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Atrticle Info Abstract

The concept of limit is a transition point to advanced mathematical thinking and
one of the most difficult concepts for learners. The present study aimed to determine
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Concept image, by census method. The instrument was a researcher-made twenty-item questionnaire
Concept definition, on a Likert scale, whose structure was examined through exploratory factor analysis.
Mathematical The findings showed that there is no significant relationship between conceptual
motivation, Student image and mathematics motivation, nor between conceptual definition and
teacher, Higher mathematics motivation; however, the two cognitive constructs are strongly
o o correlated with each other, and men's mathematics motivation is significantly higher
Article history: than women's. Also, students attributed the highest effect on the formation of their
Received : 23 October image of limit to teaching method and activity design. The results indicate that
2025 cognitive coherence and motivation are two relatively independent constructs, and

Accepted : 01 September  the teacher education curriculum should target both separately.
2026

Cite this Article:

A.Molkhasi, Y.Abbasi Qeshlaq (2026) The Relationship of Concept Image and Concept Definition
of the Limit of a Function with the Mathematical Motivation of Student Teachers at Farhangian
University of Tehran. Journal of Higher Education Curriculum Studies, *16*(32), 7-32.

//doi.org//10.22034/hecs.2026.555034.2037
-w| © 2016 by Iranian Curriculum Association Press Publisher:
Iranian Curriculum Association Press

DOI: https://doi.org//10.22034/ //hecs.2026.555034.2037



https://doi.org/10.22034/hecs.2026.555034.2037

The Relationship of Concept Image and ...; molkhasi et al. 290

Extended Abstract

Introduction
The concept of limit is the cornerstone of calculus and marks the transition from elementary mathematics
to advanced mathematical thinking. Derivatives, integrals, continuity and convergence all rest upon it, so
any deficiency in understanding the limit propagates through a whole chain of subsequent concepts. Cornu
(1991) observed that learning the definition of a limit is one thing and acquiring a fundamental
understanding of it is quite another: the ability to execute computational routines is no guarantee of
conceptual grasp. Empirical evidence supports this distinction. Bezuidenhout (2001) showed that many
first-year students who can compute limits correctly nonetheless fail conceptual questions about those very
limits, and Cottrill et al. (1996) demonstrated that understanding the limit requires the construction of a

coordinated process schema at which many learners never arrive, remaining instead at the action stage.

Tall and Vinner (1981) introduced the constructs of concept image and concept definition to describe
precisely this gap. The concept image is the whole cognitive structure associated with a concept, including
mental pictures, examples, counter-examples and associated properties; the concept definition is the verbal-
symbolic formulation the individual states, which may differ from the formal definition accepted by the
mathematical community. Inconsistency between the two is the source of many persistent misconceptions
about the limit. Gigler (2013) further showed that part of this inconsistency is reproduced in classroom
discourse, because instructor and student attach different meanings to the same symbol. Language is a
recognised source of the problem: expressions such as "approaches" and "tends to" easily lead to the
mistaken belief that the limit is unreachable, and Denbel (2014) found that identifying the limit with the

value of the function at the point is the most common misconception of all.

Alongside this cognitive dimension stands a motivational one. Mathematical motivation is a
multidimensional construct usually measured through subscales of interest in mathematics, intrinsic
motivation and mathematical self-concept (Murphy & Alexander, 2000; Um, Corter, & Tatsuoka, 2005).
Expectancy—Value theory suggests a mechanism linking the two domains: a learner whose concept image
conflicts with the formal definition repeatedly fails at non-routine problems, and these failures reduce the
expectancy of success and the perception of competence, thereby depressing motivation. Szydlik (2000)
provided empirical support by showing that students who locate mathematical authority in their own

reasoning both hold more sophisticated epistemological beliefs and perform better on conceptual tests of
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the limit. Iranian studies, however, have confined themselves either to describing misconceptions of the
limit or to measuring the effect of particular teaching methods, and the relationship between these cognitive
constructs and motivational constructs has not been quantitatively examined, particularly among student

teachers whose own conceptions will later shape the classrooms of thousands of pupils.
Research questions

The study addressed one main and three subsidiary questions. The main question asked whether a
relationship exists between mathematics-education students' concept images and concept definitions of the
limit of a function and their mathematical motivation. The first subsidiary question concerned the factor
structure of the researcher-made questionnaire and which constructs its items actually measure. The second
asked what proportion of the variance in mathematical motivation is explained by concept image and
concept definition. The third asked whether the means of concept image, concept definition and

mathematical motivation differ significantly by gender.

Methodology
This is an applied, quantitative study with a descriptive-correlational survey design. The statistical
population consisted of all first-semester mathematics-education students of the Shahid Beheshti and
Shahid Sharafat campuses of Farhangian University in Tehran, numbering 54 students. Because the
population was small and fully accessible, no sampling was performed and the entire population was
surveyed by complete enumeration; the sample therefore coincides with the population (35 male and 19
female). Data were collected with a researcher-made 20-item questionnaire on a five-point Likert scale,
adapted from the mathematics-interest subscale of Nemati (2009), the intrinsic-motivation and
mathematical self-concept subscales of Um, Corter and Tatsuoka (2005), and the theoretical framework of
Tall and Vinner (1981) together with the classification of limit misconceptions in Molkhasi (2020) and
Denbel (2014). The initial pool of 30 items was reduced to 20 following content-validity judgement by ten

experts. Cronbach's alpha for the full instrument was 0.798.

