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This pilot study examined 6th graders’ (n=29) understanding of and misconceptions
with fractions over a five-week teaching period. We examine the students’ knowledge
before and after their use of a curriculum-based fraction learning environment
conducted on a digital learning platform. Utilizing a pre-post-test research design, we
measured students’ basic fraction arithmetic and fraction comparison skills. Results
indicate a significant improvement in arithmetic and comparison skills, but there was
no decrease in fraction magnitude misconceptions. Thus, a curriculum-based digital
learning environment, which relies heavily on procedural practice, may not be enough
to refute misconceptions about fraction magnitude. Implications are discussed.
INTRODUCTION
Having a good understanding of the magnitude of fractions and fraction arithmetic is
an important foundation for learning more complex mathematical concepts (McMullen
& Van Hoof, 2020; Siegler & Pyke, 2013) and predicts later math achievement (Siegler
et al., 2011). Despite this, many learners have difficulty developing a strong
understanding of fractions (D’Erchie et al., 2025a; Gabriel et al. 2023). Previous
studies have identified multiple reasons why fractions are difficult to learn. One of
those reasons is the natural number bias (further abbreviated with NNB), where one
overapplies the properties of natural numbers to rational numbers (e.g. Gabriel et al.
2023; Gómez & Dartnell, 2015). Before learning about fractions, students typically
develop an understanding of numbers through experiences with natural numbers, as
curricula tends to start there. However, this previous natural number knowledge can
interfere with fraction learning and has been shown to lead to systematic errors and
misconceptions (e.g., Gabriel et al., 2023; Gómez & Dartnell, 2015). For example,
many children consider 5/11 to be larger than 2/3 as 5 is larger than 2 and 11 is larger
than 5. Given the importance of a good fraction understanding, students’ persistent
difficulties with fractions, and the limited knowledge on effective classroom
interventions; the present study examines students’ knowledge before and after their
use of a curriculum-based fraction learning environment in a digital learning platform.
Fraction magnitude misconceptions
Research has proposed three types of NNB: typical, reversed and gap thinking (e.g.
Gómez & Dartnell, 2019). In the typical NNB, students systematically state that the
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fraction with the largest natural number in its numerator/denominator is the one with
the largest value. For example, they incorrectly reason that 5/9 is larger than 3/4, since
5 is larger than 3 and 9 is larger than 4. In contrast, students with reverse NNB show
the opposite answering pattern, reasoning that the fraction with the smallest numerator
and/or denominator is the largest one. For example, they incorrectly reason that 7/8 is
smaller than 2/3, given that 2 and 3 are smaller than 7 and 8. Third, students with gap
thinking believe that a fraction is larger if the numerical difference (the gap) between
the numerator and denominator is smaller; reasoning that since the gap between
numerator and denominator is smaller the “countable steps required” to get into the
whole is smaller. For example, students with gap thinking consider 1/2 as larger than
7/9, because there is only one step needed from 1/2 to go the whole (2/2), while 7/9
requires two steps to reach the whole (9/9). Numerous studies have shown that these
magnitude misconceptions are common throughout basic schooling and can even be
found in adults (Gabriel et al., 2023; Reinhold et al., 2023).
These natural number based misconceptions are often explained by the conceptual
change theory, which examines processes of learning that require the restructuring of
already existing knowledge and mental models (e.g., Vamvakoussi et al., 2010). In the
case of fractions, students are already familiar with natural numbers before receiving
formal instruction on fractions. As a result, they have already developed a concept of
numbers grounded in natural numbers, before learning about fractions. When fractions
are later introduced, the rules and properties of natural numbers are not always
applicable, which can lead to misconceptions unless students modify their concept of
numbers.
The literature has discussed that reverse NNB and gap-thinking biases could be seen
as more advanced knowledge, since in both cases students already know that rational
numbers differ from natural numbers (see Rinne et al. 2017; D’Erchie et al., 2025b).
Reverse NNB and gap-thinking can reflect an intermediate state of conceptual change,
which suggests that conceptual change is a gradual and slow process rather than an
abrupt transformation (e.g., Vamvakoussi et al., 2010; Van Hoof et al. 2021).
Fraction interventions
Ample studies conclude that approaches including teaching mathematical language,
and the use of multiple external representations are especially effective when aiming
to improve students’ general fraction understanding (e.g., Krowka et al., 2024).
However, only a handful of intervention studies have targeted students’ natural number
based misconceptions with varying success. While Van Hoof et al. (2021) did not find
additional benefits of the use of refutation text on top of explanatory text, the use of
correct and incorrect worked examples with corrective feedback (Barbieri & Devlin,
2023) and number line estimations (D’Erchie et al., 2025b) in digital learning
environments were successful in refuting misconceptions about fractions.



