reasoning and confidence. Future

research should examine the consistency of
these patterns across tasks, contexts, and
time using stronger evidence at the individual

level.
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