Construct validity was examined by exploratory factor analysis using principal components with
varimax rotation. The Kaiser—Meyer—Olkin measure was 0.684 and Bartlett's test of sphericity was
significant, ¥*(190) = 586.340, p < 0.001, confirming the suitability of the data. Five components with
eigenvalues greater than one were extracted, together explaining 69.92 per cent of the total variance. On

the basis of this structure and the Tall-Vinner framework, four constructs were defined: mathematical
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motivation (items 1-5 and 18-20, a = 0.906), concept image (items 7, 10 and 12, a. = 0.691), concept
definition (items 6, 8, 9, 13 and 14, o= 0.775) and instructional factors (items 15—17, a = 0.803). Ttem 11
loaded alone on the fifth component and was excluded from the construct scores. Misconception items were
reverse-coded so that higher scores consistently indicate greater conceptual coherence, and all construct
scores were transformed to a 20-100 scale. Data were analysed in SPSS using the Kolmogorov—-Smirnov
and Shapiro-Wilk tests, independent-samples t tests with Levene's test, Pearson correlations and multiple

linear regression, with significance set at 0.05.
Conclusion

All four constructs were normally distributed. Descriptively, the highest construct mean belonged to
instructional factors (82.35) and the lowest to mathematical motivation (63.84); concept image averaged
72.47 and concept definition 66.96. At the item level, the highest means were for the influence of teaching
method (4.39), general motivation to learn mathematics (4.19) and the design of instructional activities
(4.19), while the lowest were for the perceived pleasantness of learning limits (2.54) and preference for

limits over other topics (2.81).

Contrary to theoretical expectation, neither concept image (r = —0.075, p = 0.590) nor concept definition (r
=0.122, p = 0.381) correlated significantly with mathematical motivation, and instructional factors were
likewise unrelated to it (r =—0.002, p = 0.991). Multiple linear regression confirmed this: the two cognitive
constructs together explained only 5.1 per cent of the variance in motivation and the model was not
significant, F(2, 51) = 1.381, p = 0.261. By contrast, the two cognitive constructs correlated strongly with
each other, r = 0.619, p < 0.001. Regarding gender, no significant differences emerged for concept image
(p = 0.516), concept definition (p = 0.221) or instructional factors (p = 0.304), whereas the mean
mathematical motivation of male students (67.21) significantly exceeded that of female students (57.63),
t(52) = 2.106, p = 0.040.

Discussion

The central finding is that no relationship was observed between the cognitive constructs and mathematical
motivation in this population. Three explanations may be advanced. First, a difference in level of
measurement: Szydlik assessed conceptual understanding with a performance test, whereas the present
instrument is self-report, and self-report registers only those misconceptions of which the learner is aware.

The low means on the self-reported misconception items, set against the extensive misconceptions revealed
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by performance tests in comparable populations, support this reading. Second, limited statistical power:
with 54 participants only correlations above approximately 0.37 are detectable with adequate confidence,
s0 a weak or moderate association may have gone undetected. Third, the two constructs may genuinely be
independent in this context: among student teachers, mathematical motivation may draw more on
occupational commitment and prior educational experience than on conceptual coherence within a single
topic.

The strong correlation between concept image and concept definition accords with the Tall-Vinner view
of these as two facets of a single cognitive structure, but also indicates that a self-report instrument cannot
fully separate them operationally; the factor analysis grouped the misconception items by type of
misconception rather than by the image/definition distinction. The gender difference in motivation is
consistent with Um, Corter and Tatsuoka (2005); since the groups did not differ on any cognitive construct,
it cannot be attributed to ability and is more plausibly contextual. Finally, that student teachers attribute the
greatest influence on their conception of the limit to teaching method and activity design, and attribute
misconception more to the manner of expression than to the concept itself, echoes Gugler's discourse

analysis and underlines the responsibility of instruction.

The practical implication for teacher-education curricula is that improving conceptual understanding cannot
be expected, on its own, to raise motivation, nor the reverse; each goal requires its own designed
intervention, although the two may be pursued together for synergy. The study is limited by its correlational
design, its small and geographically restricted population, its reliance on self-report, the modest reliability
of the three-item concept-image scale, and the exploratory nature of its factor structure, which awaits

confirmation in an independent sample.
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Table 1. Rotated component matrix (principal components, varimax rotation, n = 54)
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Table 2. Means and standard deviations of the questionnaire items (n = 54, 1-5 scale)
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Table 3. Descriptive statistics, reliability and normality of the study constructs (n = 54)
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Table 4. Pearson correlation matrix among the study constructs (n = 54)
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Table 5. Independent-samples t-test comparing the study constructs by gender
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