Nurminen, Halme, Kortelainen, McMullen, Van Hoof

PME 49 – 2026  1077

PRESENT STUDY
Given the importance of a good fraction understanding and students’ difficulties with
learning them, the present study investigates how sixth grade students’ understanding
of and misconceptions with fractions develop before and after a five-week fraction
teaching period.
Specifically, we examine students’ basic fraction arithmetic skills as well as their
misconceptions regarding fraction magnitude before and after they follow a five-week
curriculum-based fraction learning environment in a digital learning platform. The
following research questions are addressed
RQ1: Can we replicate previous findings by showing natural number based
misconceptions in Finnish 6th graders, an under-investigated group in the global
literature on the NNB?
RQ2: What are the improvements in students’ basic fraction arithmetic skills, fraction
magnitude understanding, and fraction magnitude misconceptions between the pre-
and post-test?
METHODS
Participants were 29 Finnish 6th graders, who followed a curriculum-based fraction
learning environment in ViLLE once a week for five weeks. Ethical guidelines from
the Finnish National Board on Research Ethics were followed.
ViLLE is a widely used digital learning platform in Finland. The exercises on ViLLE
are curriculum-based, co-created with teachers, and shown to positively influence
learning (Laakso et al. 2018). Approximately 70% of Finnish schools use ViLLE and
students typically work on mathematical tasks in ViLLE for one lesson weekly, as in
the present study. Regular use of ViLLE lessons in math classes has shown positive
effects on students' math fluency and performance (Kurvinen et al. 2020). In this light,
ViLLE offers a real-world platform for gathering data from actual learning
environments, providing high ecological validity for the research results. The ViLLE
lessons are carried out with laptops and tablets from school during regular school hours
under the supervision of the teacher. ViLLE provides automatic feedback (right or
wrong) as well as gamified and visual elements (including external representations).
In this study, the curriculum-based fraction learning environment included visual
representations of fractions with area models. Additionally, short video tutorials were
used in three lessons (e.g., conversion to mixed fraction, arithmetic operations) that
students could rewatch while practising. Each lesson took 45minutes and on average
students spent 30 minutes time on the tasks. On top of this, students solved fraction
tasks in ViLLE at home for 15 minutes each week, as homework.
The pre- and post-test measures included a fraction comparison task and a basic
fraction arithmetic task. In the comparison task, students must determine which of the
two irreducible fractions is larger. The used fraction pairs are either congruent or
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incongruent with the typical NNB misconception. Thus, a student with a typical NNB
profile answers correctly for congruent fraction pairs and incorrectly in incongruent
ones (with opposite pattern for the reverse NNB profile). For the typical NNB a pair of
fractions is congruent if the larger fraction has both a larger numerator and denominator
(e.g., 3/8 vs. 1/5). On the contrary, if the larger fraction has smaller numerator and
denominator values, it’s called incongruent with typical NNB (e.g., 5/6 vs. 7/11).
Students were considered to have a fraction magnitude misconception when they
answered 9 out of 10 fraction comparisons in line with a specific misconception (for
coding scheme, see Figure 1, which shows when the misconception leads to a correct
[white] or incorrect [black] answer). On top of these misconception profiles, students
were considered to have a good understanding of fraction magnitude (“Accurate”
profile) when they scored at least 9 out of 10 on the fraction comparison test. As shown
in Figure 1, there is considerable overlap between the reverse NNB and gap thinking
answer patterns. Consequently, to be classified under a specific profile, the
distinguishing item had to be answered in line with that profile’s criteria.
In the basic fraction arithmetic task, students solved five fraction problems, including
three additions and two subtractions with and without a common denominator (e.g.,
1/5+3/5, 4/6-1/2). For the analysis we used the sum score of correctly solved items.

Figure 1. Fraction comparison coding scheme. Expected response patterns by
misconceptions

RESULTS
Regarding RQ1 (Can we replicate previous findings showing natural number based
misconceptions in Finnish 6th graders, an under investigated group in the global
literature on the NNB?), 11 out of the 29 participants showed a natural number based
misconception pattern in pre-test, with eight students showing typical NNB, one
reverse NNB, and two gap-thinking. A visualisation of the students' natural number
based misconceptions at the pre-test is presented on the left side of the Figure 2.

NNB R-NNB GAP
3/5 vs. 4/9 correct
1/4 vs. 4/9 incorrect
5/9 vs. 3/4
5/11 vs. 1/4
1/3 vs. 6/7
3/4 vs. 4/7
7/12 vs. 3/7
2/5 vs. 3/13
5/6 vs. 7/11
3/8 vs. 1/5
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To answer RQ2 (What are the improvements in students’ basic fraction arithmetic
skills and fraction magnitude misconceptions between the pre- and post-test?),
students’ sum scores on the basic arithmetic task were compared between pre- and
post-test. The mean accuracy increased from 2.5 at pre-test to 4.7 at post-test
(maximum 5). Because the assumption of normality was violated (Shapiro-Wilk test,
p < .05), a Wilcoxon signed rank test was conducted, which indicated a significant
increase from pre-test (Md = 3.00) to post-test (Md = 5.00), W = 2.00, p < .001.
Secondly, students’ sum scores on the fraction comparison task were compared
between pre- and post-test to examine improvements in students fraction magnitude
understanding. The mean accuracy increased from 7 at pre-test to 8 at post-test
(maximum 10). A Wilcoxon signed-rank test was conducted, since the assumption of
normality was violated (Shapiro-Wilk test, p < .05). The results demonstrate a
significant increase from pre-test (Md = 6) to post-test (Md = 7), W = 25.5, p = .007.
Concerning changes between misconception profiles, results showed that at the post-
test, two more students (13 out of 29) exhibited NNB misconceptions. Seven students
stayed in the same profile, six of whom showed typical NNB and one gap thinking.
From the other four students having a misconception at the pre-test, no-one developed
a correct understanding during the five-week teaching period. Moreover, five new
students developed an NNB misconception, four gap-thinkers and one with reverse
NNB. For visualisations of the development of students’ fraction magnitude
understanding, see Figure 2.

Figure 2. Distribution of participants into misconception profiles for pre- and post-
test and their transitions between profiles.
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DISCUSSION
A key finding from this pilot study is that, although students showed significant gains
in overall fraction arithmetic and magnitude performance, the curriculum-based
fraction learning environment, may not be sufficient to address or prevent
misconceptions about fraction magnitude. A possible explanation for these findings is
that, in many countries, including Finland, the teaching materials are more focused on
procedural than conceptual fraction knowledge. Therefore, also the curriculum-based
fraction learning environment mainly emphasized procedural practice, which might
explain the overall found learning gains, but the absence of overcoming magnitude
based fraction misconceptions.
In this light, an important educational implication of the study is that more focus is
needed on supporting students’ conceptual understanding of fractions. One way to
achieve this is to move beyond the usual superficial part-whole schema (e.g., Gabriel
et al., 2023) and incorporate more in-depth conceptual approaches, such as number line
estimations (see for example D’Erchie et al., 2025b) and visual representations into the
fraction classroom (e.g. Van Hoof et al., 2021).
Interestingly, the number of students with natural number based misconceptions
increased from pre- to post-test. Moreover, none of the students with a misconception
at pre-test developed an accurate understanding of fraction magnitude at the post-test,
which is in line with earlier findings supporting the persistence of these misconceptions
(e.g., González-Forte et al. 2022) and the fact that the process of conceptual change is
slow and gradual (e.g. Vamvakoussi et al., 2010; Van Hoof et al., 2021). Especially
concerning was that five new students exhibited a misconception at the post-test,
reminding us that learning is not a linear process (see Rinne et al. 2017).
It should be noted that the pilot nature of this study and its accompanying small sample
size, limits the interpretations of the findings. Therefore, future research should include
larger samples to generalise the findings. Nonetheless, an important implication of this
study is that overlooking qualitative differences in students' (fraction) knowledge, such
as whether or not they hold misconceptions, can result in misinterpretation of the
results. For example, in the present study, the overall increase in accuracy on the
fraction comparison task could have masked the continued presence of fraction
magnitude misconceptions.
Put together, the present study confirmed previous findings that a large group of
students show consistent misconceptions of fractions, and that these were not
sufficiently addressed by a curriculum-based learning environment. This confirms the
need for intervention studies investigating how didactical interventions can help
students to overcome these misconceptions (see also Gabriel et al., 2023).
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 The study is funded by the Research Council of Finland (EDUCA Flagship #358924,
#358947, and SCAFFLEX #363159) and the Ministry of Education and Culture
(Doctoral school pilot #VN/3137/2024-OKM-4).
ChatGPT was used during the writing process to improve the readability and language
of the research report. The authors take full responsibility for the content of the
publication.
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